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Theory and Design of
Electrical and Electronic Circuits

Introduction

Spent the years, the Electrical and Electronic technology has bloomed in white hairs; white

technologically for much people and green socially for others.
To who writes to them, it wants with this theoretical and practical book, to teach criteria of

design with the experience of more than thirty years. | hope know to take advantage of it because, in
truth, | offer its content without interest, affection and love by the fellow.

Eugenio Maximo Tait




Chap. 01 Generalities

Introduction

System of units

Algebraic and graphical simbology
Nomenclature

Advice for the designer

Introduction

In this chapter generalizations of the work are explained.
Almost all the designs that appear have been experienced satisfactorily by who speaks to them.
But by the writing the equations can have some small errors that will be perfected with time.

The reading of the chapters must be ascending, because they will be occurred the subjects
being based on the previous ones.

System of units

Except the opposite clarifies itself, all the units are in M. K. S. They are the Volt, Ampere,
Ohm, Siemens, Newton, Kilogram, Second, Meter, Weber, Gaussian, etc.

The temperature preferably will treat it in degrees Celsius, or in Kelvin.

All the designs do not have units because incorporating each variable in M. K. S., will be
satisfactory its result.

Algebraic and graphical simbology

Often, to simplify, we will use certain symbols. For example:

— Parallel of components 1/ (1/Xq + 1/X, + ...) like X/l X5ll...

— Signs like " greater or smaller" (= <), "equal or different " (= %), etc., they are made of
form similar to the conventional one to have a limited typesetter source.

In the parameters (curves of level) of the graphs they will often appear small arrows that
indicate the increasing sense.

In the drawn circuits when two lines (conductors) are crossed, there will only be connection
between such if they are united with a point. If they are drawn with lines of points it indicates that



this conductor and what he connects is optative.

Nomenclature

A same nomenclature in all the work will be used. It will be:

— instantaneous (small) %

— continuous or average (great) Vv

— effective (great) V or Vef
— peak Vpico orvp
— maximum Vmax

— permissible (limit to the breakage) VADM

Advice for the designer

All the designs that become are not for arming them and that works in their beginning, but to only
have an approximated idea of the components to use. To remember here one of the laws of
Murphy: " If you make something and works, it is that it has omitted something by stop ".

The calculations have so much the heuristic form (test and error) like algoritmic (equations)
and, therefore, they will be only contingent; that is to say, that one must correct them until reaching
the finished result.

So that a component, signal or another thing is despicable front to another one, to choose among
them 10 times often is not sufficient. One advises at least 30 times as far as possible. But two
cases exist that are possible; and more still, up to 5 times, that is when he is geometric (52 = 25),
that is to say, when the leg of a triangle rectangle respect to the other is of that greater magnitude
or. This is when we must simplify a component reactive of another pasive, or to move away to us of
pole or zero of a transference.

As far as simple constants of time, it is to say in those transferences of a single pole and that is
excited with steps being exponential a their exit, normally 5 constants are taken from time to arrive
in the end. But, in truth, this is unreal and little practical. One arrives at 98% just by 3 constants
from time and this magnitude will be sufficient.

As far as the calculations of the permissible regimes, adopted or calculated, always he is advisable
to sobredetermine the proportions them.

The losses in the condensers are important, for that reason he is advisable to choose of high value
of voltage the electrolytic ones and that are of recognized mark (v.g.: Siemens). With the ceramic
ones also always there are problems, because they have many losses (Q of less than 10 in many
applications) when also they are extremely variable with the temperature (v.g.: 10 [°C] can change
in 10 [%] to it or more), thus is advised to use them solely as of it desacopled and, preferably,
always to avoid them. Those of poliester are something more stable. Those of mica and air or oil in
works of high voltage are always recommendable.

When oscillating or timers are designed that depend on capacitiva or inductive constant of times,
he is not prudent to approach periods demarcated over this constant of time, because small
variations of her due to the reactive devices (v.g.: time, temperature or bad manufacture, usually
changes a little the magnitude of a condenser) it will change to much the awaited result.




Chap. 02 Polarization of components

Bipolar transistor of junction (TBJ)
Theory

Design

Fast design

Unipolar transistor of junction (JFET)
Theory

Design

Operational Amplifier of Voltage (AOV)
Theory

Design

Bipolar transistor of junction (TBJ)

Theory

Polarizing to the bases-emitter diode in direct and collector-bases on inverse, we have the
model approximated for continuous. The static gains of current in common emitter and common
bases are defined respectively

B = hxue = hgg = Ic/lg ~ hye = hge (>>1 para TBJ comunes)
a = hpp = heg = Ic/lg ~ hyp = hg (=<1 para TBJ comunes)
e
v
IL CB_+ N
L)
4[“ e
“BE l
'E

La corriente entre collector y base Icg es de fuga, y sigue aproximadamente la ley
The current between collector and bases I it is of loss, and it follows approximately the law



lcg = lcgo (1-€VeVT) ~ lcgg
where

Vi = 0,000172.(T+273)

lcs = lceogsec) - 2 AT10

with AT the temperature jump respect to the atmosphere 25 [°C]. From this it is then
AT = T-25
dlcg /8T = 0dlcg/OAT ~ 0,07. lcgg(sec) - 2 AT/0

On the other hand, the dependency of the bases-emitter voltage respect to the temperature, to
current of constant bases, we know that it is

Vge /9T ~ -0,002 [V/°C]

The existing relation between the previous current of collector and gains will be determined now

lc = Icg * lcg = alg + Icp

lc = lcg * lcg = Blge + lecg = B(lge+lcg) + lcg ~ B(lge+lcs)
B = a/(1-a)

a = B/(1+B)

Next let us study the behavior of the collector current respect to the temperature and the
voltages

+ (9lc/0Vgg) AVgg + (0lc/0VEE) AVEg

of where they are deduced of the previous expressions



Aleg = 0,07. Icgogsecy - 2 AT10 AT

AVge = -0,002 AT

Veg -Vee = IB(Reg+Rgg) + Vee + Ic Ree

lc = [Veg -Vee - Vee + Iz (Rgg +* Ree) 1/ [Re + (Rgg + Reg) B ]
S| = (dlc/dlcg) ~ (Reg *+ Rep) /[ Ree + Rgg B1]

Sy = (0lc/oVgg) = (Alc/OVegg) = - (01c/oVgg) = -1/(Rg +RggBt)
@lc/oVee) = 0

being
Alc = [0,07. 2AT10 (Rgg + Reg) ( Reg + Reg B2 )2 Icogesec) +
+ 0,002 (Rgg + Rgg B1)1]AT + (Rg+ Rgg B1)? (AVgg - AVegg)
Design
Be the data
le = Vog = o AT = lomax = - Re = o
Vee
Rp Re
Rg R
7

From manual or the experimentation according to the graphs they are obtained

B =.. Iceoesec)y = Ve =... (~0,6[V]paraTBJ de baja potencia)



and they are determined analyzing this circuit

RBB = RB i RS
Ve = Vcc -Rs(Rg*tRs)? = Vec -Rpe/Rs
AVBB = AVCC 'RBB/RS =0

AVEE = O
Ree = Re
Rce = Re

and if to simplify calculations we do

Re >> Rgg/p

us it gives

S| = 1+Reg/Rg
SV = -1/ RE
Algmax = (S).0,07. 2 8T10 |opg050c) - Sy . 0,002 ) . AT

and if now we suppose by simplicity

Alcmax >> Sy . 0,002 . AT

Re =.. >> 0,002.AT/ Mg
RE [ ( AICmax /0,07. 2 AT/10 ICBO(25°C) AT ) -1 ] =...> RBB = ..

being able to take a Alc smaller than Alcp,ay if it is desired.

Next, as it is understood that

<< BRg



Ves = lgRgs * Vee + IeRg ~ [(lc Bt -lco@sec)) Res + Vee + lERe = ...
Vec = IcRc *+ Veg + [ERg ~ Ic(Rc*+Rg) +Vcg =...

they are finally

RB = RBB VCC/VBB = ..
RS = RB RBB / RB - RBB = ...

Fast design

This design is based on which the variation of the |- depends solely on the variation of the
Icg. For this reason one will be to prevent it circulates to the base of the transistor and is amplified.
Two criteria exist here: to diminish Rg or to enlarge the Rg. Therefore, we will make reasons both;
that is to say, that we will do that I >> Ig and that Vg > 1 [V] —since for I of the order of
miliamperes are resistance Rg > 500 [Q] that they are generally sufficient in all thermal stabilization.

IRg 'ceo

Be the data
IC = ... VCE = ... RC = ...
From manual or the experimentation they are obtained

B =..

what will allow to adopt with it

IS =.. >> IC B_l
Vie = .. > 1V]

and to calculate

Vee = lcRe *+ Vee *+ Vgre = -
RE = VRE/ IC = ...
Rs (0,6 + VRE) / s =...



RB = (VCC-O’G-VRE)/IS = ...

Unipolar transistor of junction (JFET)

Theory

We raised the equivalent circuit for an inverse polarization between gate and drain, being Ig
the current of lost of the diode that is

lc = lgo (L-€eVeVT) ~ gy = lgp(esec) - 2 AT/1O

-—
=]

-—
=

G G =
-+ -+
——f —=
+
“GS —

If now we cleared

Vgs = Vr.In(1+lg/lge) ~ 0,7. Vg
0Vgs /0T ~ 0,00012 [V/°C]

On the other hand, we know that Iy it depends on Vgg according to the following equations

Ib ~ Ipss[2Vps(1+Vgs/Vp)/Vp - (Vgs/Vp)2]  conVpg<Vp
Ib ~ lpss(1+Vgs/Vp)? con Vpg > Vp
b = Igtlsg ~ Ig siempre

being Vp the denominated voltage of PINCH-OFF or "strangulation of the channel" defined in the curves

of exit of the transistor, whose module agrees numerically with the voltage of cut in the curves of
input of the transistor.
We can then find the variation of the current in the drain

Alp = (0lp/dVpp) AVpp + (dlp/dVss) AVss + (Blp/dVag) AVgg +

+ (lpldig) Alg + (A1p/dVas) AVis



of where
Vee-Vss = -lgRge tVes *+IpRss
Ib = (Vee-Vss-Ves*lcRes)/Rss
OID/()VGG = - OID/GVSS =1 / RSS

OID/GT = (OID/OVGS) (OVGS/GT) + (alD/ale) (()IG/OT) =
= (-1lRsg) (0,00012 ) + (0,7.Igp(250c) - 2 4T710) (Rgg / Rss )
and finally

Alp = { [(0,7.IGO(250C) . 287110 R+ - 0,00012 ) AT + AVgg - AVss }/ Rgg
Design
Be the data

ID = ... VDS =... AT =... AIDmax = ... RD = ...

Rg R

7

From manual or the experimentation according to the graphs they are obtained

IDSS = ... IGBO(25°C) = ... Vp = ...
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and therefore

Rs = Vp[1-(Ip/lpss)¥2]/1p =...
Re < [(Rs Ipmax/AT) +0,00012 ]/ 0,7.Igoasgecy - 2 AT/10
Vbp = Ip(Rp*+Rg)+Vps =..

Operational Amplifier of Voltage (AOV)

Theory

Thus it is called by its multiple possibilities of analogical operations, differential to TBJ or JFET
can be implemented with entrance, as also all manufacturer respects the following properties:

Power supply (2.Vcc) between 18 'y 36 [V]

Resistance of input differential (Rp) greater than 100 [KQ]

Resistance of input of common way (R¢) greater than 1 [MQ]

Resistance of output of common way (Rg) minor of 200 [Q]

Gain differential with output in common way (Ag) greater than 1000 [veces]

We can nowadays suppose the following values: Rp = Rc = 0, Ry = 0 (null by the future

feedback) and Ay = ©. This last one will give, using it like linear amplifier, exits limited in the power
supply V¢ and therefore voltages practically null differentials to input his.

On the other hand, the bad complementariness of the transistors brings problems. We know
that voltage-current the direct characteristic of a diode can be considered like the one of a generator
of voltage ; for that reason, the different transistors have a voltage differential of offset Vog of some

millivolts. For the TBJ inconvenient other is added; the currents of polarization to the bases are
different (1,5 e l,g) and they produce with the external resistance also unequal voltages that are

added Vg; we will call to its difference 15 and typical the polarizing Ig.

One adds to these problems other two that the manufacturer of the component specifies. They
are they it variation of Vg with respect to temperature a and to the voltage of feeding ay,.
If we added all these defects in a typical implementation

RC = V1/IB



<
=
1

Vo . (R /IR /TRy + (Ry I RG) ]

R

2
Tl

—_—

Ig-los I

—_—

+ +
Yy I‘H[J ”R3 Yo

also

Vi

Vos - (lg-los) R3
and therefore
Vi = (Vos-IgR2)/(1+Ry/Rq)
arriving finally at the following general expression for all offset

Vo = Vos(1+Ry/Ry) + losR3 (1+Ry/Ry) + Ig[Ry - R3 (1+Ry/Ry)] +
+ [ar AT + a1 AVec] (1+Rz/Ry)

that it is simplified for the AOV with JFET
Vo = (Vos+ arAT + arAVec)(1+Rz/Ry)
and for the one of TBJ that is designed with R;= R, // R,
Vo = (Vos+ losRg+ ap AT + arAVec ) (1+Ry/Ry)

If we wanted to experience the values Vg5 and Igg we can use this general expression with
the aid of the circuits that are



g
—_—
I Ig-los - |
—
+ + + + + +
v Rq R v v,
—_— 2 —_— —_—
o
_ -
VooV, — Yo~ Vos . Yo~ Yos
os= Yo logg = ———— = ... ~ =
0% R B R

In order to annul the total effect of the offset, we can experimentally connect a pre-set to null voltage
of output. This can be made as much in the inverter terminal as in the not-inverter. One advises in

these cases, to project the resistives components in such a way that they do not load to the original
circuit.

Disefio

Be the data (with A = R,/R; the amplification or atenuation inverter)

VOS = .. IOS =L IB = VCC =... A=.. PAOVmax = ... (normally 0,25 [W])

+Vec

R

2

Ra 6 —
R RH

o [[+—= :

R4 q R3 RL

-~
=
—1—
N

— UCC

With the previous considerations we found

R3 =.. >> VCC/(ZIB _IOS)
R1:(1+1/A)R3 = ..

R2 = ARl = ...

R =.. >> Vcc?/ Paovmax

RN =.. >> R3



and with a margin of 50 % in the calculations

VRB= 1’5'(2RN/R3)'(VOS_IBR3):"'
VRe2/0,25 < Rg =... << Ry
2Rp = (2Vee-VRe)/(VRs/Rg) O Ry = Rg[(Vee/Vge)-05] =




Cap. 03 Dissipators of heat

General characteristics
Continuous regime
Design

General characteristics

All semiconductor component tolerates a temperature in its permissible junction T;apy and
power Papy- We called thermal impedance Z;¢ to that it exists between this point and its capsule, by
a thermal resistance 6;¢ and a capacitance C;c also thermal.

When an instantaneous current circulates around the component «i» and between its
terminals there is an instantaneous voltage also «v», we will have then an instantaneous power given
like his product «p = i.v», and another average that we denominated simply P and that is constant
throughout all period of change T

P = Ppeg = TLS T p0t = TL[ Tivdt

and it can be actually of analytical or geometric way.
Also, this constant P, can be thought as it shows the following figure in intervals of duration
To, and that will be obtained from the following expression

TO = P0/P



L
L
=

q
g

>
Ile S

o o
! t

PN ALY
1 1
: T i
:-ﬂ—h—l
1 Ty !
1 : P

t

To consider a power repetitive is to remember a harmonic analysis of voltage and current. Therefore,
the thermal impedance of the component will have to release this active internal heat

Paom = (Tyapm-Ta)/ LZyclkos @i = Papm O3c/ [Zyclicos @

with T, the ambient temperature. For the worse case

Pabm = Papm Oic/ LZ;cd = Pppy - M

being M a factor that the manufacturer specifies sometimes according to the following graph

1 {log}

puisos
M'PAI]M
Ladm
|
ADM p
. |l = —
contingo r/-* v

Continuous regime

When the power is not repetitive, the equations are simplified then the following thing

Paom = (Tiapm-Ta)/65c



and for a capsule to a temperature greater than the one of the ambient

Pvax = (Tjapm-Tc)/65c

ADM

P max

On the other hand, the thermal resistance between the capsule and ambient 8., will be the sum 6¢p
(capsule to the dissipator) plus the Bp, (dissipator to the ambient by thermal contacts of compression
by the screws). Thus it is finally

Bca = Bcp* Bpa

Bca = (Tc-Ta)/Puax = (Tc-Ta) (Tiapm-Ta)/ Papm (Tyapm - Tc)
Design

Be the data

P=. Ty=. (~25[FC])

we obtain from the manual of the component
Papm = - Tiapm = - (~ 100 [°C] para el silicio)

and we calculated

Bic = (Tiapm-Ta)/ Papm = -

being able to adopt the temperature to that it will be the junction, and there to calculate the size of the
dissipator

TJ =.. < TJADM
and with it (it can be considered 6pa ~ 1 [°C/W])
Opba = 6ca- Opa={[(Ty3-Ta)/ P]-6c}-1=..

and with the aid of the abacus following or other, to acquire the dimensions of the dissipator



] Espesor [ mm ]
8 I suparficie 4
DA T T briffante 2
3
oC W
[ 1 suparficie 4
Hegra 3
10 - 3
C
1 I i r‘

100 R FIIII ==

1 10 100 1000

ALUMIRIO - Superficie de un lado | cmzl - Posicion vertical




Chap. 04 Inductors of small value

Generalities

Q- meter

Design of inductors

Oneloop

Solenoidal onelayer

Toroidal onelayer

Solenoidal multilayer

Design of inductors with nucleus of ferrite
Shield to solenoidal multilayer inductors
Design

Choke coil of radio frequency

Generalities

We differentiated the terminology resistance, inductance and capacitance, of those of resistor,
inductor and capacitor. Second they indicate imperfections given by the combination of first.

The equivalent circuit for an inductor in general is the one of the following figure, where
resistance R is practically the ohmic one of the wire to DC R added to that one takes place by
effect to skin pca.?, not deigning the one that of losses of heat by the ferromagnetic nucleus;
capacitance C will be it by addition of the loops; and finally inductance L by geometry and nucleus.

This assembly will determine an inductor in the rank of frequencies until wg given by effective
the Lgs and Rg¢ until certain frequency of elf-oscillation wg, and where one will behave like a
condenser.



¢ {Ref}
()
Q p------
e ax : ZOHA
| CAPACITIVA
L R ' R)
Ree -
— . v iLlgr?
1 1!
Lol
0,2 i W wy
0,1 Ree
Pea

The graphs say

Z = (R+sL)/I(1/sC) = Rgs+sLegs

Ret = R/[(1-y)2+(wRC)?] ~ R/(1-y)?

Let = [L(1-y)-R2C]/[(1-y)2+(wRC)2] ~ L/(1-y)
y = (0/w)?

w = (LC)P2

Q = wL/R = L(pcat?+Rec/w)

Qer = Whet/Rer = Q(1-y)

Q- meter

In order to measure the components of the inductor the use of the Q-meter is common. This
factor of reactive merit is the relation between the powers reactive and activates of the device, and for
syntonies series or parallel its magnitude agrees with the overcurrent or overvoltage, respectively, in
its resistive component.

In the following figure is its basic implementation where the Vg amplitude is always the same
one for any frequency, and where also the frequency will be able to be read, to the capacitance
pattern Cp and the factor of effective merit Q¢ (obtained of the overvalue by the voltage ratio between

the one of capacitor Cp and the one of the generator v).

Q-metro Inductor Qg < 10

N
AN




The measurement method is based on which generally the measured Q¢ to one wgt anyone is
always very great : Qg >> 1, and therefore in these conditions one is fulfilled

Ve = lgmax/ WetCp = Vg/ Refet Cp = Vg / Qefmax

and if we applied Thevenin
Vgt = Vg(R+sL)/(R+SL)//(LsC) = K(s2+5.28 0w+ wp?)
K = VgLC

Wy = (LC)-l/Z
£ = R/2(L/C)U2

gy !

(v

e et

that not to affect the calculations one will be due to work far from the capacitiva zone (or resonant), it
is to say with the condition

w << (;oo
then, varying w and Cp we arrived at a resonance anyone detecting a maximum V¢

Werg = [L(C+Cp) ]2 =...
Cpl = ...

Qefimax =

and if we repeated for ntimes (n ><1)

Wefp = NWefp = [L(C+cp2)]-1/2 =

Qefomax =

we will be able then to find

C = (nZsz—Cpl)(l—nz)'l =
L = [@?(C+Cp) I =~



and now

Lefp = (1-wep?LC)1
Lerz = (1-wep?LC)L =
Rett = ®Wer1 Lef1/ Qefimax =
Ref2 Wef2 Lefo /' Qefomax =

and asitis
R = Rcc+Pca®? = Rer(1-w?LC)?
finally
Pca = [Refr (1-wen2L C)2- Repp (1-Wepp? L C)? ]/ wepp?(1-n2) =

Recc = Refr (1-Wepn? L C)2 - pop Wepr? = -

Design of inductors

Oneloop

Be the data

We adopted a diameter of the inductor
D =..

and from the abacus we obtain his wire

@ = (@D)D =..
1073
L/D E i
[Him] | - == il |
.--"".—- ﬂ
108 ul
=
m_?r’ L
1 10 100 psg@ 1000

Solenoidal onelayer



Be the data

I—ef = L =.. fmax = .. fmin =.. Qefmin = ...
p{paso)
e 2\”
LJLJGQOOG
Eﬂﬂﬂﬂﬂﬂj
|

We adopted a format of the inductor

03 < (D) =..< 4
D =..
| = (ID)D =...

and from the abacus we obtain distributed capacitance C

A =1086C/D =..

A 4
3 /
2 ¥
i
1 I\ H
0 I |
0.1 1 10 17D 100

if now we remember the explained thing previously
Wnax < 0,2wy = 0,2(LC)2

we can to verify the inductive zone
103 /ALfpg? =... > D

and the reactive factor

75.D.¢.fhint2 = ... > Qegimin
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From the equation of Wheeler expressed in the abacus, is the amount of together loops
(Dlpaso ~ 1, it is to say enameled wire)

N =..
D/l 10521 06
LD u Ty e
[Him] s 0,2
001 |
== =
7 7
7
TR
0,001 §;==z
— -
- Fd Fd
FialF.
(L AL
'f r
0,0001
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FLA
Jj/,' 7
AV
0,00001
2 10 100 H 400

and of there the wire
g = (Dlpaso)I/N ~ I/N =..

This design has been made for w,,5x< 0,2 wy, but it can be modified for greater values of
frequency, with the exception of which the equation of the Q¢ would not be fulfilled satisfactorily.

Toroidal onelayer

Be tha data



We adopted a format of the inductor

M =..
D

being for together loops (@/paso ~ 1, it is to say enameled wire)

| ~ M =..

N = 1260.{L/[M-(M2-D2)12]1}12 =

@ ~ mM/N = ..
Solenoidal multilayer

Be tha data

E s

[ e )
(=)
o

We adopted a format of the inductor

D =...>1 =..
01.1< e =.. < 5.1

and of the abacus
U =

225 . [L/(D+e)Uly2 =,
(ell4N)2 =

l

N
%)
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Design of inductors with nucleus of ferrite

To all the inducers with nucleus of air when introducing to them ferrite its Ly increases, but its
Qes Will diminish by the losses of Foucault.

R Foucault

Thus, for all the seen cases, when putting to them a magnetic nucleus the final value is

Lenae = Href- L
Mret > 1

where et is permeability relative effective (or toroidal permeability, that for the air it is P = 1) that it
changes with the position of the nucleus within the coil, like also with the material implemented in its
manufacture.

We said that commonly to ¢ is specified it in the leaves of data like toroidal permeability. This is
thus because in geometry toro the nucleus is not run nor has air.

In most of the designs, due to the great variety of existing ferrite materials and of which it is not had
catalogues, it is the most usual experimentation to obtain its characteristics. For this the inductance is
measurement with and without nucleus, and p,¢ of the previous equation is obtained.

It can resort to the following approximated equation to obtain the final inductance

Mefenar ~  Href - (Dn/D)? (IN/I)1/3



00000000000 l

OOEOOOOOGPG T

Shield to solenoidal multilayer inductors

When a shield to an inductance with or without ferrite, they will appear second losses by
Foucault due to the undesirable currents that will circulate around the body of this shield —
electrically it is equivalent this to another resistance in parallel.

I3
L 3
3
L ]
L

00000000000 ¥

oz |0 | s

00000000000 3

For the case that we are seeing the final total inductance will be given by

Lemactotal = F - Lenar = F o Hrer- L

0 0.9
0.8

F //-—_ 0,7
0.6
0.5

0.3 0.4
0,35

0,9 0:3
0,25
0,2

0.98 DiDg

0,99

0,1 1 10 1/0

In order to adopt the thickness of the shield present is due to have the frequency of work and,
therefore, the penetration & that it has the external electromagnetic radiation. In order to find this
value we reasoned of the way that follows. We suppose that the wave front has the polarized form of
its electric field

Eyen = Epico el(@t-Bx)
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and considering two of the equations of Maxwell in the vacuum (~ air)

OXH- = oE- + € 0E~ /0t
OXE- -HOoH= /o0t

we obtain

- 0H25a| /ox = © Eysa| + € aEy5a| [/ ot
aEysa| /ox = - U 6H25a| / ot

and therefore

0 (OHygq /0x) /0t = -0O0Eygy /0t + € 02E gy /02 = -plo2E g, /0x?
0%Eysq [ 0X2 - Y2Eygq = O

being

y= [pw(jo-we)]¥2 ~ (jowp)2 = (1+])(cwp/2)12

0 = conductivity

U = Mg My = magnetic permeability (of the air X the relative one of the material to the air)
€

= gg & = electric impermeability (of the air X the relative one of the material to the air)

and it determines the following equation that satisfies to the wave

Eysal = Eysalpico©) © ¥ = Eyenpico) € ¥ = Eyenpico(0) © X(ow/2)1/2 g jx(owp 12)1/2
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Next, without considering the introduced phase

J 0” Bysal 0X = Eyenpico(0) / Y
J oM Eysai 0x ~ 0,63 Eyenpico(o) / Y

and as 63 % are a reasonable percentage, he is usual to define to the penetration o like this
maghnitude (to remember that to 98 % they are ~ 3d) where one assumes concentrated the
interferente energy

d = (2/0wp)l?
being typical values for copper and aluminum

Scy = 6600 (f )12
8y = 8300 (f )L2

Design
Be the data
f =... (or better the minimum value of work)
Lenactotal = -+ Lenar =+« | =... D =...

therefore of the abacus
DB = (DB/D) .D =..
and if it is adopted, for example aluminum, we obtain necessary the minimum thickness

e =.. > 8300/ (f )2

Choke coil of radio frequency

The intuctors thus designed offer a great inductive reactance with respect to the rest of the
circuit. Also usually they make like syntonies taking advantage of the own distributed capacitance,
although at the moment it has been let implement this position. In the following figures are these three
possible effects.






Chap. 05 Transformers of small value

Generalities

Designe of transformers
Solenoidal onelayer
Solenoidal multilayer

Generalities

First we see the equivalent circuit of a small transformer, where the capacitance between both
windings it is not important

p Ry Lq(1-K} Lg{1k) Ry a2

o To wln 6T 0o O aF alw
T QF =T

The number «a» denominates transformation relation and is also equivalent to call it as effective
relation of loops. The «k» is the coefficient of coupling between the windings primary and secondary,
that is a constant magnitude with the frequency because it depends on the geometric conditions of
the device. The inductance in derivation kL, is the magnetic coil. Generally this circuit for the analysis
is not used since he is complex, but that considers it according to the rank of work frequencies. Thus,
we can distinguish three types of transformers, that is to say:

- radiofrecuency (k < 1)

- nucleus of air (k << 1)

- nucleus of ferrite (k < 1)
- audiofrecuency (k ~ 1)
-line (k=1)

In this chapter we will analyze that of radiofrequencies. We will see as this one is come off the
previous studies. The continuous aislacion of simplifying has been omitted —if he were necessary



this, could think to it connected it to a second ideal transformer of relation 1:1.

P Ry Ly-M  L,-M Ry ,

This model of circuit is from the analysis of the transformer

DVp = ipzll + iszlz
U
Ovs = ipZy + isZy

le(iSZO) = Vp/ip = SLl

Zyoip=0) = Vslis = -sb;
Zo1(s=0) = Vs!ip = sSM
ZlZ(iPZO) = Vp/IS = -sM

M = k(LyLp)2

where the negative signs are of the convention of the salient sense of the current is. Then

Ovp = ipsky - igsM = i;s(Ly-M) + (i, - i) sM
O
Ovs = igsM - igsly = (ip-is) sSM-igs(Lo-M) = isZ

equations that show the following circuit of meshes that, if we want to reflect it to the primary one,
then they modify the previous operations for a transformation operator that we denominate «a»

Ovp = igs(Li-aM) + (i, - is/a) saM
O
Davg = (ip - is/a) saM - (is/a) . s(@’L,-aM) = (is/a) . a?Z

L1-al'u'l Lz-ﬂM
N

L
+ +
ig 2
] “p aMIaZL avg

Ly-M L
-

5-M
+

G [CH
_ L

and of where



L1 = Ni?Siler /11

Ly = N2Solern /o

L1/ L2 = a2

a = n (N32Sjpep |1/ Np2Solep |y )12
n = Nll N2

and consequently

Ll'aM = Ll(l'k)
L,-aM = L, (1-k)
aM = le

A quick form to obtain the components could be, among other, opening up and shortcircuiting
the transformer

1°) Z = ©®
Leng = (L1-M )+ M
(Lo-M )+ M

—
@
3
N
1

29) Z =0

Leng = (Ly-M ) +[M//(Ly-M )] = L1-M2/L, =..
3°) Ly = Lens =

Ly = Lepp =..

k = (1-Lenz/Lens )Y2 =...

M = [(Lent-Len3) Len2 V2 =

Lem |L, Ly Len2 Len3 LyLy

Design of transformers

Solenoidal onelayer

Be the data
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We calculate the inductances of the primary and secondary as it has been seen in the chapter
of design of solenoids onelayer

and now here of the abacus

(SID)D =

1 5D

0

k "'h..._____

e 0.2
0,1 ~ T 0.4
el T s 0.6
e N 0.8

_— ¥

—y 1

_—""'_FF‘-H_F

0,01 — :i

)
1,6
- 1.8

0,001 1 2
0 1 2 1/D 3 2,5

Solenoidal multilayer

Be the data

We calculate the inductances of the primary and secondary as it has been seen in the chapter
of design of inductors solenoidales multilayer

Ll = ..
L2 = ..



La M2

|

L 3

and if we find the operator

G = 109K (LiLp)Y2/NjNy = ...

now here of the abacus

S = [(s+e)(D+e)](D+e)-e =..

0,6 0,8 1
(g+1)fiD+e)

0,4

0,2




Chap. 06 Inductors and Transformadores of great value

Equivalent circuit of a transformer

Equivalent circuit of a inductor

Measurement of the characteristics
Transformer of alimentation

Design

Transformer of audiofrecuency

Transformer of pulses

Design

Inductors of filter with continuous component
Disefio

Inductors of filter without continuous component
Design

Autotransformer

Equivalent circuit of a transformer

It has been spoken in the chapter that deals with transformer of small value on the equivalent
circuit, and that now we reproduce for low frequencies and enlarging it

a = n = N;y/Ny, relation of transformation or turns

nM magnetic inductance

M = k(LjL,)12 mutual inductance between primary and secondary
k~1 coupling coefficient

Ly inductance of the winding of the primary (secondary open)
Lo inductance of the winding of the secondary (primary open)
L, (2-k) inductance of dispersion of the primary

L, (1-k) / n2 inductance of reflected dispersion of the secondary

R, resistance of the copper of the wire of the primary

R, resistance of the copper of the wire of the secondary

Ro resistance of losses for Foucault and hysteresis

Cq distributed capacitance of the winding of the primary

C, distributed capacitance of the winding of the secondary



Z load impedance

i
p Ry Lqi1kl L,(1k) Ryn? 7 R, &

and their geometric components

S section of the nucleus

Ia longitude of the air

lee longitude of the iron

Imed longitude of the half spire
a a 2a
- - ) 5
e y a

Imed
IFE

Equivalent circuit of ainductor

If to the previous circuit we don't put him load, we will have the circuit of an inductor anyone
with magnetic nucleus. The figure following sample their simplification

L

R
= & |
—

e

whereL=L;,R=R;and C =C;.

It is of supreme importance to know that the value of the inductance varies with the
continuous current (or in its defect with the average value of a pulses) of polarization. This is
because the variation of the permeability, denominated incremental permeability Ap, changes
according to the work point in the hystresis curve. If we call as effective their value Apgy, for a



section of the nucleus S and a longitude of the magnetic circuit I (remember you that the total
one will consider the worthless of the air |;), we will have that

L = Apgr- N2S/ g,
Apet = Hef Sin polarizacion

Now we see an abacus that shows their magnitude for intertwined foils and 60 [Hz] (also for 50 [Hz]
without more inconveniences)

0,04
An
[H/m]
0,001
0,0001
0,001 0,01 0,1 1 10
B [Wh/mZ2]

FRECUEHCIA APROZIMADA 60 [ Hz ]
LAMINACIOHN DE HIERRO

Measurement of the characteristics

Subsequently we will see a way to measure L, Apgs Y Hef-

With the help of a power supply DC and a transformer CA the circuit that is shown, where
they are injected to the inductor alternating and continuous polarized limited by a resistance
experimental R,. Then we write down the data obtained in continuous and effective

VCCl = ... VCCZ =... VCAl = ... VCAZ = ...

Yoot YVeat Yeoa tYcaz
+ -+ -

R L Ry
— L1

[

l'cc*icn

and we determine

R = Vcea/lec = Veer Rx/ Veez = -
wl (ZP-R2)V2 = wl[(Vear R/ Veaz)?-R21V2 =

—
I



If we measure the dimensions of the inductor (or transformer) we also obtain for the
previous equation the permeability effective dynamics

Mgt = Llgg/N2S = ...

and that effective one without polarization (we disconnect the source of power DC) repeating the
operation

VCAl = ... VCAZ = ... ICC =0 R =.. (W|th a Ohmeter)
and with it
L = (D_l(DZDZ-RZ )1/2 = (A)_l[(VCAl RX/VCAZ)Z_RZ]:L/Z = ...

Hot = Llgg/N2S = ..

Transformer of alimentation

For projects of up to 500 [VA] can reject at Ry in front of the magnetic nM and, like one
works in frequencies of line of 50 or 60 [Hz], that is to say low, it is also possible to simplify the
undesirable capacitances of the windings C; and C, because they will present high reactances.

As it is known, the characteristic of hysteresis of a magnetic material is asymmetric as it is
shown approximately in the following figures. The same one, but not of magnitudes continuous DC
but you alternate CA it will coincide with the one denominated curve of normal magnetization, since
between the value pick and the effective one the value in way 0,707 only exists.
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For this transformer this way considered it is desirable whenever it transmits a sine wave
the purest thing possible. This determines to attack to the nucleus by means of an induction B sine
wave although the magnetic current for the winding is not it; besides this the saturation magnitude
will be the limit of the applied voltage.

In other terms, when applying an entrance of voltage in the primary one it will be,
practically, the same one that will appear in the magnetic inductance because we reject the
dispersion and fall in the primary winding. This way

Vi ~ Vg = Vppico COS wi
therefore

B = @/S = (Ny1f vgot)/S = Vopico (WSNy)lsenwt = Bpico Sen wt
Vo/n = Ny.0@/0t = N,.0BS/ot = BpoWSNycoswt = Vopicon'lcoswt

where the lineal dependence of input can be observed to output, that is to say, without the
permeability is in the equations.

Subsequently obtain the law of Hopkinson. She tells us that for a magnetic circuit as the
one that are studying, that is to say where the section Sg of the iron is practically the same one
that that of the air S, (remembers you that this last one is considerably bigger for the dispersion of
the lines of force), it is completed for a current «i» circulating instantaneous that

Nii = HrelretHala = B(lre/Hre* Ia/HA) ~ B(lpe/Hre+ Ia/Ho)
o = BS = Nli/ReluctanCia = Nli/[S'l(lFe/uFe"‘ lA/p‘A)] =N1iSUFe|Fe'1

being

Ho permeability of the vacuum ( 41.10-7 [H/m] )



Uy relative permeability of the means
H = HoM permeability of the means
Het = Mol Met + (IReflp)111  effective permeability of the means

and therefore we are under conditions of determining the inductances

Ly = Np@/i = (Ng/i)(NyiSprelre) = N12S ppelpe?
Ly = N22Sppelge?

and also
Ll = n2 L2

On the other hand, according to the consideration of a coupling k~1 they are the dispersion
inductances and magnetic

Ly(1-k) ~ 0O
nM = le“‘Ll

Designe
Be the effective data and line frequency
Vp=.. Vs =.. Is=.. f=..
Of the experience we estimate a section of the nucleus

S =.. > 0,00013 (IsVs )12

and of there we choose a lamination (the square that is shown can change a little according to the
maker)

a =... A= 3a=.. lgg = lpeq = 12a = ...
CUADRO DE LAMINACIONES DE HIERRO-SILICIO

N° LAMINACION a PESO APROXIMADO [K(]
[mMm] SECCION S CUADRADA

63 3 0,02
37 4,75 0,04
25 615 011

62 8 0,23



75
77
111
112
46
125
100
155
60
42
150
600
500
850
102

9,5
11
12,7
14,3
15
16
16,5
19
20
21
22,5
25
32
41
51

0,3
0,5
0,7

1,1
1,34
1,65
2,36
2,65
3,1
3,3
5,1
10,5
34
44

For not saturating to the nucleus we consider the previous studies

VPpico < N1 S Bpico @

Bpico < 1 [Wb/m?]

being

Ny = 0,0025Vp/S By f = ...
N, = NyVs/Vp =..

Ip = IpNy/N;y =..

As the section of the drivers it is supposed to circulate

s = m@2/4

and being usual to choose a current density for windings of 3 [A/m?2]

J=.. < 3.106[A/mm?]

what will allow us to obtain

3,
3,

1,13 (Ip/J)u2
1,13 (Ip/J)u2

Subsequently we verify the useless fallen ohmics in the windings

Ry = plneaN1/s; ~ 22.109%1,q Ny /D42 = ...

<< Vpl/lp



R2 ~ 22.10° Imed N2/®22 =... << Vsl/ls

and also that the coil enters in the window «A» (according to the following empiric equation for
makings to machine, that is to say it doesn't stop manual coils)

N151+ N252 ~ 0,78(N1 ®12+ N2 622) =.. <025A

Transformer of audiofrecuency

It is here to manufacture a transformer that allows to pass the audible spectrum. In this
component, being similar to that studied to possess magnetic nucleus, the capacitances of the
primary and secondary should not be rejected. This reason makes that we cannot reject the
dispersion inductances because they will oscillate with the capacitances; that is to say in other
words that the coupling coefficient will be considered.

However we can simplify the capacitance of the primary one if we excite with a generator of
voltage since if we make it with current it will add us a pole. For this reason the impedance of the
generating Zg will be necessarily very smaller to the reactance of C, in the worst case, that is to

say, to the maximum frequency of sharp of audio
[zg0 << 1/ wmax C1

We are under these conditions of analyzing, for a load pure Z, = R| in the audible
spectrum, the transfer of the primary system to secondary. We will make it in two parts, a first one
for serious and then another for high audible frequency.

Ry 2L,(1-k) Ryn?

'n Ca n RL nw

- ne —

Then, like for low frequencies they don't affect the capacitance of the secondary one and
therefore neither the dispersion inductances; this way, rejecting the magnetic inductance and the
losses in the iron, it is reflected in low frequencies

T(graves) = NVs/Vy ~ {1+[(Ry+Ryn2)/R n2]}1/(s+ o)
Win = [La/[Ry// (R + R ) n2]] 1

and the high frecuency

T(agudos) = [n2/(2Ly (1-k) C2) 1]/ (82 +2SE& Wnax + Wmax?®)
Wmax = {[N?/(2L 1-k) Co)1]. [1+[(Ry+Ryn2) /R n2]]}172

€= {(RLC)1+ [(Ry+Ryn2) /2L (1-K) ]}/ 2 tmax



and if we simplified the capacitance C, we would not have syntony

T(agudos) = [n2RL /2Ly (1-K) L/ (‘s + tnax )
Wnax = [Ry+(Ro+RL)N2]/ 2Ly (1K)

Transformer of pulses

This transformer is dedicated to transfer rectangular waves the purest possible. It is
convenient for this to be able to reject the capacitance of the primary one exciting with voltage and
putting a load purely resistive. The inconvenience is generally due to the low coupling coefficient
that impedes, usually, to reject the magnetic inductance.

If we can make a design that has the previous principles, and we add him the following
OR, n2 + s L4(1-k)O << Ry, n2// (n2/sCy )0
then it can be demonstrated that for an entrance step «V» in the primary one they are

T =nvg/vy ~ [n2/CyLy(1-K)]/[(s+B)2+wy?]

wp = [N2/aCylLy(1K)]- P2

a = R n2/(Ry+R n2)

B = 05{[Ry/Ly(1-k)]+(1/R Cp)}

nvg = TV/s - antitransformer - Va{1l+eBt. sen (wpt+ @) /kowy}
k = [an2/C,Lq(1-k) ]2

@ = arctag (wy/B)

Ry Lyltk)
«— 1

. L1|c_gl o,

P TR nvg
- n2 -

that it is simplified for worthless dispersion inductance and output capacitance

T=nvg/lvy ~ a.s/[s+(Rya/Ly)]
nvg = Va[l-(Rjia/Ly)t]

This analysis has been made with the purpose of superimposing the effects of the answer
from the transformer to the high and low frequencies for a rectangular excitement; that is to say,

respectively, to the flanks and roofs of the pulses. For this reason we have the series of following
equations of design finally



m=123,.. (order of the considered pick)

d=pB.Ty/2n

To = 2m/wy ~ 2m[a Lqy(1-k) C,/n2]1/2

ty = m.Tg/2(1-382)12

t. ~ 0,53 . Ty (time of ascent of the vg, defined among the 10 % and 90 % of Va)
Vg ~Va[l-(Rya/Ly)t]

gy = 1-(vyq/Va) = Ryt/Ly (slope error)

(vp )
U 1
ox - s -_______f"':t]'
i AR _
i | VAV
— L {nus:'
Design
Be tha data
€max = T =.. V=. R =... n=..

We choose a recipient and they are obtained of their leaves of data

a =..b =..¢c = lpe=2(2a+b+c)-lp =... lpeg = TMh =..
A =ab = S = T[a.2 = .. lA = .. BSAT = ..
Ut = ... (relative permeability commonly denominated as toroid)
a b 2a a b 2a
A -t = n -t - 5
- b+ N }a
1l o P
: : : F c T A
: * L] 4' : I L}
L_I__J‘ ia T AlL ta
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For that seen previously

Hef = Mo (HTl+Ige/lp )l = 41107 (upl +Ig/ly )t = ..

Bpico =+ < Bsar
Ny = V1/2nS Byip =
N2 = Nl/n = ...

L; = Ni12S et/ lpe =
Rimax = L1 &max/T
Romax =+ << RL

keeping in mind the specific resistivity is obtained

@1 =.. > 0,00015 (Imeg N1/ Rimax )12
@, =... > 0,00015 (lneg Np / Romax )12

and with it is verified it that they enter in the window
Nl S+ N2 Sy, ~ 0,78(N1 612"' N2 ®22) =... < 0,25A

The total and final determination of the wave of having left one will only be able to obtain
with the data of the coupling coefficient and the distributed capacitance that, as it doesn't have
methods for their determination, the transformer will be experienced once armed.

Inductors of filter with continuous component

The magnetization curve that polarizes in DC to an inductor with magnetic nucleus, their
beginning of the magnetism induced remainder will depend Brgp (Practically worthless) that has it
stops then to follow the curve of normal magnetization. With this it wants to be ahead the fact that it
is very critical the determination of the work point. Above this polarization the alternating CA is

included determining a hysteresis in the incremental permeability Ap that its effectiveness of the
work point will depend.

punto do trabajo Q
{pofarizacion CC)




In the abacus that was shown previously they were shown for nucleous some values of the
incremental permeability. Of this the effective inductance that we will have will be

L = N2SApg/ I
Aper = Mo/ [Dret + (Ia/lge)] = [Bupet + (Ia/ Holpe ) It

where Apgg it is the effective incremental permeability of the iron.

Design
Be the data
ICC =.. >> AICC =... L =.. Rmax =.. f~50 [HZ]
| t Al
cC cc oL
1 -

We already adopt a lamination of the square presented when designing a transformer

a=.. lgg~Ilpegq~12a=.. S=4a2=... A=3a2=..
VFe = SIFe =..

choosing
IA =, << IFe

We determine now

ABHg = AH Apge Hg = (Nlcc Aupe/lge) - (Nlec/lge) = lecBlec L/ e S = ...
so that, of the curves of following Hanna we obtain

N =..
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and in function of the specific resistivity
@ =.. > 0,00015 (Ineg N/ Rpax )2
verifying that the design enters in the window according to the following practical expression

Ns ~ 0,78N@2 =... < 0,25A

Inductors of filter without continuous component

In approximate form we can design an inductance if we keep in mind the the graphs views
and the square of laminations for the iron. This way with it, of the equations

L = (N2S/lge). (Ber/ Het)
where B yand Hg¢ they are the effective values of pgt.
Design

Be tha data

L =... lpax = ... (eficaz) f =..

We already adopt a lamination of the square presented when designing a transformer



a=.. lgg~lpeq~12a=.. S=4a2=.. A=3a2=..

and we choose a work point in the abacus of the curve of normal magnetization of effective values
seen in the section previous of Transformer of alimentation, where it will be chosen to be far from
the saturation of the nucleus and also preferably in the lineal area, this way if the 1,5, diminished it

will also make lineally it the pg in @ proportional way.

Hef = -
N = (leeL/peS)Y2 =..

For not exceeding in heat to the winding we adopt a density of current of 3 [A/mm?Z]
@ =.. > 0,00065 |31

and we verify that this diameter can enter in the window, and that the resistance of the same one
doesn't alter the quality of the inductor

0,78N@2 =... < 0,25A
22 .10° Imed N/@2 =.. << wL
Autotransformer

The physical dimensions of an autotransformer are always much smaller that those of a
transformer for the same transferred power. This is due to that in the first one the exposed winding
only increases to the increment or deficit of voltage, and then the magnetic inductance continues
being low

POWER IN A TRANSFORMER = Vp |p
POWER IN A AUTOTRANSFORMER ~ Vp |p M - n10

The calculation and design of this component will follow the steps explained for the design
of the transformer, where it will talk to the difference of coils to the same approach that if was a
typical secondary.
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Chap. 07 Power supply without stabilizing

Generalities

Power supply of half wave with filter RC
Design

Abacous of Shade

Power supply of complete wave with filter RLC
Design

Connection of diodes in series

Design

Generalities

Those will be studied up to 500 [VA] due to the simplification of their equivalent circuit.

All supply of power follows the outline of the following figure, where the distorting generates
harmonic AC and a component continuous DC as alimentation.

The purity of all source is given by two merits: the ability of the filter to attenuate meetly to all
the possible harmonics, and the low resistance of output of the same —regulation or stabilization.

2 i3 lcc
+ —_— —_— —_—
+
+ + FILTRO
v, v, E"’ DISTORSIOHADOR | 3 | pacagnjos Ve
! _
- i
1
1
R
R cc

Power supply of half wave with filter RC

The distorting, implemented here with a simple diode, will allow him to circulate for him the
continuous current of the deformation and its harmonic content

I3 = Icticc = Ictlectiz

where the harmonic are given for ic + iz and to iz it denominates ripple. This way, the voltage of



continuous of instantaneous output will be worth

Vee = VectVz = lecRectizRee = Vect (AV/2)

We define then to the ripple from the source to the relationship

Z = Vzl VCC

Let us analyze the wave forms that we have. For an entrance sine wave

Vo = E2pic0 sen wt

2N

it will drive the diode (ideal) when it is completed that
Vg = Vo-Vec > O
and if we reject their fall they are
I ~ Vo Y = Ippico SEN (Wt + @)
l2pico = E2pico [ Gec? + (wC)? 112
@ = arctag wCR¢c
In the disconnection of the diode
Vg = Vo-Vec = O
with the condenser loaded to the value

Vec(t) = Va(r) = Vopico S€N Wt

that then it will begin to be discharged

N =i I
3 cC
+ —_— —_—
» +
L
1 1.!2 u




Ve (t-1) = Vec(r) @ (T/CRee = vy e (1-T)/CRec sen wt
We can have an analytic idea of the ripple if we approach
v, ~ (AV/2)-(AV.wt/2m)

because while the diode doesn't drive it is the condenser who feeds the load

AV /A = |cc/C
AV = ICC',T/(A)C

and in consequence

zZ = V,/Vee = [(Jo"Vv20wt)/mY2/Vee ~ AV/3,46 Ve =
= /346 wWCRcc ~ 1/7fCRcc
Design
Be tha data
Vi=.. f=.. Vec = lccmax = - lcemin = > 0 Zpay =

We suppose that the design of the transformer possesses proportional inductances of the
primary and secondary, that is to say that R;/n2 ~ R,. This approach that is not for anything far from

the reality, will simplify us enough the project.
We avoid in the first place to dissipate energy unsuccessfully in the transformer and we
choose

Ri/n2 + Ry ~2 Ry << Vee !/ lecmax
Ry =.. << 2Vce/leemax

and we obtain with it

RS = R1/n2 + Rz + O'G/ICCmax ~2 R2+ 016/|CCmax =
Rs/Rce ~ (Reemmax ¥ Reemin) /2 = [(Vee !/ leemin) - (Vee ! leemin) 1/2 = ...

being able to also choose as magnitude Rg / R for the most convenient case.
Then of the curves of Shade for half wave have

C =... Vapico = lzef = l3pico =

The data for the election of the diode rectifier they will be (it is always convenient to enlarge
them a little)



lrRms = lzef = -

IavERAGE = lccmax =
lpEAK REPETITIVE = I3pico =
lpeEAK TRANSITORY = Vapico / (R1/Nn2 + Ry) ~Vapico /2 Ry =...

Vpeak REVERSE = Vec + Vopico ~2 Vee = -

y al fabricante del transformador

VOLTAGE OF PRIMARY V; =... (already determined precedently)
FRECUENCY f = ... (already determined precedently)
RELATIONSHIP OF SPIRE n=Vy/Vy, ~ 141V /[ Vopico = -..
RESISTENCE OF SECUNDARY R, =... (already determined precedently)
RESISTENCE OF PRIMARY Ry = RynZ =,

APPARENT POWER S1 ~ (Vec+0,6) lccmax = -

Abacous of Shade

For further accuracy in the topics that we are seeing and they will continue, we have the
experimental curves of Shade that, carried out with valves hole diode, they allow anyway to approach
results for the semiconductors. Subsequently those are shown that will use they —exist more than the
reader will be able to find in any other bibliography. The first relate the currents for the rectifier i with
the continuous one for the load I (that is the average), where the resistance series Rg is the sum of

all the effective ones: that of the primary reflected to the secondary, the of secondary and the that
has the rectifier (diode or diodes) in their conduction static average

Rs = Ry/n2 + Ry +RgecTiFiER
RRECTIFIER (1 diodey ~ 0.6 [V]/lcc
RRECTIFIER (2 diodes in bridge transformer) ~ 0,6 [V]/ ICC
RRECTIFIER (4 diodes in bridge rectifiery ~ 2 - 0,6 [V]/lcc
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the second express the efficiency of detection hd, as the relationship among the continuous voltage
that we can obtain to respect the value peak of the input sign. First we have the case of a rectifier of
half wave with a filter capacitive and then we also have it for that of complete wave with filter
capacitive
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and then we also have it for that of complete wave with filter capacitive
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The third curve of Shade that here present it shows us the ripple percentage
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Power supply of complete wave with filter RLC




This source is used when we want a smaller ripple, bigger voltage stabilization and to avoid
abrupt current peaks for the rectifier, overalls in the beginning. For this last reason it is necessary to
choose an inductance bigger than a critical value L¢ that subsequently will analyze.

Let us suppose that it is

Vo = Vppico SEN W
It | ¢ '
+
CC Cpico
b Iee
N +
-
lee 1 i A R
1

2W

and seeing the graphs observes that the current for the diodes is a continuous one more an

alternating sine wave that takes a desfasaje @. If we estimate very low the ripple to the exit, since it is
what we look for and we should achieve, it is

Z = Vzsa/Vee = lzsaiRec/lccRec = lzsall/lee << 1
and rejecting then

i3 ~ lcctic — lapico S€N (200 + @)
I3pico = ( ICC2 + ICpico2 )1/2 = [( Vee / Ree )2 +(2wC VZsaIpico )2 ]1/2
@ = arctag (lgpico/lcc) = arctag (2wC Vzsapico Rec/ Vec )

On the other hand, as vj it coincides with the form of v, for Fourier we have

Va(n.2miosT) = (2/T).[ o2 vpe-i(n. 205Dt ot = 2 Voo /T1(1-4n2)
Vo = (2VopicolTt) - (4Vopico/3TT) COS 2wt - ((4V3ico/15T) cos 4wt ... ~
~  (2Vpico/M) - (4Vopico/3M) €OS 2wt = Ve - Vzsaipico COS 2wt

With the purpose of that the ripple circulates for the capacitor and not for the load we make
Rcee >> 1/2wC

and also so that all the alternating is on the inductor achieving with it low magnitudes in the load
2wk >> 1/2wC

it will allow to analyze



ICpico = VZsaIpico 20C  ~ VZentpico/Z(*)L
lcc = Vee/ Rec

and having present that the inductance will always possess a magnitude above a critical value L so
that it doesn't allow current pulses on her (and therefore also in the rectifier)

lepico (Le) = VZentpico/Z‘*)L = Vee !/ Ree
it is
LC = VZentpico RCC /2w VCC =2 RCC /6w ~ 0,053 RCC /[ f

If it is interested in finding the ripple, let us have present that the alternating is attenuated by
the divider reactive LC according to the transmission

Visal ! Vzent ~ (1/2wC)/ 2wl = 1/4w?LC
being finally of the previous equations (the curves of Shade show this same effect)
Z = Vzsa!/Vee ~ 0,707 Vzsapico ! Vee = 0,707 Vzenipico / 40PLCV e ~ 0,003 /f2LC

Until here it has not been considered the resistance of the inductor R L, which will affect to
the voltage of the load according to the simple attenuation

Vecfinat = VecRec/ (RL+Rec) ~ 2 Vapieo ! (1 + R Gec)
Design

Be tha data

Vi = f=en Vee = loomax = loomi = > 0 Ziay = o

We choose a bigger inductance that the critic in the worst case
L =.. > 0,053Vee/f leemin
Of the ripple definition
Z = Vzsapico ! Vec
and as we saw
Vzentpico = 4 Vopico/ 3T ~ 4V /31 ~ 0,424 Ve

it is appropriate with these values to obtain to the condenser for the previous equation



cC =... > VZentpico / VZS:’;’dpiCO 40)2L -~ 0,424 VCC / Zmax VCC 4().)2|_ = 0,0027 /f 2 L
Subsequently we can obtain the relationship of spires
n =Vy/Vy ~ 141V /Vopico = 1,41V, /[ (TVcc/2) ~ 0,897V / Ve =...

Now, for not dissipating useless powers in the transformer and winding of the inductor, they
are made

Rl =.. << n2 VCC/ICCmax

Py
)
1

<< Vee ! leemax
<< Vee !/ lecmax

Py}
=z
1

It will be consequently the data for the production of the transformer

VOLTAGE OF PRIMARY V; =... (already determined precedently)
FRECUENCY f =... (already determined precedently)
RELATIONSHIP OF SPIRE n=..

RESISTENCE OF SECUNDARY R, =... (already determined precedently)
RESISTENCE OF PRIMARY Ry=..

APPARENT POWER S1 ~ Vee lecmax = -

those of the inductor

INDUCTANCE L =... (already determined precedently)
RESISTENCE R_ =... (already determined precedently)

and those of the bridge rectifier

Irms = [lcemax® + (Zmax Voc 200C )2 1Y2 ~ [ecmax? + 158 (Zmax Vec FC)? 12 = ...
IavERAGE = lccmax =

lpeak REPETITIVE = ccmax + Zmax Vee 260C 22 ~ Ioemayx + 1,78 Zax Vec FC =
lpEAK TRANSITORY ~ Vopico/ (R1/ N2 + Ry) ~1,57 Ve /2 Ry = ...

Vpeak REVERSE ~ (Vee + Vopico) /2 ~ 1,3 Ve = ...

Connection of diodes in series

The rectifiers of common or controlled commutation (TBJ, GTB, RCS and TRIAC) they
support a voltage of acceptable inverse pick Vp, to the circulate for them an acceptable inverse
current l,yyapm- When one needs to tolerate superior voltages to this magnitude

V. > Vp

they prepare in series like it is shown in the figure. This quantity «n» of diode-resistance, jointly



considering their tolerance AR, it will limit the tensions then.

It can be demonstrated that so that the system works correctly it should be that
n > 1+ [(V-Vp)/Vp] (1+AR/R+RIpnvapm/ Ve)/ (1-AR/R)
or this other way
R < {[Vp/(1+AR/R)]-[(V-Vp)/(n-1)(1-AR/R)]}/ linvapm
Design

Be the data (Vp, and I;\yapm €an be experienced simply with a high source, for example
implemented with a multiplying source and a resistance in series)

V. =.. (orinCAsinewave Vo =...) Vpi =... linzvabpm = -
We choose a tolerance of the resisters

AR/R =..

and we determine with the equation the quantity of cells to put (to replace in CA sine wave to V for
Vpico)
pico

n =..>1+[(V-Vp)/Vp] (1+AR/R+R Iiywaom!/ Ve )/ (1-AR/R)
and the magnitude of the resisters

R =.. < {[Vp/(1+AR/R)]-[(V-Vp)/(n-1)(1-AR/R)]}/ linvaDMm
verifying the power that it should tolerate

P(paraCC) = V2/nR = ...

I:)(para CA sinusoidal) ~ Vpico2 /I2nR =..




Chap. 08 Power supply stabilized

Generalities

Parallel source with diode Zener

Design

Parallel source with diode programmable Zener
Parallel source with diode Zener and TBJ
Source series with diode Zener and TBJ
Source series with diode Zener, TBJ and preestabilizador
Source series for comparison

Source series with AOV

Design

Source with integrated circuit 723

Design

Source with integrated circuit 78XX

Source commuted series

Design

Generalities

In the following figure we observe a alimentation source made with a simple dividing resistive,
where their input will be a continuous DC more an undesirable dynamics AC that, to simplify, we opt it
is sine wave, as well as to have a variation of the load

Vee = VCC * AVCC = VCC + Vpico sen wt

iL = IL + AIL

determining dynamically



Vec = v+ (iL+ir)Rs = v + VRs/Ry + iRs = v (1+ Rg/Ry) + iRg
v = (Vee- IlRs) /7 (1+ Rg/Ry)

and consequently partial factors of stabilization with respect to the input voltage, to the variations
possible of the load and with respect to the ambient temperature

AV, = F,AVce + F Al + F AT
FV = OVL /6VCC = 1/(1"‘ RS/RT)
F| = 0V|_ /6||_ = - RS FV
FT = 6V|_ /0T =0

being finally

AVL = (AVCC_RSAIL)/(1+ RS/RT)

Parallel source with diode Zener

To get small magnitudes of F,, and F, the Rt it is replaced by a device Zener where their
resistance is very small. The advantage resides in that for equal values of V| the average || (here I5)

it is not big and therefore uncomfortable and useless dissipations, as well as discharges entrance
tensions are avoided.

The behavior equations don't change, since the circuit analyzed dynamically is the same one

FV = GVL /GVCC =1/ ( 1+ RS / rz)
F| = GVL /aIL = - RS FV
FT = OVL /0T = 6VZ [ 0T = SZ

Design
Be tha data

VCCmax =.. VCCmin =.. ILmax =.. ILmin =.. >=<0 VL =..

We choose a diode Zener and of the manual we find



VZ = V|_ = ..
Papm = (0,3 [W] for anyone)

lZmin = --- (0,001 [A] for anyone of low power it is reasonable)
We choose a RS in such a way that sustains the alimentation of the Zener
Rs =... < (Vcemin - Vi) / (zmin * lmax )
and we verify that the power is not exceeded
[(Veemax - VL) I Rs1-Iimin =« < Papm/Vz
Finally we determine the power that must dissipate the resistance
Psmax = (Vcemax - VL)?/Rs = ...

Parallel source with diode programmable Zener

An integrated electronic circuit is sold that by means of two resistances R, and R, the V5 is
obtained (with a maximum given by the maker) with the reference data Iggg and Vyeg

Vz = Vi+ Vo = [(Vrer/R2) +Igrep ] R1 + VRer = Vrer (1 + R1/Ry) + Iggp Ry

R
11 'rer +
—
W
+ Yz
Vrer || Ry

_ParaIIeI source with diode Zener and TBJ

We can increase the power of the effect Zener with the amplifier to TBJ that is shown. The
inconvenience is two: that the 1Zmin will increase for this amplification, and another that the
resistance dynamic rZ it will worsen for the attaché of the juncture base-emitter in series with that of
the Zener. This species of effective Zener will have the following properties then

lzet ~ Blz
VZef ~ Vz+0,6

rzet ~ Tz +hi1e



'Zefl

V7er
of where they are the factors
Fy = 0VL /0Vee = 1/[1+ Rg/(rz+hyge)]
F| = GVL /6I|_ = -RSFV
FT = 6V|_ /0T = aVZef /0T = Ez+€y ~ 82'0,002

Source series with diode Zener and TBJ

The following disposition is more used. The low output resistance in common base determines
very good stabilization. Here the values are translated to

I ~ Blg = B{[(Vec-Vz)/Rs]-Iz}
VL -~ VZ'O,G

RsaL ~ (rz+hgge)/hoe

and in the dynamic behavior

VL ~ Vz ~ (Ve -iL Rghpiel) /(1 +Rglrz)

F, = 1/(1+Rg/ry)
Fi = -RgF,/hye
FT = EZ'SV ~ 82"‘0,002

Source series with diode Zener, TBJ and preestabilizador

In this circuit it takes advantage the pre-stabilization (for the variations of V) with a current
generator in the place of Rg. This way, the current in load is practically independent of that of the
supply (to remember that V7, are produced by V¢)



lct ~ ler ~ (Vz2-Vee2) /Ry ~ (Vz2-0,6) /Ry # g (vee, R

Let us keep in mind that, dynamically for all the practical cases, as much R, as the input
resistance to the base of Q, are very big with respect to that of the Zener

Ry >> 175 << hye+(1+hye)Ry
consequently, the effective resistance Rg dynamically will be

rs = (Vec-Vbe2- VL) /(VR1/R1) ~ (Vee-VvL)/(VR1i/Ry) =
(Vec-VL) R/ (Vecrz2/Ry) = (1-vi/vee)R1 Ry I1z0 ~ RiRy /17

where v was simplified in front of vcc because it is supposed that the circuit stabilizes. Now this
equation replaces it in the previous one that thought about for a physical Rg

Vi ~Vz ~ [Vec-(iLR1Ra /170016 ) 1/ [1+(Ry Ry /171 122) ]
Fv = 1+(RyRy/r172907172)
Fi = -(R1Ry/rzohp10) Fy

FT = Ez-ﬁy ~ Ez+0,002

Source series for comparison

An economic and practical system is that of the following figure. If we omit the current for R in
front of that of the load, then we can say

I~ lc2 = B2(lp-lc1) = Ballo-B1(VL-Vee1-Vz)/R1] =
= Bo{lo+ [B1(Vz+Vge1)/R1]- (B1VL/Ry) }



where it is observed that if V| wants to increase, remaining |y practically constant, the I, will diminish
its value being stabilized the system. For the dynamic analysis this equation is

iL ~ hate2 [(Vec-VL) /Ro - hager Vi / (R + hpge117) ]
or ordering it otherwise
VL =~ [Vee-(iLRg/h1ep) 1/ [1+hp1e1 Ro/ (Ry +hoge117)]
Fy = 1/[1+hpe1Ro/(Ry+hpgertz)]
Fi = -RoFy/hoer

FT = Sz+€y ~ 82'0,002

Source series with AOV

Although this source is integrated in a chip, it is practical also to implement it discreetly with an
AQV and with this to analyze its operation. Their basic equations are those of an amplifier nor-inverter

VL = V5(1+Ry/Ry) = Vz (1+RyG1)/(1+RyGs)
VL = vz (1+RGy)/(1+RyGs)

Design

Be tha data



VCCmax = ... VCCmin = ... ILmax = ... ILmin =... =20 VLmax = ... VLmin =... =20
We choose the TBJ or Darlington finding the maximum

lcapm = -+ > limax

Veeo = - > Veemax - Yeemin (@lthough it would be better only VCCmax for if there is a
short circuit in the load)

Pceabm = - > lmax Vecmax

and then we obtain of the leaf of data

TJADM = ...
85c = (Tyapm-25)/ Pceapm = -

B~..

what will allow us to determine for the AOV

Vxx =+ 2 Vimax+* VB = Vimax * 0,6

VYY =..> 0

Paovaom = - > limax (Vxx - VBE) /B = Itmax (Vxx - 0.6) /P
laovg = .- (let us remember that JFET it is null)

Subsequently the thermal dissipator is calculated as it was seen in the respective chapter
surface = ...

position = ...
thickness = ...

We adopt a diode Zener

VZ = ..
PZADM = ...

IZmin
and we choose R; and the potenciometer (R,+Rs), without dissipating a bigger power that 0,25 [W]

Rl =.. << Vyylz IAOVB
VYY2/0'25 < (R4+ R5) =, < Vyylz IAOVB

what will allow subsequently to calculate of the gain of the configuration nor-inverter
Ry = Ry [(Vimax/Vz)-11 = ...

For the project of R we will use the two considerations seen in the stabilization by Zener



Rs = (Veemin-Vz) /[zmin +Vz(Rg+ Rg) 1] =... >
> (Veemax - Vz) I L(Pzapm/ Vz) +Vz (Rg + Rg) 1]
Prs = (Vcemax - Vz)?/Rs = ...

Source with inteqgrated circuit 723

A variant of the previous case, that is to say with an AQV, it is with the integrated circuit
RC723 or similar. It possesses besides the operational one a diode Zener of approximate 7 [V], a TBJ
of output of 150 [mA], a second TBJ to protect the short-circuits, and an input capacitive to avoid
undesirable oscillations.

a4
an 92 10
R
470 [pF] [] 3
2 il
—o—
L &
Yi R2 .
RC 723
b
+ +
UCCQ‘ /H/RL Vi
i 4
O ¥
m |l - Ry
Rg
7 7

The behavior equations will be then

VL = VRer(1+Ry/Ry) = Vrer (1+RG;1)/(1+RyGs)
VL = VRer (1+RG1)/(1+RyGs)

and as for the protection
IL||V| = VBE/R3 ~ 0,6/R3
Design

Be tha data

\
o

ILmax = ... ILmin =.. =20 VLmax =... £33 [V] VLmin = ..



and of the manual of data
Vecaom U 35[V] Iggrapm ~ 0,015 [A] Icoapm ~ 0.15[A] Vger ~ 7.1 [V]
With the purpose of not dissipating a lot of power in the potenciometers

(Ry +Ry) =... (pre-set) > V| max?/0,25
(R4 + Rg) = ... (regulator potenciometer) > Vggg2/0,25

and we verify not to exceed the current
VRer/ (R4 +Rg) =... < Iggrapm

We choose to source thinking that Q, don't saturate; for example 2 [V] because it will be a
TBJ of power

Vee = = Vimaxt Vceimin = Vimax 2

We adopt the transistor Q1 or Darlington

lcimax = limax = -
Vceimax = Vec = - < Vceor
Pceimax = Icimax VcEimax = - < Pce1apm

Subsequently the thermal disipator is calculated as it was seen in the respective chapter

surface = ...
position = ...
thickness = ...

We calculate the protective resister

R = 0,6/l max =
Pr3 = limax* R3 = ...

that to manufacture it, if it cannot buy, it will be willing as coil on another bigger one that serves him
as support

RX =.. >> R3
@ = 0,00035 I 2 = ...
| = 45.106 @2R; = ...



Ry, 8,1 \ Kfnx
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Source with integrated circuit 78XX

Under the initials 78 XX or 79XX, where XX it is the magnitude of output voltage, respectively,
positive and negative sources are manufactured.

Demanded with tensions of input and currents of the order of the Ampere with thermal
disipator, they achieve the stabilization of the output voltage efficiently. For more data it is desirable to
appeal to their leaves of data.

THxX

cC s C L YL

In these chips it is possible to change the regulation voltage if we adjust with one pre-set the
feedback, since this integrated circuit possesses an AOV internally

THxX

Source commuted series

With this circuit we can control big powers without demanding to the TBJ since it will work
commuted.



It is necessary to highlight that these curves are ideal (that is to say approximate), since it
stops practical, didactic ends and of design the voltage has been rejected among saturation collector-
emitter Vcgg and the 0,6 [V] of the diode rectifier D;.

During the interval 0-1 the magnetic flow of the coil, represented by the current I, circulates him
exponentially and, like a constant discharge of time has been chosen it will be a ramp. In the following
period t-T the coil discharges its flow exponentially for the diode D;.

The AOV simulates the Schmidtt-Trigger with R; and R, and it is then positively realimented
to get an effect bistable in the system so that it oscillates.

The R4 are a current limitter in the base of the TBJ and it allows that the Vyy of the AOV



works with more voltages that the load. In turn, the diode D, impedes the inverse voltage to the TBJ
when the AOV changes to Vyy.

The voltage of the Zener V5 is necessary from the point of view of the beginning of the circuit,
since in the first instant V|_is null. On the other hand, like for R; we have current pulses in each
commutation, and it is completed that the voltage on her is AV, =V - V| waiting constant Vz and V|,
it will also be then it AV ; for this reason it is convenient to make that V; is the next thing possible to
V. If it doesn't have a Zener of the value of appropriate voltage, then it can be appealed to the use of
a dividing resistive of the voltage in the load and with it to alimentate the terminal inverter of the AOV.

Let us find some equations that define the behavior of the circuit now.
Let us leave of the fact that we have to work with a period of oscillation where the inductance
is sufficiently it reactivates making sure a ramp
L/Rg > T
determining with this
lo = VL T/L = (T-1)(Vee-V)/L
of where
V| = Ve (1-1T)
También, como
Alg = C AV /T + AV /R ~ C AV /1
and supposing a correct filtrate
CRimin >> 1
and on the other hand as
Vi = (¥Vpov-Vz) R/ (R +Ry) + Vg
we have limited the variation
AVL = Vimax - Vimin =

[(Vxx-Vz)Ri/(Ry+Ry) + Vz]-[(-Vyy-Vz)R1 /(R +Ry) + Vz]=
(Vxx +Vyy) /(1 +R,Gy)

In a same way that when the chapter of sources was studied without stabilizing, we define
critical inductance L to that limit that would make a change of polarity theoretically I, = Alg/2. Then,
combining the previous equations obtains its value

Lc = 0.5 TR max [ (Veemin/ VL) -1



Design

Be the data

ILmax =... ILmin =.. =20 VCCmax =... VCCmin =.. 20 VL = ..

We approach the ranges of the TBJ (to remember that in the beginning VL = 0)

lcmax = lLmax =
Veemax = VYecmax = -+ < Vceo

and we obtain of their leaves of data

Vces = ... (approximately 1 [V])
lcapm = -

Vggs = ...

Tapag =
Tenc =
Bmin = -
TiaDm = -

Pceabm = -

With the conditions of protection of the AOV and commutation of the TBJ we find

Vxx =... > Vcemaxt VBEs - VeEs
VYY =.. < 36 [V] - VXX

Paovabm =+ < Vxx ILmax ! Bmin
lgaov) = --- (para entrada JFET es nula)

what will allow to calculate at R, such that saturates the TBJ; in the worst case

R4 = Bmin (Vxx - 0,6 - Vges + Vces - Vecmax ) / Iimax =

Subsequently we adopt at R, of a value anyone, or according to the polarization of their active
area in the transition

Rl =. << Vyylz IB(AOV)

We choose a small variation of voltage in the load that will be a little bigger than the small among the
terminals from the AOV when working actively. A practical magnitude could be 10 [mV]

AV, =.. = 0,01



what will allow to clear up of the previous equation
Ry = Ri[(Vxx+Vyy)/AV, - 1] =..

Keeping in mind that to more oscillation frequency the filter will be fewer demanded, and
working with sharp flanks for not heating the TBJ, we verify

Tenc t Tapag =+ << T

and consequently we estimate an inductance value and their resistance

L=.. > TVL (VCCmin/VL '1)/2|Lmin
Rg =... << L/T

Subsequently we determine the maximum dynamic current for the inductor
Alomax = TVL(1-V/Veemax) /L = ...
Now we find the value of the condenser
C =.. > T/Rimin = Tlimax (VU - Veemaxt)
and we verify the made estimate

I max + 0,5 Algmax =« < lcapm

As in general abacous are not possessed for the determination of the power with pulses on a
TBJ (of not being it can be appealed this way to the chapter that it explains and it designs their use),
we approach the half value for the worst case (1 ~ T)

Pcemax ~ Vces (Iimax * 0,5 Algmax) = -
what will allow to find the thermal disipator

surface = ...
position = ...
thickness = ...

The specifications for the diodes will be

lrms1 ~ ILmax * 0,9 Algmax = -
VpEAK REVERSE1 ~ VcCmax =
TRECUPREVERSE1 = - << T

IRMSZ - ILmax/Bmin



Vpeak REVERSE 2 ~ Vecmaxt Vyy = -
TRECUPREVERSE2 = -+ << T

With the purpose of that the system begins satisfactorily and let us have good stabilization (we
said that in its defect it is necessary to put a Zener of smaller voltage and a dividing resistive in the
load that source to the inverter terminal)

VZ ~> VL = ..
PZADM = ...

IZmin

For not exceeding the current for the AOV the previous adoption it is verified

(Vxx-Vz) (R + Ry )1+ (I max *+ 0,5 Blgmax ) Bmint = -+ < Paovapm / Vxx
(Vxx+Vz)(R1+Ry)1=.. < Paovapm/ Vyy

being also
R3 = (VCCmin - VZ ) / [ IZmin + (VZ + VYY) (Rl + RZ)_l] =.. >

> (Veemax - Vz) I L(Pzapm/ Vz) - (Vxx - Vz) (Ry + Ryt ]
Prs = (Veemax - Vz)? /R = ...




Chap. 09 Amplification of Audiofrecuency in low level class A

Previous theory of the TBJ
Previous theory of the JFET
General characteristics of operation
Bipolar transistor of juncture TBJ
Common emitter

Base common

Common collector

Transistor of effect of juncture field JFET
Common source

Common gate

Common drain

Design common emitter

Design common base

Desigh common collector

Design common drain

Adds with AOV

Design

Previous theory of the TBJ

Once polarized the transistor, we can understand their behavior with the hybrid parameters. In
continuous and common emitter is (ho1 = B)

Vee = hyig lg + hiop Ve
Ic ha1e Ig + hooe Ve



b b -

Vep+AVep

and dynamically

AVgg = hyge Alg + hype AVE
Al ho1e Alg + hope AVcE

where

hi1e = 0Vgg /0l

hige = 0Vge /0Vcg  ~ 0
ho1e = dlc /dlg~ B

hpze = Olc /0Vce

or with a simpler terminology

Vbhe = N11eip + N12e Vee ~ hy1eip
ic = hateip+hogeVee ~ hotelp

It will be useful also to keep in mind the transconductance of the dispositive
Om = lc/Vpe ~ hoge/ hyge

We know that these parameters vary with respect to the polarization point, temperature and
frequency. Inside a certain area, like sample the figure, we will be able to consider them almost
constant.
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11e
h21e :
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B=hye =8> haye

To measure the parameters of alternating of the simplified transistor, that is to say rejecting
hi,e and h,,e, we can appeal to the following circuit, where will have a short-circuit in the collector if

we design
h22e_l >> RC =.. < 100 [Q]

and we measure with an oscilloscope for the polarization wanted without deformation (to remember
that when exciting with voltage the sign it will be small, because the lineality is only with the current)

VCE = ...
lc = (Vec-Vee)/Re = ...
VROp = ...

Veep =

Vbep -

being with it
hie = Vbep/ibp = Rg Vbep/VROp =

h21e = icp/ibp = RO Vcep/RC VROp = ..
Om = lcp/ Voep =

Previous theory of the JFET

Once polarized the JFET one has that

Ip = Gm Vs + Ggs Vps



b k-

=

DS Vps*tAVpg
and taking increments

Alp = gy AVgs + 94s AVps
gm = OID IGVGS
Jast = rgs = OVps /0lp

or with another more comfortable nomenclature
ig = Om Vgs * 9ds Vds
and if we maintain constant Ip we find the amplification factor p

O = Om Vgs * 9ds Vds
= - Vgs / Vgs = Im fds

As in general rds it is big and worthless in front of the resistances in the drain below the 10
[KQ], it is preferred to use the simplification

ig ~ Om Vgs

A practical circuit for the mensuration of the transconductance g, is the following one, where
it is considered to the connected drain to earth for alternating

rgs >> Rp =... < 100 [Q]
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and we measure with an oscilloscope

VDS = ...
Ib = (Vec-Vos)/Rp = ...

Vdsp =
Vgsp

being with it

Om = ldp/Vgsp = Rp Vasp/ Rc Vgsp =

General characteristics of operation

The methodology that will use responds to the following circuit

Bipolar transistor of juncture TBJ

Common emitter

Zent = Vent!lent = Voe/ib = h11e
Ay = Veai I Vent = -icZcliphige = - 9m Zc
A = isallent = - (Vsat/ Zc) I (Vent! Zent) = - Ay Zent! Zc = hage



Zsal = W liy = Z¢
Common base

Zent = Vent!lent = Veb!le = Iph11e/ (ip +iph21e) = e/ (1 +hpge) ~ gt
Ay = Vsa/ Vent = icZc/iph11e = 9m Zc

Ai = isglient = - Ay Zent/ Zc = hp1e/ (1 +hpe) ~ 1

Zsg = Vxlix = Zc

Common collector

Zent = Vent/lent = liph11e * (ip +ip h21e) Zcl /iy = hyge + (1 + h21e) Zg ~ i1t o1 Z¢

Ay = _Vsal {Vent = ieZclipZent = [L+hpge/ (X +hye) Zc1t = 1
A = isalient = -AyZent/ Zc = 1+ hye ~ hpge
Zsg = Vyliy = Zcll [ip (h11e + Zg) lie] ~ Zc !/l [(h11e +Zg) [ ho1e]

Transistor of effect of juncture field JFET

The considerations are similar that for the TBJ but with rys = hy1 = 0.

Common source

Zent = Vent!lent = @

Ay = Vsal/ Vent = -9m Zc

A = igg /ient = 9 (no entra corriente)
Zsa = Vy Ly = Zc

Common gate

Common drain

Zent = Vent!lent =

Ay = Vgg/Vent = 1

A = gy /lent = 9 (no entra corriente)
Zsar = Vxlix = Zc Il gt

Design common emitter




Interested only in dynamic signs, the big capacitances of the circuit will maintain their voltages
and they are equivalent to generators of ideal voltage with a value similar to the one that it have in
their polarization.

The same as like it has been made previously we find

AV = VL/Vg =- iC (RcllRL) / |g [Rg+(hlle//RB//RS)] =-Om (RcllRL) / [1+Rg/(hlle//RB//RS)]
Ai = ifig = - ic[(RAROR ip[h116/(N116//RB/IRS)] = - hage/ (1+R/RC)[1+h116/(Rp//Rs)]
Zent = Vgylig = ig [Rg+(h11e//Re//Rs)lig = Rg*+(h11¢//Rp/IRs)

Zsal = Vgallisa) = Rc/l(Vsallic) = R

If the following data are had

fmin -

DAyminD = .. Ry =... R_=..

we choose a TBJ and of the manual or their experimentation we find

VCE = IC = B = h21e = hlle =... On = h21e/h11e =

Keeping in mind that seen in the polarization chapter adopts

VRE =... 21 [V]
1<S§ =.. <20
originating

Re ~ Ve /lc = ..

Vee = 2Veg +Vie = ..

Rg = (S -1)Rg Ve /[0,6+Vge+(Si-1)RelcBl] =...
Rs = {[(S;-1)Rg]t-Rgt}t =...

and we verify the gain

Om (RS/RY) / [1+Ry/(h116/R/R)] = ... 2 DAypin0l



So that the capacitances of it coupled they don't present comparable voltage in front of the
resistance that you go in their terminals, it is

RL >> 1/ Wmin CC O CC =.. > 1/ Wmin RL
hlle//RB//RS >> 1/ Wmin CB O CB =.. > 1/ Wmin hlle//RB//RS

and that of disacoupled

hi1e >> (1+hyie) - 1/ Wnin Cg

that it will usually give us a very big Cg. To avoid it we analyze the transfer of the collector circuit
better with the help of the power half to wy,;,, that is to say ~ 3 [dB]

(ve vl = ie(Re//RY) T iphgaet (ic*ip)Zg] ~ 0,707 gm(Rc//R\)
of where then

Ceg =... > (hye?+2hy10hy10/RE )21 hyqetimin

Design common base

If we call using Thevenin

RT = Rg//RE
VT = VgRE/(RE+Rg)

the same as like we have made previously we can find

Ay = ViIVg =i (RS/IRY) 1 vr [1+(Rg/RE)] ~ Om (RC/IR) 1 [1+Rg/(Re/Igm)]
Zent = vglig = Rg+[Re/l(Vepfie)] ~ Ryt (Re/Igm)

A = ifig = A, Zent/ R = (4R /Rg) (1+ URegp )

Zsal = Vgallisa) = Rc/l(Vsallic) = Re

“CC




If the following data are had

DAvminD =... Rg = .. RL: fmin = ...

we choose a TBJ and of the manual or their experimentation we find

VCE = .. IC = .. B =.. h21e = .. hlle =... On = h21e/h11e =

Keeping in mind that explained in the polarization chapter, we adopt

VRE =... 21 [V]
1<S§5 =... <20
originating

Re = Vg /e =
Re ~ Ve /e = ...
Vee = 2Veg + VRe = ..
Rg = (S; -1)ReVec/[06+ Ve +(S;-1)Relc Bl = ...
Rs = {[(S;-1)Rg]t-Rgt}t = ...
and we verify the gain

Im (Re//RY) 1 [1+R/(Relgm)] = ... 2 DAymin0

So that the capacitances of it coupled they don't present comparable voltage in front of the
resistance among their terminals it is

R >> 1/wyuinCc O Cc =... > 1/wyn R
and that of desacoupled

hije >> 1/wninCg O Cg =... >> 1/wmiphyge
and in a similar way we reason with the condenser of the emitter

Re//lgm >> 1/ Wnin Ce

but that it will usually give us a very big Cg. To avoid it we analyze the transfer better from the
collector circuit to base with the power half to wmin, that is to say ~ 3 [dB]

Ve Ventl = ic(Re/IR) / [iphy1e+ (ic+ip)Zg] ~ 0,707 gm(Rc//R|)

of where then



Ce = > 1/ Ghin O

Design common collector

If we call using Thevenin

RT = Rg//RB //RS
V1 = Vg(RB //RS)/(RQ+RB //Rs)

the same as like it has been made previously we find

Ay =ViNg = ie (REIR) /vy [ (Rg+Rg IRg) / (Rg /IRs) ] ~

~ [h21e Re//R/(N116+h21eRe/RD] - {(1+Ry/Rp /IRs) [1+R7/(N116+h21eRe//RIFL ~ 1
Zent = vglig = Ry+Rg/Rg/Ml(igh116+i6Re//RVig] ~ R+ Re//Rg/(Ny16+hp16Re//RY)
Ai=ilig=A, Zent/ R = hyqe
Zsal = Vgqflisg = Re/lip(h116+R7)/ig] ~ Re//[(N116+Ry//Rp/IRs)/o1 ]

: TEl;:iE
qu [H“E

If the following data are had

+UL

l‘L
RL
7

Rent =« Rg =w RL= . fpin =..

we choose a TBJ and of the manual or their experimentation we find
VCE = IC = B = h21e = hlle =... On = h21e/h11e =
Keeping in mind that seen in the polarization chapter adopts

VRE: VCE:"' Zl[V]
1<S =.. <20

originating



RE ~ VRE /IC = ...
VCC = 2VCE = ...
Rg = (S; -1)Re Ve /[06+ Ve +(S-1)RelcBl] = ...
Rs = {[(S;-1)Rg]1-Rgl}t =...
and we verify the input resistance

Rg+ RB//RS//(hlle"'h21eRE//RL) =. 2 Rent

So that the capacitances of it couples they don't present comparable voltage in front of the
resistance in their terminals, it is

R > 1/wyinCe O Cg=.. > 1/wy,n R

Rent >> 1/wminCg 0 Cg =... >> 1/ [Rg+ Re/IRs/l(N116+N21eRe/R)]

Design common drain

Generally used to adapt impedances, that is to say with the purpose of not loading to the
excitatory generator, the following circuit will be the one proposed. Let us find their main ones then
characteristic

Zent = Vg!ig = R+ Rg
Zsa = Vsalisat = Re/l (Vsglig) = Re/l 9

sal

iz
—
- C 1
|g G _IC , +l.!L
+ s
R [HmS R,

7

If then we have the following data

Rent = .. Rsa| = ... Rg = .. RL—... fmin =

we choose a JFET and of the manual or their experimentation we find



Vp = ... IDSS = ... IGO = ...
If we keep in mind that Rg, = g1 in this configuration, and that

Om = 0lp/0Vgs ~ 2Ipss (1+Vgs/Vp)/Vp

we make
0>VGS:...2 [VP(VP/ZIDSSR53|)]_1 =...
Ip = Ipss (1+Vgs/Vp)? = ...
VDS =.. 2 Vp
Vee = Vps-Ves = -
RS = _VGS/ID = ...
Rent < RG =. << _VGS/IGO

We design the capacitors of it coupled so that to the minimum frequency they have worthless
reactance

R > 1/wnnCs 0O Cg >> 1/ 0min RL

>> 1/ wmin Rg

Rg >> 1/wminCes O Cg

Adds with AOV

Commonly to this circuit it denominates it to him mixer. In the following figure we see a
possible implementation, where it is observed that it is not more than an amplifier inverter of «n»
entrances, and that it possesses a filter of high frequencies in their feedback circuit.

Their behavior equations are

R1 = Rg1 + Ryp

Rentn = Rin
Apn = 2o/ Rq

VL = (Vg1 +Vgo + o Vgn) Ayp = - (Vg1 + Vg + .. Vgn) (Ro//sC1) /Ry




Design

Be the data
Rgl = ... Rgz = ... Rgn = ...
frax = Ayg = ... (minimum gain in the band pass)

We choose an AOV and of the manual or their experimentation we obtain

Vee =... Ig =... (conJFET Ig=0)
therefore
RZ =, << Vcclz IB
Rin = (R2/Ap)-Rgn =...
R3 ~ R2// (Rlln) = Rz// [(R2/Av0)/n] = ... (ConJFETR3=O)

If we design the capacitor so that it produces the power half to the minimum specified
frequency

Ay (@max) = 0,707 Ao = Ry IR1[1+ (wmax CRR)21Y2 O C = 1/ wmaxR2
As for any AOV the maximum advisable power is of the order of 0,25 [W], we prevent

0,25 > Voc2/R, O R =.. = 1[KQ]




Chap. 10 Amplification of Audiofrecuenciy on high
level classes A and B

Generalities

Efficiency of a stage

Lineality of the amplification

Maximum dissipated power

Amplifier without coupled (class A)
Amplifier with inductive coupled (class A)
Design

Amplifier with coupled capacitive (class B)
Design

Differential variant

Amplifier with the integrated circuit 2002
Speakers and acoustic boxes

Design

Acoustic filters

Design

Generalities
Efficiency of a stage
Considering to an amplifier like energy distributor, we observe the following thing

Pent  power surrendered by the power supply
Pexc  excitatory power (worthless magnitude)
Psal  output power on the useful load
Ppis power dissipated by the amplifier (their exit component/s)

Pent ~ PsaL + Ppis



Pent

Pexc PsaL

| AMPLIFICADOR

Pois
and we denominate their efficiency to the relationship

n = Psal/Pent

of where it is also deduced

Pois = Pent-PsaL = Psac(nt-1)
Lineality of the amplification

To study the behavior here of the exit transistors with parameters of low sign doesn't make
sense. It will be made with those of continuous.

It is also important to the transistors to excite them with courrent and not with voltage, since
their lineality is solely correct with the first one.

To improve all lineality of the amplifications there is that feed-back negatively. The percentage
of harmonic distortion D decreases practically in the factor 1+GH.

Maximum dissipated power

When a TBJ possesses an operation straight line like sample the figure, the power among
collector-emitter goes changing measure that the work point moves, and there will be a maximum that
we want to find. Their behavior equations are the following ones

lc = (V-Vce) /R

Pce = IcVeg = VVee/R - VCEZ/R

O0Pcg /0Veg = VIR - 2Ve /R

[0Pce /0VcelpcEmax = 0 O Pcemax = V2/4R
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Amplifier without coupled (class A)

Although this is not a practical circuit due to their bad efficiency, yes it will be didactic for our
studies. Subsequently we express their behavior equations

Psaimax = PLmax = (0,707 Vip )Z/RL = (0,707 VCC/Z)Z/RL = VCCZ/8 R
Pentmax = Veclemed = Vec(Vee/2Ry) = Vec?/ 2R,

N = Psatmax / PEnTmax = 0,25

Ppismax = Pcemax = Psatmax (N1-1) = 3Psaimax = 0,375 Vec? /R

Amplifier with inductive coupled (class A)

The circuit is the following, where the effect of over-voltage of the inductance magnetic that
will improve the efficiency of the stage. This way they are the equations

Psatmax = Pimax = (0,707 Ve )2/ n2R| = V2 /2n2R

Pentmax = Vec lemed = Vec[(2Vee/ n?Ry)/12]= Vee? I n2R

N = Psatmax / PENTmax = 0.5

Ppismax = Pcemax = Psatmax (N1-1) = Pgaimax = Vec?/ 2n2R



v

+ 1 2
cC 'CCn {RL+R2}

In the practice a small resistance is usually put in the emitter Rg with two ends: first, so that the
voltage in the base excites for current (Rgy ~ B Rg) and not for voltage to avoid deformations the sign
(the B is only lineal in the TBJ), and second to stabilize the work point since the transistor will be hot.

Design
Be the data
RL=... PLmax = --- (power for a single tone) fyax =--- fmin
We adopt a convenient source
Vee = .o
what implies
n =Ny /Ny, = (Vo2 2 R PLmax )2 = ...

and then we determine the winding of the transformer according to that seen in their respective
chapter

R1
R

<< n2Ry
<< RL



3,
3,

> 0,00065 [ (lcc2 + lger? )Y2 12 ~ 0,0001 ( Py may / N2 R, )12
> 0,00065 (N lcgf )2 ~ 0,00077 (Ppmax/ N Ry )2

we choose an inductance that verifies the generating effect of current and guarantee 2V¢ (we call L
to the magnetic inductance of the primary L)

Wnink > n2R. O L =.. > n2R_/ 0y

and to verify their magnitude the equations and abacous they could be used that were presented in
the respective chapter

HQ = Nl IC / IFe
AB = VCC /S Nl w
L = Ni2SAper/lre = N1 S 1 [ (Ipe/Der) + (la/Ha) ]

or appealing to the empiric mensurations.
We find the data next to choose the TBJ

IC = Vcclnz RL =...
VCE ~ Vcc/2 = ...
ICmax = 2 IC = ..

and we obtain of the same one

TJADM = ...
Pceabm = -
B3c = (Tyapm-25)/Pceapm = -

B~..

and for the dissipator
surface = ...

position = ...
thickness = ...

Subsequently we choose a small feedback in the emitter that doesn't affect the calculations

RE =. << n2R|_

Premax = (lcc®+lce?)RE ~ 1,5 Ic Rg =...

and we finish polarizing



RB = (VCC-O’G-ICRE)B/IC = ...

Amplifier with coupled capacitive (class B)

The circuit following typical class B complementary symmetry is denominated. The cpupled
capacitive to the load is carried out through the condenser of the negative source of power supply
(not indicated in the drawing).

CcC

%Eg |:: RLﬂU
AN 7

_“CC

For the ideal system we have the following equations for an unique tone of sine wave

Psatmax = Pimax = (0,707 Ve )? /Ry = Vec? 1 2R,

Pentmax = 2 Veelemed = 2 Vee (ip /) = 2Vee (Vee /MRL) = 2Vec? I MR)
N = Psaimax / PeENTmax = /4 ~ 0,78

Ppismax = 2 Pcemax = Psatmax (N1-1) ~0,28 Pga max = 0,14 Vec? /R

modifying for a square sign as it was seen previously in class A

Pcemax = Vec?/ 4R

Pbismax = 2 Pcemax = 0,9 VCCZ/RL

The following circuit perfects to the previous one to be more elaborated. This circuit if it didn't
have at R, it has a distortion for not polarizing the bases, and that it is denominated crusade distortion
—rpreviously view in the previous implementation. Added this, the asymmetry of the complementary
couple's excitement possesses a deficiency in the positive signs on the load; for it is designed it a
source of extra power that this behavior increases, and whose responsible it is the capacitor C4
denominated bootstrap (because it produces feedback: "to throw of the cord of the boots to put on
shoes"). The diode impedes the discharge of C; if its positive plate rises in voltage V¢ it has more
than enough. If this reforzador is not, it would be necessary to design a R, very small and it would
polarize in class A at Q3 being inefficient the system

R1 << Vee/lgimax ~ BiRL



A fourth transistor Qg has been connected. This will improve the stabilization of the landslides
of the polarization in class B of the exit couple when powers are managed in the load superiors at 5
[W]. This is because they are, before sign, hot. This way their currents of losses collector-base will
affect to the base of Qg increasing their current I and it will avoid that the first one enters to the
complementary couple's bases. For this reason it will be advised, although not necessary, that Qg are
coupled thermally to the dissipator of the complementary ones, this way their own one lcggg Will be
added to the effect and it will regulate the work point in class B.

It is also usual to connect small resisters in the exit couple's emitters. For further powers it is
connected in Darlington the complementary couple, but with NPN in their exits for the economic cost,
reason why it is denominated to the system of quasi-complementary symmetry. There are many
variants with the connections of resisters and diodes. The following one belongs only one to them,
where the proyect approaches for Rg and Rg can be consulted in the chapter of polarization of
dispositives.

B~ BaBs

The final circuit that we will design is presented next. We have eliminated the double source
for their substitution the condenser C,. The transistor Q4 provides the necessary negative feedback
and it serves from preamplifier to Q3, and its adjustment of polarization R polarizes to the complete



circuit. The condenser Cj is optional since it will eliminate oscillations and undesirable interferences.
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The behavior equations are for the polarization (to remember that to practical ends the
voltages base-emitterr varies between 0,6 and 0,75 [V] and they approach all in 0,6 [V])

R1 = Rip + Ry
lr12 = lcz = Ig1 +(2.0,6/R,) =itis constant for the bootstrap
Ver = leg Ri2+ 06

for the excitement to full positive load

lcamin = O
IBimax = Ir12
lcimax = lBimax/B1= lr12/B1

to full load negative

lcamax = Ir12 * IB2max
Ig2max = lcamax/ B2 = Vimax/ B2 RL = [(Vec/2)-0,6)]/B2 R
lcomax = Ig2max/B2= [(Vce/2)-0,6) ]/ R

and for the sign
AV = VL/Vb4 ~ 1+R3/R6

Rent ~ Rg

Design



Be tha data
R =... PLmax = --- (power for a single tone) fyax = ... fin =-- Ay = ...

We calculate a convenient alimentation having present the double source and the possible
affection of the voltage base-emitter

Psatmax = Pimax = [(Vcc-0.6)/212/2R. O Vee = (8P max RL)Y2+0,6 = ...
Subsequently we obtain the exit couple's data in the worst case

Pcetmax = (Vec/2)2/4RL = Vcc2/16 R, = ...
lcimax = Vec /2R = ..
Veeimax = Vec = -

and of the manual polarizing them practically to the cut with Vcgq = Ve / 2

oy = ..

By ~ ..

TiaDmL = -

Pceabm1 = -

05c1 = (Tiapm1-25)/ Pceapmr = -

and for the dissipator of each one
surface = ...

position = ...
thickness = ...

We calculate
lgimax = [(Vcc/2)-06)]/B R = ...
We adopt the important current of the system

lca =.. > Igomax = IB1imax

originating

Ry =2.06/(lcg-lg1) = 1,2/ [lcg-(lca/B1)] =

Ri2 = (Veeimax - VBe1) / (lc3 - IBimax) = 0,15 [V]/ (lc3 - lgimax) = -
Priz ~ lca? Rip = ...

Ri1 = Ri-Ryp = {[(Vec/2)-06)]/1c3}-Rp = ...

Pri1 = Vec?/8Ryq = ... (Ryqitis practically in parallel with R|)



For the calculation of the limits of Q3 it suits to remember that their operation line is not in fact
that of a straight line. Consequently we determine their demand

lcamax = lrR12 * Ie2max = [(lc1/B1) +(2.0,6/Ry) [+ lgimax = -
Veeamax = Veec = -
Pcesmax = (Vcesmax!/2) (lcamax/2) =-.

and like it is
VCE3:(VCC/2)_016 = ...

then the transistor is chosen and it is

[33 = ..

being able to need a small dissipator in some cases.
For not altering the made calculations it is chosen

Ic4 =. < ICl

and for the approach seen in the polarization chapter we adopt

VR3 =... 2 1[V]
lrs = =~ lca

what will determine finally

Ry = VRa/lca = ...

Ry = VRa!llgs ~ 0,6/1cys = ...

Rs = Vrs/lgs =[0,6 + VRa+(Vcc/2) ]/ Igs = ... (to choose it bigger to be an
adjustment)

Re = R3/(A,-1) = ...

R7 ~ (Vec-lrs Rs ) /Irs = -

The condenser bootstrap will possess the following voltage

VCl = IC3 R12 +0,6 =...
and their discharge that we will avoid it will be totally on a circuit alineality that it will go changing in
each hemicicle. We can approach it considering that to the minimum frequency (of the worst case) it

will have a great constant of time

Ci[R11 1 (Rip+ hy1g1) ] >> 1/ f4in - positive hemicilce in the load
Ci[R11 /M (R12+Ry)] >> 1/ fin - negative hemicilce in the load



reason why it is better to experience their magnitude and to avoid big equations that are not very
necessary.
As C, it is the biggest and expensive in the condensers, we calculate it so that it produces the

power half (the resistance of output of the amplifier is worthless to be of exit in common collectors and
feedback to be negatively)

C, =.. 21/wyRyL
VC2 = Vcclz =...

The capacitor C3 will be optional and experimental, being able to choose of 0,1 [mF]. As for
C,, this will always be a short circuit in front of the series R3-Rg of feedback

Cqs =.. >> 1/wmin(R3+Rg)

Differential variant

The implementation shows a coupled without condenser and with transistors working in class
B operating in anti-parallel way. The behavior equations are the following ones for a single tone

Psatmax = Pimax = (0,707.2Vec )2/ Ry = 2Vcc? /R

Pentmax = 2 Vee - 2lemed = 2Vec ( 2ipp /) =2 Ve (4Vec IMR) =8Vec? I MR
n = PSALmax /PENTmax = /4 ~ 0,78

Ppismax = 4 Pcemax = Psatmax (Nt-1) ~ 0,07 Pga max = 0,14 Vec? /R
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and where it can be compared with respect to the ordinary complementary symmetry that for the
same source the power in the load multiplies for four

PsaLmax (4 TB3)/ PsaLmax (2 TB3) = 4

and that for same load power the transistors are demanded in half

PcEmax (4 T83)/ PcEmax (2 TR3) = 0.5



Amplifier with the integrated circuit 2002

This integrated circuit allows until approximate 10 [W] on the load. It summarizes the
explanations that we have made. The negative feedback is made to the terminal 2 and, in this case, it
is already predetermined by the maker's design. The differential entrance is JFET reason why the
same losses of C, they polarize it, although in this circuit it has become physical with R3. The advised
maghnitudes are

Rl = 2,2 [Q] Cl = 1[mF] VCC =12 [\/]
R, = 220 [Q] C, = 10 [pF] Usar disipador térmico
Ry = 1[MQ] C; = 470 [uF] 4[Q] < R. < 8[Q]
R4 =1 [Q] C4 = 100 [nF]
Yeo
C2
-—|I U
,| 2002
- Ca
C
[] =, ’ R4 RL

Speakers and acoustic boxes

A magnetic speaker (non piezoelectric) it presents, approximately, the characteristics that are
shown when being experienced to the air —without box. The frequency of auto-resonance wy can be
measured with the enclosed circuit detecting maximum amplitude with a simple tester on the speaker.
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It is common to listen to say that a speaker has an impedance of certain magnitude. This



means that it has measured it to him inside the band in passing. In the practice, this value is more or
less constant and it has denominated it to him here for Z,, that, for a quick calculation, it can approach
it with regard to the value of continuous (that is to say measured with the ohmeter of a simple tester)

Z, ~ 15R

Something similar we have with regard to the power that the transducer tolerates. The
specification of her measures it to him with a tone of sine wave (when not, lately in these decades
and making bad use of the honesty, it measures it to him in an instantaneous one transitory) inside
the spectrum of plane and typical power of 1 [KHz]. It is also necessary to highlight that although the
power here truly is apparent, but it approaches it to active.

With the purpose of taking advantage of the back wave fronts in the emission, to match the
pick of auto-resonance and to protect of it interprets it to the speaker, the acoustic cabinets or baffles
are used.

Subsequently we attach some design equations for fans (wooden box)

V=nmh ~ [4360A/f2 (AY2+2251)]+0,4ed2  volume of the box: V

0,5d2 < A=ab < 0,86d2 area of the window: A
d~(D2-R2)1Z < ac<11d effective diameter of the cone: d
B m N ) n .
I(RIC =
l h -
b

where the diameter «d» it represents the section to make in the box and that it will be similar to the
useful section of the wave, that is to say that this diameter will be smaller than that of the speaker's
front



With regard to the aesthetics and external practice, it is generally accustomed to be adopted

m=3h/4
n=~"h/2
Design
Be the data
fp=.. D=... R=.. e =

Considering the equations for a wooden box

d ~ (D2-R2)12 =,

d <a=..<11d

0,25d2/a < b=..< 086d2/a
m=..>a

h = 4m/3=

n=nh/2-=

| =

= 0,44{[4360ab/f2(mnh-04d2e)]-(ab)l2} =

Acoustic filters

The acoustic spectrum can be divided in three bands (very approximately)

— low frequencies (until 400 [Hz])
— medium frequencies (from 400 until 4000 [Hz])
— high frequencies (from 4000 [Hz] in more)

and in general the technology of the reproductive electro-acoustic determines an accessible cost with
a limited spectrum range, and they are designed completing these bands. Their respective names are
— woofer (low frequencies)
— squawker (medium frequencies)
— tweeter (high frequencies)

We will always consider in our studies to these speakers with an impedance that is pure
resistiva, being quite valid this approach in the practice.
Firstly we present a design without control of medium frequencies (squawker)

Tw = V!V = Ry/(Ry+X) = wp/(s+auwp); wg = Ry/L; Ty ~ 0,707
TT:VT/VL:RT/(RT+X):S/(S+(A)O); (A)O:l/RTC,TT(m)’“‘O,?O?
ProtaL = OTr(wo)™® + TTwwo)® = 1
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and now with a reproducer of medium frequencies

Ty = wp/(s+wpy); Wp1 = Ry/Lyw; Twwor ~ 0,707

TT = S/(S+(L)02); Woo = 1/RTCT, TT((A)OZ) ~ 0,707
Ts = o s/(S2+4S €y +2) = a S/ (S+axy ) (S+ekp)
ProtaL= Pw *Ps + Py N
e ™ Ly ®F o
rwl sl T : s
e e e ™
i i Rw Rg Ry
Y Pp 7 o
where
a = Rsll_s
wy = (LsCg)22
& =alw,

wo; = (a/2).{[1-[(4Ls/Rg2Cg)]¥2}
Wz = (a/2).{[1+[(4Ls/Rg2Cg) ]2}

that for the design conjugated poles will be avoided and with it undesirable syntonies
Rg2Cg > 4 Lg

Design
Be the data for a design of two filters
fo =.. Plmax = Ry =... Ry =...

We calculate for the equations seen

C = l/RT(A)O = ..
L=Ry/wg =...



We find the effective maximum current for the woofer

lefwmax = (Prmax/ Rw e = .

what will determine a minimum diameter of the inductor. If we adopt a current density for him of 3
[A/mm?2]

@ =.. = 0,00065 loymax2 = ...

being able to manufacture the reel according to that explained in the inductores chapter.




Chap. 11 Amplification of Radiofrecuency in low level class A

Generalties

Effect Miller

Model of the TBJ in RF

Factors of over-value and reactivity

Passages of meshes series to parallel

Filter impedance

Response of width and phase of a transfer

Amplifier of simple syntony

Design
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Design

Amplifier multi-stages of simple syntonies, for maximum plain
Design

Amplifier multi-stages of simple syntonies, for same undulation
Amplifier of double syntony, for maximum plain

Design

Generalties
Effect Miller

This effect is applied networks amplifiers and voltage inverters to voltage. We can see the
following thing here

Ay = Vsa !/ Vent < 0

i = Yj Vent

it = (Vent - Vsal) Yi

it /ii = (Vent-Vsa) Yi/ YiVent = (1-Ay) Y¢/Y;
Yent = dent/Vent = (¢ +1i) /i Z; = Yi+Ye(1-Ay)



and like it is in general
A0 >> 1
it is
Yent ~ Yi-YiAy
and in a similar way we can demonstrate

Ysa ~ Yo

Model of the TBJ in RF

It is common two types of models of the transistor in radiofrecuency, that is: the p (or also
denominated Giacoletto) and that of admitance parameters. The first one expresses it next, where the
Cb’" is the sum of the capacitances among B'E and B'C amplified by the effect Miller. This model
possesses parameters that will change with the frequency and the polarization, and the makers of
devices have not made it frequent use in their data, surely for the difficult of the same one; for what
we will try to replace it for the second model in this chapter. Their basic equations are

Cp = ChetChc(1+A)) ~ Chet+ CheVec/Vhe
Om = 0lc /0Vpe = B dllggo (1 - eVBENT)] 10V =B lggo €VBENT/Vy = Ic/Vy ~20 ¢
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The admitance pattern is more general, and it adapts meetly for the amplifications of low sign.



Their system of equations is the following one

Ib = Y11e Vbe * Y12e Vee
lc = Y21e Vbe t Y22¢ Vee

B —= ¥12eYce  ¥3qa"be —

I
LITYIT

H1e Ya2e

and their parameters usually specify according to the frequency and the polarization.
For the frequencies and magnitudes that we will work we will be able to simplify this model in
the following way (the same as with the hybrid pattern)

Yi2e ~ O
Yo2e = O

being with it the TBJ a dispositive of unidirectional transmitance.

Factors of over-value and reactivity
Given a polynomial of second degree in the way
P = s?2+sa+b = (s?+s&w,+w?) = (s+a)(s+a*) = OPOe?

we define in him

d =bl2/a over-value factor (of current or voltage)
& =1/290 coefficient of damping
fo = 21/ w, natural frequency of the polynomial system
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Subsequently take the simple example of passive components; for example an inductance in
series with a resistance and let us find their total apparent power

Z =R+sL « R+jwL impedance
S=P+jR apparent power = active + reactive

and let us define a factor of merit reactive that we will denominate factor of quality

Q=R/P factor of merit reactive

that for us it will bewL/R.
We will see the relationship that exists among these factors d and Q in a syntony circuit subsequently;
or, said in a more appropriate way, in a transfer of second order of conjugated poles.

Passages of meshes series to parallel

An impedance series Zg = Rq * jXg can behave, in certain range of frequencies where the Q
stays constant, similarly to another parallel Z, = R, // jX;; and opposedly. If the dipole is inductive its
equivalences are the following ones

Yp = Gp+(sLp)?t = (Rg+sLg)?
Rp = Rs (1+Q?)

L, = Ls(1+Q2)

Q

= Qs = Qp = wLy/Rg = Rylel,

and in a same way for the capacitive



<
|

p = Gpt sCy = [Rg+(sCg)1]?
Rs (1+Q2?)

p = Cs[(1+Q2)]1

= Qs = Qp = WCHR, =1/wCsRg

O 0O 3
=]
|

and generalizing has finally to remember with easiness

Q=4
Rp = Rs Q2
Lp = L
Cp = Cs

Filter impedance

The typical resonant circuit that has just shown in the previous figure presents a Q > 10 with
easiness in frequencies above the 100 [KHZz]. In its band pass the following equations are completed

z

(Rg+sLg)//(sC)L ~ R/IsL)/l (sC)1 = CLl s/(s2+swp/d+wp?) =
= Cls/(s+a)(s+0*) =ER/[1+]Qy(wuy-wy/w)] ~
~R/[1+j2(w-wp)B)]

wp= (LC)M2

Qo= & = wyL /R (in resonance the facotres coincides)

a= 0a+jw, = (wg/2Qp)[1+]j(4Qp2-1)12] ~ (B/2)(1+j2Qq)

B = wy/ Qg (wide of band to power half)
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Response of width and phase of a transfer

The spectral characteristic of the module and the phase of a transfer that it doesn't distort
should be in the band pass B plain for the first one, and a crescent or in declive straight line for
second. To see this we take an example like the following one

T (w) = [Tk ¢
ard= K constant
b= wt +0 straight line with constant angle ¢

to which we apply him two tones to their entrance

vV, = le e ] wlt
Vy = vy, elwt
Vent = V1t V2

being then to their exit

Veal = T Vent = Kle gilwlt+tn) +o] + KVZp ellw2(t+) + o]

where observe that the amplitudes of the signs have changed proportionally the same as their angles.
This last it is equal to say that their temporary retard I is constant

Fr=00 /0w =1



Amplifier of simple syntony

Their behavior equations are the same ones that we have done with the filter impedance
inside the area of the band pass B

Ay = Vsal/ Vent = Y216 Z ~ Y21e R/[1+]2(w-wyp)/B)] = DA Tel?

OAH = DAywo)l = Y21e R approximately constant
¢ = -arctg[2(w-0wg)/B] ~ -2(w-wy)/B straight line

Qo= WL/ Rg = wyCR = R/ gL = wg/B = 4

a~(B/2)(1+j2Qg)

Vee
r il
1 1
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Llamamos producto ganancia por ancho de banda PGB al area definida por la ganancia a
potencia mitad y el ancho de banda pasante

PGB = CA,OB = [AyuOIB = Dyye0/C
Design
Be the data (underisables capacitances without considering)
OAO =... fhax = fmin =« fo = ...
We begin adopting a transistor and with an elected polarization we obtain

VCE = ...
IC = ...



B =..

Yile = -
Y21e = -
Y12e = -
Y22e = -

and we polarize it
VRE =.. 21 [V]
RE = VRE / IC = ..

Vee = Vee* Ve = -
RB = B (VCC-VRE-O’G)/IC = ...

Of the precedent data we obtain

Qo= fo/ (fmax - fmin) = --
Cooe = bope/wyp =...

and if we adopt
L =..

we will be able to find

Rs = (wol )2 [(QowolL )t -0ggze] = -
C = (wp?L)1-Cphpe = ...

and to verify
(Y210 Qowpl = ... > DAL
Of the chapter of oscillators we verify the possible undesirable oscillation
(V21600 922e + (RsQ0? ). Dy12el0( 917 +Re1) L = <1
So that the emitter is to earth potential
Dy11e0t >> 1/wpCe O Cg =... >> Dy oy

or any experimental of 0,1 [pF] it will be enough.

Amplifier multi-stages of same simple syntony

Placing in having cascade «n» stages of simple syntony syntonized to the same frequency



takes place

— bigger gain

— decrease of the band width

— increase of the selectivity (flanks dUA,[1/ 0w more abrupt)
— increase of the product gain for wide of band

el
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Let us observe these properties. The gain increase considering an effective gain A, g

Avet = DAyefel 0¢f
DAvefD: DAVI:F = (ng)n
Pt = NG = -n.2(w-0wg)/B

with respect to the decrease of the band width

UAvettmax:ominy = 0,707 (gm R)™ = (g R) /{1 +[2( Wyay - g )/B 23
Wmax s Wmin = W {1 % [(2Y"-1)Y2/2Qq]}
Bet = Whmax - Wmin = B (210 -1)172

and the third property is deduced from the concept of the increase of the effective merit
Qoef = Wo/ Ber = Qq/ (2V/n-1)102

while the fourth
PGBer = DAveflwo) Ber = (gm R)M1 (211 -1)12 PGB

Design

Be the data (underisables capacitances without considering)



DA =V /Vg = frax = fpin =e fo =e CL = Zg = N =

We begin adopting a transistor and with an elected polarization we obtain

and we polarize it

VCC = VCE:'"
RB = B (Vcc'O,G)/IC = ...

Of the precedent data we obtain

B = (Wmax - Wmin) /(2N -1)12 =
Qo= wp/B =...

and if we adopt

Ll = ...
Rl = ..

to simplify the calculations

R = gu1et =
where of having been R| a fact, then the polarization could have been changed or to place a
resistance in series or derivation to this.

Subsequently we can find the such relationship of spires that satisfies the Qg that we need if
we make

Qo = [Ra(wpl1/ R)? I gopet 11 9116 1(N1/N2)2 1/ wyply
of where
N; /Ny = {0176/ [ (Qouply )L - Ry(wyply )2 - goge 112 = ..

and that it allows us to verify the previously made adoption (same diameter of wires is supposed
between primary and secondary)



g11et = >> Ry = Ry (N2/Nyp)2
We express the individual gains now

Rent = Ru(wol1/ R1)2 /1 91162 (N1/N2)? = [Ry(wply)? + 9116(N2/Np)2 L = ...
A1 = Rent/ (Rg+ Rept) = ...

A2 = A4 = A6 = N2/N1 = ...

Az = As = LypelQouply = ...

should complete the fact
Al A2 A3 A4 A4 A5 A6 =.. > DAVD

According to what is explained in the chapter of oscillators, it is considered the stability of
each amplifier

AsDy12e0/ {[ Ryt + Ry(oppL1)?1(N1/Np)2 + gp3e} = < 1 estabilidad de Q;

Asly 1260 QouplLy(N/Np)? = ... <
1 estabilidad de Q,

To estimate the values means of the syntonies (has those distributed in the inductor is
presented, in the cables, etc.) we calculate

Cy = (wp2Ly)™ - Cope - CL(N2/Np)? = ...
Cy = (wp?L1) - Coge - (C11e+Co2eAR)(N2/IN)? = ...
C3 = ((‘OOZLl)_l ) Cg B (Clle+C22eA2)(N2/N1)2 =

and that of disacoupled
Cg =... >> Lynel/uwy
or any experimental of 0,1 [uF] it will be enough.

Amplifier multi-stages of simple syntonies, for maximum plain

The advantages of this implementation in front of the previous one (the circuit is the same
one) they are the following

— perfect spectral plain of the gain
— bigger selectivity

and their disadvantage

— not so much gain



In synthesis, this method consists on to implement the same circuit but to syntonize those «n»
stages in different frequencies wy; (i = a, b, c, ...) to factors of appropriate merits Q.
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When one works in a short band s this plain characteristic it is obtained if the poles of the total
transfer are located symmetrically in the perimeter of a circumference

6 = m/n
Qoef = Wy /Bes = 10 (short band)

Wy = ("‘)max(’omin)l/2 ~ ( Wmax - Wmin ) / 2

— ¢ =2
2 A4 ¢ o=3)
AL
1 14 1704, (=2
P —1 1/Qn (n=3)
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1/Q 00

When we speak of wide band the method it will be another

Qoef = o/ Bef < 10 (wide band)
Wy = ( Wmax Wnin )2 % ( Wmax - Wmin )/ 2



If we want to calculate some of these cases, they are offered for it abacous for any Qe

where
n=2 n=3
Qoa ~ Qob Qoa ~ Qob
Qoc = Qoef
Woa W A W A
Wop wo/ O wo/ O
Woc — Wo
Design

Be the data (underisables capacitances without considering)
fnax =+ fmin = fo=.. CL =.. Zg=.. n=2

We begin adopting a transistor and with an elected polarization we obtain

and we polarize it

VCC = VCE:'"
RB = B (VCC'O,G)/IC = ...

Of the precedent data we obtain

Bet = (Wmax - Wmin) = -
Wy ( Wmax * Wmin) /2 = ...
Qoef = W/ Bep = ...

and of the abacus

a =...

Qoa = ...



what determines

Qob = Qoa = --

Woa = WO =...

Wop = Wol/a =..

If we adopt

L, =

Rl =
as

Qoa = [Rg// Ry(woly/ R1)? /1 91167 (N1/N2)2 1/ odpaly

Qob = [Ra(opl1/ Ry)2 /1 Ggoet /I R(N1/N2)2 ]/ wplq
they are

Np /Ny = {g11¢ /[ (Qoatpals ) - Ri(wpaly )2 - Ry 11 }2 = ..
R = (N1/N2)? /[ ( Qopupply )t - Ry(wpply )2 - G22e ] = -

According to what is explained in the chapter of oscillators, it is considered the stability of
each amplifier

Ac = Dyo1e0/ [Ry(wplq)? + gope + RLII(N/NJ)2] = ...
Ay = Dy12e0/ {[ Ryt + Ry(wgl1)?] (No/N9)2 + G116} = -
AG AH =... < 1

To estimate the values means of the syntonies (has those distributed in the inductor is
presented, in the cables, etc.) we calculate

Cy = (0pp?Ly)t - Cope - CL(N/Ng)2 = ...
Cz = ((A)oazl_l)_l - Cg = ..

and being for effect Miller that the capacity in base will vary along the spectrum, it will be advisable to
become independent of her with the condition

(N2/N1)2 [ C116+Coze - DY216[Qppwpply 1= ... << Cy

El de desacople

Cg =... >> Dypell/ oy



or any experimental of 0,1 [uF] it will be enough.

Amplifier multi-stages of simple syntonies, for same undulation

The advantage of this answer type in front of that of maximum plain is
— bigger selectivity
and the disadvantages

— undulation in the gain
— without straight line in the phase

For any Qqet this characteristic is achieved minimizing, in oneself quantity, all the widths of
individual band B;. Subsequently it is expressed the diagram of poles and answer for the case of short
band.
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We define the undulation factor here of the gain
FO [dB] = 20 log A eflhax / Ao

that it will allow by means of the square to find this factor vy
Bi = Bi(max horiz) - Y

or

Oj = Oj(max horiz) - Y



FO 9n=20 9n=3 9n=4

0 1 1 1

0,01 0,953 0,846 0,731
0,03 092 0,786 0,662
0,05 0898 0,75 0,623
0,07 088 0,725 0,597
0,1 0,859 0,696 0,567
0,2 0,806 0,631 0,505
0,3 0,767 0,588 0,467
0,4 0,736 0,556 0,439
0,5 0,709 0,524 0,416

Amplifier of double syntony, for maximum plain

We will find the equations of behavior of a doubly syntonized transformer

A, = Vgg/Vent = H.s/(s?#+s3A+s2B+sC+D) =
H.s/[(s+a)(s+a*)(s+b)(s+b*)]

Qp = (,opr/RID = 1/prpRp

Qs = Wsls/Rs = 1/wsCsRg

Wy = (chp)-llz

ws = (LsCq) 2

H = wy0s0m / (k1-k)(CpCo)Y?

A = (1-k2)1 [ (wy/Qp) + (ws/Qs) ]

B = (1-k2)1 [ 02 + 0052 + ((wyts / QpQs) ]

C = (1-k2)1 oypws [ (wp/Qp) + (ws/Qs) ]

D = (1_k2)-1 prwSZ
Qmj:hn‘t RD LD'M Ls M Rg
,|\—'TI:I—-74-—I:IT+
\? TCD M I Tcs Y=al

7
and if we call

a = Og+jwy
Oq + jop

(o
1



we arrive to

40,

60—a2+wa2+0)b2
4 0,3 + 2 04 (W27 + W?)
0% + 0% (Wy? + 0% ) + 052wy?

0w >
I

If we simplify all this based on the conditions

Wy = Wy = g
Qo = Qp = Qs (this implies short band Qg = 0)

itis

W2+ W2 = B-60,2 ~ 2092(1-k?)1
wa2wp? = D - 0% - 052 (w2 + wp?) ~ wp?(1-k2) L
0 @ =+ G [ (1K) (1-k)TT12 = & oy (1K) L2

and that for the simplification

k <01
it is

W,; Wy ~ £ wy(1+0,5k)
and deducing geometrically is

k =1/Qq (coefficient of critical coupling for maximum plain)
Ber ~ 1,41 k ay

Design



Be the data (underisables capacitances without considering)

frax = Tmin = ZL = Zg =
(Frnax fmin) Y2 I (Fnaxtfmin) =~ > 10 (condition of short band)

cC
“Bﬁ rLo1o
Cg | i 1
Ca ! 'Ch
H =g T
/’ 1 1 1
1 1 1
1 : 1 2
i L
Z .
9 Ry R,
Ly Ly
Hy Hy

7

We begin adopting a transistor and with an elected polarization we obtain

and we polarize it

VCC = VCE:"'
RB = I3 (VCC'O,G)/IC = ...

Of the precedent data we obtain

Wy ( Wmax * Wmin) /2 = ...
Bef = (Wmax - Wmin) = ---
Qo= 141wy /Bg =...
k=1/Qqp=..

If we adopt



L2

being

Qo = {[(wply)? Ryl /I 9ppet }/ wply
Qo = {[(wpl)? Ryl /1 R} ayly

they are

Ry = (0gL1)? [ (Qowol1)™t - 922e ]
Ry = (wpl2)? [ (Qowply)t- Ry 1]

To estimate the values means of the syntonies (has those distributed in the inductor is
presented, in the cables, etc.) we calculate

Ca = (wp2Ly)t-Cope = ...
Cp = (wp?L)t-Cp = ...

The one of it couples
UwyCpg << [yq1e+Rg10 O Cg =..

or any experimental of 0,1 [uF] it will be enough.

According to what is explained in the chapter of oscillators, it is considered the stability of the
amplifier

Ag = Dyo1e0/ [Ry(wply)? + goze] = ...
Ay =Dy12e0/ {[Rg1+ Rg1+ g11e} = ...
AGAH =... < 1




Chap. 12 Amplification of Radiofrecuency in low level class C

Generalities
Design
Design variant

Generalities

The circuit of the figure shows a typical implementation in class C. The sine wave of the
generator it only transmits its small peak picks in the TBJ due to the negative polarization in its base

Vg = Vgp Sen wyt
Vb ~ Vg - VE = Vgp sen gt - Vi

Ig=I¢

-

F=========97
L d

'y

-
—
“f_]

7

For a sign clipped as the one that is illustrated we will have many harmonics. Calling w0 to the
fundamental one with period T, their order harmonics n (n = 1 are the fundamental one) they will be
captured an or other according to the high Q of the syntonized circuit, determining for it a sine wave
another time in the collector



bajo Q@

1
n=4 1 Ty | ‘
[ I

&
0 0

in-1) @ {n+1) &

This way we can say that for the harmonic that we want to be captured it will complete

Q >> nwy/Bpax = N/ [ (N+1)wy - (N-1)og] = n/2

Subsequently we will find the characteristics of use of the energy in the system class C. For
this end we appeal to the syntony of the fundamental and we design it for a maximum possible trip in
the collector. It will be obtained it increasing the gain to resonance g,,RsQ2 and it will show us the
following approach that will give us the efficiency of the harmonic (or fundamental) to syntonize

T~ T0/2n

CE

2Ver s

lcmax $----

Then, the equations will be

Pentmax = Vec lcmed =
Vee - 2 [(12m) [ g@0U2 Igmay (COS wot = ) dupt ] =
(Vee lemax / 1) (sen agt/2 - wgt/2 . cos wyt/2)



Poismax = Pcemax = 2 [(1/210) [ o®072(Vcc-Veccosuwpt) lemax(COSwpt-Coswyt/2) duwpt | =
= (Vee lemax™ [sen wgt/2 - wyt/2 (0,5+c0os wgt/2) + 0,25sen wyt/2 ]

Psatmax = Pimax = PeNnTmax - Poismax = (Vcc lomax/T) (wot - sen wyt)

N = Psaimax / PENTmax = (WoT - sen wt )/ (4sen wyt/2 - 2wyt - CoSwqT/2 )

0,5

PsaL
UCC lemax

Design
Be the data (underisables capacitances without considering)

fo = N = vqg =...



CcC

We begin adopting a transistor and with a polarization practically of court, we obtain

VCE = ...
IC = ...
Y22e = -

Adoptamos
Ll = ..
and we calculate their losses having present a high Q

n/2 << {[(nwyly)?/ Ry] /I ggpe™t }/ Nply
O Ry =...>> (noglq)?[2 (n2wyplq)™? - groe ]

also being able to estimate the syntony capacitor (to have present those distributed in the inductor, of
the conductors, etc.)

Cy =[(nwp)?Ly I - Cope = ...
We obtain the estimated period of conduction
T~ To/2n = 1t/ nwy = ...

for what we find

Ve = vgp sen{wg[(T/2)-T]/2} = vy, sen[wgt(n-1)/2] = ...



We choose a R, that it is worthless in front of the inverse resistance of the diode base-emitter

R, =.. <100 [KQ]
of where we obtain

VE = VecRy/R3+Ry O Rz = [(Vee/VE)-11R, = ...

Now, so that L, behave as a choke of RF it will be

wly, >> Ry /IRy O Ly =... >> (Ry/IR3)/wy
determining with it a capacitor of it coupling

wol, >> 1/wyCy, O Cy, =... >> 1/ 0wy,
Design variant

Other forms of implementing the designed circuit omitting the negative source, are those that
are drawn next. The load of the capacitor with the positive hemicicle of the generator is quick for the
conduction of the diode, and slow its discharge because it makes it through the high resistance R. It
understands each other an implementation of other applying the theorem of Thevenin. The critic that

is made to this circuit in front of the one polarized that we saw, it is that their economy is a question
today in completely overcome day.

9 7]
7 Z
c Uy

Z 7

The biggest difficulty in the design of these implementations consists on esteem of the
conduction angle that will exist due to the curve of the diode. There are abacous of Shade that
express the harmonic content for these situations, but that here they are omitted because in
amplifications of low sign they are not justified these calculations. In synthesis, it seeks advice to



experience the values of R and C.
A quick way to project an esteem of this would be, for example, if previously we adopt a
condenser
C =..
and we observe their discharge
Vgp - AV = vy, e “TORC
with
VE = Vgp - AV/2
we find the maximum value of the resistance then
R =.. < To/[ClIn(2Velvg, - 1)1
since the minimum will be given by a correct filtrate

RC =... > TO




Chap. 13 Amplifiers of continuous

Generalities

Amplifier with AQV in differential configuration
Design

Amplifier with sampling

Nano-ammeter

Design

Generalities

The problem of the current amplifiers or continuous voltage has been, and it will be, the offset
for temperature. Added this, when the sign is of very low magnitude the problems of line interference
they become present worsening the situation, because although they make it dynamically, they alter
the polarizations of the stages.

For these reasons, they have been defined two ways of input of the sign: the entrance in
common way and the differential entrance. Next they are defined an and other, also offering the
denominated Relationship of Rejection to the Common Mode (RRMC) as factor of merit of all
amplifier

Ventve = (Ve1 +Ve2 ) /2
Ventvo = Vd
RRMC [dB] = 20109 ( Ventme! Ventvo )

Amplifier with AOV in differential configuration




The following configuration, today in day implemented with JFET to avoid bigger offsets, a high
RRMC presents because the first stage is inside paired integrated circuit, and then its offsets is
proportional and the difference to its exit diminishes. A third AOV follows it in subtraction configuration
that will amplify the sign.

It is usual the use of this implementation for electromedical applications
—electroencephalography, electrocardiography, etc.

+ R'I Rz
—L 31—
+ Yent R
5 —
+“l]1
—1— "
R
4 R + + Ysal
Y02
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—L 1
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A second important property of this configuration is its great gain. A single integrated circuit
containing the three AOV offers with some few resistances high confiability and efficiency.

Having present that the entrance of each differential possesses a practically null voltage, the
equations vg; and vg, correspond to the exits inverter and non-inverter. Their basic equations are the
following

Vo1 = Ven1 (-R3/R4) + Venz (1+R3/Ry)
Vo2 = Ven2 (-R3/Ry) + Ven1 (1+R3/Ry)

then

VrRz = Vo1 / (1+R1/Rp)
R, ~Rg+ R; (donde se opto excitar con corriente: Rg >> R7)

to the exit of the substractor
Vsal = Vo1 (-Ro/Ry) + VR (1+R2/R1) = (Vens - Ven2 ) Ro/Ry
and finally the gain in differential mode

Ao = Vsal ! Ventuo = Vsal / (Ven2 - Ven1) = (1+2R3/R4) Ry/Rg



A third advantage consists in that can design to will the entrance resistance in common and
differential mode (connecting to earth the mass of the circuit)

Rentve = Rs/2
Rentvo = 2 Rs

The other property that we will comment is the high value of the RRMC, in general bigger than
50 [dB]. We can do this with the following equations

Ventvo = Ven2 - Ven1
Ventme = (Ven2 * Ven1) /2

Auwb = Vsal ! Ventwo

Auwnc = Vsal ! Ventwc
RRMC = Ayup / Amc = Ventwe ! Ventwo ~

~ {[leo(fes1tRecc)tleolres2tRec) 1/ 2} (Icoresi-leorfas?)

Go
—_—
—

+ Yent1

TGs1

r
lgg G52

[
-—

+ Yent?

cC

it is

RRMC = [(rgs1*rgs2)/2 + Ree) 1/ (fgs1fgs2) —»

The response in frequency of this amplifier is limited (usually below the 100 [Hz]) due to the
stability of the AOV, reason why they usually take small condensers —small capacitors of polyester in
the terminals of the AOV and electrolytic in the half point of the cursor of the pre-set.

An important fact for the design consists on not giving a high gain to the first stage, that is to
say to (1+2R3/R,), because the sign this way amplified it can be cut by the source. Similar effect can
be given if the planner adjusts the offset in the first stage and you exceeds the range of continuous
acceptable.

Design

Be the data

RentMD -

AVMD -



We adopt a paired AOV (f.ex.: TLO8X) and of the manual or their experimentation

We choose a gain of the differential stage (for it should be kept it in mind the esteem of the
maxim differential entrance as we said)

Al = 1+2R3/R4 = ...

and if we choose for example

Rz = ...
R3 = ..

they are
R4:2R3/(A1-1):...
Rl = R2 AllAVMD = ..
RS = 2RentMD =

For not affecting the calculations we make

RG = R2 = ...
R7 >> Rg

We calculate the resistance that will correct the offset in the case of maximum trip of the pre-
set

Rg =... = (Vec-Vr7)/Irg ~ (Vec-Vos)/ (Vos/R7) ~ Vec R7/Vos
and for not dissipating a high power in the pre-set

Rg =... <£0,25/(2V¢cc)?

Amplifier with sampling

A way to overcome the offsets of continuous is sampling the sign making it pass to alternating,
and then to amplify it dynamically with coupling capacitive, it stops then to demodulate it with a
rectificator and filter. The following circuit, designed for of the author of the present book, it is used
satisfactorily in the amplifications of termocuples voltages. Their entrance resistance is given by the
value of the resister R, in this case of 47 [Q], and could be increased for other applications. With the
pre-set the gain, and the adjusted of zero it is not necessary. Another advantage of this system
consists in that it doesn't care polarity of the continuous tension of entrance.



30 [Hz]
r —l——1 2.2 [#F]
| 220 [nF]
L
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4016
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To translate and to measure so low currents, so much of alternating as of continuous fixed or
dynamics presents the following circuit. The designer will compensate his offset when it is it of
continuous for some of the techniques explained in the chapter of polarization of the AOV. Their
equations are the following

R; >> R3 << R,
0 ~ Iy Ry - (Vsa/R2) R

Vaal

7

then
Vsa ~ Ix R1R2/R3
Design
Be tha data
lymax = --- (continuous, dynamics or alternates)

We choose an AOV with entrance to JFET to have smaller offset



* VCC = ...
and if we adopt for example

R1
R3

e (v.g.r 1 [MQ]
v (V0. 1 [MQ]

and we determine

Vsalmax -

we will be able to calculate

R3 = lymax R1IR2/ Vsamax =




Chap. 14 Harmonic oscillators

Generalities

Type phase displacement
Design

Type bridge of Wien

Design

Type Colpitts

Design

Tipo Hartley

Variant with piezoelectric crystal
Type syntonized input-output

Generalities

Basically, these oscillators work with lineal dipositives.
Let us suppose a transfer logically anyone that has, poles due to their inertia. For example the
following one

T = Vga/Vent = K/ (s+0ag)
G = 0p +i

where it will be known that this it is a theoretical example, since in the practice the complex poles are
always given conjugated. This has been chosen to simplify the equations.

To the same one it is applied a temporary step of amplitude V (transitory of polarization for
example). consequently, it is their exit

Vent =V - V/s
Veg = KV (1-e-00t)/qq =
= KV {og[1+(e-0%senqg)sen(upt+@y) + jupl(e0seng,)sen(wot+z)-1] } / (0g?+0p?)
arc tg (-og/wy)
arc tg (og/wy)

Ll
®

being able to happen three cases

1) gp > 0 stable exit



N

) 0p <0 unstable exit
) 0g =0
Vs = (KV/wy ) [sen(wyt+172)-1] oscillatory or unstable exit to wy,

where conceptually we express these results in the following graphs for a transfer of conjugated
poles.

i@ i@ i@
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Of this analysis we can define to an ideal harmonic oscillator saying that it is that system that
doesn't possess transitory attenuation in none of their poles (inertias). The name of this oscillator type
resides in that in the vsal spectrum in permanent régime, "only" the harmonic wy has been captured
and it becomes present to the exit. The purity of the same one resides in the selectivity of the
syntonies that /they prevent to capture other harmonic. The following drawing represents what we are
saying.

|vsall
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Another way to understand the operation of a harmonic oscillator, perhaps more didactic, it is
considering a feedback transfer where G wins what H loses and it injects in phase its own change, all
this to the frequency wy and not to another —to remember that as much G as H change module and
phase with the frequency. This way, the behavior equations will be

T = Vga !/ Vent = Vsal/ (Vi + Viea)) = (Vsar/ Vi) 1 [1 + (Viea / Vsa) = G/ (1 +GH)

that for the conditions of harmonic oscillation



G(Q)O) H((,OO) = -1 +j 0
T - ®

and then the high transfer of closed loop will go increased the amplitudd of wg until being limited by

the own alineality of the electronic components when they end up being limited by its feeding supply.
This determines an important practical consideration, and that it consists in that the suitable critical
point sees that it is theoretical, and that in the practice it should make sure

for a correct operation, and more pure of the sine wave; this will be the more close it is of the critical
point.

Type phase displacement

It is shown a typical implementation subsequently. Their behavior equations are

H = Vigal / Vsa = 1/[1-5(wRgCo)2 +j [(WReCp) 3 - 6(wR(Cp)]
G = Vsai/ Vreal ~ - 9m Rc/IRL

Yoo

ajuste de pureza

¥ amplitud ﬁb—[l] RC
R
=al
Rp

that it will determine an oscillation for pure real G in
0= ((lJoR()CO)'?’- 6((00R0C0)'1 U Wy ~ 0,408/ROC0
being finally

Hwoy ~ 0,035
G(wo) = -l/H(wo) =-29

In a more general way we will be able to have with the abacus



Rsal = RC//RL
Wy = 1/RCq[ 3+ 2/a + 1/a2 + (Rgy/Rp)(2 + 2/at) |
G(po) = 8+ 12/ + 7/a2 + 2/03 + (Rgg/Rp)(9+11/0+4/02) + (Rga/R0)?(2 + 2/a)?

60
Cwg) 5 ]
30 ~_ Rsal ! Ry
- T 1
20 o .
e 0,5
™ g Sy g M |
10 ~ e
s ——- 0
1 2 3 4 45 10
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Design

The following data are had

we choose a TBJ and of the manual or their experimentation we find

VCE = .. IC = .. B =... h21e = ... hlle =... On = h21e/h11e =

Keeping in mind that explained in the polarization chapter adopts

VRE =... 21 [V]
IRN =.. << |c / B
originating

Rc = Vce /e =

Re ~ Vge /lc = ..

Vee = 2Veg + VRg = .

Rg = [(Veo2)-0,6)]1B/ I = ...
Ry = 1/(hyel +Rgl) =..

and we will be able to verify (we work with gain modules to simplify the nomenclatures)
G(wo) -~ gm RL//RC =... > 29+ 24/[R0/(RL-1+RC-1)] + {2/[R0/(RL-1+RC-1)]2}

We calculate the oscillation capacitor and we verify that it doesn't alter the made calculations



CO =1/ (L)ORO {6 + 4/[RO/(RL-1+RC-1)} =..<< 1/ U)ORC//RL
and those of coupling and disacoupling

RC//RL >> 1/(A)OCC O CC =.. >> 1/(1)0Rcl/R|_
hije >> (I+hge) - 1/0pCe O  Cg =.. >> gnl/wy

last expression that if it gives us a very big Cg, it will be necessary to avoid it conforming to with
another minor and that it diminishes the gain, or to change circuit. The result truly should not be
alarming, because any condenser at most will diminish the amplitude of the exit voltage but it won't
affect in great way to the oscillation. Some designers usually place even a small resistance in series
with the emitter without disacoupling capacitor dedicating this end to improve the quality of the wave
although it worsens the amplitude of the oscillation.

Type bridge of Wien

With the implementation of any circuit amplifier that completes the conditions of an AQOV, that
is: high gain, low outpunt resistance and high of differential input, we will be able to, on one hand
feedback negatively to control their total gain, and for another positively so that it is unstable. The
high differential gain will make that with the transitory of supply of polarization outburst it takes to the
amplifier to the cut or saturation, depending logically on its polarity, and it will be there to be this an
unstable circuit.

The process changes favorably toward where we want, that is to say as harmonic oscillator, if
we get that this unstability is to a single frequency wy and we place in the one on the way to the
positive feedback a filter pass-tone. In the practice the implementation is used that is shown, where
this filter is a pass-band and for it many times the oscillation is squared and of smaller amplitude that
the supply —is to say that it is not neither to the cut neither the saturation.
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The name of this circuit like "bridge" comes for the fact that the differential entrance to the
AQV, for which doesn't circulate courrent and neither it possesses voltage, it shows to the
implementation like a circuit bridge in balance.

The behavior equations are



H = Viea/Vsa = 1/[1+ Ra/Rb + Cb/Ca + j (wRaCa - 1/wRbCb) ]
G = Vga/ Vieal = -(1+Ry/Ry)

that it will determine an oscillation for pure real G in
0 = wyRaCa- 1/uyRbCb O wy = (RaRbCaCb )12

being finally

Hewo) = 1/(1+Ra/Rb+Cb/Ca)
Gwo) = -1/Hgp) = -(1+(1+Ra/Rb+Cb/Ca))

or
R2/R1 = Ra/Rb + Cb/Ca
This circuit made its fame years ago because it was used to vary its frequency sine wave by
means of a potentiometer in R2. This, implemented by the drain-source of a JFET that presents a
lineal resistance in low sign amplitudes, it was feedback in the dispositive through a sample of
continuous of the exit amplitude. This has already been in the history, because with the modern digital
synthesizers they are overcome this annoying and not very reliable application thoroughly.

Design

The following data are had

we choose an AOV and we adopt

Ca =Cb =...
R2 =...

of where we obtain
Ra =Rb = 1/wyCa =...
Rl = R2/2 = ...

Type Colpitts

We could say that tresponds to a filter with capacitives inpt-output.
The behavior equations are (a short circuit of C3 could be made that is of it couples and for it



the equations are the same ones with C5 - )

H = Vieai /ip = 1/[- w?RoC1Cy + ] w(C1+Co+C;Cy/C3 -wPCyCyl) ]
0 = wy(C1+Cy+C1Cy/C3-0p2C1Colg) O 0y = (Lo Cy//CylIC3) 12
Hwo) = - Lo/ Ro(C1+Cp)

G0y = -1/ H) =Ro(C1+C+C1Cy/C3) /Ly ~ 9mRoQ0?

Yoo
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In this implementation the Rg can be changed by a choke of RF; the result will be better
because it will provide to the oscillator bigger exit voltage and a better syntony selectivity because it
increases the Qg. Another common variant is to replace the inductor for a crystal at wy (saving the
polarization logically) so that the frequency is very much more stable.

A simpler way and didactics regarding the principle of operation of the Colpitts, we will have it
if we consider all ideal and without the one it couples C3. The C; syntonize at Ly and it produces an
inductive current for the coil in backwardness ninety degrees, that again will be ahead whit the
voltage on C,. The inconvenience of this focus is that the magnitude of the attenuations is not

appreciated

wy ~ (LoCy)t2

Wolg >> 1/wpCy U Vgap >> Vigap ~ O
Cl << Cz

g11e? >> 1/wCp O iggp >> ipp ~ O

C2
L

o

Y zal

.
o

C

real

amplificador

Design

They are had the following fact (parasitics capacitances not considered)



fo = ..
We begin adopting a transistor and with an elected polarization we obtain

Veg = ...

o = ...
B=..

Yite = - (~hyge)

Y216 = (= Om = h11e/M216)
Yo2e = - (= hage)

and we polarize it

Rg = Vcg/lc = ... (the biggest thing possible because it is in parallel with the inductor)
VCC =2 VCE = ...
RB = B (VCC_O’G_VCE)/IC = ...

We choose an inductor with the Qg (we speak logically of the Qqe¢) bigger possible (that can
replace it for a crystal and a crash of RF in derivation)

LO = ...

RO = ...
what will allow us to have idea of the half value of the syntony capacitor

Re /1 922¢ << 1/ u(C1+Cp)
C1 = 2Cymeq ~ 2/ wp?Lg=... << (9p2etReD/wy - Cope

We calculate and we verify that the characteristics of the circuit don't alter the theoretical
equations (this in the practice can be omitted, since the same circuit will surely oscillate)

(Ool_o >> 1/(1)0C3 O C3 =.. >> 1/(1)02|_0

The condenser that it lacks C, can be keeping in mind experimentally that it is related
practically with Cq,eq In the same times that the gain of tension of the TBJ; that is to say, some ten
times, or with the requirement (we reject the effect Miller)

g11et >> 1/0p(CotCrie) O Cp =... >> gygeftp - Cyge

and that, like it was said, if one chooses a very big value it will diminish the gain and therefore also
the amplitude of the output signal —increased their purity.
Although the circuit will oscillate without inconveniences, we verify the oscillation condition



Ro (C1/2+ Cgpe + Co+ Cppe) /Lo = ... < [iyz1el]

Type Hartley

We could say that tresponds to a filter with inductive input-output. It will also be it although these are

coupled.
The behavior equations are

H = Viga /g =
=LCouw?{R1(wPL,Cq-1)+jw[R12Cq+L 1 [6P (L +L,)Co-1IH[0? (L1 +L5)Co-112+(wR 1 Cp)?}
0 = WR2Co+L4[wA(L1+Lp)Co-1]] O wg = [(Ly+Ly)H(C1-R2/Ly) 12
H(w0)= -L2R1(L1-R12C0)(L12+L,R12C0) / [(R12C/L1)? + R12C(1-R12Co/L1)/(L1+Ly)]
G(Q)O) = -1/H(w0) =
= [(R12Cq/L1)? + R12Cy(1-R12Cy/L1)/(L1+Ly)] / LoR1(L1-R12Cp)(L12+L,R12Cp)

Vo
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A simpler way and didactics regarding the principle of operation of the Hartley, we will have it
if we consider all ideal. The L; syntonize with Cy and it produces an courrent capacitive for the
condenser in advance ninety degrees that again will be late with the on L,. The inconvenience of this
focus is that the magnitude of the attenuations is not appreciated

Wy ~ (LgCyp) 12
woly << 1/wyCq O Vsalp >~ Vrealp ~ 0
Ll >> L2

amrplificador
¥ zal real

a .
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L2

With the name of piezoelectric crystal it is known in Electronic to a dipole that presents the

Variant with piezoelectric crystal




characteristics of the figure, being able to or not to possess overtones, and that it is characterized to
have high stability of their equivalent electric components and to be highly reactive. This way their
equations are

Cp, >> Cs

Q = wls/ Ry (varios miles, tanto la sintonia serie ws como paralelo o)

Z = wlp /l (Rg + wlg + wCs1) = wCpt [(wefe0)?-1 +j Q1] /{QL - j [(wp/w)2-1]}
ws = (LsCq) /2

Wp [L (Cp-1+Cs-1)-1 ]-1/2

2]

=1 Lo I

b - T
U e

1 m 1 1
A s2. 4 i
1 1
@gq!  @pq 1 @p2 @g3Dp3
1
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Tundamental sobrotoros

This way, with the crystal used in the one on the way to oscillation and replacing for example
to the inductor in the Colpitts or the capacitor in the Hartley, an oscillator of high perfomance can be
gotten, where the final Q of the whole oscillator will be given by the stable and high of the crystal.

Type syntonized input-output

It responds to a transfer simply G in feedback with H. for example implemented with the
bidirectional property of a TBJ, it usually uses in the converters of frequency. Their general equations
of operation are the following

GH = (ig/V)) (ireaVi) = (Io/Vo) (ireatfVi) = Y2 (-Y1) =
= - Ry [1+]2Q1(w-wy)/y] . Ry [1+j2Qx(w-p)ley] =
- (1/R1R2) { 1 - 4Q1Qo(wwy-1)(w/tp-1) +j 2 [Qq(w/ey-1) + Qp(w/wy-1)] }
Q; = wL4/R; = 1w CiRq
Q2 = Wply/Ry = 1/wpCoR,
w = (L1Cy)12
wy = (LyCp172
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and designing to simplify

itis

W = B = W
R0=R1=R2

GH = - (1/Rp?) {1 - 4QQ (wuy-1)? +j 2 [(Q1+ Qo) (way-1)] }
GoHwo) = - (1/Rg?)

H(Q)O) = _Yl = -1/R0

G((.OO) = Y2 =1 l/H(wo) = l/RO




Chap. 15 Relaxation oscillators

Generalities

Type TUJ

Design

Type multivibrator

Type harmonic-relaxation

Converters and Inverters

Generalities

Inverter of a TBJ and a transformer
Inverterr of two TBJ and a transformer
Design

Inverter of two TBJ and two transformers

Generalities

Basically, these oscillators work with alineal dipositives. We can classify them in two types,
that is: those that work without feedback (with negative resistance) of those that yes he are (astable
multivibrator).

The first ones that possess an area of negative resistance, are par excellence two: the diode
tunnel and the transistor uni-junction (conventional TUJ or programmable TUP); the first one is stable
to the voltage and the second to the current in their critical areas; that is to say, they should be
excited, respectively, with voltage generators and of current.
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It is necessary to explain in these dipositives that it is not that they have a true "negative"
resistance, but rather to the being polarized in this area they take energy of the source and they only
offer there this characteristic, that is to say dynamically.



Type TUJ

Truly, already forgotten this dispositive with the years and highly overcome by the digital
benefits, it doesn't stop to be historically instructive. For such a reason we won't deepen in their
study, but we will only comment some general characteristics to design it if the occasion determines
it. It will still be of easy and efficient use in applications of simple phase regulators and in timers of

high period.

The following implementation is classic. A typical resistance of 390 [Q] has been omitted in
series with the second base to compensate the offset of temperature, but that to practical ends it
doesn't affect for anything its use and it hinders our studies. For any TUJ their characteristics are
approximately the same ones and they are

n ~ 0,6

Vy ~1,5[V]
ly =1[mA]

lp =1 [uA]
Vgs =10 [V]
Rgg = 10 [KQ]

Vp = 0,6+r] Vcc

attenuation factor among bases Rg1/Rgg
barrier voltage
barrier current
current of the shot pick
voltage among bases
resistance among bases Rg;+Rpg>
voltage of the shot pick

+ v +v

T H]R“e:ﬂuﬂl
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and the equations of time of operation like timer (T agg Starts up) or oscillator (Tp) we find them
outlining the load and discharge from Cj to the tensions Vp and V, (the discharge ~CyRx is omitted

to be worthless)

TARR =1/ ROCO In (1 - VP/VCC)-l ~ 1/ ROCO In (VCC - 1,5)/(0,4 VCC '0,6)
TO =1/ ROCO In (VCC - VV)/[VCC (1-“)'0,6] ~ 1/ Roco In (VCC - 1,5)/(0,4 VCC '0,6)
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A programmable variant of the n of this circuit is with the device denominated transistor
programmable unijunction or TUP. This is not more than kind of a controlled rectificator of silicon RCS
(or unidirectional thyristor) but of anodic gate, and almost perfectly replaceable with TBJ PNP-NPN'S
couple like it is shown. The following circuit offers the same properties that the previous one but with
the possibility of programming him the n

n = R;/(R1+R,) factor of programmable attenuation

Vp = 0,6 +nVce voltage of the shot pick
Yee
Ry
Ry
-—
C

T Ry <1 LRy

00

For the design of these dispositive, and without going into explanatory details, it will polarize
the straight line of operation in such a way that cuts the area of negative slope; in their defect: or it
won't shoot for not arriving to Vp, or it will have a behavior monostable Tagrg. The following oscillation
graphs explain how the work point travels for the characteristics of the device, without never ending
up resting in the polarization point.
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Be the data (circuit with TUJ)

Design

fO = ... VCC = ...
On one hand we respect for not modifying the theoretical data

Ry =... £ 1[KQ] (Rx can be an inductor, a transformer of
pulses, or to be in series with the base-emitter juncture of a TBJ)

We determine the voltage shot pick
Vp = 0,6 +n VCC ~ 0,6 + 0,6 VCC = ...

and then we calculate the resistance in such a way that shoots the TUJ but that it is not very big and
make to the circuit monostable

(Vee - VW)ly = 103(Vee - 1.5) < Rg =... < (Vee - Vp)lp ~ 108(Vee - Vp)

for then to determine the condenser (it is convenient that it is of the biggest possible voltage and of
mark of grateful production to avoid faulty losses)

CO = To / RO In (VCC - Vv)/[Vcc (1‘]’])'0,6] ~ TO / RO In (VCC - 175)/[0’4VCC-076] = ...

where V¢ 2 6 [V] practically itis Co ~ Tg / Rg

Type multivibrator

It studies it to him and it designs in the multivibrators chapter.

Type harmonic-relaxation

Basically, these oscillators work with lineal and alineal dipositives. Being a mixed of both,
infinite ways exist of implementing them.

We will see the denominated type for atoblocking. The following one is a typical configuration
and only one of the possible ones.



When being given alimentation Vgg, the Cg leaves loading until polarizing the TBJ in direct
and that it will drive without being saturated (because Vgg and Ry are not designed for this). This
transitory one in the collector will make that the syntonized circuit captures its harmonica wg, and the
circuit is in the following analogy

n = NO/Nl
m = N0/N2

If to simplify the equations we make

CO >> CB/n2
RO = RL m2 << RB n2



IIn<< B

they will be approximately

Z = Ve liz = (LCy) s/[(s+1g)2 + wy? ]
Tp = 2 ROCO
wy = 1/[(RgCoCp)? - (t)2 ]2

and like it is applied an excitement step

ic = B(Veg-Vee)/Rg — [B(Veg-Vee)/Rgl]/s
Vec = Zic = [B(Vee-Vee)/RgCol/[(s+19)? + w?] -
~ [B(Veg-Vge)/RgCouwy] el senwyt = v, eV . senawyt

expression that shows that for not having undesirable oscillations (that is to say a under-damping exit)
it should be

RoCo/ Lo > 0,25

If we still summarize more the expressions

Rg >> 1/ wyCp
it will be possible to analyze the waves in their entirety. This way, the drawings show that Cg cannot
lose its load and to maintain a damping in the base circuit because the diode base-emitter impedes it
to him; this way the TBJ is cut (but observe you that same vec exists), and the condenser doesn't
already continue more the variations of the sine wave, but rather losing its negative potential will try to
arrive to that of the source Vgg. Concluding, for the idealized drawn wave forms (approximate) to the
magnitude

To << Tp

t corresponds him

VB = -Vx + (Vgg+Vx) (1-etRBCB)
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Converters and Inverters

Generalities

We call convertors to those circuits that convert a magnitude of DC to another magnitude of
DC (generally higher, and they usually consist on an inverter and their corresponding rectification-
filtrate), and inverters to those other circuits that transform it to AC (oscillators of power).

In these circuits that we study transformers they are used with magnetic nucleus that they
offer behaviors astables. It takes advantage their saturation to cancel the magnetic inductance and
with it their transformers properties. With the purpose of introducing us in the topic we abbreviate
(sees you the inductors chapter and transformers of great value)

L = AueN2S /lge = (2 Bsar/Hsar) N2S/ ke
The losses for Foucault and hysteresis become considerable when working with waves
squared by the great spectrum of their harmonic content. Consequently typical frequencies of

operation are usually used

— ferrite of 1 at 20 [KHZz]
— iron of 50 at 100 [HZ]

also, in a general way, the efficiency in the best cases is of the 90%

n = I:)SAL(en la carga RL) / I:)ENT(a la entrada del transformador) ~ 0,9



On the other hand, if is interested in knowing the effective resistance of these losses that we
denominate Ry, we can outline if we call Vgu to the effective voltage in the load

Pro ~ Vsal?/Rg
PsaL = Vsal?/n?R

of where

PsaL = PsaL* Pro
Pro = PsaL(nt-1)
RO = anL/(r]'l- 1) ~ 9n2R|_

For the inverters, it is enough many times the use of a condenser in parallel with the load in
such a way that the square sign is a sine wave —they will filter harmonic. Other more sophisticated

filters can also be used, as they are it those of filter impedance 1, syntonized, etc. For these
applications, clearing should be, the equations are no longer those that are presented.

If what we want is to manufacture a converter, then it will be enough to rectify and to filter with
a condenser C, the exit. For it will be enough the condition (fy are the oscillation frequency)

R C_ > 1/f,

or to make a filter as it has been analyzed in the chapter of power supply without stabilizing. To find in
these cases an esteem of the resistance that reflects a filter R| o, we equal the power that surrenders
to the rectificador-filter with that of the load (we call «n» to the primary relationship of spires to
secondary of the exit transformer)

fo . [ o210 (Vcc?/n?Rig) Ot ~ Vcc?in?R
of where

RLef -~ RL/2

Inverter of a TBJ and a transformer

When lighting the circuit their transitory one it will produce the saturation of the TBJ instantly
(or a polarization will be added so that this happens) being

n, = N1/N2
n, = Nl/N3
ni2Rg >> n,2R; (for not dissipating useless power in the base circuit)
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There will be then in the ignition a continuous voltage V¢ applied on L that it will make have
a lineal flow ¢ in the time and that, when arriving to the saturation @sat the Ap it will get lost
eliminating at L. This results since in the cut of the TBJ in this instant properties transformers they
won't exist. Immediately then the current of the primary one begins to diminish (the magnetic field is
discharged) and it is regenerated Ly when existing Apgs again, maintaining in this way cut the TBJ.
Once discharged the inductance, that is to say when their current is annulled, other transitory due to

the distributed component it gives beginning to the oscillation again.
Analyzing the circuit, when the TBJ saturates we have

Vo = Vee

Vee = Vec-Vio = 0

Vbe = VBes ~ 0,6 [V]

ic = lcs= Vee [(PR) L+t ]
® = (UNg)J o' vig 0t = Ve t/ Ny
VL = Vig/ny = Ve /ny

for the one which when reaching the saturation, then
Ty = Ny @sat/Vee
Subsequently, during the cut of the TBJ

Vip = - AV e_t/T = - (VCC Tl / T) e_t/T
T = LO / n22R|_
Vee = Vec-Vio = Voo [1+(Ty/1) etT]



Vbe = Vio/ N1 = -(Vec To/tny) et
ic =0

® = -Violo/Nn2RL = Ve Ty et
VL = Vig/ny = (Ve Te/Tny) et

and if we consider that it is discharged in approximately 3t
T, = 31
For the admissibility of the TBJ, of the previous equations we obtain

lcmax = Vee [(n22RY)L + Ty/Lg ]

Veemax = Vee [+ (T /1)

“VBEmax = VYec T/ 1N

Pcemax = (T1+T2)1[ o™ Vegsles 0t = Vee Vees [(022R) 1+ Th/2L ]

and finally in the load

Plmax ~ (T1+T2) [ o™ (Vec?n?RY) 0t~ Vec?/2n2 R

Inverterr of two TBJ and a transformer

It is, in fact this circuit, a double version of the previous one where while a TBJ saturates the
other one it goes to the cut, in such a way that the power on the load increases to twice as much. This
way, for oneself useful power, the transistors are fewer demanded. In the drawing it is insinuated a
possible additional polarization that should be used for if the circuit doesn't start up: the points rise
«x» of the bases and they are connected to the resisters.
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In the saturation hemicile they are completed for each TBJ

Vio = Ve
Vee = Vec-Vio = 0
Vhe = Vges ~ 0,6 [V]

ic = lcs= Vee [(02R)1+1/Lg]

@ = -@sat + (UNp) J o' vip Ot = - @saT+ Vect/Ng

Ve = VLO/n2 = Vcclnz

for that that once passed T, then the over-voltage of the cut will make the other TBJ drive and it will

be the symmetry.

For the admissibility of the TBJ, of the previous equations we obtain

lecmax = Vec [ (N22R) 1+ Ty/lg ]
Veemax = 2 Vee
-VBEmax = Vec/ M

Pcemax = (T1+T2) 1 [ o™ Veesles 0t = Ve Veps [(02R) 1+ Th/2L0]/ 2

and finally in the load

Pimax ~ 2. (T1 +T2) 1 o™ (Vec?/na2R)) 0t~ Vec2/ N2 R

Design

Be the data



R =... fg=... Vimax = .- (maximum voltage in the load)

We adopt a power supply keeping in mind that it is convenient, to respect the ecuations that
are worthless the collector-emitter voltages of saturations (that TBJ of a lot of power stops it usually

arrives to the volt). This way, then, it is suggested

VCC =.. >> 0,25 [\/]

We choose a lamination (or ferrite recipient, reason why will change the design), what will

determine us (sees you the design in the inductors chapter and transformers of great value)

S =.. 2 0,00013 R

Boar = ...
N; = Vee /4%y S Bsar = ..

N3 = Ny Vimax! Voo = .

Hsat = N3 Vimax/lre RL = ...
Lo = 2N;2 S Bear / lge Hoar = ...

where the experimentation of LO is suggested after the armed one to obtain its correct value.
Subsequently, if we estimate a magnitude

N2 = ..

they are
ng = N1/N2 = ..
n, = N1/N3 = ..

RLef = RL 1! R0/n22 ~ 0,9 RL = ...
We obtain the admissibility of each TBJ

lcmax = Vee [(N2?Rpe)t + 12fLg ] = ...
Veemax = 2Vee = -

-VBEmax = Yec/ N1 = ...

Peemax = Vee /8folg = ...

and of the manual

Vces = (RO1[V]) << Vcc
lcapm = -+ < lcmax
Vges = ... (=0,7[V])
Tapag = - << 1/2fg



Tenc = - << 1/2fy

B =..

TiaDMm = -

Pceabm = - < PcEmax

what will allow to find the thermal dissipator

surface = ...
position = ...
thickness = ...

Subsequently we calculate

Rg = B(Vee/n1-Vees) /! lemax =

Inversor de dos TBJ y dos transformadores

This implementation is used for further powers (up to 500 [W]), since it consists on a great exit
transformer that is commuted in this case by the circuit oscillator. This oscillator can be carried out
with any other astable that determines the court-saturation of the TBJ. This way, the exit transformer
doesn't determine the frequency but rather it only transmits the energy; it doesn't happen the same
thing with that of the bases, since it will be saturated and it will offer the work cycle consequently —it
recommends it to him of ferrite, while to that of iron exit.

7

If we observe the circuit with detail, we will see that it is not another thing that an investor like
the one studied precedently of two TBJ and a transformer. For this reason the graphics and equations
are the same ones, with the following exception

ng = Nl/N2
n, = N0/N3




Chap. 16 Makers of waves

GENERATORS OF SAWTOOTH
Generalities

Generators of voltage

Type of voltage for simple ramp
Type of voltage for effect bootstrap
Design

Type of voltage for effect Miller
Design

Current generators

Current type for simple ramp
Current type for parallel efficiency
DIGITAL SYNTHESIZER

Design

_GEN ERATORS OF SAWTOOTH

Generalities

Used to generate electronic sweepings in the screens and monitors of the tubes of cathodic
rays, they can be of two types according to the physical principle of deflection: for voltage (electric
deflection in oscilographys) or for current (magnetic deflection in yokes).

The circuits consist, essentially, in a transfer of a single pole (inertia of the same one in 1/1,
being 1 their constant of time) and consequently, in excitements of the type step, they determine
exponential to their exit (useful sweeping) in the way

X = X(1-eVt) = X{1-[1- (/1) + (/1)2/2! + ... 1} = X[ (t1) + (t2/212) + (t3/673) + ... ]
that in the first part
X ~ X@{U)[1-(t21)]

As it is of waiting, one will work preferably in the beginning of the exponential one for their
lineality. This operability is applied better in the design with a factors that they specify the slope and



that next we detail

Ug = Ox/ot speed
ey = [U(O) - Uy 1/ U relative error of speed

and in our transfer

u~o{X@W)[l-@2}/ot = X(1-tht)/t
e, ~ t/t

which we will be able to stiller simplify if we are in the beginning of the exponential
t<< 21
X ~ Xt/t

e, ~ t/lt ~ x/X

Generators of voltage

Type of voltage for simple ramp

In this circuit a condenser will simply be loaded and after the period T will discharge it to him
by means of a TBJ that will be saturated. The behavior equations are the following

Vsal = Vo (1-e 110)

To = RoCo

upy = Voe U0/,

eym = 1-e M0 ~ vgyry / Vo

Yy

The base current will saturate to the dispositive taking it for an on the way to constant current

ls = (Ventmax-0,6)/Rp
Vsal ~ Vsaim) - CoJ o' ic 0t ~ Vsamy - Blest/ Co
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:pre of voltage for effect bootstrap

The circuit consists on making load the condenser CO to constant current; or, said otherwise,
with a great VO. The following implementation makes work to the TBJ in its active area as amplifier
follower (also being able to implement this with an AOV) for what will determine a practically
generating voltage in its originator and that it will be opposed at V0. Another form of thinking this is
saying that the current for RO practically won't change, but only in the small magnitudes of the trip that
it has the diode base-emitter that, truly, it is worthless.

“CC
. Yent
ajuste do I3 e
linealidad
+ ¥ ent max S
CB
| i
Q4 Yzal Yzal [ T !
Yent + v I :
salmarky - - 1- - - - ___ -
+ : Iy
! Ysal(T)
1
7 - 0,6 [V] —+" 1
e 7
-V
EE

Their operation equations are the following ones. As for the TBJ switch Q,

Ventmax ~ IBSZ Rg + 0,6

and to the operation of the amplifier Q

Rent1 = Vp1/1p1 ~ hi1e1 + B1 Re



A1 = Vea/Vp1 ~ B1Re/(h11e1 +B1Rg) ~1
Vsalmax ~ -O,6+(V0-O,6)T/T0

Tp = RoCo

Vo = IBl R0+O,6

On the other hand, if we outline the following equivalent circuit we will be able to find the error
of speed

Veal = Avt Vo1 = (Ay1Volto) /s [s + (1 + Ro/Renet - Avp)ITg]  —
Tg = Tp k

k = BlRE/(hllel + Ro) >> 1

U(t) = VO e -thB To

being minimized the error in k times.
Design
Be tha data

T = Ventmax = - Vsalmax =VsaI(T)'O’6 = ... eV(T) = ...

Firstly we can choose two TBJ anyone and we obtain of the manual a polarization for Q,

VCEl = .. ICl =... Bl = .. hllel = ... IBl = IC]./BZ = ...

and another for Q, knowing that it is discharged Cg to constant current I, from ~Vggmax Until being
saturated

VCEZ ~ Vsalmax = - IC2 = .. [32 =.. IBZ :ICZ/BZ = ..

As the maxim exit it is when Q, almost saturate (the diode allows to lift the potential of its
cathode above V), then we adopt



Vee = - > Vsaimax

and we continue calculating

Rg = (Ventmax - 0.6) / Ig2 = ...

Ro = (Vg-0,6)/(Ico +1g1) = ...

Vo = Igi Rp+ 0,6 = ...

Vsal(T) = Vsaimaxt 0.6 = ...

kK = [Vsamy/ Vol/eyr = ..

Re = k(h11e1 + Ro) /B = ...

Vee = Iog Rg = ...

Co ~ T(Vp-0,6)/Rp(Vsamax+0.6) = ...

we verify the quick discharge of C
Co(Vsamaxt 0.6)/1lcp =... << T
and the slow of the boostrap Cg
Cg =... >> T/(h11e1+Ro)

With regard to the adjustment of lineality Ry, and the protection Rg, will be optional.

Type of voltage for effect Miller

It has already been spoken of the effect Miller in the chapter of amplifiers of radiofrecuency
class A in low level. Here we will take advantage of those concepts like fictitious capacity; or said
otherwise that magnify the voltage Vg virtually.

The implementation following sample the answer in frequency of an AOV with negative
feedback. Let us suppose that it possesses, internally like it is of waiting, a dominant pole in w1 that
diminishes the differential gain of continuous A

Avwp = Vsall Vip = - Ag/ (1 + slwy)
Ay = Vsal/ Vent = -Ag/ [ (1 +sloy) (1 +slwy) +s Agluy ]
Wy = 1/TO :1/Roco



being in low
A, ~ -Ag/ (1 +sAgluy)
and in high

A, ~ -Ag/[ (1 +slwy) +sAglag] = wy /s (1+s/Agwy)

.LE: |
&
]

Woi by

what determines us an integrative almost perfect, because the Bode begins with a dominant pole of
chain closed in wy/Ag —w, are of some few cycles (radians) per second.

Next we draw a typical circuit that we will design. The TBJ is taken charge of producing the
discharge and the atenuator of synthesizing for Thevenin the necessary Vy and R. This way, the
behavior equations are

Ro = R1/IR,

Vo = Vee R2/(Ry+R2)

Ventmax = les Rg +0,6

Vsal = Ayp Vo (1+Rg/Renp) (1-eTM)
T = Awp Co Ro//Renp ~ Tok
k=Ap=~A)>1

Uy = Voe '™/,

ey = 1-e ™M ~ [vgmy/Vol/k
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and conceptually
Vsa ~ Col[ ot (Vo/Rg) ot = (Voltg) t
Design

Be the data

T =... Ventmax Vsalmax = =+ €y(T) = -

We choose an AOV with entrance to JFET and we obtain of the manual

iVCC = ...
AO - ..

and a capacitor of low losses
CO =...
Of the precedent formulas we obtain then

Vo = Vsamax/ Ao €y = -
= Vo T/ Cq Vsaimax =
Rl = RO VCC/VO = ...

< R1Rg/(R1-Rp)

Py
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We adopt a TBJ with a collector current that discharges quickly to the condenser
ICZ =.. >> CO Vsalmax /T

and of the manual we obtain



B

for that that

Rg ~ B (Ventmax - 0.6 -lca Ro+Vp) /gy = ...

Current generators

Current type for simple ramp

Calls of simple ramp, to the inductors when they are applied a continuous voltage they load

their magnetism in an exponential way

lp = Vo/Rg (application Norton to the Thevenin)
isal = lp (1-e V10)

To = Lo/Cq

Uy = loe 0/t

eyr = 1-e M0 ~iggmy /1o
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These behaviors are studied in the chapter of relaxation oscillators when seeing inverterrs and
converters. What we will add here is their operation curve that, to be to constant current, they
possess the form of the following figure and therefore, when being disconnected, they generate a

voltage according to the law of Faraday

AV = LA'C/At = LVO/ROTO
wp ~ 1/(LoCp)t2



'U'n.l'Rn' et ~ A
! IC r—y
| L g

AVp---

OH —3 OFF

7 Yy

1
1
] :mn
'u‘up----%

or, for their precise calculation, keeping in mind the properties of the oscillations, we should use
Laplace

T(S) = VCO /av DT(w)D ej d(w)
Vents) = T(s) (AV /)

Ventty = L'l[Vent(s)] = kjAV e VT sen (wy + Ot
wp ~ 1/(LoCp)l2
T = k2 L0/ RO

and that we omit their analysis, since besides being complex, it is not very practical because in the
experiences it is always very variable their results due to the alineality and little precision of the
parameters. It will be enough for the designer to take the worst case considering the protection of the
TBJ like

Vceo > Vo +AV
The following implementation eliminates the overvoltage, since the diode impedes with its

conduction that the Vg increases above Vc+ 0,6. On the other hand, in the conduction of the TBJ
this rectifier it is in inverse and it doesn't affect to the circuit.
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If what we look for is a ramp of magnetic flow ¢, that is to say of direct line of current for the
coil, and having in all that the circuit in such a way has been designed that the surges don't affect,
then we can observe that it has more than enough the same one the voltage it has the form of a
continuous (due to Lg) more a ramp (due to Rp). The idea then, like sample the circuit that continues,
is to synthesize this wave form in low level and to excite to the inductor of power with complementary
exit. Calling v|_to the voltage on the inductor and i, the current in ramp the one that circulates her, is

iL = Kt
vL = RoiL+L06i|_/6t = KRot +KLO =K(R0t+|_o)

CC
.-..-UL
.-..-UL
+ —
e
—HEH
u+ Lommoo-d
L . i
IL L
Ly R
LU | T
N i
_UCC

Current type for parallel efficiency

Applied for deflection circuits in television yokes, the configuration following sample an
ingenious way (there are other forms, | eat that of efficiency series for example) of creating on the
inductors a ramp current and hooked with the synchronism pulses. It takes advantage the own
oscillation between Ly and C;.
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DIGITAL SYNTHESIZER

At the moment the makers of waves are carried out satisfactorily by the digital
implementations. The following outline shows a possible basic approach of synthesis. The entrance of
frequency will provide exits that are pondered by the amplifiers G selecting the wave form that is
wanted; the result will be an exit of frequency 32 times minor that that of the entrance and with 32
resolution levels.

I|III...E"“—.. CK Q2 jj > G: . ¥ sal
a4 ﬁ‘) i
N/

%‘_,_r’ %{,—r"

Contador binario Safeccion de fa
forma de onda

Design

An interesting implementation is the one that is shown next. It has designed it to him so that it
makes a sine wave with 16 levels for hemicile, and feasible of to change their frequency or to also
sweep very comfortably it, in the whole range of frequency that they allow the integrated circuits.
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Chap. 17 The Transistor in the commutation

The TBJ in continuous

The TBJ with pulses

Times of ignition and off
Product gain for wide of band

The TBJ in continuous

Let us suppose to have a circuit like that of the figure

The following characteristics show their straight line of their operation when the TBJ is small
and it commutes it to him of the cut A to the saturation B. When using bigger power will change the
magnitudes, slopes and constants of the curves a little
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The behavior equations are the following in the saturation

Vees = Vecs + Vees ~ 07
VCES -~ 0,1
Vees ~ 0.6

lgs ~ (V1-Vees)/Rg = lgsmin
lcs = (Vec-Vees )/ Re~ Vec/Re ~ Blgsmin

ICS

1
IQI(_j- Vees —M—
|;1 'cs |Q 'cs
s

)

and where it can be observed that the TBJ in this state can be simplified to a simple diode (junctures
base-emitter and base-collector in derivation), where it becomes independent the collector of its base
and the B it is no longer more amplifier.

The TBJ with pulses

Times of ignition and off

When the frequency of the pulses becomes big, that is to say of some KiloHertz in TBJ of
power and newly after dozens of KiloHertz in those of low power, the capacitances characteristic of
the junctures base-emitterr and base-collector impede a correct pursuit of the sign. For that reason
we study the ignition here and off of the transistor.

We will generalize the situation arming an experimental circuit as that of the previous figure and we
will call times of ignition and of to



Tene = T + T time of ignition

Tapa = Ta * T¢ time of off
T, time of delay
T time of ascent
T, time of storage
Tc time of fall
‘g
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We can have idea, and we stress this: only an esteem of these magnitudes, if we make
certain simplifications. For example if we consider

——— el ————

e

— the idealization of the entrance curve as it is shown in the figure (ry'e ~ N11emed)
— that the parameters Cy, Cp, and B they don't change with the polarization point
— rejecting the C,

in their defect, the dispositive will be experienced.
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But if we accept them, then, during the time of delay T, the equations are completed

Vpery = - Vo + (V1+Vp) (1-e0r) < 0,6

ic(t) =0

bty = (Vg - Voey) / Re = (V1+V;) eV0r/ Ry
Centr = Cpe * Cpec

Tor = ReCentr
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what will allow to be defined

Vber) = 0.6
T = Tor IN[(ViHVy)/ (V4-06)] = T In (1+ VoVy)

During the time of ascent 15 these other equations are completed (with to the help of the
pattern 1)

Voet-tr) = Voettr) t 0,6 = (V1-0,6)(1-etw)V0s)/(1+Rg/hijemeq) + 0,6 >
0,6 ic('[-r n - BVb’e(t-r r Ih1temed = B(V1-0,6)(1-e®S)V0s)/(Rg+hjjemeq)> 0
bty = Vg(trn - Vbetr nl/Re = (V1 - 0,6) {1 - [(1 - e-(tT9)108) / (1+ Rg/hy1emed)] } / Ri



Cents = Cpe + Cpec (1 +BRc/N11emed)
Tos = Re//M11emed Cents
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what will allow to be defined

ice-tr) = es) = B(V1-0,6)(1-e™)V08)/(Rg+hjjemeq) = 0.9 Ics
Ts = Tps In { 1+ [ 0,9 IBSS (RB+h11emed) / (O,6'V1) ] }_1 = Tos In (l_VCCRB/B Vch)_l

Now, during the time of storage T,

Vbett3) = Vbert3)t 0.6 =

= Vpggs - [(V210,6)(1+ Rg/hy1emed) 2+ VeEes - 0,6)] [1 - ex(t3)/103] > 0,6
ictt3) = lcs> 0
bt3) = [ Vgt3)Voe(tt3)] / Re =

= {[(V2%0,6)(1+Rp/h11emed) 1+VgEs-0.6)] [1-e-(t13)/108] - Vgeg - Vo } / Ry
Centa = Cpe + Cpe
Toa = Re//h11emed Centa
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allowing us to define

Vbea-13) = Vbe(ra) = Vees - [(V2+0,6)(1+ Rg/h11emed) *+Vaes - 0,6)] [1 - eT@/10a] ~
~ 0,6 +lcs hitemed/P
Ty = Topa IN{llgss+(V2+0,6)/(Re+h11emed)] / [lcs N11emed/B +(V2+0,6)/(Rg*+h11emed)]} =
= ToaIn[(V1+Vy /(Va+VcecRe/BRe) ]

Lastly, during the time of fall t. they are (with to the help of the pattern m)

Vbe(tt4) = Vbetta)t 0.6 =
= Vpe(ta) - [(V2+0,6)(1+ Rg/M11emed) ™+ Vpe(ta) - 0,6] [1 - et14)10¢] > 0,6

ipt-ta) = (Vg(t-t4) - Vbe(tt4)) / R =
{ [(V2+0,6)(1+ Rg/h11emed) ™+ Vbeay - 0,6] [1 - &0 -V, -vpe iy} / Rg
ict-ta) = B [Voe(tta) - 0,6] / h11emed =

= B{Vpe(ta)"0,6-[(V2+0,6)(1+ Re/h11emed) Ve ta)-0,6] [1-6-4T0C Ny 1 g yeq > O
Centc = Cpe * Cpe (1+ BRc/N11emed)
Toc = Rp//h11emed Centc
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Rgt M 11emed

what will allow us to obtain finally (with IgsgRg = V5)

ic(t5-t4) = lcrc) =

= B{Vpe(t4)0,6-[(V2+0,6)(1+ Re/N11emed) T +Vhe(ta)0,6] [1-€ 10T hy 1 gmeq =
0,1 Ies
Tc =Toc In[0,1 + Iggs(V2+0,6)(1+ Rg/h11emed) 11t = Toc In (VecRe/BRCV2)

Product gain for wide of band

Having present that commutation means square waves and with it a certain spectral content,
another analysis of the TBJ is sometimes preferred, that is: their response in frequency. This is made



their product gain for wide of band PGB that is considered it in practically constant. The equations
that they manifest these studies are the following in the common emitter

Zgng = 1/ hi1emed™® + 8 (CpetChc) ] = 1/ (Cpe+Chy) (S + wg) ~ 1/Cpg (s + wp)
wg = 1 I'M11emed (CbetChe) ~ 1/ h11emed Che

o ey e
L J_ LI]L"
LI — l'c Cbe h11emeBdE
T e
Zeng 0,6 B g

and in common base

Zeng = 1/ (1+B) h11emed™ + S Chel = 1/ Cpe (s + wy)
= (1+B) / h11emed Cbe ~ B/ N11emed Che
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and being
= B/(+p) ~ 1
it is finally (it calls transition frequency from the TBJ to wy)

PGB = o = Bwg = 0wy ~ 0y
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Chap. 18 Multivibrators

GENERALITIES
SCHMITT-TRIGGER
Generalities

With TBJ

Design

With AOV

Design

Con C-MOS
BISTABLE
Generalities

With TBJ

Design

With C-MOS
MONOSTABLE
Generalities

With TBJ

Design

With C-MOS

Design

With the CI 555
Design

ASTABLE
Generalities

With TBJ

Design

With AOV

Design

With C-MOS

Design

OCV and FCV with the CI 555
Modulator of frequency (OCV)
Modulator of the width of the pulse (PCV)
OCV with the 4046
Design




GENERALITIES

They are known with this name to four circuits with two active components that, while one of
them saturates the other one it cuts himself, and that they are, that is: the Schmitt-Trigger (amplifier
with positive feedback), the bistable, the monostable (timer) and the astable (unstable or oscillatory).

Their names have been given because in the electronic history to work with square waves,
that is to say with a rich harmonic content or vibrations, they are circuits capable of "multi-vibrating"
them.

When a stage excites to the following one, speaking of the TBJ, small accelerating
condensers Cg is usually incorporated for the flanks. Their design approach is the following
—although the best thing will always be to experience it in each opportunity— giving balance to the
bridge

Rg/SCent = Rent/SCp
then

Cg = CenRent / Cent
Vp = Vrc/ (1 + Rp/RenT)

SCHMITT-TRIGGER

Generalities

As it was said, it consists on an amplifier with great positive feedback in such a way that their
exit, obviously, it can only remain in a single state. When it gets excited it it will change forcibly but
then when passing the sign it will return immediately to the rest.

It is characterized by not having to their exit oneself road in their changes, calling you to this
"unconformity" like hysteresis always making the "good" use that had characterized to the words of
the electronics.

With TBJ

The following one is a possible implementation. It must be designed at Q; cut and Q,
saturated it —is to say in rest. When the second it saturates the equations of the circuit they are



Rg >> R¢

les2 ~ lcs2 ~ Vec/ (Re + Rp)

lgs2 ~ (Ve -0,6-1Igs2 Re)/Rg = [VecRe - 0,6 (Re +Rg) ]/ Rg (Re + Rp)
Vsal = les2 Re ~ Ve / (1 + Re/Rg)

Vl = IESZ RE + 0,6

zona do
T amplificacion
finaaf

while when cutting it will be guaranteed himself the saturation of Q1. This way, if we apply Thevenin
ky = Rsp/(Rs1 + Rs))
k, = Re/(Rc+ Rg)
Rss = Rs1//Rsy = K1 Rgg
REE = RC//RE = k2 RC
lgs1 = (kqVee -koVec-0,6 )/ (Rss + Reg)
lcs1 = (Vee-lgsi Re) / (Re + Rg)
Vo = lgs1 RE+0,6 = (Icsy +1gsy) Re+ 0,6

that we can simplify with the adoption
lgs1 = lcs1/B
Vy, ~ lcg1 RE+ 0,6
Design
Be the data
Vee =.. Rg = Vy =0 Vy =
We choose a TBJ anyone and of the manual we obtain

B=..



Subsequently, of the previous equations we find for the saturation of Q,

ICsz = (Vl'O,G)/REz...
Re = (Vec/les2) -Re =
lgsz = > lcs2/B

Rg = [VecRe-0.6 (Re+Re) 1/ 1Igs2 (Rc +Re) =... >> Re

and for the saturation of Q

IESl = (V2-0,6)/RE = ...
lgs1 = [les1 (Rc+ Rg)-Vecl/Re = ..

With the purpose of not increasing the equations, we adopt one pre-set that completes the
conditions

lrs2 = ... >> lgs1

RS ~ Vccllez = ...

PRS = VCC IRSZ =... < 0,25
With AOV

The circuit that continues allows an efficient Schmitt-Trigger. As we see in the following
equations, the hysteresis can be designed AV and its half point Vj as positive, zero or negative. If we
apply Thevenin we have left to the dividing resistive R, and R, a reference that we denominate Vggg
in series with the parallel resistive R1//R,

Vrer = Vec (R2-Rp) /(Ra + Ry)
being

k = R1//R2 / (R3 + R1//R2)

V1 = k(Vee-VRrer) + VRer

Vo = - K (VectVRrer) + VRer

Vo = (V1 +V3)/2 = Vger (1-K)
AV = Vl_VZ = ZkVCC
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Design
Be the data
iVCC:"' V1:...>=<O VZ:"'>:<O

We choose an AQV anyone and if for example we adopt

Rl = ...
R4

we will be able to calculate

K= (Vy-V5)/2Vee = .
Vrer = (V1-kVgo) /(1-K) =...

Vo = Vrer (L1-K) = ...

Ry, = Ry (Vec *+ VRer) / (Vee - VRep) = -
(Ry/IRy) (L-K) /K = ...

Py
w
]

With C-MOS

These multivibrators is already designed. Clever to work with positive source among 5 to 15
[V], they present a characteristic as that of the figure



Yzal
SIV] = Vee % 15 [V] Vee
Yent
L] n-t 1]
E+ +sa| + +“sa| | !
40106 4093 -
1
0,4V ' VYoo VYent
é AYcc | cC

BISTABLE
Generalities

It is denominated this way to this multivibrator to have two stable states; that is to say that
when it is commuted one of the dispositive the state it is retained, being able to be reverted then. It is
a double Schmitt-Trigger autogenerated.

It is the fundamental circuit of all the Flip-Flop, and to be excited symmetrically it also
denominates it to him as RS for their two entrances: one eats reset (to put it to zero) and another of
set (to put it again to one). When it uses it to him with asynchronous excitement it responds to the
operation of the Flip-Flop T.

It designs it to him in saturation state to each dispositive. To par excellence be a symmetrical
circuit, one cannot know which active element it will go to the conduction first leaving to the other to
the cut.

With TBJ
A typical synchronous implementation (as Flip-Flop T) we see it in the following figure. The
small condensers in the base resistances are necessary, | don't only with accelerators of flanks, but

as the most important thing, that is: to collaborate with the transition with their loads cutting the one
that was saturated.
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Design

Be the data

VCC = .. RC = .. T1= T2 = ..

We choose the transistors and with the fact

ICS = Vccl RC = ...
we obtain of the manual

B=..
what will determine us

RB =... > B (VCC- 0,6) / ICS

So that the managing circuit of shot doesn't affect the calculations we design

RO =.. >> RC
and we verify that the one couples it discharges their load in the hemicicle (the sign of having entered
ago to commute that is to say for court of the TBJ that is saturated, with the descending flank of the
entrance voltage), because if it is very big it can shoot it several times when entering the line of the
discharge in the next cycle, and if it is very low it won't shoot it because the distributed capacitancis
will absorb the transitory

CO =.. < 3(T2-T1)/RC

although the best thing is their experimentation, the same as those of the bases Cg.

With C-MOS

We will study it as Flip-Flop RS.

MONOSTABLE

Generalities

Having a single stable state, it commutes for a period of time that we denominate T and,
consequently, it is simply a circuit timer.



With TBJ

The following implementation responds to a monostable coupled by collector. Here Qq are cut
and Q, saturated. When it is shot and it is saturated by a moment to the first one the previous load of
the base condenser Cp it will take to the cut a second until it is discharged and, in fact that time, is
that of the monostable.

The behavior equations for this design are, when being in rest
Rg >> Rc
lcs ~ Vec/ Re
lss ~ (Vcc-0.6)/Rg
and when it cuts Q,
Vpz = - (Ve - 0,6) + (2V¢c - 0,6) (1 + e VRBCE)

in the transition

0,6 = - (VCC - 0,6) + (ZVCC - 0,6) (1 + e'T/RBCB)
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Design
Be the data
Vee =. R =... T=..
We choose the transistors and with the fact

ICS = VCC/RC = ...



we obtain of the manual
B=..

what will determine us

RB =.. > [3 (VCC- 0,6) / ICS
We calculate the condenser finally

Cg = T/RgIn[(2Vee-0,6)/ (Vec - 0,6)] = ...

With C-MOS

There are already integrated circuits C-MOS dedicated to such an end. The following,
discreet, shows a possible timer monostable just by half chip. It will be, logically, more precise if it
implemented it to him with C-MOS of the type Schmitt-Trigger changing the NOR for NAND and the
polarity of the shot. It has incorporated a previous reset for the capacitor of 100 [nF] and the resister
of 1 [MQ)].

When shooting the circuit, that is to say when it is achieved that the exit of the NOR pre-
excitatory falls to zero, the condenser will take to the cut to the second NOR maintaining this state
until, "seeking" the condenser to arrive to V¢, in the threshold of conduction of this second NOR this
will drive and everything will return to the rest. The equation that it manifests then the period is

Vy = Ve (- e-t/ROCO)
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of where

0,7 Vee ~ Ve (1-eTRC)
T ~ RC

Design



Be
T=..< 2000([seg] Vg =...

We simply choose the condenser (for electrolytic to use of grateful mark because the normal losses of
a MegaOhm or less) and a source according to the width of the entrance pulse

Coz
15 VCC= e 2 V0/0,7

\Y

and with it (to avoid resisters above the MegaOhm if we don't want to keep in mind the losses of the
condenser)

Ro"‘ T/CO =.. < ZO[MQ]

With the CI 555

The integrated circuit 555 possess a structure that allows, among other, the simple and
efficient implementation of a multivibraor monostable. Subsequently we draw their circuit. In him the
logical combinational of the Flip-Flop RS activated by level determines, before the openings of the the
AOQV, the load of C. Then it is canceled being discharged to constant current by the TBJ. Their
operation equation is the following one

Vy = VCC - e-t/ROCO)

Vee
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2 Vcc /3 = VCC (1 - E'T/RC)
T -~ l,l ROC0

Design
Be
T=.. < 2000 [seq]

We simply choose the condenser (for electrolytic to use of grateful mark because the normal
losses of a MegaOhm or less) and a source according to the width of the entrance pulse

CO=
15 VCC: . 2 V0/O,7

\

and with it (to avoid resisters above the MegaOhm if we don't want to keep in mind the losses of the
condenser)

Ro~ 091T/Cq =.. < 20[MQ]

ASTABLE
Generalities

Being their unstable state, it consists on an oscillator of pulses. It designs it to him with two
amplifiers inverters and two nets, usually RC, that will determine a relaxation.

With TBJ

The circuit shows a typical multivibrator astable coupled by collector. The graphs and
operation equations are the same ones that the monestable studied previously. This way, for rest

Rg >> Rc

lcs ~ Vec/ Re
lgs ~ (Vcc-0.6)/Rg



Re Rg Rg R¢
Yzal
Cp1 Cp2 ;
Yzal
Ve
77

and when one of them is cut
Vp = - (Vec - 0,6) + (2Vec - 0,6) (1 + eVRECB)
and in the transition

0,6 = - (VCC - 0,6) + (2VCC - 0,6) (1 + e'T/RBCB)

Design
Be tha data
Vee =o. Rg = Ty=. To= .
We choose the transistors and with the fact
lcs = Vee/ Re = ...
we obtain of the manual
B=..
what will determine us
Rg =.. > B(Vee-06)/lcs
We calculate the condensers finally

CBl = Tl / RB In [(ZVCC - 0,6) / (VCC - 0,6)] = ...
(T2-T1) / RB In [(ZVCC - 0,6) / (VCC - 0,6)] = ...

Cg2

With AOV



A simple implementation is that of the figure. It consists on a Schmitt-Trigger with reference
null Vgeg. The capacitor is loaded to the voltage of exit of the AOV, that is to say + V¢, but it
commutes when arriving respectively at V, or V,. Their fundamental equation is the load and
discharge of the condenser

Vy = - VZ + (VCC+V2) a+ e't/ROCO)
of where

Vi = - Vo + (VeetVy) [1 + e(T72/R0CO]
T = 2ROC0 In [(Vcc+V2) / (VCC_V].)] = 2R0C0 In [(1+k) / (1'k)]

Rg
T
Ysal
v x+ +
p—
R
Cy 2
|

Design

Be the data

k =.. < 1 (itissuggested0,1)
and we calculate

R
Ro

Ry(1-K)/k =..
T/2Cq In [(1+k) / (1K)] = ...

With C-MOS



The same as the circuit with AOV, takes advantage a gate Schmitt-Trigger. Their equation is
Vy ~ 0,6Vie + a+ e't/ROCO)
of where

0,2Vee ~ 0,6Vcc + (1 + e T/2ZROCO)

T - 0,4 ROC0
Rg
Ysal
+
ot 4[:}0__.
* Yzal
Cy Yoo
T 40106 T
7
Design
Be the data
T=..

We choose a 40106 or 4093 uniting the two entrances and we adopt
CO = ...
what will allow us to calculate

Ro = 2,5T/CO = ..

OCV and FCV with the Cl 555

Returning to the integrated circuit 555, this allows us to control their work frequency with the
configuration astable; in a similar way we can make with the width of their pulses.

Modulator of frequency (OCV)

The following circuit represents a possible implementation like Controlled Oscillator for
Tension (OCV) continuous variable. The diode Zener feeds the TBJ producing a constant I and with
it a ramp in Cy of voltage that it will be discharged generating the cycle to rhythm of the continuous



Vent quickly. Their period is given for

T = [RgCo/2(Vz-0,6) ] Vent

Yoo
+
vz * Rg
- 4 8
2 555
ll Yzal
c ’:E "+
7 3—=
Yent
+
» 5
1

Modulator of the width of the pulse (PCV)

The following circuit represents a possible implementation like Controlled Phase for Voltage
(FCV) continuous variable. In a similar way that the previous circuit, the 555 facilitate this operation. If
we call AT to the width of the pulse in the period T, they are

T = 0,7 R]_Cz
AT = [RgCo/ 2 (V- 0,6) ] Veny

Veg
"%
Yz Rg
B 4 8 R4 [] 4 8
2 2
l teal
Ic e s = ’:E 555
7 3= 7 3
Yent
+
[ 5 5
1 1
c
Rﬁq %o 10 01

OCV with the 4046

As all C-MOS, their alimentation will be understood between 5 and 15 [V] for its correct



operation. This integrated circuit possesses other properties more than as OCV, but due to its low
cost, versatility and efficiency has used it to him in this application. Their basic equation is a straight
line

fsal = fmin + 2 (fo - fmin) Vent/ Vec
fo = (fnax * fmin) / 2

Yee
Vent v Tzal
=al
16
-: 9 4 _: Tax ¢--------
4046

(]

M 125 8 Tmin 4

M| Rq R,

[9

Veer2 Yoo Vent

For their design the typical curves are attached that the maker offers. A first of rest (zero) in
fmin. @another of gain at fy and a third of polarization

min
[Hz]
108 Ry 1K Vot = 0IV]
5| [y "0K
10 . Ta=25[°C]
4 ]
10
1n3
2 15
10 \ 5 .
10 R 155 Vee
. 15 M
5
1
5 4 3 -2 A
10° 10 100 10 10 C1
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[Hz]
107 | Ryq )
10 m ™
4 - Ty = 25[C]
10
3
10
2
15
10 :
10 Y Vec
1 15 [V
A 5
10 :
5 4 -3 -2 -
100 10 100 10 10 C1
[gF]
Tmax /Tmin |
100 15 Yoo |

/ 5 vl
10 ,

0.01 0,1 1 10 100 Ry /R

Design

Be the data

fmax =+ fmin

We choose a polarization with the abacus of rest

VCC = ...
R2 =...
Cl = ...

and then with the third

fmax ! fmin =
(R2/ Rl) = ...

Rl = RZI(RZ/R].) = ...




Cap. 19 Combinationals and Sequentials

GENERALITIES

FLIP-FLOP

Generalities

Activated Flip-Flop for Level
Flip-Flop RS

Flip-Flop JK

Flip-Flop T

Flip-Flop D

Flip-Flop Master-Slave
Accessories of the Flip-Flop
COUNTERS OF PULSES
Generalities

Example of Design

DIVIDERS OF FREQCUENCY
Generalities

Asynchronous

Synchronous

Example of Design
MULTIPLIERS OF FREQUENCY
Generalities

Example of Design

DIGITAL COMPARATORS
REGISTER OF DISPLACEMENTS
MULTIPLEXER AND DI-MULTIPLEXER
Design of Combinationals Nets with Multiplexer

GENERALITIES

A net combinational is that that "combines" gates AND, OR, Negators and of the 3° State. A
sequential one is this same one but with feedback. In the exits we will prefer to call to the states
previous with small letter () to differentiate them of the present ones that it will be made with a capital
(Q), and those of the entrance with a capital because being present, neither they changed during the
transition (x = X).
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FLIP-FLOP
Generalities

Being the Flip-Flop the basic units of all the sequential systems, four types exist: the RS, the
JK, the T and the D. AND the last ones three are implemented then of the first —we can with anyone
of the results to project the remaining ones.

All they can be of two types, that is: Flip-Flop activated by level (FF-AN) or Flip-Flop master-
slave (FF-ME). The first one receives their name to only act with the "levels" of amplitudes 0-1, on the
other hand the second it consists on two combined FF-AN in such a way that one "controls" to the
other.

Activated Flip-Flop for Level

Flip-Flop RS

Their basic unit (with gates NAND or NOR) it is drawn next and, like it acts for "levels" of
amplitudes (0-1), it receives name Flip-Flop RS activated by level (FF-RS-AN). When this detail is not
specified it is of the type Flip-Flop RS master-slave (FF-RS-ME). Their equations and operation table
are

Q = S+gR*
RS =0
$ a R a R[] [@
—r ol—
FF-RS 0/0) 19
AH 01| |1
Qx Q* —5 * 1'] l]
R 5 @ 11] |*
Flip-Flop JK

Their basic unit it is drawn next and, like it acts for "levels" of amplitudes (0-1), it receives name Flip-
Flop JK activated by level (FF-JK-AN). When this detail is not specified it is of the type Flip-Flop JK
master-slave (FF-JK-ME). Their equations and operation table are



Q = Jgr+Keg

J(K| [@

— 1 Q_
FF-JK 0|0 [q
AH nf1] |0
— K o — 1(0f (1
101 |97

Detail of its logical making is given starting from the FF-RS-AN.

R[] [@ rR[s[a] [@ qja [r[s 1JK[a] [o] [r[s
o[o] [q ojo[o] [o ojo[ [x[o o o[ofo] [0 [X[0
o[1] [1] " [oo[a] [1] ™" [o[a[ [o)a e ofo[1] [1] [o]x
1]0] o oj1[o] [1 1[0] [1]0 o[1[0] [o] [=[o
1] [x o1[1] [1 1]1] Jo]x o[1[1] [o] [1]o
1{o]o] Jo JIK[ |@ 1[ofo] [1] [of4
1]0[1] [0 1]0[1] [1] [o[x
11]0] (X olo] [a 1(1(0] [1] [o]1
11[1] [ o[1] [0 1[1[1] [o] [1]o

1]0] |4

1(1] |97

and if we simplify using Veich-Karnaugh for example
J J

K (of1]1]x K [1fofo]o

ojo|ofx 1| %[ %|0

Tablade R Tablade §

R = Kqg
S=Jqg*
it is the circuit
L o
Q*

—

Flip-Flop T




Their basic unit it is drawn next and, like it acts for "levels" of amplitudes (0-1), it receives name Flip-
Flop T activated by level (FF-T-AN). When this detail is not specified it is of the type Flip-Flop T
master-slave (FF-T-ME). Their equations and operation table are

Q=T0Oq
T a T @
FF-T
AN q
o — 1] a9}

Starting from the FF-RS-AN this FF-T-AN can be designed following the steps shown
previously, but it doesn't have coherence since when being activated by level it doesn't have utility.

Flip-Flop D
Their basic unit it is drawn next and, like it acts for "levels" of amplitudes (0-1), it receives name Flip-

Flop D activated by level (FF-D-AN). When this detail is not specified it is of the type Flip-Flop D
master-slave (FF-D-ME) commonly also denominated Latch. Their equations and operation table are

Q=D
|0 e[— Dl |@
FF-D
AH
o — 1] [1

Starting from the FF-RS-AN this FF-D-AN can be designed following the steps shown
previously, but it doesn't have coherence since when being activated by level it doesn't have utility.

Flip-Flop Master-Slave

All the four FF-AN can be implemented following the orders from a FF-D-AN to their entrance
as sample the drawing. The FF-D makes of latch. Each pulse in the clock will make that the sign
enters to the system (as exit of the FF-D-AN) and leave at the end following the FF slave's table of
truth. This way, if the slave is a FF-X-AN, the whole group behaves as a FF-X-ME —here X it can be
a FF or a complex sequential system.
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Accessories of the Flip-Flop

The Flip-Flop, usually and if another detail is not specified, they are always Master-Slave, and
they usually bring other terminal like accessories. We name the following ones:

— Reset putsto 0to Q
— Set putsat1ltoQ
— Clock

— Inhibition inhibits (it doesn't allow to happen) the sign entrance

COUNTERS OF PULSES

Generalities

They are systems of FF in cascade and related with combinationals nets in such a way that
count, with a binary code anyone predetermined (binary pure, BCD, Jhonson, etc., or another
invented by oneself) the pulses that enter to the clock of the system. This way, if all the clocks are
connected in parallel or not, the accountants are denominated, respectively

— synchronous
— asynchronous

and we will study to the first ones.

The quantity «M» of pulses to count (including the corresponding rest) it is related with the
number «n» of FF to use by means of the ecuation

2-l< M < 20
Example of Design
We want to count the pulses of a code, for example the binary one natural until the number 5;

that is to say that starting from the pulse 6 the count will be restarted (auto-reset). Indeed, we can
choose the minimum quantity of FF to use (and that therefore they will be used)



M =
on-1 <

6

M<2" O n=3

We adopt the type of FF that we have, subsequently for example the RS.
Now we complete the design tables

——
rR[s] Jo r[s[a] Jo alo] [r[s c| [alala alalal [rls] [r[s| |R|s
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We simplify the results, for example for Veich-Karnaugh

R0=

R, =
S, =
R, =
S, =

d1*dz

= 0102

4192
do*d1*d2
a2

qx*

and we arm finally with her the circuit
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bIVIDERS OF FREQCUENCY

Generalities

R 0
CK

*




They can be made with asynchronous or synchronous counters.
Asynchronous
Subsequently we see an asynchronous divider of frequency manufactured with a FF-T

(remembers you that a FF can be manufactured starting from any other FF) that possess the property
of taking out a pulse for each two of entrance. For it the last division is

1
T @ T o T of—*

Pent I
— Jcx CK cK

Q* Q* Q*

Wsg = Went 2"

Synchronous

Example of Design

Now then, let us suppose that we don't want to divide for a number 2" but for any other. For
we use it the synchronous counter. When the quantity of pulses arrives to the quantity M, it will be
designed the last FF in such a way that changes the state detecting this way with this the division.
Following the project steps as newly it has been exposed when designing an counter anyone
synchronous, we can achieve our objective.

Let us suppose that our fact is to divide for 3. We adopt, for example a FF-JK and then, with
the previous approach, we design it in the following way

M=3
2l<M<2n 0 n=2

sal ¥
1
c| [alal Jalaf [4]k] [4]k
K[ {91 Jo[a[ ][00 ]1/1
J o J Q
o [ofo] Tofa] Ta]o] T1]1
estados (41 Tg[o] [1]0] [1]1] [1]4 CK CK
rodupdantos 3 o1 ol 1 110 _— Ko
I EY I 1 T E B E3 B ES B [_
Dant




MULTIPLIERS OF FREQUENCY

_Generalities
They can be made with a Phase Look Loop (LFF) and a divider for M that is in the feedback
—M is the accountant's pulses like it was seen precedently. Being hooked and maintained the LFF,

the internal OCV will maintain the we,; multiplied by M. This way then , the output frequency will be a
multiple M of that of the entrance

Wsg = Wocy = M Went

Deant o

1 sal

M

'm

=al

Example of Design

Let us suppose that one has an entrance frequency that varies between a maximum fonymax
and a minimum fgnmin, @nd it wants it to him to multiply M times

fentmax -

fentmin -

M =..

The circuit following sample a possible implementation. To design the OCV it should be
appealed to the multivibrators chapter with the data

= ... < fentmin
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The net RyC of the filter is suggested that it is experimental, although it can be considered its
constant of time in such a way that filters the detected pulses

To = RoCo = ... >> 2 Tentmax = 4/ fentmin
The maintenance range RM will be

RM [Hz] = M (fyax - fmin) = > fentmax = fentmin

DIGITAL COMPARATORS

Two digital words (bytes) will be compared A and B of «m» bits each one of them according to
the classification

A = Am Al AO
B = B, ..By B

with «m>» the bit of more weight

A>B - A B*
A =B - A+ B*
A=B - (A O B)*
A <B - A* + B
A<B - A* B



A A A A A
B[o[0 E[1]0 B[1]0 B[1[1 B[0]4
1[0 1[1 01 01 (L
A A A A A
B~ 01 B~ 01 B>~01 B~ 01 B> 01
0 ] 0 0 ]
1 1 1 1 1
A>B AZB A—BE ASB A<B

Indeed, to determine the case of equality it will be enough to compare each one of the bits
respectively with gates OR-Exclusive

(A=B) = (A 0 Bp)* ... (A0 By)* (Ag O Bo)*

AITI
S

)
)

To explain the detection of the difference in excess or deficit we will use an example. Be m =
2 and being A > B; then just by that the bit of more weight is it it will be enough

A, > B,
or

A2:BZ Yy A1>Bl
A=By, 'y A1=B1 y Ag>Bg

what will allow to arm the net following

(A>B) = (A>By)+(A2=By)[(A1>Bg) + (A1 =B3) (Ag>Bgp) -
- ABy* + (A O Bp)* [A1B1* + (A U By)* + AgBp* ]
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{A=B) (A >B)

1]

C—y {(A=B) {A=B) A>B [A=B | | A<B
B

—

| |
i | i [ |
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and of the table

(A<B) = (A>B)*(A=B)* = [(A>B)+(A=B) [

REGISTER OF DISPLACEMENTS

They are chains of FF-D in cascade fed synchronously, in such a way that for each pulse in
clock the digital information goes moving of FF in FF without suffering alteration —to remember that
the table of truth of the FF-D it allows it. Their output can be series or parallel.

Salida paralelo

Entrada
informacion
—0p Q 1] Q ---710 Q

Safida sotie

CK CK ---dck

Q* Q* Q*

Clock

MULTIPLEXER AND DI-MULTIPLEXER

It consists on a digital key and, for this, it can be to select (multiplexer) or reverse (di-
multiplexer).

Their diagram like multiplexer offers in the drawing, where we have called with «g» to the

number of channels and «p» to the number of selection entrances —combinations that will select
them. It will be completed then that

2P =q
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Design of Combinationals Nets with Multiplexer

It is useful the design this way and not in discreet form because many gates and
complications are saved in the circuit. But clearing will be that same they are inside the sophistication
integrated by the maker the multiplexer.

F
MULTIPLEXOR {88, ... )
RED COMBINACIONAL || D FI—
0 —of I E
A, B,

Let us suppose like fact to have a function anyone F g c) (chosen at random) like sample the
following table that we will design.

AlB|C| |F
L L
ojof1] |1
oj1(0| |0
011 |1
1|000] |0
1(0(1] |1
11]0f 1
11(1] 1

Firstly we choose a multiplexer of the biggest quantity in possible channels because this will



diminish the additional gates. Let us suppose that we have obtained one of 2 selections (p = 2) that
will be enough for this example. Subsequently we arm the table like it continues and then we simplify

their result for Veich-Karnaugh.
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Chap. 20 Passive networks as adapters of impedance

Generalities

Parameters of impedance and parameters of propagation
Characteristic impedance and iterative impedance
Adaptation of impedances

Function of the propagation

Generalities

Symmetrical and disadapted network

Asymmetrical and adapted network

Adapting network of impedances, disphased and attenuator
Design attenuator

Design disphasator

Design attenuator and disphasator

Generalities

Let us have present in this whole chapter that, although the theoretical developments and
their designs are for a single work frequency, it will also be able to approximately to become
extensive to an entire spectrum if one works in short band; that is to say, if it is since the relationship
among the half frequency divided by the band width is much bigger that the unit.

On the other hand, the inductances and capacitances calculated in the designs presuppose not to be
inductors and capacitors, that which will mean that, for the work frequencies their factors of merit
reactivate Qgef they are always much bigger that the unit.

Parameters of impedance and parameters of propagation

It is defined the parameters of impedance Z from a netwoek to the following system of
equations

Vent = lent Z11 + lsal Z12
Vsal = lent £21 * lIsal £22

those of admitance Y

lent = Vent Y11 * Vsal Y12



isal = Vent Y21 + Vsal Y22
and those of propagation (or transmission y)

Vent = Vsal Y11 - lsal Y12
lent = Vsal Y21 - lsal Y22

+ + +
Yg —=Yant Yoal =—
b= - |
1 1
1 1
Zem Z zal

that if we interpret to the same one as configuration T

Zyy = Z3+Z3

Z1p= 23

Zy = Z3

Zyy = Zr+Z3

Y11 = (Zo+Z3) [ (212 + 2123+ ZpZ3)
Yio = - 231 (2425 + 2123 + Z573)

Yo1 = -Z31 (2125 + 2123 + Z57Z3)

Yoo = (21 +2Z3) 1 (212 + 2123 + ZpZ3)
Viw = (Z1+2Z3) 123 = Z9512Zp

Yig = (£1Z2p + 2923+ Z373) | Z3 = (241 Zpp - Z12 Z21) | Zp1
Yor = 1123 =112y

Yoo = (Zo+Z3)1Z3 = Zpp1Zp

and where one has the property

M = - Vi1Yo2 + Yi2¥or = -1



Characteristic impedance and iterative impedance

Of the previous network we obtain

Zent = Vent!lent = (VsaYi1 - IsaY12) / (VsaYo1 - isalY22) = (Z1Y11 +VYi2) [ (ZLY21 + Y22)
Zsal = Vsalllsal = (ZgY22 +VY12) | (ZgYo1 + Y11)

and we define characteristic impedances of input Zy; and output Zg, to the network to the following

Zor = (ZoaY11 +Y12) | (Zo2Yo1 *+ Y22)
Zoo = (Zo1Yez +Y12) I (Zo1Yo1 * Y11)

I3=Zm Z,=Zp
+

u
1] —= —
N :
il |
1 1
Im g2

that working them with the previous parameters is

(Z11/ Yll)ll2 = (Zentec ZentCA)ll2
(Zo2 ! Y22)1/2 = (Zsalce ZS&|CA)1/2

Zo1 = (Yi1Yi2 + Yo1Y22) Y2
(V22Y12 * Ya1Y11) Y2

Zo
where

Zentee = ZentcONZ =0+j0
Zenten = ZentCONZ =00 +j0
Zsgicc = ZsaCOnZy=0+j0

Zsaica = ZLsg CON Zy =00 + jo

In summary, if we have a symmetrical network (Z, = Zg1 = Zg»), like it can be a transmission
line, we call characteristic impedance from this line to that impedance that, making it physics in their
other end, it determines that the wave that travels for her always finds the same magnitude resistive
as if it was infinite —without reflection. The equations show that we can find it if we measure the
impedance to their entrance, making short circuit and opening their terminals of the other side.

When the configuration works in disaptatation, we define impedances iteratives of input Z;;

and output Z,, from the network to the following

Zy
Zjp

(Zity11 * Y12) | (Z11Yo1 + Yo2)
(Zi2Yo2 + Y12) | (Z12Y1 + Y11)



L

that they become in

Zy
Zpp

[ (Vo2 -V11) / 2¥o1] { 1 £ [ 1+ [4yioyoq / (Y22 - V11)2 112}
[ (Vi1 -Y22) / 2Vo1] {1 £ [ 1+ [4yioyo1 / (Y11 - V22)2 11V2}

Adaptation of impedances

Remembering that in our nomenclature we call with S to the apparent power, P to the active one and
W to it reactivates, we can find the maximum energy transfer for the following application

SL = iL2 ZL = ng ZL / (ZL + Zg)z
GDSLD/GDZLD= Er\/ng [ 1- ZDZLD/ DZL + ZQD] / DZL + Zng

z, g |S '-|

|S L|ITIﬂH

1
1
1
1
1
|
1
Fy
£

gl |20

expression that when being equaled to zero to obtain their maximum, it is the condition of more
transfer of apparent power in

[z, 0= [Z40
and for the active power
Z = Zy*

that is to say that will be made resonate the part it reactivates of the impedance eliminating it.

Function of the propagation

Generalities



If the apparent power that surrenders to the entrance of the network gets lost something
inside the same one, we will say that

Sent = Vent lent # Ssal = Vsal lsal

and we will be able to define an energy efficiency that we define as function of the propagation y in
the network

ey = (Sent/ Ssal)1/2 = (Sent/ Ssal)ll2DejB =
[ (Vent2Zent) | (VsailZ)) 1Y2 = (Veni!Vsan) (Z1/1Zenp) 2

Y = Y = Y [Neper]+] By [rad]

with
1 [Neper] ~ 8,686 [dB]

calling finally

% propagation function
a attenuation function (apparent energy loss)
B phase function (displacement of phase of the input voltage)

If the network is adapted the equations they are

&Y = (VendVsa) (Z02/Z01)Y2 = (Vent/Vsa) (ZL/Zg)ll2

Symmetrical and disadapted network
Let us suppose a symmetrical and disadapted network now

ZO = ZOl = 202 Symmetry
Zy=2 #2Z; disadaptation to the output

and let us indicate in the drawing electric fields (proportional to voltages) that travel: one transmitted
(vira) and another reflected (v,f). In each point of the physical space of the network, here represented
by Q, these waves generate an incident (v,,c) and then salient (vg,, ) of the point. This way then

Virasat = Viranc €Y

Vrefsat = Vrefine €Y
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and for Kirchoff

krasaL = ltranc

IrefsaL Irefine

finding in this point Q at Z, both waves

Zy = Vyanc ranc = Vrefine / Trefine

determining with it to the entrance of the network
Zent = Vent/!lent = Zo[ (€Y +pyeY)/(eV-p,eV)]
being denominated to p, like coefficient of reflection of the voltages. Now, as
-lsal = (VirasatVrefsa) 1 ZL = (VirasactVrefsad) / Zo
it is
Pv = Vrefsar / Virasau = (ZL - Zo) I (Z + Zp)
consequently, working the equations
Zent = ZoL(ZL+ Zp)eY- (2 - Zo)eV] /[ (Zo + Z)eV + (Zo + Z )eY]
that it shows us that

Vent = -lsal[ (ZL + Zp)eY - (Z - Zg)eV] /2 = vgy Chy -igq Zg Shy
lent = -lisal[ (Zo +Z)eY+ (Zg+2Z)eV]/2Zy = (Vsal/Zp) shy -isy Zg Chy

being able to see here finally

Y11 = chy
Yizg = Zgshy



Y21 = shy/Z,
Y22 = chy

Asymmetrical and adapted network

One can obtain a generalization of the previous case for an asymmetric and adapted network

Zo1 % Zoo asymmetry
Zy1 = Zy adaptation to the input
Zgyp = Z| adaptation to the output

To achieve this we take the system of equations of the propagation and let us divide

Vent/ Vsal = Y11 - Isal Yi2/ Vsal = Y11 - Y12/ Zo2
lent / (isa) = Vsal Yo1/ (Flsa) - Yo2 = Zo2 Yo1 - Yo2

of where (to remember that [y] = -1)

(Ssal ! Send? = [ (Vsal (-isa) / (Vent ient) 1Y =

[ (Vi2Y22)Y2 - (Yi2Yo1) Y2 1/ (YiaVoz - YioVo1) = (VanYo2)V? - (YioYo) V2 =
= chy- shy

chy = (y11v22)'2

shy = (vi2v21)Y2

e’y

We can also deduce here for it previously seen
thy = shy/chy = (Zentee ! Zented ¥ = (Zsaice ! Zsaiea)?
being obtained, either for the pattern T (star) or 1t (triangle), obviously same results

shy = (Z01Z0)¥?1Z3 = Zc 1 (Zg1Z0p)Y?

thy = Zo1/(Z1+2Z3) = Zop/ (Zp+Z3) = 11Zg; (Ya+Yc) = 1/ Zpp (Yg+Yc)
Zo = [(Za+2Z3) (Z1Zy + 2123+ Zp2Z3) | (2, + Z3) |12 =

L/T(YA+Ye) (YaAYg *+ YaYc + YgYo) / (Y + Y¢) |12

Zoy = [(Zo+Z3) (2125 + Z1Z3 + ZpZ3) | (Zy + Z3) |YV2 =

1/[(Yg+Ye) (YaYg + YaYc * YY)/ (Yo + Y¢) 112




Adapting network of impedances, disphased and attenuator

Continuing with an asymmetric and adapted network had that

Zy = (Zoy I thy) - Z3
Zy = (Zop I thy) - Z3
Z3 = (Zg1Zop)V2 I shy

of where the transmission of power through the adapting network will be
Ssal / Sent = e 2y = e-2argsh (201202)/Z3 = [23 /[ (201202)1/2 + (201202 + 232)1/2 ]2

Similarly it can demonstrate himself that

Ya = (Yo1/thy) - Y¢
Yg = (Yoo /thy)-Y¢
Yc = (Yo1Yo2)¥2/ shy

Ssal/ Sent = [ Yc /[ (Yo1Y02)Y2 + (Yo1Yoz + Y212 2
Design attenautor

Be the data for an adapted and asymmetric network

y = o[Neper]+j B[rad] = a[Neper]+j 0 % oy
Ssal/ Sent = _PsaI/Pent =.<1% Ssal(m)/sent(u))
ZO].:ZO].+JO:Rg:"'
202:202+j0=RL:"'

“g — R[” R3 R g2 — RL=R|]2

Pent Psal

The design can also be made with S, /Sep,: > 1, but it will imply in the development some
component negative resistive, indicating this that will have some internal amplification the network
and already, then, it would not be passive.

We obtain the energy attenuation subsequently

a = In(Pgnt/ Psa)t? = ...



and with this

sha = (e@-e®/2 =..
tha = (e20-1)/(e20+1) =...
R; = (RyR)V2/sha = ...
R; = (Ry/tha) - R3
R, = (R, /tha) —Rs

Design disphasator
Be the data for an adapted and symmetrical network

y = oa[Neper]+j B[rad] = 0+j B = By
ZozR0+j02201=202=Rg:RL:...
Ssal/ Sent = Wsai/ Went = (VsallVent)? Zo1/RL = VsalVent = 1 €19

B £ @=..2<0
f=..

_ ix ]
Rg=Ry 1
— L -
+
Yq — Ry i%; Ry — R =R,
1 1
—e .
1 1
v v[®

Of the precedent equations the phase function is calculated

B =-jln (VVent/\NsaI)ll2 = -] (Vent/Vsa)) = -jIne 0= =..

what will determine us

X3 = -Rp/senf =..
Xl = XZ = '(Ro/th)+X3 = ..

that it will determine for reactances positive inductors (of high Q¢ to the work frequency)

L3:X3/(A):...
le L2:X1/(A)=...

or for the negative capacitors

Cs
Cq

-1/ OJX3 = ..
C, = -1/wXy =..



Design attenuator and disphasator

Be an adapted and asymmetric network, where the design is the same as for the general
precedent case where the component reactives of the generator are canceled and of the load with
ng and XLL

VsallVent = Vgg/Vend € 1@

P w

Ssal/ Sent = Ssal(w) ! Sent(w) = Wsal/ Went = (VsallVent)® Zo1/ZL =
= (WsalVentt? Rg/R|) €129

Zo1 = Ro1 = Ry

Zo2 = Rz = RL

Y = Y = Y [Neper]+]j By [rad]

Zg=Rg+iXg|iXgg Z9 Z2 Xy,
— —— .
" + +
Yg Yent Z, Yool Z =Ry +i¥XL
ZpM= Rg anz R

This way, with the data
Zg = Rg+]Xg =
ZL = RL+X =
f=..
WVeaVentll = ... 2 1
@ =.. =< 0 (if the network puts back the phase then f it is negative)

we calculate (the inferior abacous can be used we want)

o = In (VendVsal? R/RG2 = ...

B =-09=..
Z3 = (RgRDY?/shy = (RgR)Y2/ (cosB sha +jsenB cha) = ...



Zy = (Ry/thy) - Z
Z, = (Ru/thy) - Zg

[Ry/ (L +]tha tgB)/ (tha +jtgB)] - Z3
[R./(L+]tha tgB)/ (tha +jtgp)] - Z3

and of them their terms resistives

Ry = Rizy =
R, = Rizy] =
Rs = R[Zs] =

Xy = | [Z4] =
o = l1zy) =
X3 = I [Z3] =

Subsequently and like it was said, to neutralize the effects reagents of the generator and of
the load we make

Xgg = -Xg = oo
XL = - XL

Finally we find the component reactives. If they give positive as inductors (with high Qgs)

Ll = X]_/(l) = ...
L2 = X2/(A) = ..
L3 = X3/(A) = ..

Lgg = Xgg/ @ = ...
LLL = XLL/(*) - ..

and if they are it negative as capacitors

Cl = -1/ (OXJ_ = ...
C2 = -1/ (.OXZ = ...
Cg = -1/ (A)Xs = ..
Cyq = -1/ WXgq =
CLL = -1/ waL =
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Chap. 21 Passive networks as filters of frequency (I Part)

Generalities

Filter of product of constant reactances
Design low-pass

Design high-pass

Design band-pass

Design band-attenuate

Filter of product of constant reactances, derived "m" times
Design low-pass

Design high-pass

Design band-pass

Design band-attenuate

Generalities

In the following figure we draw the three basic units that we will study and we will design,
where

Zor = (2123 + Zy24)12
Zon = (Y1Yq + Y 2/4)12
Zotlon = 2145
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If we want that in this network thermal energy (active) doesn't vanish, it will be completed that
its impedances are it reactivate pure (in the practice with high Qg¢)

what will determine us

Zot = J (XgXp + X,2/4)1/2
Zon = (B1B, + By2/4)112
Zotlon = - X1Xp

On the other hand, in the cell following T observes that

i+l = (Vi-vo) [ Z1+ (Vo-Vo) [ Z1 = Vol Z,

and as we have seen in the chapter of passive networks as adapters of impedance, we have that the
propagation function is here as

ey = vi/vy = vyl v,
sh (y/2) = sh (a/2) cos (B/2) +jch (a/2) sen (B/2) = (Xq/4X5)1/2



When the reactances is of the same sign we have
ZOT = J (X1X2 + X12/4)1/2 = J (DX]_X2|:|+ DXJ_E?/4)1/2 = J XOT — imaginaria
what demonstrates that

sh (a/2) cos (B/2) = (k/4)1/2
k = DXJ_/XZD

and therefore

a = 2 arg sh [k/4[1/2
attenuate band

B=0
Now in the inverse case, that is to say when the reactances is of opposed sign
Zor = J (XqXg + X12/4)Y2 = j[-IX X0 - (1 - ki4)]12

being able to give that

-k/M40> -1 0 k<4
Zot = Ror
-~ real
a =0
- pass band
B = 2 arc sen [k/4[1t/2

or

-1 >[k/40> -0 0 k>4
Zor = ] Xor
-~ imaginary
a = 2 arg ch [k/4[t/2
attenuate band
B==xm
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Zo1Zor  ZotZom ZorZom
imaginarias reales imaginarias

For the pattern mtthe analysis is similar.

Filter of product of constant reactances

The filter is called with this name —with respect the frequency— when X; and X, are a
capacitive and the other inductive, and to its product we call it R?

2,7, = LIC = RZ # RZ,
If we are inside the band pass we know that it is completed
-1 < X4/X; <0

consequently

Zor = R (1- k)12
Zow = RI(L-K)L2
ZotZon = RotRonr = R2




When putting «n» stages in cascade the attenuation and the phase displacement obviously
will increase. Returning to the drawing of the previous one, if we call A, to the amplification (or
attenuation, since it can have syntonies that make it) of the voltage in the cell

A, = volv; = DA Oel®

it is the propagation

eY = (Vent/ Vsal) (RL/Rg)ll2 = A" (RL/Rg)ll2 = DA ON (RL/Rg)ll2 e Ine
o = In (0A,ON (R/R)Y?)
B =-ng

Design low-pass

Be the data
RL = Rg = fmax =
RQ La La .
+ n -————74
&JITIHH

Having present the equations and previous graph has

X1/ XDmax = (X12/-R?)max = -4 O X1(wmax) = 2 R
R2 = X1X2 = L1/C2

and we calculate finally

La = L1/2 = (RgRL)l/Z/wmax
Cp = Cp = 2/ (RyRDY? Wiax

... (alto Qgt)

Design high-pass
Be tha data

RL =... R

g = ... fmin =
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Having present the equations and previous graph has

(X1/X2min = (X12-RA)min =-4 [ X1(emin) =~ 2R
RZ = XiX; =L,/ Cy

and we calculate finally

Lb = L2 = (RgRL)l/Z/ZO\)min = .. (aItO Qef)
Ca = 2C1 = 2/(RgRL)l/2 Wmin = -

Design band-pass

Be tha data

If we design
LGy = LGy
having present the equations and previous graph has

R2 = [ ((L)Ll - 1/(0C1) / ((JOCZ - 1/(1)L2) ] = L2 / Cl
+ [ (X1/X2)amaxcomin / 4112 = £ [ (X12-R2)gymaxceomin / 4112 = £1

0 X1(wmax;emin) = £ 2 R



X1(wmax) = ®Wmaxk1 - /omaC1 = 2R
X1(wmin) = Wmink1 - H/0minCy = - 2R

and we calculate finally

La = L1/2 = (RgRDY2/ (Wmax - Wmin) = - (alto Qer)
= 2C; = (Uodin - Uodmae) [ (RGRDYZ = .

Lp = Ly = RgR.Cy/ 2= ... (alto Q)

C, = L.CalLy = ...

O
o
|

@)
o
I

If we wanted to know the value of wy we also make

(Xllxz)wmax;mmin = [' (Q)2L2C1 - 1)2 / 0.)2L2C1 ]wmax;oomin =
=[- ((*)zLaCa -1)2/ sza(Ca/Z) ]wmax;comin = -4

what will determine

WmaxiWmin = W+ (2L,Cp) 12
Wy = (Wmax * Wmin) /2 = [(1/Cq+ 1/2Cy) [ Ly 1V2 = ...

Design band-attenuate

Be tha data

If we design
L1C1 = LGy
having present the equations and previous graph has

R2 = [(wly - 1/wCy) / (wCy — 1/wly) ] = Ly / Cy
+ [ (X1/X2)amaxomin / 4112 = £ [ (X12-R2)gymaxceomin / 4142 = £1

0 Xa(wmaxwmin) = £ 2 R



X1(wmax) = WmaxC1 - Hwmaxks = 2R
X1(emin) = WminC1 - wpinky = -2 R

and we calculate finally

La = L1/2 = (RGRD)Y?/ (Uwnmin - Vodmax) = - (alto Qgr)
Ca = 2Cy = 1/ (RyRY)Y? (Wax - Wnin) = -

Cp = Cy = 2L/ RyRL = ...

Lb = L2 = LaCa/ Cb = .. (alto Qef)

Filter of product of constant reactances, derived "m" times

| is defined this way to the networks like those that we study but with the following conditions

le = le

0O<m<1

Zotm = Zot

Zom =% Zon
of where it is

Zotm = | (XgmXom + X1m2/4)1/2
Zomm = -] (BimBom + Blm2/4)1/2

Zotm Zorm = - X1mXom = % Zot Zon
me: (1-m2)X1/4m + X2/m

If we keep in mind the precedent definitions, it is completed that

le/XZm = m2 / [ (1 + mz)/4 + X2/X1 ]

jXq/2 iXqm!2
z z i z
0T : oT
e 12%p _‘_l]H A e 2%, _‘_l]?!n'l
iXq72  1Xq/2 iXam 2 1%X1m /2
s Fa z £
0T - oT .
BLLIN P 5 A - Y g, Ll




Now we outline the previous consideration again but it stops our derived network

sh (Yyn/2) = sh (0,/2) cos (By/2) +j ch (ay/2) sen (By/2) = (Xqm/4Xom)1/2

what determines that it stays the made analysis. We draw the graph then in function of X;/X, again
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1
1
i
1
1
-4 - aiim2.- 1)
* +
; : /%,
1
v o4 -am2im2s g
_______ O
! 1
~am2im. 1 !
1
; !
1 1
1 1
= :
! |
! |
! 1
: 1
] :
o LI o -
ZOHA IV ZOHAINI| ZOMAN  ZOHAI

standing out in her four zones:

— ZONA |

— ZONAI

imaginary
— ZONA Il

— ZONA IV

imaginary

4/ (M2 +1) < X3/X, < 0
0 -0 < Xqn/Xom < -4 m2/(m2+ 16)
0< Xy/X, < 4/(m2-1)
00 < Xyp/Xom < 0
Ay = 2argsh[m/ 01 - m2+ 4X,/X,[2] -, attenuate band

Bm =0
Zor = ] Xor
-4< Xq/Xy, <0
O -4m2/(Mm2+16) < Xqyp/Xoy,m < O
Oy =0 - banda pasante
Bp = 2arcsen[m/ 1 - m2+ 4X,/X;,[1/2]
Zor = Ror

—00< X4/Xy; < -1
O -4m2/(m2-1) < Xqyp/Xom < -4 m2/(m2+ 16)
Ay, = 2argch[m/ 01 - m2 + 4X,/X;[2] . attenuate band
Bm = £T

Zot = | Xor

—

real
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Now study the following case pass-band, where they are distinguished three stages

— adapting of impedances (it maintains to Ry, constant inside the band pass), derived my times
of the prototype
— properly this filter pass-band (prototype of m = 1)
— filter of additional attenuation (it produces sharp selectivity flanks), derived m, times of
the prototype

Rg=Rogm §1%4y/2 1%4/2  §%002 i%40,/2 i%q/20%qm’2 R =Rogm

Rozm

and to see like it affects to the adaptation of impedances the cell L, we make

ZOnm = - leXZm / ZOTm =- leXZm / ROT =
= R {1-[(1-m2)IX/Xo4]1}/{[1-[ X/ X0041112 = Ry

expression that subsequently we draw in the graph and it indicates that, to achieve a plane response



of Romm in passing in the band, it should be

ml = 0,6

Rﬂnm
5 R
4
1 .
0,8 3
m < 0,6
2
0,4
0,2 1
1]

%qf%,

Design low-pass

Be the data
RL = Rg = fmax =
Rg Lp Le Lg
g
+

T.

If to this circuit we replace it for the primitive one seen

Ly = 2oy
Lb = le/2+ L1/2
Le = Lom

Ld = le/2+ le/2
Le = L1/2+ le/Z

Cy = Cyp/2

Cb = Cz

Ce = Conm
they are

Ll =2 RL/(*)maxz



C2 =2/ Rmeax = ...
and like we have chosen for maximum plane response

mp = 0,6
le = (A)le = m(.k)l_l
Xom = Whom- 1/ 0Coy = [(1-m2)wly /4m ]+ [ (-L/wCy) / m]

we can project

Ly = 2Loy = (1-mq2)Ly/2my ~ 053 Ly = ...

Ly = Lyy/2+ Ly/2 = A+m2Ly /2 = 0,81, =...
C, = Cop/2 = mCy/2 = 03C, =...
C,=C,=..

Continuing, if we adopt an attenuation frequency the next thing possible to that of court to
have a good selectivity

Weo = .o > U Wpax
we will be able to propose

(X1/X9) o = - W2L1Cy = 4/ (mMy2 - 1)
deducing finally with it

My = [1-(4/w,2L1Co) 112 = [ 1 - (Wmax/We0)? 112 = ...

Le = Lom = (1-mp2)Ly/4m, = .

Ly = Lin/2+ L1/2 =(Myp+my)L; /2 =(0,6+my)L,/2 =...
Le = L1/2+ Li/2 =@ +my)Ly /2 = ..

CC = sz =m202 =..

Design high-pass
Be the data

RL = .. Rg = ... fmin



If to this circuit we replace it for the primitive one seen

Ly = 2oy,

Lb = L2

Le = Lom

Ca = Cyp/2

Cb = 2C1m//201

Ce = Com

Cd = 2C1m1//2C1m2

Ce = 2C1//201m
they are

L2 = RL/2(A)min=
Cl =1/2 RL(*)min:

and like we have chosen for maximum plane response

ml = 0,6
X1m=-l/00C1m=-m/00C1
me = (L)Lzm -1/ (L)sz = [ (OLZ /m ] + [ (1 - m2)(-1/00C1) /4m ]

we can project

Ly = 2Loy = 2L,/ my ~ 3,33 L, =...

Lb = L2 = ..

C, = Copf2 = 2myCy/(1-my2) ~ 1,87Cy =...
Cp, = 2Cy//2Cy = 2C;/(1+m;) = 1,25C; =...

Continuing, if we adopt an attenuation frequency the next thing possible to that of court to
have a good selectivity

W = ... < U Wyin



we will be able to propose

(X1/X2)ewo = - 11 0e2L,Cq

4/ (my2- 1)

deducing finally with it

my = [1-(4 w,2L,Cq) 112
LC = L2m = L2/m2 = ..

CC = sz = 4m2C1/(1-m22) = ...
Cq

Ce

[1 - (Welwyin)? 112 =

2C1m1//201m2 = 2C1 / (ml - m2) = 2C1 / (0,6 - m2) = ...
2C1//2C1m = 2C1 / (l + m2) = ..

Design band-pass
Be the data

RL = Rg = ..

Continuing, if we adopt an attenuation frequency w,, the next thing possible to that of court to have a
good selectivity
W2 = o > 1 Opax
we will be able to use the following expression to verify a wanted position of w,,; of in the system

Wl = WmaxWmin / W2 = ... < O Wmin



Now with the following equations

Wy = ((’Jmax(’\)min)ll2 =
m = {1 - [ (0max/0 - Wo/0max) / (0 100 - W/ ) 12 1112 = ...
(1-m2)/4m = ...

= Wep /g = ...

2R 1 (Wmax = Wmin) = -
(Lodmin - Uwmay) [ 2R, = ...

Or ™ >

we will be able to calculate finally

Ly = 2LA(L +B2) = ...
L, = 2LA(1 +B2) = ...
Le = L+mL/2 =...
Ly = R2C = ...

Le = 1+m)L/2 =...
L = LAQ+B2) =...
Ly = LAL+B?) =...
L, = mL/2 =..

C, = C/2LA(1+B2) =...
C, = C/2LA(1+B2) =...
C.=2C/(1+m) =...
Cq=LIR2=..

Co =2C/(1+m) =...

Ci = C/LA(L+B2) =...
Cy = C/LA(L+B?2) =..
Ch C/m =..

Design band-attenuate

Be the data

R. = Ry = frin = fax =



Continuing, if we adopt an attenuation frequency w,, the next thing possible to that of court to have a
good selectivity

W = .o < [ Wax

we will be able to use the following expression to verify a wanted position of w,,; of in the system

W1 = Whnax@min/ Wz = .. > U i

Now with the following equations

Wy = (OmaxWmin)2 = ...

M = {1 - [ (Weop /W - Wp/Weop ) / (nax /W - Wo/Wmayx ) 2122 = ...
A= (1-m2)/4m = ...

L = 2R, (Mmin - Vmay) = -

c=1/ 2RL((‘“)max - (*)min)

we will be able to calculate finally

Lo = LA/2 = ...

Ly = 2CR 2 /m =...
L. = 1+m)L =

Ly = R2C =...

Lo = L+m)L =

Lf = LA = ...

Ly = Ri2C /m =...
Lp, = mL =...



C,=CIl2A =..

Cp = mL/2R2 =..
C.=C/(1l+m) =
Cq=LIR2=..
Co=Cl(l+m) =
Ci=CI/A =..

Cy = mML/R2 =..
Ch=C/m=..




Chap. 22 Passive networks as filters of frequency (Il Part)

Crossed filters
Generalites

Design double band-pass
Filters RC

Generalites

Design low-pass

Design high-pass

Design band-pass
Design band-attenuate

Crossed filters

Generalites

In the following figure a symmetrical net is shown not dissipative of heat. Their characteristic
impedance is

Zg = Zor = Zop = (X1 X2 = (- X1Xp)12

X; 2< 0 25 X,

th (y2) = [(chy-1)/(chy+1)]¥2 = (X1 /jXx)¥2 = (X I Xp)1/2 =
[th (a/2) +jtg (B/2)]/[1 +]th (a/2) tg (B/2) ]

[i=]
L1
ko
-l
L

=
[I=]
+
LT L1
ko4 E.d
Pt Pt
1

bt
>
-l

When the sign of the reactances is different it happens

Zo = (- X1Xp)12 = X X,[12 = R, - real pure



th (y2) = (Xq/Xp)12 = jOXq [ X,[2 — imaginary pure
a=0 - pass band

B = arctg [Xq / X,[1/2

and when they are same

Zy = (- X Xo)V2 = j X X,[112 = [ X, — imaginary pure
th (y/2) = (X1 /X5)V2 = Xy [ X,[12 ~ real pure
th (@/2) < 1

here being been able to give two possible things

1) X X,0< 1

a = 2arg th 0Xy / X,[1L/2 — attenuate band
B=0

2) X, X,0> 1
a = 2arg th [X, / X, [L/2 - attenuate band
B=zxm

Subsequently we make the graph of this result Z; = Ry in the band pass

ZO = Ro = DX]_XZDJ'/Z = DX2[| DX1/X2[|1/2
0 RO IODXZD = |:|x1 / X2D1/2 /2

I"le

IR, 13|X,

Although these filters have a good selectivity, the variation of Ry with the frequency brings its
little use. It can be believed that this would be solved if it is designed to the such reactances that their
product is independent of the frequency (f.ex.: an inductance and a capacitance) and with it Ry that it
is constant inside the band in passing, but however this is not possible because it will bring a negative

product and then the band pass would be infinite.
With the purpose of designing these filters, we will use the equations of Foster

Xy = H[S (s2+0?) (s2+0p2) ... 1/ [ (s2+w,?) (s2+Ww?) ... ] =
= H[sKoo + Kg/s + 2 K; s/(s2+1y2) |



H # Hg

Koo = X(S:joo)/s

Ko = S X(s=jo)

Ki = (s>+0?) X(s=jwoiy /'

Design double band-pass

Be the data for the filter crossed network

R ~®
O cete| | ™

Cala Chlb Cele

L\

Dy @,

We outline a system that their reactances is of different sign (system LC) inside the band
pass. Indeed, we choose

W5 =... > Wy



\ J\ )

@y | ‘-"’z

L
/6/

YRt

Xg = Hy[s (s2+wp?) (s2+00,) 1/ [ (s2+0?) (s2+052) (s2+s?)
X = Hy[s (s2+w32) 1/ (s2+wp?) (s2+00s2) |

consequently

and for X
Koo =0
Ko =0
Ki = [ (0p2-w12) (wy2-012) /[ (wg?-wy?) (ws?-uy?)]
U Ca=1/Ky =...

La = Kll(A)lZ = ...
Ka = [ (0p2-032) (wy2-u32) [/ [ (wy2-w32) (ws2-w32?) |

0 Cp = 1/Kg =...

Lp = K3/ g2 = ...
Ks = [ (02-052) (42-5?) ]/ [ (012-w5?) (0032-0052) ]
0 C. = 1/Kg =...

L = Kg/wg2 = ...

and now for X,
Koo =0
KO =0
Ky = [(wg2-02%) ]/ [ (w52-0?) ]



0 Cq=1/Ky =...

Ld = K2/(A)22 = ...
Ks = [ (w3?-ws?) ]/ [ (w?-ws?) |
O Ce = 1/Kg =...
Le = K5/(A)52 = ...
Filters RC
_Generalites

These filters are not of complex analysis in their characteristic impedance and propagation
function because they usually work desadaptates and they are then of easy calculation. The reason is
that to the use being for low frequencies the distributed capacitances is not necessary to eliminate
with syntonies, and the amplifiers also possess enough gain like to allow us these advantages.

On the other hand, we clarify that in the graphics of the next designs we will obviate, for
simplicity, the real curved. One will have present that, for each pole or zero, the power half happens
to some approximate ones 3 [dB] and in phase at about 6 [°].

Design low-pass

Be the data

Y zalp
Yap

01 @max  Pmax
1 - n

H ]

-
{-180 9

We outline the equations

K = RL/(Rg+Rl+RL)
Wmax = 1/ Cl RL//(Rg + Rl)

and we design clearing of them



Rl = RL(K'l'l)'Rg = ...
Cl = 1/(A)max RL//(Rg+Rl) = ..

Design high-pass

Be the data

Y zalp )
Yop n
(-180")
“!1 mITIiI'I mmin
1 +
K#-------—-—--—-- '

We outline the equations

K = R1//R|_ / (Rg + R1//R|_)
Wmin = 1/C1 (Rg+ Ry/IR)

and we design clearing of them

R1
Cq

1/ [(KL-1)Ry - R ] = ..
1/ Wmin (Rg + Rl//RL) = ...

Design band-pass
Be the data

RL=.. Rg = fin = fnax =o K = DvggplVgpd =... < 1



The circuit will design it with the two cells seen up to now and, so that this is feasible, the
second won't load to the first one; that means that

1/wCq << 1/ wC,
If for example we adopt
Cl = ...

we will be able to design with it

Cp =.. << C;
Rl = 1/(A)maXCl - Rg = ...
R2 =1/ ((A)minCZ - lle) = ..

and we verify the attenuation in passing in the band
Ry/IR./ (RL+Rg+RyIR) =... 2K
Design band-attenuate
Be the data

RL =..>> Rg = ... fmin =.. fmax = ...



If to simplify we design Ry and R_that are worthless

Rg << Rl
RL >> Ry

the transfer is

Vsalp/Vgp ~ (S + )2 / (S + pin)(S + Wmay)

Wy = (WminWma)?? = 1/RCq

Wmin » Wmax ~ 1,5 (1 t 0,745) / R1C1
then, if we adopt

Cl = ...

we will be able to calculate and to verify

Ry << Ry = 1/ (WninWna2Cy = ... << Ry




Chap. 23 Active networks as filters of frequency and
displaced of phase (I Part)

GENERALITIES

FILTERS WITH NEGATIVE COMPONENTS
Design tone-pass

FILTERS WITH POSITIVE COMPONENTS
Slopes of first order (+20 [dB/DEC])
Generalities

Design low-pass

Design high-pass

Design band-pass

Design band-attenuate

Slopes of second order with limited plane response (+40 [dB/DEC])
Generalities

Design low-pass

Design high-pass

Design band-pass (and/or tone-pass)
Design band-attenuate (and/or tone-pass)

GENERALITIES

The advantages of the use of active dispositives in the filters, as the AOV, are the following
— bigger easiness to design filters in cascade without they are loaded

— mayor facilidad para disefar filtros en cascada sin que se carguen

— gain and/or attenuation adjustable

— possibility to synthesize "pathological” circuits (negatives or invertess)

but their limitation is given for

— reach of frequencies

FILTERS WITH NEGATIVE COMPONENTS




The transfer for the following circuit is (if Rg<<R1 then vgy/Vep is similar to vgg/vg)

Vsal ! Vent = (U/R1Cp) s/(s2+s Ut + wy?) = (L/IR1C) S/ (S + Wrpin)(S + Wmay)
Wmin s Wmax = {1 £ [1- (2ta)? Y2}

T = RiR,C1C,/ (R1C1 + RCy + R,Cy)

Wy = (Wmin Wma? = 1/ (R1R,C1Cy)

R, = Rs// R,

@min &8y Pmax
1 -— -

If now we define a factor of voltage over-gain (we have demonstrated in the chapter of
amplifiers of RF, § filter impedance, that this factor is similar to the factor reactivates Q of a
syntonized circuit)

§ = Twy = (RIRyC1Cx)2/ (R1Cy + RyCy + RyCy)
and we observe that if we add a stage according to the following outline, it is reflected

ZZref =k ZZ =1/ (1/kR2 + SC2/k)

R Z aref! Zy1
9 : |

+ - - +

[i=]

Yent




and if now we design

Rl = Rz
Cl = C2
(1)0 = 1/R1Cl = 1/R2C2

itis
§ =1/(2+K)
k < 0

v 1

and this way we can control the width of band of the filter adjusting «k». A circuit that achieves this is
the negative convertor of impedances in current (CINI) of the following figure; to implement it we
remember that the differential voltage of the AOV, for outputs delimited in its supply, is practically null.
Then

Zoref = Villi = Vgq/ (ip Rp/Ry) = -Ra/ Ry =k Z;
k<0

7

As the system it is with positive feedback, it will be necessary to verify the condition of their
stability

VINV > VNO-INV

VoR1/(R1+Ra) > VoR2/(Ry+Ry)
or
kO < Ry/R,

that, of not being completed, then the terminals of input of the AOV will be invested. For this new case
it will be now the condition

kO > R;/R,

Design tone-pass



Be the data

Q= .. (similar to x,, we remember that this magnitude cannot be
very high to work in low frequencies, that is to say, with a band width not very
small with regard to fj)

Rg R

c "C1 . )
U-E Ry R, Rh[] Rg ﬂRL[] Yl
O E’ Q 15

ancio de banda

“salp‘
Yap

g
=

Firstly we can adopt

Cq
Rp

and we find of the conditions and precedent formulas

Rl = 1/(,00Cl = ..

R. = Ry-Ry =

Rd = RlRL/(Rl_RS) = ...
k=(1/Q)-2=..

Ra: -ka = ..

It is suggested after the experimentation to achieve the stability changing, or leaving, the
terminals of entrance of the AOV and adjusting the syntony wanted with the pre-set.

FILTERS WITH POSITIVE COMPONENTS

_Slopes of first order (+20 [dB/DEC])

Generalities



Here the attenuations to the court frequencies are of approximately 3 [dB].

Design low-pass

Be the data
Rg = fnax = K = >< 1
¥ zalp
Rg R4 Ygp
“g K # v
* |
- D max

Of the | outline of the transfer we obtain

Vsal/ Vg = [F1/Co (R + Rg) [/ (S + Wmax)
Wmax = 1/RyC
K = Ry/(Ry +Ry)

we adopt
C, = ...

and we find
Ry = 1/ 0maCy =
Ry = KRy +Ry) =...

Design high-pass

Be the data



Y zalp
Rg Ry IC1 ‘ap
v | - Kb -
+ + + /
Y zal .
min
97
Of the | outline of the transfer we obtain
Vsal/ Vg = [FRa/(Ry+Rg)] s/(s+ wmin)
Wmin = 1/(Ry +Ry)Cy
K = Ry/(Ry +Ry)
we adopt
Cl = ...
and we find
Rl = (1 / (A)mincl) - Rg = ...
Ry, = KRy +Ry) = ...
Design band-pass
Be the data
Rg = fmin = fpax =« K=.. 251
Rg R4
L :
+ 1
' max

Of the | outline of the transfer we obtain

Vsal / Vg = [' 1/ (Rl + Rg)CZ] s/ (S + wmin) (S + wmax)




Wmin = 1/(Ry + Rg)Cy

Wmax = 1/RyCy
K = Rp/(Ry +Ry)

we adopt
C, = ...

and we find
Ry = 1/ 0maCp =
Ry = Ry/K)-Ry =...

Cl =1/ (*)min(Rl + Rg) =..
Design band-attenuate

Be the data

Rg = ... fmin = ... fmax =

“salp‘
Yop

@

---
4

@min @9 @, Pmax

Of the | outline of the transfer we obtain

Vsal/Vg = [-Ra/(Ro+ Rg+ Rg) ] [(s+ W) (S+ wp) / (S+ i) (S + Winay) |
Wmin = 1/(Ry + R3)Cy

W, = 1/R,C,

w, = 1/R,C,



Wmax = 1/R1//R3 Cl
R3 = Ry + Ry (unnecessary simplification)
K = R3/(Ry +Ry)
we adopt
Cz = ..
R3 =...>R
and we find

R2 = 1/(A)min02 - R3 = ...

Rl = Rg(l'K)/K = ...
C; = (R1 +R3) /wpaR1R3 = ...
Ry = Rg-Ry = ..

Slopes of second order with limited plane response (+40 [dB/DEC])

Generalities

Here the selectivity is good but it falls to practically 6 [dB] the attenuation in the court
frequencies.

Design low-pass

Be the data
Ry = fmax =
Rg Ra Rq
v R — :
-E Ry i
C, -
T - @ max

With the purpose of simplifying the equations, we make
Ri = Rg+Ra

We outline the transfer impedances



Zy
Zy

R12C1 (S + 2/R1C1)
(1/C2) / (S + 1/R2C2)

we express the gain and we obtain the design conditions

VsallVg = -2Z512y = - Wmax? / (S + Wmax)
Wmax = 1/R2C;
Rl = R2/2
C,L =4C,
and we adopt

Rl =... 2 Rg

what will allow to be

Py
o
|

_Rl-R = ...

g
R2 = 2R1 = ...
CZ = 1/(A)maXR2 = ...
C,=4C, =..

Design high-pass

Be the data

+im

With the purpose of simplifying the equations, we make
Rg << 1/ maxCy
We outline the transfer impedances

Zl = (2 / Cl) [ (S + 1/R1C1)/32]

Zona de
trabajo




ZZ = (1/C2) / (S + 1/R2C2)
we express the gain and we obtain the design conditions

VsaI/Vg = -Z5121 = (-C1/2Cy)s?/ (S + Wpip)

Wmin = 1/RC;
R]_Cl = RZCZ/Z

and we adopt
C2 =.. 2R

g

what will allow to be

Ry = 1/ 0minCy =
Cp =... << 1/ omaxRy
Rl = R202/2C1 = ...

Design band-pass (and/or tone-pass)

Be the data
Ry = fmin = fmax =
C3
Rg Ra Ry R3 €1

"salp‘
Yap

On the other hand, so that the circuit works as tone-pass at a fg it should simply be made

fo = fmin = fmax



As they are same stages that those low-pass and high-pass that were studied precedently, we

adopt
R4 =.. 2 Rg
Cl =
C, =

and with it
Ry = R4-Rg = ...
Ry = 1/ wminCy =
R3 = 2R4 = ...
Rl = R202/2C1 = ...
C3 = 1/wmaxRs =
C4 = 4C3 = ...

Design band-attenuate (and/or tone-pass)

Be the data
Rg = fhin = fnax =
C3
Rq R, Ry R3 Cq

Y zalp
Yap

1 R

<

1
|
n
@min  @max

On the other hand, so that the circuit works as tone-attenuate at a fg it should simply be made



As they are same stages that those low-pass and high-pass that were studied precedently, we

adopt
R4 =.. 2 Rg
Cl =
C2 =

and with it
Ra = R4-Rg =
Ry = 1/ wnmaxCo =
R3 = 2R4 = ...
Rl = RzCZ/ZC]_ = ..
C3 = 1/ wminR3s =
C4 = 4C3 = ...




Chap. 24 Active networks as filters of frequency and
displaced of phase (Il Part)

Slopes of second order of high plain (+40 [dB/DEC])
Generalities

Design low-pass

Design high-pass

Design band-pass

Design band-attenuate

CIRCUITS OF DISPLACEMENT OF PHASES
Generalities

Design for phase displacements in backwardness (negative)
Design for phase displacements in advance (positive)
FILTERS WITH INVERTER COMPONENTS
Generalities

Filter of simple syntony with girator

Slopes of second order of high plain (+40 [dB/DEC])

Generalities

Here the selectivity is good because in the court frequencies a syntony takes place
impeding the attenuation, but it deteriorates the plain. This filter responds to the name of
Chebyshev. The way to measure this over-magnitude of the gain calls herself undulation and we
define it in the following way

O [dB] = 201log O [veces] = 20 log ( Og [veces] / K [veces] )



=
th
-3
=

in such a way that if it interested us the undulation, it is
O [veces] = K [veces] antilog (O [dB]/ 20)
For the filters band-pass and band-attenuate, we will speak of a band width B to power

half ~0,707 K and a frequency central wO dice approximately with the expression (to see the
chapter of radiofrecuency amplifiers, § filter impedance)

Wy ~ ((’Omax"'(")min)/2
£ ~Q ~uwy/B

The designs will be carried out by means of enclosed table where the resistances will be
calculated with the following ecuation

R = 1000 a B

where the value of «a» it is obtained of this tables, and the other one with the following expression
B = 0,0001/fCqy
and the other condenser like multiple «m» of Cy,.

Design low-pass

Be the data
Rg = fnax =
K=..(2,6010[veces]) O =...(1/2,1,203[dB])



[i=]
-}
-

We adopt
CO = ..
and we calculate
B = 0,0001/fpna Co = ...
so that with the help of the table finally find
m =..
mCO = ..
Rl = 1000 al B =..
R2 = 1000 o)) B = ..

R3 = 1000 asg B = ..
R4 = 1000 a4 B = ...

Ry = Rl-Rg =..
m=1
K=2
O[dB] 1/2 1 2 3
a; 1,15 1,45 1,95 2,45
ao 1,65 1,6 1,55 1,44
asg 5,4 6,2 7,2 7,5
ay 5,4 6,2 7,2 75
m =2
K=26
O[dB] 1/2 1 2 3
ag 0,54 0,65 0,78 0,88

a, 1,6 1,8 2 21

Y zalp
Yap




as 2,5 2,9 3,4 35

ay 12,8 14,5 16,5 17,5
m =2
K =10
O[dB] 1/2 1 2 3
a 0,4 0,48 0,57 0,62
ao 2,2 2,4 2,7 2,9
ag 2,8 3,2 3,7 3,95
ay 255 29 34 35

Design high-pass
Be the data

Rg =... fmin =...

K=..(2,6010([veces]) O =...(1/2,1,203[dB])

We adopt

Cop =... << 1/ ominRy
and we calculate

B = 0,0001/fpi, Co =

so that with the help of the table finally find

R, = 1000 a; B =...
R, = 1000 a, B = ...
Ry = 1000 a3 B = ...
Ry = 1000y B = ...



R, = R;- Rg =
K =2
O[dB] 1/2
aj 2,05 1,7
a, 1,35
as 2,45
a4 2,45
K=6
O[dB] 1/2
aj 3,7 3,1
ar 0,7
ag 0,8
ay 4,15
K = 10
O[dB] 1/2
aj 4,8 4
ar 0,54
ag 0,6
a4 54
Design band-pass
Be the data
Rg = fmin =
K

fm ax

=..(4010[veces]) Q =...(15, 20, 30 o 40 [veces])

1
1,38
15
3
3

2,65
0,82

4,9

3.4
0,64
0,71
6,4

2
1,25
1,8
3,7
3,7

2,35
0,97
1,15
5,8

31
0,75
0,85
74

2,05
41
41

1,05
1,25
6,3

0,84
0,92
8,1



| R3 o |
I I
R
C R 4
1] 1
Rg R, R4
— = —— >
u  —— ===
g C | .
+ Rq . 0 + + +
29 Y zal

Yzalp
Ygp

We adopt
Co = ...
y calculamos and we calculate
B = 0,0001/fyCqy = 0,0002 / (fpax + fmin) Co = ---

so that with the help of the table finally find

R, = 1000a; B =...
R, = 1000 a, B = ...
Ry = 1000 a3 B = ...
Ry = 1000 ay B = ...
Ra = Ri-Ry = ..
K=14
Q 15 20 30 40
a; 6,1 7,2 8,6 10,2
ao 0,5 0,42 0,32 0,28
asz 3,5 3,5 3,5 55
ay 6,4 6,4 6,4 6,4
K =10

15 20 30 40



a 6,1 7,2 8,6 10,2

ar 0,5 042 032 028
as 9,2 8,9 8,7 8,5
as 16 16 16 16

Design band-attenuate

Be the data
Rg = frin = fax =
K=..(2,6010[veces]) Q =...(2,5, 100 15 [veces])

Rg—+10 R4
vg | .
+ +

Ra Yzal
Y zalp
Yap
i |
@min  Pmax
We adopt

CO = ...
and we calculate
B = 0,0001/fy Cyp = 0,0002 / (fhax + fmin) Co = .-

so that with the help of the table finally find

Rl = 1000 aq B = ...
R2 = 1000 as B = ..
R3 = 1000 asg B = ..



R, = 100004 B = ...
Rs = 1000 ay B = ...
Rg = 1000 ay B = ...
Ry//IRg =.. >> Ry
K =2
Q 2 5 10 15
aj 155 39 8 11,8
as 054 016 008 0,055
as 1 1 1 1
ay 6.3 16 36 47
as 2 2 2 2
ag 2 2 2 2
K =
Q 2 5 10 15
aj 155 39 8 11,8
a 054 016 008 0,055
as 1 1 1 1
ay 6,3 16 36 47
as 2 2 2 2
ag 6 6 6 6
K =10
Q 2 5 10 15
aj 155 39 8 11,8
a 054 016 008 0,055
as 1 1 1 1
ay 6,3 16 36 47
asg 2 2 2 2
ag 10 10 10 10

CIRCUITS OF DISPLACEMENT OF PHASES

Generalities

We take advantage of the phase displacement here from a transfer when being used in a
frequency wy different from the plain area. If the useful spectrum is very big (band bases B) the
displacement won't be the same one for all the frequencies, and also the widths for each one of
them will change.



Design for phase displacements in backwardness (negative)
Be the data

Ry = fo =.. OF]< @=..<180[]

Of the equation of the output (Rg = 0)

Vsal = Vg (-Ro/Rp) + Vg [ (1/5Cy) / (Ry + 1sCy) ] (1 + Ry/Ry)
it is the transfer

Vsal/ Vg = (1-8R;Cy)/(SRCy +1) — 1.el(2arctgwRIC)
consequently if we adopt

Cl = ...
R2 =... > R

we calculate and we verify
Ry = [t (@2)]/wpCy=... >> Ry

Design for phase displacements in advance (positive)
Be the data

Ry =.. fo=.. O[]<@=..<180[]



Of the equation of the output (Rg = 0)

Vsal = Vg (-Ra/Rp) + Vg [Ry /(R +1/sCy) ] (1 + Ro/Rp)
it is the transfer

Vsal/ Vg = (SRiC;-1)/(SRCy +1) — 1.el(m-2arctgwRICY
consequently if we adopt

Cl = ..

R, >> R

g

we calculate and we verify

Ry = [tg[(180-)/2]]/wyCy = ... >> Ry

FILTERS WITH INVERTER COMPONENTS

Generalities

With the intention of generalizing, we can classify to these types of networks in the
following way

— Convertors of impedance
— positives (or escalor)
— for voltage (CIPV)
— for current (CIPI)
— negatives
— for voltage (CINV)
— por corriente (CINI)
— Inverters of impedance
— positives (or girator)
— for voltage (IIPV)



— for current (1IP1)
— negatives
— for voltage (IINV)
— for current (IINI)
— Circulators
— Rotators (created by Léon Or-Chua in 1967)
— Mutator (created by Léon Or-Chua in 1968)
— Symmetrizator (or reflexors, created by R. Gemin and G. Fravelo in 1968)

Filter of simple syntony with girator

We will use the IIP or girator. It is characterized to possess the following parameters of
impedance (to see the chapter passive networks as adapters of impedance)

Vent = lent Z11 + Isa1 £12
Vsal = lent £21 * lsa1 22

Z1g = 2Zyp =0

Zyy = -Z1p = Zg (turn impedance)
i i
7 ent sal
g  —_— -
+ + +
Yg —="ent Yeal =— Z|_
1 1
1 - - 1
1 1
ng Zzal

what manifests that if we divide member to member the following equations

Vent = - lsal Zg
Vsal = lent Zg

we arrive to that
Sent = -Ssal

being transferred the power to the load.
Let us study the input subsequently to this network

Zont = Vent!lent = - (isq1 Zg) | (VsallZs) = ZG2 1Z,

and like it is symmetrical, it will be on the other hand



Zeg = Z21 Zg

what has allowed us to obtain this way the justification of their name as network "inverter of

impedances".
We will implement a possible circuit girator next. For we study it the load of the circuit and

let us observe that it behaves as a perfect current generator

isal = 2dent = 2Vent/ 2Ry = Vent/ Ry # gy (ZL)

r—
IEI'I't I,
R4 R2
* —1 + —
opv] *
- -
R1 Rz
Ien't r—
* EL
+ + i
Yent Q 0 [v] q ent
o

and now the entrance impedance is (to observe that the circuit is the same one but drawn
otherwise)

Zont = Vent ! lent = VentR1/ (Vent - Vsal) = VentR1/ [Vent + (VendR1)Z1] = (1/Rq + ZL/R12)'1

that it is similar to the previous Zo = Z;2 / Z| and, to achieve it perfectly, we will be able to use a
CINI (we attach to the implementation the equivalent symbol of the girator)



=]
~
P
-
Pt
A
-
+

To make the symmetry of the girator we should verify their output impedance; this is given
for

Vsal = Vo [Ry+Zg/l(-R1) ]/ [ Ry + Ry + Zyll(-Ry) |
Zsal = Vsallisal = Vsal! [ Vsal/R1 + (Vsa - Vo)/R2 ] = Ry2/ Zg

Zg R4 bl
— 31— »
+
[] —Ry []Rz Ry R1()"sal
v, T

7 7

If now we connect a RC conforms to shows in the following circuit, we will have a simple
syntony to a work frequency if we design

[Z,0 = [Ra?+ (UC)2 J¥2 << Ry



achieving

Zent = R.2 /[ Ra+ (1/sCy) ] = L/[(UReny) + (LsLeny) ]
Zsa| = R12/Rg//(1/SCb) = Rsa| + SLsa|
with
Rent = R12/ Ry
Lent = R12Cq
Rsal = R12/ Ry
Lsal = R12Cp
consequently
Vsal = lent R1 = Ry (Vg - Ven) / Ry

Vsa| / Vg = Rl (1 - ZT/RQ) / Rg
Zr = Ryl Rey /I SLon /I (1/SCp)

with Z; the value of the impedance of the syntonized filter.
If we want to connect several stages of these in cascade to obtain more syntonies in tip, of

maximum plain or of same undulation, it is enough with separating them for followers sample the
following circuit, and to go to the chapter that treats the topic of amplifiers of radiofrecuency class

A.
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Chap. 25 Amplitude Modulation
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Generation OOK
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GENERALITIES

Spectral analysis of the signs

We know that a sign anyone temporary vy it can be expressed in the spectrum, that is to say,



in their content harmonic v, and where the module of Laplace [ transformation it is their

contour.
When it has a period T it can be expressed in the time with the help of the transformation in

series of Fourier.

V(t) = (1/T0) 2_ % V(an) e | nuot
o n2mwTy (conn=0,1,2,3,..)
TO = Tl + T2

Yty

-
-

where v, () it is the contour in the spectrum
Vo wo) = NV odel e = [ T2 vyq el ne0t ot
It is useful many times to interpret this with trigopnometry

Vg = T {Vo+2 Zn=1® DV oo)d €0S [Nt + b o)} =
= Zp=1% Vj €os [nupt + ¢y 0))]
Vo = [ 71172 vyq) Ot
Vinwo)? = Van wo)® * Vbn wo)
Pnwo) = -arc g (Vo wo)Van wo))
Vawo) = J 1172 V() €COS noxt ot
Vb wo) = J 1172 Vi) S€n not ot

2)1/2

When the signal is isolated we will have an uncertain content of harmonic

Vg = (UTo) [ ™ Vi) €19 8t = (1/21) [ _,° vy €19t doot
V(w) = EIV(w)DeJq)(w) = -[-Tsz Vl(t)ejwt at
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Theorem of the sampling

When we have a signal v and it is samplig like v(t)#, it will be obtained of her an information
that contains it. In the following graph the effect is shown. That is to say, that will correspond for the
useful signal and their harmonics

Vi = Vo + Vqcos (Wit +¢q) +V;y cos (wot + §p) + ...

Vey = 1+ kg cos (wet + ¢q¢) + k3 cos (3ot + ) + ...

Vo = Vi Veey =

Vo (1 +ky+kg+..)+[Vycos (wt+dq)+Vycos (ot +dy)+...]+
+ (kyV1/2) { cos [(wctuwy)t + ¢5.9] + €OS [(We-0op)t + ¢1.4] } +

+ (k3V2/2) { cos [(Buwetup)t + o 3] + cOS [(Bwe-tp)t + §1.3] } + ...

Yit) |“{&J}|l
/]V \Jm t 0B @
0oy v e =
ﬁ') g 1
v L t o, ¥, 30, 58; o
c KTe Te |
vy |"“‘”'#|l_u 27 (KT,
Aﬂ“q oo n A m
S L :
ooboorol |
30,-B 3w +B

that is to say that, in v(t)# it is the vy incorporate as
Vo (1 +ky+kg+..)+[Vycos (at+¢q)+V,cos (ot +y) +...]

For applications when the sample is instantaneous v()” (it is no longer more vy, the



equations are the same ones but diminishing kT and therefore the spectral contour [, Uit will be

plain. In the practical applications these samples are retained by what is denominated a system
Retainer of Order Cero (R.O.C.) and then coded in a certain digital binary code for recently then to
process them in the transcepcions.

Returning to him ours, the Theorem of the Sampling indicates the minimum frequency, also
well-known as frequency of Nyquist, that can be used without losing the useful band B, that is to say
to v(). Obviously it will be of empiric perception its value, since to have information of both hemicicles
of the sine wave more compromising of the useful band B, it will be necessary that we owe sampling
to each one at least. Then it says this Theorem simply

w.= 2B

guestion that can also be observed in the precedent graphs of Dv(w)#D in those which, for not
superimposing the spectra, it should be

B <uw-B

Mensuration of the information

Generalities

The signal sources are always contingents, that is to say, possible to give an or another
information. For such a reason a way to quantify this is measuring its probability that it exists in a
transception channel.

We distinguish something in this: the message of the information. The first one will take a
second, that is to say, it will be the responsible one of transporting the content of a fact that, as such,
it will possess «n» objects (symbols) that are presented of «N» available, and they will have each one
of them a certain probability «P;» of appearing, such that:

2, P =1

and with it, for a source of objects statistically independent (source of null memory) the information
«I» it completes a series of requirements; that is

— The information «I» it is a function of the probability Py, of choosing the message «M»
= lpw)
— We are speaking of realities of the world
— The probability Py, of being transmitted the message «M» it exists
0<Py<1
— The information «I» it exists
0<l
— The information «I» it is inversely proportional to the probability of the message Py,
— To maximum probability of being given the message «M» it is the minimum
information «I»



Iim(pM - 1) | =0
— The variations of probabilities in the messages are inversely proportional to their
informations

Pvi< Pm2 O lipw) > lpw2)

and it has been seen that the mathematical expression that satisfies these conditions is the logarithm.
Either that we choose the decimal or not, the information then for each symbol it is

= logqg P; "1 = log P; -1 [Hartley = Ha]
log, P; -1 [Blnary uniT = bit]
loge P; 1 = In P; -1 [Nats]

I Ley de distribucion
f H

_y

0 1 P
For n» 1 presented objects will be then the total information of the message
| = 3, |;
the average information of the source
Imegi = N 2 P; li [Ha]
the entropy of the source (that is also the mathematical hope of the information M)
0 < H; [Hiobjeto] = M) =lpegi/ N =2 Pjli < log N
the average information of the message
lmeg = N 2, P li [Ha]
and the entropy of the message
0< H =lpeq!/n =2,Pli = Z,P;logP;1 < log N
We define a channel of information like

"A channel of information comes determined by an input alphabet A = {a;}, i = 1,



2, ..., 1r; an output alphabet B = {bj}, j = 1, 2, ..., s; and a group of conditional
probabilities P(bj/a;). P(bj/a) it is the probability of receiving to the output the
symbol b; when it sends himself the symbol of input a;."

and this way, indeed, for a channel of information the following concepts are had: the mutual
information (that is equal to the capacity of the channel)

lagy = Hea-Hue

and their equivocation

Ews = Zas Pap) 109 Pam™

The information of a signal

Here we study the signals that are given in the time. They are sampling like it has been seen
precedently and the message of them travels along the transception, carrying a quantity of
information «I» that we want to evaluate in their form average « l,eq »-

If we define then

KT, period minimum that we obtain of the sign

T, time in that the information is evaluated (period of sampling)
P probability of being given the sign in a level

N total number of possible levels

we have the following concepts

C = (1/kT.) logy N [bit/seg = baudio]  quantity of information

Cmed = k2 P;log P;1 [bit/seq] entropy or quantity of average information
| = To C [bit] information
Imed = T Ceq [bit] average information

MODULATION

Generalities

It is to use the benefits of the high frequencies to transport to the small. In this we have the
benefits of the decrease of the sizes of antennas, of the possibility of using little spectrum for a wide
range of other useful spectra, of the codes, etc.

We will use the following terminology

V() modulating signal (to modulate-demodulate)
V() = Vim COS ot harmonic of the band bases useful of vy (Wy << W)
M) = 0 COS wt relative harmonic of the band bases useful of vy,



Ve(t) carrier signal and also of sampling
Ve(r) = Ve €Os wet carrier signal sine wave

Pm = V2/2 normalized power of the harmonic of the band bases useful
Pe = V212 normalized power of the harmonic of the carrier signal
Po normalized power of the harmonic of the modulating signal
PgL normalized power of the harmonic of the one lateral band
Vo(t) = Vo €OS ()t + 6) modulated signal
o normalized index of amplitude modulation
0 <= a=Vy/1V] = 1)
B index of frequency modulation (frequency or phase) (B = Aw/wy,)
Awe variation of the carrier frequency (Aw. = KoeyVim)
Kocv constant transfer of the OCV modulator of FM
B B band bases useful of vy, that will contain a
harmonic wy, (B<<wy)
W harmonic of the band bases useful of vt (W << w)
W, = 0@/ ot fundamental or only harmonica of v
6 initial phase of vy
@=wt+0 angle or phase instantaneous of v

This way, we know that to the carrier vy already modulated as vy it will contain, in itself,
three possible ways to be modulated

— modulating their amplitude (v,) (MA: Amplitude Modulation)
— carrier and two lateral bands (MAC: Complete Amplitude Modulation)
— two lateral bands (DBL: Double Lateral Band)
— one lateral band (BLU: Unique Lateral Band)
— piece of a lateral band (BLV: Vestige Lateral Band)
— modulating their instantaneous phase (¢) (M@: Angle Modulation)
— modulating their frequency (w, = 0@/ ot) (MF: Frequency Modulation)

— modulating their initial phase (6 = ¢) (MP: Phase Modulation)

Basically it consists on a process of transcription of the band bases B to the domain of the
high frequency of carrier w, —no exactly it is this way for big modulation indexes in M. The following
drawings explain what is said. When we have these lows index of modulation, then the form of the
temporary equation of the modulated sign is practically the same in the MAC that in the Mg; that is

Vo) = Ve { cos (wt) + (a/2) [ cos (. + W)t + coS (W, - W) ]} - MAC
Vo) = Ve { cos (wt) + (B/2) [ cos (e + wm)t - cos (0 - W) ]} - Mo
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_Amplitude Modulation (MA)

Generalities

The sign modulated obtained v in the MAC it has the form of the product of the carrier with
the modulating, more the carrier

= Mgy Ve + Very = (0 €COS mt) (V €Os ct) + V¢ cos ot
(aV/ 2) [ cos (w; + wy)t + cos (W - Wyy,) ] + V¢ COS wt
Vo {cos wt+ (a/2)[cos (w. + wpy)t+ cos (W, - W) ]}

Vo(t)
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and a power that depends not only on the modulation, but rather without this same the transmitter
loses energy unsuccessfully

P, = 2Pg_+ P, =2[0,707(aV, / 2)]2 + (0,707V,)2 = V2 (0,5 + 0,2502) =



= P. (1 +0,502)

The way to transmit suppressing the carrier is denominated DBL, and when it is only made
with an alone one we are speaking of BLU. Obviously in both cases there is not energy expense
without modulation, but like it will be seen appropriately in the demodulation, the inconvenience is

other, that is: it gets lost quality of the sign modulating. This way, respectively for one and another
case

PO(DBL) =2 PBL = 2[0’707(GVC/2)]2 = 0,25 GZVCZ = 0,502 PC
PO(BLU) = PBL = 0,707(GVC/2)2 = 0,125 a? VC2 = 0,2502 PC

Double lateral band and carrier (MAC)

Generalities

It is drawn the form in that observes in an osciloscoupe the modulated signal next. Here, in
the transmission antenna, it is where finally the true and effective modulation index is measured
(without normalizing it at 1 [V])

a = Vy/V,
Vo) = My Ve + Ve = (0 €OS wmt) (V¢ cos wt) + Vi cos wct =
Ve {cos wt+ (al2)[cos (w; + wny)t+ cos (w - wy,) ]}

m

This modulation type, like it even transports energy without modulation and due to the faulty
efficiency of the stages amplificators in class A, it always uses on high level. That is to say that is only
implemented in the output of power of the transmitter; but this doesn't prevent that for certain specific
applications that are not surely those of ordinary transception, this is made in low level, that is to say
in stages previous to that of output.



Generation with quadratic and lineal element
The diagram is presented in the following figure. For example it can be implemented in low

level with a JFET, and then with a simple syntony to capture the MA. Truly, it is this case a
simplification of any other generality of transfer of more order, since they will always be generated

harmonic.
L >
4?— Al ptumpm)+B (vetvm) -
u

5

2
I

Generation with element of rectilinear segment

The element of rectilinear segment is a transfer rectificator, that can consist on a simple diode.
The diagram following sample the equivalence that has with a samplig, since (v +v,,,)* they are the
hemicycles of sine wave vc changing their amplitude to the speed of the modulation; then the
syntonized filter will capture the 2B necessary and centered to w, to go out with the MAC.

'm TRAHSFEREHCIA | Ym o Yer¥m v erem)? o
SEGMEHTAL - i
RECTILIHEA
v Y {0-1)
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The following implementation (amplifier in class C analyzed in chapter amplifiers of RF) it
shows this design that, respecting the philosophy from the old valves to vacuum, they were projected
the modulators.
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Generation for product

Taking advantage of the transconductance of a TBJ a modulator of this type can either be
implemented in low or on high level. In the trade integrated circuits dedicated to such an end for low
level exist. Their behavior equation will be the following one, where a great amplitude of v,, changes

the polarization of the TBJ to go varying its g, that will amplify to the small signal of carrier v,

g ~ Iggo eVBE/VT

lg = lgg (1 + 0 Ccos wyt)
Om = OIC/OVBE = IBEO eVBE/VT/VT = IB/VT = IC/BVT: ICQ (1+C( CcOs (L)mt)/BVT

Ig
g ¢----- Q
i Vge
.-..-gm i
lca c

Ay = Vee I Vpe = Om Rl = IcRL (1 + a cos wt) / BV
Vpe = Vo = V. COS wgt



Vo = Vee = AyVpe = Ay (Ve + Vi) = (IcgRLVe/BVT) (1 + o cos wpt) cos et =
= (lcgRLVc/ BVT) {cos wt + (a/2) [cos (e + W)t + cOs (0 - wm)] }

F=========7

_Generation for saturation of the characteristics of a TBJ

We generate in the transmitter an oscillator that commutes a TBJ in the stage of power output.
This frees the amplitude of the carrier oscillator before incorrect polarizations in the base of the class
C. This way, we work with carriers that, when being squared, they contain a rich harmonic content
and where the fundamental one will have the biggest useful energy and, therefore, it is the convenient
one to syntonize as exit.

When we need to increase to the maximum the energy efficiency of this stage (f.ex.: in
portable equipment) it will be necessary to adapt the exit stage to the propagation-antenna line
(always among these they will be adapted to avoid faulty R.O.E.); it is not this way for powers of
bigger magnitude of the common applications.

The circuit following sample a possible implementation in class A of a modulator of MAC
disadapted (in a similar way it can be configured in class B type Push-Pull or complementary
symmetry increasing the energy efficiency)
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The pulses in class C (to see the analysis of this circuit in the chapter of amplifiers of RF class
C) in base that are transmitted to the collector and that they will change their intensity with the angle
of conduction of the diode base-emitter. To adjust this experimentally we have to the divider Rg-Rq
and the negative source V. Truly this can be omitted if we saturate the TBJ; so this network is

unnecessary for practical uses.
We can denominate as effective voltage of source Ve to which is disacoupled for C; in RF

Vecet = Vec +Vm
1/BCy; >> Ry (N1/Np)?
1/ (A)CC7 << (A)CL7

The antenna will have a certain radiation impedance complex Z,,4 if it doesn't fulfill the typical
requirements, and that it will be able to be measured and adapted according to what is explained in
the chapter of antennas and transmission lines. Mainly, being portable, their magnitude constantly
changes for the effect of the physical environment.

The circuit syntony p that has been chosen presents two important advantages in front of that
of simple syntony; that is: it allows us to adjust the adaptation of impedance as well as the band
width. On the other hand, in the filter of simple syntony, one of the two things is only possible. To
analyze this network we can simplify the things and to divide it in two parts like sample the following
figure

We = 1/[L3y(C1+Cee) 12 = 1/ (L3pCp) 12
Q1 = L3/ Ryes

Q2 = w.CsoRg

Rief = RO/QZ2
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where

Qoet = Q1 = R [Cx2/(Cy + Cpg) |
Ref = RrefQ12 = Rg [Co/(Cqp+Cpe) 12

and the limit of this simple syntony will be given by the band width to transmit 2B and the selectivity
that it is needed (although it is not used in the practice, filters of maximum plain can be used, of same
undulation, etc.)

Qoer < /2B
Design

Be the data

Rg =« Ni/Ny =0 fymin =+ famax = << fc =.. Psgmax =-. @ =... <1

We adopt a TBJ and of the manual we obtain

Cee =
VcEaDM = -

what will allow us to choose a source
VCC =... < VCEADM/2

We subsequently also adopt an antenna and adapted line (one has examples of this topic in
the chapter of antennas and transmission lines)

Now, for the equations seen we obtain



Ref = Vec? (1+0,502) /2 Psgimax =
Qoef = - < W/ 2(Wmmax - Crmin)

C1 = (Qoef/ WeRrer) - Cee = -

Cy = (C1 + Cge) (Rres/ R)Y2 = ..

L3 = L1+ Lgr = [(1/Cy#Cee) +(1/C 1/ w2 = ...
and for not altering the made calculations we verify

Rz =... << Ry = 1/R0 ((A)CCZ)Z

As for the filter of RF

C7 =.. << 1/(L)mmaXRg(N1/N2)2
L7 =.. >> 1/(})C2C7

Subsequently, with the purpose of getting the auto-polarization in the base, we adopt (for a
meticulous calculation of Rg-Rg to appeal to the chapter of amplifiers of RF class C)

C8 = ...
and we estimate (the best thing will be to experience their value)

R8 =.. >> 2T[/(A)CC7

Double lateral band without carrier (DBL)

Generalities

The sign modulated obtained vy in DBL it has only the product of the carrier with the
modulating

Vo) = M@y Ve = (a cos wpt) (Vo cos wt) = (aV/2) [ cos (w; + wy)t + cos (W - W)

The form of the signal modulated for an index of modulation of the 100 [%)] is drawn
subsequently.



Generation for product

To multiply sine waves in RF is difficult, so a similar artifice is used. Taking advantage of that
demonstrated in the precedent equations, it takes a carrier sine wave and it clips it to him
transforming it in square wave. They appear this way harmonic odd that, each one of them, will
multiply with the sign modulating generating a DBL for the fundamental one and also for each
harmonic. Then it is syntonized, in general to the fundamental that is the one that has bigger
amplitude.

This way, if we call «n» to the order of the odd harmonic (n = 1 are the fundamental) this
harmonic content can be as

Veum (o) = J T4 Veelneetot = (Vo) sen (nocTe/4) / (nwcTc/4)
= (V Ww) sen (n1v2) / (n172)
Q(n we) s N / [(nwc + wm) - (n(‘)c - wm)]
Subsequently we show a possible implementation. The carrier becomes present in the

secondary polarizing in direct and inverse to the diodes as if they were interruptors. This way then,
sampling is achieved to the modulating and then to filter the fundamental in

w. = 1/L,C4
Ql = (A)C/ZB
r .
+
Ym - l %o
l___l |—1TC1
" -

We can also make use of integrated circuits dedicated to such an end. The circuit following



sample the operation approach already explained previously when seeing the topic of generation of
MAC for product, but changing in the fact to invest the signals; here the great amplitude is due to v,

that changes the polarization of the TBJ with the purpose of going varying its g,, that will amplify to
the small sign of modulation v,,.

Om = lcg (1 +cos wet) / BVy

Ay = Vee I Vpe = Om R = lIcgRyL (1 + cos wt) / BV

Vpe = Vi = OV, COS Wyt

Vo = Vee = AyVpe = Ay Vi = (0 IR Ve / BVT) (1 + cos wt) cos wpt
= (lcQRLVe/ BVT) { @ cOS wpt + (a/2) [cOs (@ + W)t + Cos (w; - )] }

Generation for quadratic element

The diagram is presented in the following figure. Only a transfer that distorts without lineal
component will guarantee that there is not carrier.

Ym
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For example it can be implemented in low power with a JFET, and then with a simple syntony
to capture the DBL. Their behavior equations are the following

We

Q1

1/L,Cq
w. /2B

\Y}



Vgs1 = Vm * Ve - Vae
Vgs2 = - Vm t Ve - Vg
Vo = (ig1 - lg2) = IpssWel1Qq [ (1 + Vgso/Vp)? - (1 - Vgs1/Vp)?] =

= (8lpsscL1Q1/Vp?) [ (VoG - VP/2) Vi - Ve Vil —  (8lpsswel1Q1/Vp?) Ve Vi,

vm —mm—(=—+ (=5~ = "
+ + Cq

Unique lateral band (BLU)

Generalities

This is a special case of the DBL where one of the bands is filtrate, or a mathematical method
is used to obtain it. For simplicity of the equations we will work with the inferior band. The result of the

modulation is kind of a MA and combined M¢; subsequently we show their temporary form

Vo) = (aV/2) cos (o - ) t

Generation for filtrate

This generation is made firstly as DBL and then with a filter the wanted lateral band is
obtained. The inconvenience that has this system is in the selectivity and plain of the filter; for this



reason the approaches are used seen in the filters LC of maximum plain, same undulation, simple
syntonies producing the selectivity with crystals, or also with mechanical filters.

Generation for phase displacement

The following implementation, among other variants of phase displacements, shows that we
can obtain BLU

Vi = Vp Ve = (0 cos wpt) (Ve cos wt)
Vo = (0 sen wpyt) (Ve sen wet)
Vg = V3 +Vy = (0 V¢ Cos (g - W)t

L 3

= k]

S ] ik

L

Now then, to displace an angle anyone of the carrier is simple, but to obtain it for an entire
band bases B is difficult. Consequently this modulator here finds its limitations, and it is common for
this reason to be changed the displacements implementing them otherwise.

Generation for code of pulses (PCM)
The code here is like in the following system, where they are
n number of quantification levels

m number of pulses used to take place «n»
N =nm effective number of levels
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being the sign in an osciloscoupe the following (in vopcp We have only pulses coded without change
of amplitude)
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The quantity of information that is used is

C = (/KT logy N = (m/kT.) log, n
and the differences of the system produce a distortion that (mistakenly) it is denominated
quantification noise o [V], and being then their magnitude Av, will be limited in a proportion K such

that

Avy = Ko



]

and knowing that the amplitudes go of 0 < i < (n-1)Av,, in steps of magnitude Av, like it was said, their
value quadratic average is

Py = (1/n) Zo"1(iAvy)?2 = K202(n-1)(2n-1)/6

and on the other hand as the value average of voltage of the pulses with same probability of to
happen is Ka(n - 1)/2 then the power of the useful signal is

S =Py - [Ko(n-1)/2]2 = K202 (n2-1)/12

and ordering it as relationship signal to noise (S/R) of PCM
(SIR)pey = K2(n2-1)/12

that finally replacing it in the quantity of information is obtained
C = (Mm/2kT) logy [1 + 12 (SIR)pey | K2

We can also be interested in the relationship (S/R),,, that has with respect to N. For we call it
sampling error at the level of decision of the quantification and that it will have a maximum in

€max = AV /2

and we outline the power of quantification noise normalized at 1 [Q]
R = (UAVy) [ ¢ maxEM@* €209e = Av,2/2

as well as the relationship signal to noise voltages
(S/Mpey = (N Av,) / RY2

so that finally we find



(S/IR)pcu = (S/N)2pcy = 12 N?

Generation OOK

Here it is modulated binarily to the carrier. The effect is shown in the following figure, where
we see that the band width for the transmission is double with respect to that of the pulses, that is to

say, practically 2(w, - T/qT,y)-

Generation PAM

We call with this name to the modulation for the amplitude of the pulse. The system consists
on sampling to the sign useful v,,, to v, and to make it go by a filter low-pass F(w) retainer like a
period monostable kT, and of court in w g. This filter will allow to pass the sampling pulses to rhythm
000

WE > W)
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Chap. 26 Demodulacion of Amplitude

Generalities

Double lateral band and carrier (MAC)

Generalities

Obtaining with quadratic element

Obtaining with element of segment rectilinear

Design

Double lateral band with suppressed carrier (DBL)
Generalities

Obtaining for the incorporation of asynchronous carrier
Obtaining for product

Unique lateral band (BLU)

Generalities

Obtaining for the incorporation of asynchronous carrier
Obtaining for lineal characteristic

Obtaining for quadratic characteristic

Obtaining for product

Obtaining for the incorporation of synchronous carrier
Pulses

Generalities

Obtaining of coded pulses (PCM)

Obtaining of PAM

Generalities

Basically it consists the demodulation a transcription of the band it bases 2B of the domain
from the high frequency of carrier w, to the low B. The following drawings explain what is said. That
is, like it was said in the previous chapter

Vo) = Vo (1 + 0 cos wpt) =
=V, (0 cos wyt cos w.t + cos w.t) =
= V. {cos (wt) + (a/2) [ cos (0, + wy)t + cos (W - W) 1} - MAC
Voiy = (aV¢/2) [ cos (03 + W)t + €O (63 - W) ] ~ DBL
Vo) = (aV¢/2) cos (wy - W) - BLU
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The criterions of the demodulation of amplitude are, basically, three: first, to go the modulation by an
element non-lineal (rectilinear segment, quadratic, etc.). Second, to mix it with a new local carrier, in
such a way that in both cases a harmonic content will take place and, surely, a band bases B on low
frequencies that then one will be able to obtain a filter low-pass. Third, reinjecting the carrier when it
lacks and then to treat her classically.
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Double lateral band and carrier (MAC)

Generalities
We repeat their characteristic equation

Vo) = Vo (1 + 0 cos wpt) =
=V, (0 cos wyt cos w.t + cos w.t) =
= V¢ {cos (wt) + (a/2) [ cos (w; + wy)t + €cos (W - Wy,) 1}



Obtaining with quadratic element

Subsequently this system is drawn. Polarizing a no-lineal device, like it can be a diode among
0,6 to 0,7 [V], an area will exist that is practically a quadratic transfer

Veal = K Vg + Avg2+...= AV2 (0 cos Wyt cos wgt + V. cos wet)2 + ...
" = AV.2a cos wpyt

Vm

“m'
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— ] H+ﬂ2+B3+...

Without being common for applications of low RF, yes on the other hand it is used in
microwaves.

Obtaining with element of segment rectilinear

This obtaining is the most common. The output is rectified and filtered, according to the circuit
that we use, so much to get the signal useful modulating v,,,” of AF on an input resistance to the
amplifier following Rapp. like for a continuous in the automatic control of gain CAG of the receiver and
that we call Vcpg.

et +¥Ycac

:

The following graphs express the ideal voltages in each point.
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Indeed, for the fundamental (harmonic n = 1) it is

Vm = Vsaln=1) = J Vo Ot =
J V {cos (wt) + (a/2) [ cos (W + wy)t +CoS (0 - wy) ]} ot =
Ve { sen (o) /g + (a/2) [sen (o + o)t /(0+00) + sen (w - W) /(We-wy) 1}~
~ V¢ lu { sen (wet) + (0/2) [sen (w, + W)t +sen (w. - wy,) 1} =
= V¢ (1 +a cos wpt) sen (wt) /0
Vsal(n=0) = Ve (1 + 0 COS wpi)

Truly this demodulator not prevents to have 100 [%] of modulation in the theory —not of this
way in the practice for the curve of the rectifier. When the work point Q rotate by the modulation, like
they show the graphs (that have been idealized as straight line), a cutting of the picks takes place.

We obtain the condition

Imed ~ VC/Rl = GVC/(RI//RAMP//R3)

and of here

a<1/ [1 + Rl (1/RAMP + 1/R3)] = RCONTINUA/ RALTERNA
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To design the syntony of the filter simple precedent, receiving an intermediate frequency
reception Fl, it is important to know the input impedance to the circuit demodulator Z,;. With this end
we analyze it when the rectifier of half wave possesses a conduction angle ¢ (in the chapter of
sources without stabilized it called a) and a static resistance to the point of dynamic work Ry, (that
truly varies with the amplitude of the modulation) and that we can consider average, as well as a
resistance reflected by the transformer that, being reducer, it will design it to him preferably of
worthless magnitude (this resistance is the simplification of the total series Rg in the chapter of
sources without stabilizing). Its magnitude can approach theoretically as

Rree = R1(tg0-9@) /™

0,02

RREC"IR'I

0,01 /

¥

./
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then without modulation (is to say for small a) we can find the current average that it enters to the
rectifier supposing that in their cathode a continuous voltage it exists practically of magnitude peak V.

Imed ~ (2/M [ 0® (Vo - Vo)/Reee 0wct = V¢ (sen@ - sen@ cosq) / TReec ~



~ Ve (@- @cosg) / Rgee = Ve @1 - coSQ) / TReec
approach made for @ < 30 [°] that are the practical cases. This allows then to outline

Zent = Rent = Ve/lmed = TRgec/ ®(1 - cos@) = Ry (g @- @) / (1 - cosq)

Rent 'R 4

D
05 10 15 20 25 30 ¢ [

expression that is simplified for high detection efficiencies n and relationship R1/Rzc. bigger than

some 10 times, if we plant simply that we don't have energy losses practically in the diode and we
equal this power that it enters to the system with the continuous that obtains in null modulation (it
lowers)

Pent = (0,707 V()2 / Reny ~ (N V)2 /Ry
then
Rent ~ Ry/2n2

An useful parameter of the demodulator is its detection efficiency n. We define it as the
voltage continuous average that we obtain to respect the magnitude pick of the carrier without
modulating

N = Vimed/ Ve
for that that if we keep in mind the previous expressions

Vimed = Imed R1 = VcR1 (1 - cos@) / TRyec
R1/Rgpgc = T/ (tg @- @)



Itis
N = Ry @1l-cosq)/MReec = A1 -cos@)/(tg @-¢) = Rgec/ Rent

Truly these equations are very theoretical and distant of the practice. An efficient solution will
be to consult the empiric curves of Shade, some of them drawn in the chapter of sources without
stabilizing.

We can want to know what we see to the output of the rectifier, that is to say the output
impedance Zg, and the voltage available vy, —for the useful band and not the RF. With this end we
outline again

Imed = Vc (Sen(P' seng COS(P) / T[RREC - Vc (sencp- (P) / T[RREC =
= (Ve sen® / TRyee) - (Ve @/ TReec)
Imed = Vmed/ R1 ~ Ve /Ry
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that we will be able to equal and to obtain
Vesen® [ TRy = (Ve / Ry) + (Ve @ TRee()
and now working the equation gets

Veal = Vesen@ /@ = lpeq (Ry + Rgy)
Rsal = TRge/®

The condenser of filter C, is critical. It should complete three conditions, that is: first, it should
be the sufficiently big as to filter the RF and that we could simplify with to the following expression

1/ (A)CC]_ << Rl
and the sufficiently small as for not filtering the useful band, or to take advantage of it so that it
produces the court frequency in the high frequencies of the band bases having present the resistance
of equivalent output Rg, of the rectifier

1/ BCl = (Rl//RAMP//RS) + Rsa|

being the third requirement that, due to the alineality of the system that is discharged without



producing a diagonal cutting to the useful signal

1/BC;>> Ry
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As for the capacitor of it couples C,, if we observe that we go out with a voltage in R1 of
worthless resistance, this can be designed for example as so that it cuts in low frequencies

1/ OmminC2 = Rawvp
and at the C3 as so that it integrates the voltage dedicated to the CAG with the condition

1/ 0OmminC3 >> R3// Reac

keeping in mind that the speed of its tracking in the receiver will be the maximum limit.

Design
Be the data
fo = fnmax = fmin = Ve = Zmax —
Ramp =+ Rcag =+ Vcag = -

We adopt a potenciometer in R, to regulate the gain of the receiver in such a way that their
maghnitude doesn't affect the precedent equations of design (if the modulation is of AF it should be
logarithmic)

Ravp >> Ry = ... << Reag

We can estimate the condenser of filter C, keeping in mind the carried out design equations
but, truly, it will be better their experimentation. We will only approach to their value with the curves of
Shade (to see their abacus in the sources chapter without stabilizing)

Cl = ...



Subsequently we find the rest of the components

Cz = 1/ &pminRamp = -
Rs = Rcag (Ve/Veag -1) = ...
Cz =... >> (R3// Rcac) ! Wmmin

Double lateral band with suppressed carrier (DBL)

Generalities

We repeat their characteristic equation

Vo) = (aVe/2) [ cos (W + W)t + €os (W - W) ]

Here the demodulation philosophy is in reinjecting the carrier. The problem is in that she is
never in true phase with the original of the transmitter, because all the oscillators are never perfect.
For example, a displacement of a one part in a million, implies a one digit of cycle of phase
displacement in a carrier of 1 [MHz].

We will call to this displacement of phases among carriers § = Yy, and we will have present
that changes to a speed that can be the audible.

Obtaining for the incorporation of asynchronous carrier

Those DBL is excepted with synchronous modulation that, for this case, the modulation
contains an exact reference of synchronism .

Yo “sal | pEmopuLaDoR | Ym’
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We can see this way that for this case, calling y to the displacement of phases among carriers and
obtaining a previous adjustment in the receiver (to simplify the calculations) to obtain the same carrier
amplitude V.

Vo) = (aV./2) [ cos (w; + wp)t + cos (0w - W) |
vo(t)’ = V. cos (w.t+ )

itis



Vsal = Vo) + vo(t)’ =V, [acos wyt cos wet+cos (wt+Y)] =
= V. (1+a” cos wpyt)

VC' = V. cos ((Oct +4y) = Vc(w) = VC(t)

a” = coswct/cos (Wt+y) = o'y = a'g

where it is distinguished the deficiency of the system mainly in the amplitude of the carrier like V¢,
since their phase displacement (w.t + ) it won't affect in a later demodulation of MAC.

Obtaining for product

The operative is the following one. The same as in all asynchronous demodulation, this
system continues suffering of the inconvenience of the quality of the transception

Voy = (aVc/2) [cos (g + )t + cos (w - W) ]
Voy = COS (ot + )

P = Y

v [T
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and therefore
Vsal = Vo) Vo) = Ve[ O €OS Wt cos at. cos (wt+ )] =

= V. [cos (2wt + ) + cos wyt ]
VC, = (GVC CcOoSs lIJ ) /2 = VC(LlJ) = VC(t)

Unigque lateral band (BLU)

Generalities

We repeat their characteristic equation

Vo(ty = (aV¢/2) cos (wy - W)

Here the demodulation approach is the same as in DBL for the injection of the carrier. The problem is
in that she is never in true phase with the original of the transmitter, because all the oscillators are
never perfect. For example, a displacement of a one part in a million, implies a one digit of cycle of
phase displacement in a carrier of 1 [MHz].

We will call to this displacement of phases among carriers ¢ = Yy), and we will have present
that changes to a speed that can be the audible.



Obtaining for the incorporation of asynchronous carrier
Obtaining for lineal characteristic

Here we added to the modulated signal a local carrier. It has as all these demodulations the
problem of the phase displacement among carriers.
To simplify our analyses we consider that synchronism exists and then the local carrier is
permanently in phase with that of the transmitter. This way, the behavior equations are

Voy = (aV¢/2) cos (w - wm)t
Vo) = Ve €OS (Wt + ) — V¢ cos wt

being

Vsal = Vo) * Vo) = Vsal COS (wct + 9)
Vea =[(QVe/2)2+V2+2(aV,/2)V, cos wnt]Y2 =V, [ 1+ (02/4) + o cos wyt 12

what tells us that for small modulation indexes we can obtain the sign useful modulating with a simple
demodulator of MAC

a<<1

Vsal = Vor) +Vo(t) = Vsal COS (Wt + 9)
Vga ~ Ve (1+acos wyt)

Vin© = aV, cos wpyt

Yo “sal DEMODULADOR | UM
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The figure following sample a balanced figure of this demodulator type that eliminates the
carrier, and easily it can be implemented taking advantage of the investment of the secondary of a
transformer.

Vsall = Vo *Vo = V¢ (1+0acoswpt)cos (wgt + o)
Vsai2 = Vo -Vo = V¢ (1-0cos wpyt) cos (wt + ¢)

Ve (1+acoswput)
Ve (1-acos wpt)

Vm1
Vm1

Vo' = Vm1 - Vm1 = 20V CO0S wpt
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Obtaining for quadratic characteristic

The method here is the following. We added the sign modulated with a local carrier making go
their result by an element of quadratic transfer.
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Calling @ to the phase displacement among carriers obtains

Vo) = (aV¢/2) cos (uy - wm)t
Vo) = Ve €os (ot + W)

it is

Vsal = A (Vo + Vo)) + B (Vorr) + Vo) )2 + C (Vor) + Vo) )2 + -+ =
- B(vo+Vy)? =2+ 2V, Vo + Vo2 -
- (aVB/2){cos [(20; - W)t + Y] + cos (P - wyt) }

Vi, = a’V¢cos (Y - wnpt)

a° =B/2

where the deficiency of the system is appreciated in the phase (Y - w,t) of the audible frequency.
This transfer can be obtained, for example, starting from the implementation with a JFET

Vgs = Vot Vo - Vas
Vgal = IdR ~ IDSSR (1 + VgsNP)2 = IDSSR [1 + (2 VgS/VP) + (Vgs/VP)2 -
— lpssR (Vo + Vo' - Vs)2/ Vp2 = B (Vo +Vy)?

B = IDSSR/VP2
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Obtaining for product

Similar to the previous system, here the BLU multiplies with a local carrier. Their equations
are the following

Vo) = (aV¢/2) cos (wy - wp)t

Vo() = COS (Wt + )

Vsal = Vo Vo) = (@Vc/4){cos [(20 - wm)t + Y] + cos (P + wyt) }
Vi, = a’V;cos (Y + wpt)

a =al4

Ym~

-

v
Yy sal

Yo

This demodulation usually implements with the commutation of an active dispositive that
makes the times of switch. In the following figure the effect is shown. The analysis will always be the
same one, where now the carrier will have harmonic odd due to the square signal of the commutation,
taking place for each one of them (mainly to the fundamental for its great amplitude) the demodulation
for product.
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Obtaining for the incorporation of synchronous carrier

When we have a sample of the phase of the original modulating of the transmitter, then the



demodulation calls herself synchronous, and it no longer suffers of the problems of quality in the
transception. The variation of the phase displacement is it annuls

p # Wy

and all the made analyses are equally valid.

Pulses
Generalities

The digital demodulations is practically the same ones that those studied for the analogical.
As we work with pulses of frequency wy,, with period T, and duration kT,,, then the spectrum of the
useful band B will be, practically, of 3w, at 5wy, as the efficiency is wanted.

Obtaining of coded pulses (PCM)
Already demodulated the band base of transmission, receives us PCM that obtains the signal

finally useful v, again. The following outline, as possible, processes this and where one will have
exact reference of the phase of the carrier
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bbtaining of PAM

A simple filters low-pass it will be enough to obtain the sign useful vm. But the pre-emphasis
given by the filter F(,; now it will be reverted as 1/F .
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Chap. 27 Modulation of Angle

Generalities

Freqgcuency Modulation (MF)
Generalities

Generation Armstrong
Generation with OCV
Modulation in high frequency
Design

Modulation in low frequency
Design

Phase Modulation (MP)
Generalities

Generation for derivation
Design

Pulses

Generation FSK

Generation PSK

Generalities

The angular modulation Mg consists on making that the signal useful v,,, enters in the

instantaneous phase of the carrier, and that we have denominated @. As this variable it is depending
of other two according to

Vo) = V¢ €os (wt + 6)
Q= wit+96

the M@ can be made in two ways

— freqcuency modulation (MF)
— phase modulation (MP)

that is to say, the first one will imply that the frequency w. will vary to rhythm of the modulating v,
(instantly as wy;), and the second it will be with their initial phase ©.



We will see that both modulation types are similar, and calling w; to the frequency of
instantaneous carrier, they are related among them for a simple derivation

w = 0@ /ot
and in the transformed field of Laplace
wW=sQe
Returning to their generalization like Mg, we can deduce that, being the modulating
Vin(t) = Vm COS Wit

for both cases the carrier frequency will go varying according to the rhythm of the following
expression

W = W+ Aw COS Wyt
and of where it is deduced

Q=[] w;ot= wt+psenwmyt
B = Aw,/ Wy

being denominated to [ like index of angular modulation; and being the modulation finally
Vo) = Ve €OS @ = V¢ cos (wct +6) = Vc cos (wet + B sen wyt)

If we want to know the spectrum of harmonic of this modulation type, we can appeal to the
abacus of Bessel according to the following disposition

Vo) = Ve {Jo€os wet + Jq [COS (0 + i)t - cOS (W - Wip)t] +
+ Jy[cos (W + 2wt - cos (W - 2w,)t] + ...
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and if what we want to know is the band width normalized B(p we use the following one other, where it
is defined it in two possible ways



— wide band (B, = 5 being By, ~ 2Awy)
— short band (B, << 12 being B, ~ 2wy)

10

Bg/ Awg [}

5

0 1 8 12 18
B

Another way to estimate the band width is with the abacus of Carson. Of this graph a
multiplier M is obtained according to the following form (the original graphs possess as parameter the
module of the harmonic iw, among 0,01 <[J;00< 0,1 for what we clarify that it is an interpolation

average)

By = 2M ay,

10

01 1 10 B

For short band we can simplify the equation and to arrive to didactic results. That is

Vo) = V¢ COS (et + B sen wyt) =

V. [ cos w.t cos (B sen wyt) - sen wct sen (B sen w,t)] ~
V. [cos wgt - sen wt (Bsenwyt)] =

Ve { cos (wct) + (B12) [ cos (g + Wyt - COS (@ - 0y) ]}
By = 2

l



aVei2 BVei2 BYgi2

A

C “[:
MAC M

av.i2

On the other hand, when the modulation is made in low frequencies and then it increases it to
him, it is necessary to have present that changes the modulation index, and therefore also the band
width. Let us see this when it multiplies the frequency N times

Vo(t) = V. cos Ng = V. cos (Nwt + NB sen wpt)

Fregcuency Modulation (MF)

Generalities

In this modulation the apartment of the carrier frequency Awy is proportional to the amplitude
of the modulating V,,,, and the speed of its movement to the frequency of the modulating wy,

A(A)Cz kl Vm
0w/ at = ko wy,, = 92¢/ at2

and we repeat the general expressions

Vin(t) = Vm COS Wt

Vo) = Vo COS (ut + 6)

Q= wit+0 = [ w; ot = wt+Psenwyt
W =00 /0t = w. + Aw; COS Wyt

B = Aw. / wy, (indice de MF)

The relationship signal to noise in the transception (modulation and demodulation) of this
modulation type, as much in microwave as in those of radiofrecuency of use commercial of
broadcasting, it has been seen that it is necessary to compensate it with a filter called pre-emphasis
with the purpose of that this relationship stays the most constant possible along the useful band B.
This filter for the applications of microwaves is complex, because it depends on many requirements,
so much technical as of effective normativity of the regulation of the telecommunications. As for the
broadcasting, this usually makes simpler with a filter in high-pass whose pole is in some approximate
50 microseconds —in truth this is variable.

Generation Armstrong



Belonging to the history, the generation for the method of Armstrong always determines an easy way
to take place FM in short band. Their behavior equations are the following ones (the integrative is
implemented with a filter low-pass that makes go to the band B by a slope of -20 [dB/DEC])

Vi E Vv, ot = (V/wy) cos ot = B sen wyt
Vo Evqvee i = fv ot = Bsenw,t sen wgt
Vo = Ve -Vg = sen wgt-Bsenw,t sen wt

m

Generation with OCV

Modulation in high frequency

Depending logically on the work frequency the circuit will change. Subsequently we observe
one possible to be implemented in RF with an oscillator anyone (for their design it can be appealed to

the chapter of harmonic oscillators).

Yoo

The syntony of the oscillator is polarized by the capacitance Cyq of the diode varicap due to
the continuous voltage that it provides him the source VCC

we? = 1/Lg(Co+ Cyo + Cp)
Vgo = kVcc
Cd ~ A / de



being C, the distributed capacitance of the connections in derivation with the diode and k the
attenuation of the divider R,-R3-Ry.

For the design we can know the magnitude of A and of y if we observe their data by the
maker, or for a previous experimentation, since if we obtain the capacitance of the diode for two

points of the curve they are

Camax = A/ VaminY
Cdamin = A/ Vgmax!

Y = 109 (Camax / Cdmin) / 109 (Vdmax ! Vdamin)
A = Cymax Vdmin’

As for the distortion that is generated of the graph, studies in this respect that we omit here for
simplicity, show that the most important distortion is given by the equation

D [veces] ~ { 0,25 (1 +Y)-{0,375y/[1+ (Co+ Cp)Caol1}} Vim/ Veo

Design
Be the data
Vee =... fo =... Cy =... Cp =...(approximately 5 [pF])
Vm = .. fmmax = ... fmmin = Dmax = ... Rg = ...

We choose a diode and of the manual or their experimentation in two points anyone of the
curve obtains (f.ex.: BB105-A with y~ 0,46, Cy4o = 11,2 [pF] and Vq4g = 3,2 [V])

Y = 109 (Cgmax / Camin) / 109 (Vamax ! Vdmin) = -
and then we polarize it in the part more straight line possible of the curve

VdO = ...
Cgo = ...

getting



Lo =1/ (Co + CdO + Cp)(x)cz = ..
Ll =.. >> LO
Rl =.. >> Rg

Subsequently we design the capacitances so that they cut in the frequencies of the useful band

Cq
Co

1/ R1Wmmin =
1/ RgWmmax = -

The resistive dividing, where we suggest one pre-set multi-turn for R,, we calculate it as a
simple attenuator

R, =.. << R,

lhg = .. = V! (Ry/2)

Rs = [Vec- (Vao + Vm) 1/ IRz = ...
Ry = (Vao-Vm) /lr2 = -

Finally we verify the distortion

{0251 +y)-{0375y/[1+(Co+ CplCaol}} Vin/ Vao = ... < Dinax

Modulation in low frequency

For applications of until some few MegaHertz it is possible the use of the OCV of the

integrated circuit 4046 already explained in the multivibrators chapter, where the output is a FM of
pulses.
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Design



Be the data

fo =o Vg =o famax = =.. Bmax =.. << m/2 (shortband)

fmmin
We choose a supply
15 [V] > VCC =.. > 2Vm

and we go to the multivibrators chapter adopting, for this integrated circuit 4046, a polarization with
the gain abacus (here fj are f;)

Rl = ...
Cy

and being the worst case

Bmax = 2 (femax - o) / frmin

they are

fomax = fe + Bmaxfmmin /2) = ...
fomin = o= (fomax - fo) = 2fc + fomax = -

Then with the third abacus finally find (here f,2/fmin 1S femax/femin)

fcmax/fcmin
(Ry/Ry) = ...
RZ = Rl(RZ/Rl) = ...

He couples the we calculate that it produces the cut in low, or simply that it is a short circuit

Cy =.. > 1/(Ry+5.10%)Wnmin

Phase Modulation (MP)

Generalities

In this modulation the apartment of the initial phase of the carrier q is proportional to the
amplitude of the modulating V,,,, and the speed of its movement to the frequency of the modulating

Wy, Multiplied by the amplitude of the modulation V,,

0= Bsen wyt



B=k3Vny
00/ ot = [ wy sen wut =Kz Vi, sen wpt

and we repeat the general expressions

Vin(t) = Vm €OS Wt

Vo) = Vo COS (ut + 6)

Q= wit+0 = [ w; ot = wt+Psenwyt
[
B

0@ /0t = W + Aw, COS Wyt
Aw, | Wy, (indice de MP)

and where we can observe that we will have in consequence a kind of MF

W=00 /0t = W - Pw, sen wmyt

Generation for derivation

According to the precedent equations, to generate MP we can simply derive the sign
modulating and then to modulate it in MF for some of the previous methods
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besign

Be the data (to see their design equations in the chapter of active networks as filters of
frequency and phase displacements)

Vip = o fimax = - Rg=... K=..2<1
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We adopt



C, =
and we find
Rl = (T/Cl)‘Rg = ...
Ry = K(Ry+Ry) =
Pulses

Generation FSK

Here it is modulated binarily to the carrier. The effect is shown in the following figure, where
we see that for the case of short band the band width for the transmission double that of the pulses;

that is to say, practically 2(w; - /qT,,).

Generation PSK

The same as the previously seen concepts, here to vm we derive it and then we modulate it in
frequency.
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According to the quantity of binary parity that are had in the modulation, this will be able to be
of the type 2¢pPSK, 4@PSK, etc.

2 PPSK 4 PPSK




Chap. 28 Demodulation of Angle

Generalities

Demodulation of Frequency (MF)
Generalities

Demodulation in high frequency
Demodulation for conversion to MAC
Obtaining for simple slope

Design

Obtaining for double slope (Travis)
Obtaining with discriminator of relationship
Design

Obtaining for tracking of phases

Design

Obtaining for conversion to MP
Demodulation of Phase (MP)
Generalities

Obtaining

Design

Generalities

Basically it consists on taking the band bases 2B (short band) of the high frequency of carrier
w, to the B of the lows. The following drawings they explain what is said. Then, like it was explained

Vo) = V¢ €0S (ct + B sen wmt) ~ Ve { cos (wct) + (B/2) [cos (wg + wm)t - cos (o - wm)] }
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The methods to obtain this demodulation are basically two, that is: one, in transcribing the
sign of M@ (interpreted as MF) in MAC it stops then to demodulate it classically; the other, with a
tracking of phases —phase look loop LFF.

For the first method it is made go the signal of M@ by a slope of first order (20 [dB] per
decade), either positive or negative, in such a way that the variations of frequency are translated to
voltages. It is also accustomed to be used slopes of more order that, although they achieve the
discrimination equally, they don't reproduce the modulating correctly.

CONVERSION
DE MF A MAC
—
U v % v __ "
1] [1] m
DEMODULADOR
| @+t "|  DEMAC
'] v & || I
1] 1] m
.| DEMODULADOR
.[ " DE MAC
DETECTOR FILTRO
DE FASE PASABAIOS
—
o0 AB _|' [
QCY =

The second way, something more complex, it detects the phase of the Mg and it retro-feeds
her through a OCV; the result will be that in permanent state, that is to say when the system is
hooked, both frequencies wi and wo are same and, therefore, the vm’” is a reflection of what
happened in the modulator with vm —the OCV it would reproduce it.



On the other hand, due to the sophistications of the processes of signals that they exist today
in day, and also as satisfying to the best intentions in the historical beginning of the broadcasting to
transmit acoustic fidelities (forgotten fact since to make screech the hearings as in MAC), this
transception type is logically more immune to the atmospheric interferences that those of modulation
of amplitude.

Demodulation of Frequency (MF)

Generalities

We repeat the characteristic equations of the modulation of frequency

Vin(t) = Vm €OS Wt

Vot) = Vo COS (ut + 6)

@ =Wt+0 = w; ot = wt+Psenwpyt
B = Aw. / Wy, (indice de MF)

Aw. = kg Vi

W =00 /0t = w. + Aw; COS Wyt

0w/ at = ko wy,, = 92¢/ at2

and we remember

— wide band (B, = 5 being By, ~ 2Auy)
— short band (B, << 12 being B, ~ 2wy,)

Demodulation in high frequency
Demodulation for conversion to MAC

Obtaining for simple slope

This discriminator can be made with a simple filter outside of syntony to the carrier frequency,
either in excess or defect. Although the slope of the filter is not exactly 20 [dB/DEC], the result is, for
many cases like for example AF vowel, very efficient.
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Another inconvenience of this demodulation consists in that it doesn't avoid the atmospheric
interferences, since all interference of amplitude in the carrier will be translated to the output.

Design
Be the data

RL=... foamax = foamin = fc =... Af. =... (for broadcasting 75 [KHz])

We estimate a capacitor of filter of the demodulator of MAC (to see their theoretical conditions
in the chapter of demodulation of amplitude)

Cl =... - 1/(A)mmaXR|_
and we choose a syntony that allows the band base of MF that is 2B (we think that the more we come
closer to the syntony with the carrier, more will be his amplitude for the detector, but the deformation

will also increase)

W, ~< B+l/(C2L2)1/2
Q, =.. ~<0y,/2B

for that that if we choose the inductor according to the band width that we need (we remember that
the detector reflects a resistance of ~R| /2, and also that the inductor will surely possess a factor of
merit much more to the total that we are calling Q,)

LZ = RL/Z(‘OCQZ = ..

we obtain the estimate (we remember the existence of distributed capacities)

Cz = 1/L2((A)C‘B) ~ l/LZ(*)C = ..

bbtaininq for double slope (Travis)




The circuit consists on a double discriminator of simple slope in anti-series.

With a transformer of low coupling (k << 1), the primary is syntonized in parallel and the secondary in

series. It is syntonized to the carier frequency the primary allowing to pass the width of band of the
modulation

we = 1/(L1Cq)Y2
Ql ~< wC/ZB
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and the secondary ones syntonized for above and below the carrier, they guarantee a lineality in the
demodulation that doesn't make it that of simple slope. But it follows the problem of the immunity with



the interferences of amplitude.

1/(LoCop)V? < w-B
1/(LoCo2)1? > w:+B

Wo1
Wo2

Obtaining with discriminator of relationship

Being a variant of the discriminator Foster-Seely, we will show that this discriminator
attenuates the problems of atmospheric interferences of amplitude. Their configurations and design
are in very varied ways, and here we show only the circuit perhaps more classic and more didactic.

7

The transformer is of low coupling (k << 1), designed in such a way that allows a double
syntony among the coils; for example of maximum plain among v, and the current of collector i that it
is proportional to the MF.

To simplify we will design an electric separation in the way

R3 >> Ry

then, inside the band pass it will be (to go to the chapter of radiofrecuencies amplifiers and that of
demodulacion of amplitude)

Zg =Volic =Hp.s/(s*+s3A+s2B+sC+D)

Zog) ~ - 1kQo/ 0[(Cy + Cee) Co]V/2

We = 1/[(Ly(Cy + Cope)lt2 = 17 (LpCp)Y2

Qo = [Ry(wcLa/R1)?/g9e 1/ wcly = wdcla /[ Ry + (Ra/2)/(wC2R4/2)? ]

expression that it says that the voltage pick of v, that we call V, will be constant with the frequency
like it is shown next (I, it is the value pick of the current of MF in the collector)



Vo = Zgic ~ kQglg / wg[(Cq + Cge) ColY2 = V, e-im2
but not so much that of the primary
Vo = {IoR1(@cL1/R1)2 /{ 1+ 2Qq(1 - wlwog)2 2 }12 } e - arc g 2Q0(L - wlex)
and like we work in short band
We ~ W O 2Qp(1- ww) << 12
it is
Vo ~ [lo(@eL)Z/Ry | €1 2Q0(1 - o) = [ (co,Ly)2/R; ] el 2Q0(wwx - 1)
This way the voltages to rectify are

vy + Vo0 = {{[21,Q0(0L1)2/RyJ(ew - 1) + Vo }2 + [lg(welq)?/R4]? }1/2
vy - Vo0 = Dvp - vi0 = {{[215Qp(wcL1)Z/R1](1 - wwe)+ Vo }2 + [lo(welq)?/Rq]2 }1/2

that they express the transcription of the MF to kind of a MAC, and where the intersection is the
amplitude of the carrier

Ve = {[lo(0cL1)?/R]? + V5?2 J/2

- an=2

|4+ ¥, //

L S kQg= 15

0 04 08 1 14 18
Quhe, f o,

Como C; es inevitable en el acople de continua, surgio la necesidad de dar retorno a la
continua de las rectificaciones a través del choque de RF por medio de L3

1/ (JOCC3 << (L)CL3
consequently, we will say that to the output of each secondary we have

vy + Vo0 = £V, (1 + acos wyt)
vy -vold = £V (1 - acos wpt)



Uy + Uh

that we can deduce in

Vg = V. (1+acos wyt)
Vc (1 - acos wpyt)

Vi
and finally

Vin = Va-V3 = V- (Va+Vp)/2 = aV, cos wpyt

This discriminator has the advantage in front of the previous ones in that it allows to limit the
atmospheric noises of the propagation that arrive modifying the amplitude of the MF. The variant
here, denominated by the balanced disposition, it is of relationship. The condenser Cg makes

constant a voltages on R3 proportional to the sum of v + v, in such a way that is

VC6 = (Va+ Vb) 2R3 / (2R3 + 2R6) = (Va + Vb) / (1 + R6/R3)



e,

and, although the undesirable interferences appear, these are translated on Rz and don't on Cg.
Indeed, to limit the annoying noises and to allow to pass the useful band it will be enough to design

R4 << RG << R3
2R3Cq > 1/ fmmin

Being a broadcasting transmission, we hope the band useful modulating has a pre-emphasis;
therefore it is necessary to put as additional to the output of the discriminator an inverse filter or of-
emphasis that the ecualized in the spectrum. The circuit, simple, consists on a simple low-pass of a
resistance and a condenser of constant of time of approximate 50 [useq].

Design
Be tha data

=.. f.=... £Af, =... (broadcasting + 75 [KHz])

fomax = -+ fmmin

We choose a TBJ and we polarize it obtaining of the manual (to see the chapters of
polarization of dispositives and of radiofrecuencies amplification in class A)

Coze =
U22¢ = -

Adoptamos (véanse los capitulos de inductores de pequefio valor y de transformadores de
pequeiio valor)



what will allow us to calculate with the help of the precedent comments (to keep in mind the
capacitances distributed in the connections)

Cy = (1/06cly) - Cope = ...

Cr = 1/wly =...

Qo = 1/wcbq[gope + (R /Ly)] =... 210
Ry = 21/ (00:C2)? [(wcL2/Qop) - Ro] = ...

Cz =... > 1/wls

Ry =.. >> Ry

and for the design of the transformer we adopt according to the previous abacus and for not varying
the equations

k = 1/Q0=

The filter anti-noise will be able to be (any electrolytic one bigger than 100 [uF] it will be
enough)

C6 = ... > 1/2R3fmmin

Obtaining for tracking of phases

We will take advantage of a Phase Look Loop LFF to demodulate in frequency. Many ways
exist of implementing it, so much in low, high or ultra-high frequencies. We will see only a case of the
lows here.

All LFF is based on a detector of phases between the carrier instantaneous wi and that of the
oscillator local wo of constant transfer K4 [V/rad], that will excite to a filter transfer low-pass F working
as integrative and that it will obtain a continuous average for the control feedback to the transfer OCV
as K, [rad/Vseq].

This way their basic equations of behavior are (we suppose a filter of a single pole for
simplicity and ordinary use, because this can extend to other characteristics)

Kd = vd/AG = Vd/(e-eo)
F =vVyn /vy = Ki/(1+5s7)
Ko = W/ Ve
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what will determine a transfer in the way

T=vVy /= Q/K)/I[s@A/KKF)+1] = /Ky /[s2/w2+s(1/twy?)+1]
Wy = (KK /T)12

Tn) = ST (K Kg)Y2

T = 1/K,

& = 1/2tw, (coeficient of damping)

T
‘ {mn}

17K, |

where it can be noticed that the complex variable «s» it is the frequency modulating wy,, like speed of
the frequency of carrier wj, that is to say, it is the acceleration of the carrier.

For stationary state, that is to say of continuous (w, = 0), the total transfer is simplified the
inverse of the feedback transfer; this is, at 1/K,,.

So that this system enters in operation it should can "to capture” the frequency of the carrier,
for what is denominated capture range RC to the environment of the central frequency of the local
oscillator that will capture the wi sustaining the phenomenon. Also there will be another maintenance
range R, of which the oscillator won't be been able to leave and that it is he characteristic of its
design.

A way to get a detector of phases is with a simple sampling. This is an useful implementation
for high frequencies. The output of the circuit that is shown is

Vo = V. COS 0t



Vi = (L2m) [ 28 vy dwt = (V/2m) sen AB
where it is observed that for low A6 the output is lineal

Kg = Vi / A8 ~ V /21
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Another practical way and where AB can arrive up to 180 [°], although to smaller frequencies, we can
make it with a gate OR-Exclusive as sample the drawing. Their equations are the following

Vi = 2121 [ ¢80 vy Aot = (Vee/m) A8
Kd = Vm,/ A = Vcc/T[
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For applications of until some few MegaHertz it is feasible the use of the OCV of the
integrated circuit 4046 already explained in the multivibrators chapter. As the use technique here is
digital, it accompanies to the chip a gate OR-Exclusive dedicated to be used as detecting of phases.
For this case the behavior equations are the following ones (in the drawing the numbers of the

terminals of the integrated circuit are accompanied)

Kf = VCC /Tt
Ko = 2T (femax - femin) / Vec
T = ROC0

I:am = 2T (fomax = femin) = 2 Ao
R. = @R, /112 = 2 (Aw, / T)1/2

FILTRO
PASABAJOS

DETECTOR
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Design

Be the data
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We choose a polarization with the abacus of rest (here f are our carrier f.)

Vee =... £ 1,4V, (there is guarantee of excitement of gates with 70% of V¢)
R, = ...

C, =..

Kf = Vcc/T[ =..

KO = A(.OC/VCC = ..
and then with the third (here fy,4/fmin IS the fomax/fomin Of the OCV )

fomax/fomin = - > (fc + &f) / (fe - Afp)
(R2/ Rl) = ...

Rm = Womax -~ Womin = -
Rl = RZI(RZ/Rl) = ...

If we adopt a damping and a filter capacitor for example

& =... < 1 (tipico 0,7)
Co = ...

it will determine

T=1/48KKg = ... £1/0nmax
RO = 1/TCO = ...

Verificamos finalmente que el LFF logre capturar la MF



R = R,/D2 =.. > 2w /1)12

Obtaining for conversion to MP

The following outline shows the operation. The filter is syntonized outside of the carrier
frequency and then the detector of phases, of the type for product for example, obtains a voltage
proportional average to this difference. Truly any other filter can be used provided that it produces the
displacement of phases, but what happens with the syntony series is that it presents the advantages
of the amplification of the voltage and that of a good slope to have conjugated poles.

Their behavior equations are the following ones

T=Vyl/vg =M[1+j/Q(x-1/x)] = OT0Oel¢
M = x2/[1+1/Q( +x2)]

X = wwy

Wy = (LC)Y2 = RQ/L = 1/QRC >~ We

¢ = arctg [1/Q(1 + x2)]

FILTRO
PASABAJOS
INTEGRATIVO
—
u
1] u v -
+ DETECTOR | -9 E m
1 R IC DE FASE - —
3 II

where is for w; ~ wy,
¢ ~ arctgx/Q ~ x/Q

for what the detection of phases is
dd /ox = 1/Q
Ap = (1Qox) Au

Vi = KgFAd = (Kq F/IQu,) Awe

Demodulation of Phase (MP)

Generalities

We repeat the characteristic equations of the phase modulation



V() = Vim €COS Wit

Vo) = Vo COS (ut + 6)

Q@ =wt+0 = Jw; ot = wt+fsenwyt
0= [3sen wnut

00/ ot = [ wy, sen Wyt = Kz Vi, Sen wpt
B=k3Vy = Aw / 0y, (index of MP)

W =00 /0t = w. + Aw; COS Wyt

and where we can appreciate that we will have in consequence a MF
W =00 /0t = w; - Pwy, sen wpyt
and we also remember

— wide band (B, = 5 being B, ~ 2Aw)
— short band (B, << 12 being By, ~ 2wy,)

Obtaining
We have explained that when being modulated it derives to the sign useful v, and then it

transmits it to him as MF. Now, to demodulate it, we use anyone of the demodulators of MF explained
previously and we put an integrative one to their output

v #—7 T
v m° = 0up, ! dt m
o
DEMODULADOR - J'

DE MF

besign

Be the data (to see their design equations in the chapter of active networks as filters of
frequency and displacements of phases)

Be the data

Rg = fmmin = ..
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With the purpose of simplifying the equations we make
R1 = Ry+ Ry

Of the transfer impedances

Zy
Z,

R,2C, (s + 2/R,Cy)
(1/C2) / (S + 1/R2C2)

we express the gain and we obtain the design conditions

Vsal/ Vg = =212 = - Wmax? / (S + Wmax)
Wmax = 1/RyC;

Rl = R2/2

Cl = 402

and we adopt

g

Rl =..=2R
= ("ommin/5

Wmax = -

what will allow us to calculate

Ra = Ry-Ry = ..
R2 = 2R1 = ...
Cy = 1/ maxR2 =

|_\::
I}

4C2 = ...




Chap. 29 Heterodyne receivers

GENERALITIES

STAGES OF THE RECEIVER

Stage heterodyne

Stage intermediate frequency amplifier
Stage of demodulation

Stage audioamplifier

Stage of automatic control
REJECTIONS OF UNDESIRABLE FREQUENCIES
WHITE NOISE

Generalities

Figure of noise and their equivalent Temperature
In components

In adiode

InaTBJ

In transfers

In a filter low-pass

In a filter hig-pass derivator

In demodulations

In demodulations of MAC

In demodulations of Mf

In demodulations of BLU

In demodulations of DBL

In demodulations of PCM

GENERALITIES

We will study to the basic receiver, guiding our interest to the topics of the commercial
broadcasting of MA and MF.

STAGES OF THE RECEIVER

Stage heterodyne




The first stage of a receiver is the heterodyne. With this name, converter, mixer, etc., those
systems are known that, maintaining the band bases of the sign modulating (in our case of short band
2B), they change the frequency of their carrier «N» times. Their basic principle of operation consists
on the product of this sign received v,y = v, cos (wt + 8) for another of an oscillator local vy = Vy
cos wy,t whose phase displacement won't consider because it won't affect to our studies. The
equations that define the behavior are based on the product of cosines like it has been presented in
previous chapters. The result will be, putting a filter to the band of the spectrum that we want (usually
that of smaller order, that is to say N = 1, to be that of more amplitude and to avoid to change in the
index of angular modulation {3)

Vo(t) = Vo €OS (Wt + 6) = v, cos wit modulated signal

Vy(t) = Vx COS wyt signal of the local oscillator

Vy(t) = Vo) Vx(t) = Vy COS (yt + 6y) = vy cos wy;t signal of output of the converter
Wy =W N - - Wy fundamental inferior (elect)

By = NB = Bw/wy
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When the frequency w is very high, and the difference that we obtain w.-w, is not the

sufficiently small as to work her comfortably, a multiple conversion is used. This is, a mixer followed
by another

Vy() = Vo) Vxa(t) Vx2() -+ Vxm(t) signal of output of the converter w, =
[(0 - Weg) -] - ... = W - Wyg - Wyp - ... Wy fundamental inferior (elect)
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but their inconvenience won't only be in the necessary stability of the local oscillators (that multiply its
unstability to each other) but in that change the index of angular modulation a lot (N >> 1).

To implement these systems, the idea is to make "walk" the small antenna signal for the great
dynamic sign that provides the local oscillator and it changes the polarization of the dispositive; this is,
to multiply both signals. Added this, for the receivers of MA, the signal coming from the CAG wiill
modify the point of polarization of this multiplication.

®1 X2 xm

This circuit mixer can contain in itself to the local oscillator or it can have it independently. The
approach for the auto-oscillation it is explainedin the chapter of harmonic oscillators, adding to the
topic that an independence will exist among the antenna syntonies and of the local oscillation to be to
very distant frequencies (W = We-Wy >> Wy).

The circuit of the figure shows the effect for an independent excitement of sine wave, where
the equations that determine it are the following

Om = 0lc /0Vge = B d[lggo (1 - €VBENT)] /0Vge =B lggg €VBENT / V1 = Ic/Vy ~
~201c = 20 (v +* Vcag) / RE = Imx+vcac)

Vee(wf) = Vy(wf) ~ 9m RL Voe) = 20 (Vx + Veas) RiVo) / RE =
= Vy {cos wgt +(a/2) [cos (wx; + W)t + cos (wy; - Wyt }

Vy =20 V,VeacRy / Re



The same effect can also be achieved with transistors of field effect MOS, where the design is
simplified if it has two gates, because then each input is completely independent of the other

A comfortable variant and practice of this conversion, are simply achieved commuting to the
dispositive. This avoids difficult designs of the stability of the local oscillator. Their conversion
transconductance then taking the form of a square wave and it is equal to consider it with a harmonic
content

Im = (Ommax/2) + (2mmax/T™ €0S Wyt + (29max/3T) COS 3wyt + ...
Immax = Imacmax) = Vec/ReVT ~ 20 Vec/Re

Im

Immax I—

2@y t

where each harmonic will mix with v, and the collector filter will obtain the ;.

Stage intermediate frequency amplifier

After the conversion stage we meet with a low comfortable frequency of amplifying. Usually of
two syntonized amplifiers, they make jointly with the third syntony of the conveter a group that it will
be designed appropriately. In the chapter of amplifiers of RF of low level class A different possibilities
were analyzed already in this respect.

What we will add like useful fact to the designer and/or man-caliper of these syntonies, is that
it always suits to make it of behind forward, so that the loads of final stages leave giving to the first
ones.



Stage of demodulation

This stage has already been seen in the demodulation chapters.

Stage audioamplifier

This stage has already been seen in the chapters of amplifiers of AF in low level class A and
in the one of high level classes A and B.

Stage of automatic control

Either for MA like MF it is convenient to feedback the receiving system so that the average
volume of reception doesn't fluctuate for reasons like the physiques of the land and ambient, the
pedestrian's mobility, changes of the local oscillator, etc.

Subsequently we present their general outline, where it is that, being the sign useful x,, (either

V. in MA or w. MF) it will be transferred as X, (it either corresponds to v,," in MA or MF) or
demodulated output, and that we seek to diminish their changes Ax,. It is this way, if we put a filter
low-pass to the output of the demodulator that integrates the spectrum of the band bases B, that is to
say with a pole in 1/t, we have the following equations

G = G Gyin
H = Hg/(1+5s7)
DXy ~ DXg/H = Axg (1 +sT)/Hp

where
G gain of the converter
Gy gain of the stages of intermediate frequency
n gain or demodulation efficiency (or detection)

g Efm~ 1
G H
H Hl]

1T mmmin

that it allows to observe that, only outside of the band bases B, that is to say for the carrier, the
magnitude HO should be made the biggest thing possible.
This way, when we speak of MA it is

AV ~ AV./H = AV, (1 +sT)/Hg



and when we make it of MF
AV, ~ Aw./H = Aw (1 +5sT)/Hg

REJECTIONS OF UNDESIRABLE FREQUENCIES

We can say that we have three frequencies that a receiver should reject

— all frequency of magnitude of the intermediate one that it receives to their antenna input
— all frequency image of the local oscillator that it receives to their antenna entrance
— all frequency of adjacent channel to the one syntonized that it penetrates for contiguity

With this end we should keep in mind the syntonized filters, usually of simple syntony that they
are used so much in the antenna F, as in the converter like first intermediate frequency Fg. As we

have seen in the chapter amplifiers of RF of low level class A, the transfer for the simple syntonized
circuit will have the following form

Fa
Fri

1/M1+j2(w-wc)B)] ~ 1/[1+]2Qa (-0 )/w)]
1/M1+j2(w-w;)B)] ~ 1/[1+]2Qa (- wy)luy)]

8&8
5
858

and their modules

OF,0
OF 40

1/{1+[2Q,(w- wx)wy) ]2}/
1/{1+[2Qf(w - wrlox; ) ]2 }1/2

what will allow to be defined, respectively, the rejections to the intermediate frequency Rﬁ, frequency

image Rﬁm and frequency of the adjacent channel RCa

Rﬁ = 1/{1+[2Qu(ux - wy)lw;) 1232  _ rejectin the antenna syntony
Rﬁm = 1/{1+[2Q4(wWrm - W)y )12 }1/2 — reject in the antenna syntony
Rca = 1/{1+[2Qf(trq - wx)wy )12 }1/2 - reject in the FI syntony
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WHITE NOISE

Generalities
It is known that the white noise consists on a stochastic molecular action of constant spectral

energy density that follows the following law of effective voltage V on a resistance Ry, physics or
distributed as it can be that of an antenna, to a temperature Ty and in a width of band By

V02 = 4KT0 ROBO

with
K ~ 1,38 1023 [J/seg°K]
Ro [Q]
To [°K]
Bo [HZ]

On the other hand and generalizing, keeping in mind that to the noise like it is aleatory and it
possesses average null value, it can express it in function of their harmonics as

n = Z_00® ¢y cos (kAwt + 6))

Ck Aw

analiticas



it is defined therefore of the same one their spectral density of power normalized in the considered
band width

G = 5,®¢2/By
and what will allow to be defined the normalized power of noise on 1 [Q]
N =[G of
and then with this to find the total of the whole spectrum
Nt =[0G a(-) + o® G of = 2J o® G Of
and that it will determine the concept in turn of wide of equivalent or effective band of noise B

Nt = [ 0% Gy 0f = Gpax Beg

iguales dreas

Figure of noise and their equivalent Temperature

Be an amplifier of gain of power G
G = Sgal/ Sent

that it possesses internal white noise of power N;. We can find him their factor of inefficiency like the
one denominated figure of noise F

F = (Sent/ Ni) / (Ssal/ Nsa) = (Sent/ Ssal) (Nsai / Nj) = (Ngz /N) /G =
= [G(Nept * N)/N;j]1/G = 1+ Ni/Ngp

F>1

]

Sent sal + M zal
1 —l-{: b—l- G -
“i Hi F=1




and if it is to an ambient temperature T, we can also say that this internal noise is produced by an
equivalent temperature Tgq

F = 1+ Ni/Nent =1+ (4KTEQROBO / 4KTAROBO) =1+ (TEQ / TA)
TEQ = TA (F - 1)

EQ

When we have two stages in cascade it is

Gt = Ngg/Nept = G1 Gy

Nsal = Nen Gt F1 = (Nsaip + Nip) G = Nept G2 [G1F1 + (F2 - 1)]
FT = Fl + (F2 - 1)/61

Tegr = Teo1 * TEQ2/G1

and for more stages
FT = Fl + (FZ - 1)/61 + (F3 - 1)/G1G2 +

Teqr = TeoQ1 * TEQ2/G1 + TE3a/G1G, +

In components

In adiode
We have the following expression when it polarizes it in direct

Vo2 ~ (4KTO - 26I,:r)rBo

IIII r
—p—
where
r[Q] dynamic resistance
e =1,6 10"19[Cb] charge of the electron
Ip [A] direct current of polarization

InaTBJ



We have the following expression when it polarizes it in direct

|0E2 ~ 2e|EBO
loc? ~ 2€lcBo (1- ) {1 + [0/ @yl + Y22}/ [ 1+ (weop)? ]
Vog2 ~ 4KToBorpp’

b

g
Vop — o ¥1oE

and the maker of dispositives of RF the expressed thing in tables and abacus according to the
polarization and work frequency, preferably offering the figure of noise.
In transfers
In a filter low-pass
According to the following drawing we have for a signal «s» and a noise «n»

Vsal / Vent = 1 /(1 +sT)

Vent = Stn

Ghent = Gp (constant)

Gsal/ Gent = Vsal/ VentP = 1/[1 + (w1)?]

0
_ 100 %%
ofapas anterioras
.—‘_Aﬁ
= Yent ' Ysal 0% $ -
~O | G
' n=al
n F = 0 [dB] —

r_ 1 1

P2RT 4T

| B ;

. :

—
Beq

and applying overlapping

Gnsal = Gnent WVsal / VentTP = Gg / [1 + (w1)?]
Nsaimax = J 0%° Gnsa 0f = Go/ 41

Beq = Nsaimax / Gnsaimax = 1741



In a filter hig-pass derivator

According to the following drawing we have for a signal «s» and a noise «n» in the band in passing
derivative

Vsal / Vent = ST/ (1 +st) ~ st (derivation condition W5, << 1/t)
Vent = S+n

Ghent = Gp (constante)

Gsal/ Gent = WVsa / Ve[ = (wr)?

0 --/ Gnsal

1
1
efapas anteriores !
.p'_'ﬁﬁ :
- Yont Yzal !
ﬂ—o didt —= !
Iy

+ -

! @ 1 1 £y 1

F=10[dB ! L max 2%

n [dB] i 3 E E T
: 1 1
B

—
B, q

and applying overlapping

Gnsal = Gnent Vsal / Vent(? = Gg (wr)?

Nsaimax = J 0% Gnsal Of = Go T2 Wpax? / 3
Beq = Nsaimax / Gnsalmax = ®max? /3

In demodulations

In demodulation of MAC
For the following reception we have (to go to the chapter of modulation of amplitude)

S1 = Vo) = V¢ (0 COS Wiyt €OS wt + cos )
Gh1 = Gpipo (constant)

atapas anteriores

. +n

-3 1 1 2 2
1 DEMODULADOR
%) DE MAC
ny

then



S1 = (V?/2) + Sqom1y
Sl(ZBL) = Zsl(BLu) = 2[(GVC/2)/\/2 ]2 = GZVC2/4

of where it is deduced
Sl = Sl(ZBL) (1 + 2/0(2)

If now we suppose that the module of the transfer demodulation (detection efficiency) it is
unitary

52/ N2 = Sl(ZBL)/ Nl(ZBL) (the carrier VCZ/Z one
doesn't keep in mind for not being modulation, and the noise

doesn't have carrier)

we can obtain finally

F = (S1/Np)/(S2/N3) = (S1/Nyppry) / (S1zary/ Nigesry) = (1 +2/a?)

S5/Hy

la

S4/H4

In demodulation of Mf

For the following reception with a limiter of amplitude see that although it improves the
relationship sign to noise of amplitude (G, < G,1), it is not this way in the angular (y, > ;)

Gp1 (constant)
G (constant)



LIMITADOR

atapas anteriores
+
s s1+ n, ﬁ 5 Ny
& + RECORTADOR = % =
nq
31 + n1 Ngq
n
1
¥, .
s &
1 2
G Gno
L' '

Now proceed to detect (to go to the chapter of angle modulation)

S1 = Vo) = Vo COS @ = VoS (wt + B sen wyt) = V cos (ot +k[V p, cos wyt dt)
S3 = ke (0p/0ot) = kk.V,, cos wyt
S; = [kke (Vip/V2) 1212

etapas anteriores LIMITADOR DISCRIMINADOR
.—‘_F%

s +n E=2+n2 E::i+r|3

31 1 1
a@%)— RECORTADOR |—
M

Fd % —————=

)

it is
sp+n; = [(Ve+Nne1)? +ngp2 Y2 cos { @+arctg [ng; / (Ve + ngp)l }
Sp+ Ny = (Ve2+ny2)Y2cos[@+arctg(ng; / V)] = Vecos[ @+ (ngg / Vo) ]
S3tNng = ke {0[@+(nsy/Ve)]/ot} = ke (/) + k¢ (Ongy / 0t)

where the output noise is observed
N3 = k¢ (Ongq / 0%)
If the transfer of the discriminator is supposed like derivative

Fd"'ST



we will be able to find

Gnz = Gpz2 OFg? - Gy (wr)?
N3 = (1 / 2T[)I OB Gn3 ow = an B3t2/6m
S3/ N3 = {[kke (Vin/V2) 1212} 1 (Gpp B312 1 6T) = Ko [Sy(om1) / N1au)l [(Vim?/2) 1 B]

or

S3/N3 = B2 [31G1k?ke2 / V2] (Cq / Ny)
Bl = Vm /B
C]_/Nl = S]_/Nl = (VCZ/Z)/GnlB

limite de la

aproximacion 32+ I'I2

-ﬂ—|—h-
carvil recta
|

gt

S3J’H3

51."“1 =C1,I'H1

In demodulation of BLU
Be the following reception (to go the chapter of demodulation of MA)

S1 = Vo = (aV/2) cos (wg + o)t

Voty = Ve €OS (ot + ) — V¢ cos ot (it doesn'tinteresty)

Sy = (aV/2)2/2

Gp1 (constant)

Sy = Sy Vo = [(aV/2) /2] [cos (20 + )t + COS wpt]

S3 = [(aV /2) ] 2] cos wpt

S; = [(aV/2) 12212 = (aV/2)2/18 =G7 S,

Gt = S3/S; =1/4 (gain of power of the total system demodulator)

otapas anteriores DEMODULADOR

5;'|I+n,1 s.+n 5=3+|-|3

27"
) e




of where it is deduced by overlapping

Ny = Gpyg Beg
N3 GT Nl = N1/4

Gnd Gn3

Smitr—

Wy Opt+@m Wy =B

being finally

S3/Ng= [(AVe/2)2/8]1/ (GpyBeq ! 4) = (AV/2)2/ 2G04 = S/ Gyt
F = (SllNl)/(Slez) =1

In demodulation of DBL
Be the following reception (to go the chapter of demodulation of MA)

S1 = Vo) = (aV/2) cos [cos (g + wm)t + oS (W - w)t]

Vo) = V¢ COS (ot + ) — V. coswet (it doesn'tinteresty)

Sp = 2.(aVy/2)2/2 = (aV/2)2

Gp1 (constant)

Sy = Sy Vo = [(@V/2) /2] (1 + cos 2uyt)

S3 = (aV/2) cos wpt

S; = (aV/2)2/2 = G S,

Gt = S3/S; =1/2 (gain of power of the total system demodulator)

etapas anteriores DEMODULADOR

53+ n3

o




of where it is deduced by overlapping

Ny = Gpyg Beg
N3 = GTN]_ = N1/2
GI'I" GI'I3
“ G
BDpe—@m O Ope+@m O =B
being finally

S3/N3= [(@Ve/2)2/ 2]/ (GpyBeq/2) = (aVe/2)2/ 2Gpyy = Sy / Gyt
F = (S1/Np)/(Sy/Np) = 1

and if we compare BLU with DBL we see the equality

(S3/N3)pgL = (S3/Na)gLu = SipLu/ GniBeq

In demodulation of PCM

See you the chapter of modulation of amplitude.




Chap. 30 Lines of Transmission

GENERALITIES

STRUCTURES PHYSICS

ADAPTATION OF IMPEDANCES
Generalities

Transformation of | /4

Design

Adapting stubs

Generalities

Design of an admitance

Design of adaptation with a known load
Design of adaptation with an unknown load

GENERALITIES

We summarize the introductory aspects of the equations that we will use subsequently

Z, ~Z, ~ 377[Q]+j0
€ = g & [F/m]
& ~ 88,51012[F/m]

H =M Ho
Ho ~ 12,6 1077 [A/m]

Fr=A+jB

A = /v [Neper/m]
B = 2m/ A [rad/m]
Zy

Z

v = 1/ (pe)l2

impedance of the air or vacuum

electric impermeability
electric impermeabilidad of the vacuum
& [veces]
relative electric impermeability to the vacuum
magnetic permeability
magnetic permeability of the vacuum
Y, [veces]
relative magnetic permeability to the vacuum
space function of propagation
space function of attenuation
space function of phase
Zent = Zo[ZL +Zotgh TX] /[ Zo+ Z tgh TX]
Input impedance to a transmission line at a
distance «x» of their load Z|
characteristic impedance
load impedance
propagation speed
c = 1/ (U€o)t2 ~ 3108 [m/seg?]
speed of propagation of the light in the vacuum



ROE = Vpax! Vmin = relationship of stationary wave of voltage
= (1+0p,0/(@1-Opy0) [veces]

py = Op,Oel
0
coefficient of reflection of the electric field (or also
call of voltage)
Eq = ZaHg
electric field in a point «Q» of the space of air or
vacuum

P- = E- X H- [W/m2] vector of power of Pointing

and their characteristic magnitudes
VACIO AIRE AGUA GOMA PARAFINA  MICA PLASTICO BAQUIELITA
g, [veces] 1 ~1 =80 =3 =21 =6 =25 =5

Y, [veces] 1 ~1 =1

STRUCTURES PHYSICS

A transmission line is a symmetrical network and, therefore, they are valid all our studies made in the
chapter of passive networks as adapters of impedance.

We show two classic types, the coaxial and the parallel. For each case their impedances
characteristic is

Zocoaxial) = RO ~ (138log B/A) I {gm + [ (& - &m)(C/D) ] }12 [Q]
ZO(PARALELO) = RO ~ 276 |Og { (ZB/A) / [ 1+ (BZI4CD) ] }

medio £, soportes £

9ok

suporficie
corductora
Prano de tierra)

where

&m = €m/! &, [veces]

ADAPTATION OF IMPEDANCES

Generalities



It is possible to adapt impedances Zy among lines, loads and generators, with the help of properly
cut pieces of other lines of transmission of characteristic impedance Zyo. We will work here with lines of
worthless losses, this is

B =5A
r~0+jB
Zent ~ Zo[ZL +]Zotgh BX]/[Zg +] Z tgh BX]
and estimating a speed inside them of the order of that of the light

Vv ~C

Transformation of | /4

Design
Be the data
Z, =... Zg = ..
The technique consists on adding him a piece of A/2

Zentvay = Zoo [ 2+ Zoo tgh BMA] /[ Zgg + ] Zy tgh BNA] = Zg? 1 2.
Zsaivay = Zoo® ! Zo

consequently, if we design
Zoo = (ZoZ)YV2 = ...
Itis

Zentvia) = Zo
Zsana)y = 2L

Adapting stubs

Generalities



As we will always work with oneself line of transmission Zy (Zgg = Zg), then we will be able to
normalize the magnitudes of the impedances and admitances as much for the generator as for the load

zy = Zg/ZO = rg+jxg
yg = ZO/Zg = gg+jbg
g = Z 1 Zg = 1 +jx
YL = ZolZ = L +jb.

We will use for this topic Smith's abacus that we reproduce subsequently. We will try to interpret it;
for we express it the normalized reflection coefficient

Py = (ZL-20)/(ZL+2Zg) = (zL-1)/(zL +1) = u+tjw

and if we work
zp = +jx. = (1-u2-w2+j2w)/(1-2u+u2+w2)

we will be under conditions of drawing the circles of constant r, and of constant x;
r2 = (u-m)2+(r-n)?

n=ce O r=1/(1+r)
m = r|_/(1+r|_)

n=~0
x. =cte O r=1/x

m=1

n=1/x_

eje de las
circunferencias
de LT constante

eje de las
circunferencias
de n constante

Now look for that is to say in the graph those points that mean perfect adaptation, as



pp = 0+j0
ZL 1+]0

being determined with it the curve r. =1 when being connected the adapting stubs

X

rL= 1

Now we can find the points of this graph of it ROE it constant
ROE = (1+0p,0)/(1-0p,0) = [1+ (U2+v2)2]/[1- (u2+Vv2)L2] = cte
originating

[(ROE-1)/(ROE +1) ]2 = u2+ V2

ROE=1

v
N

On the other hand, like on the load we have

Pvo) = (ZL-Zo) 1 (ZL+Zg) = OpygIel 90 = ug) +jw(



and at a generic distance «x»

Zem(x) = ZolZL +]ZotghTX]/[Zg+]Z tghTX]
Pv) = entx) - Z0) ! (Zentix) + Zo) = Pyo) € T270) = upy +jwy

what will determine rejecting the losses
Pux) ~ Pyo) € 128X = py o) & 12CTA%)

that is to say that can have represented this space phase on the abacus if we divide their perimeter in
fractions of x/A.

N

Also, if we consider the new angle here @, it is

pV(X) = EpV(X)D e J ([(X) = EpV(O)D e J ([(X) = EpV(O)D e J [(P(O) - 2(27'[/)\X)]

Racia Ia carga
- (x=0
1¥ix) ‘

Luiny ’,r"’ facia ef generador

(x>0
o
u

When the previous equation is not completed py~Py(o) € 122 it is of understanding that

Loyt < Loy



i)

Puin
o) w0}

g
NIV

Subsequently we reproduce Smith's abacus

0,2

Design of an admitance

With the purpose of to adapt or to syntonize loads, we can appeal to this method to connect in
derivation.

Be the data

Zo = RO =. f=.. Yem = Gent +j Bent =... Bent =<0

We find the normalization

Yent = Jent * ] Pent = Gent Ro *+jBent Ro = ...

and we work on Smith's abacus like it is indicated next with the purpose of diminishing the longitude of the
stub, and we obtain



9O

¥ent Yent
" —
1
.%o | Zp
777 777
1 1 1

—t —

salida cortocircuitada salida abiorta
BEITt <0 Bem =10

what will allow us to calculate their dimension finally

L=aoA=oaf/c~333af109 =...

Design of adaptation with a known load
Be the data

ZO=R0=... f=.. YL=GL+jBL="' BLZSO

taco —
adaptador

We find the normalization
YL = 9L+ib. = GLRyg+|BLRg =...

and we work on Smith's abacus like it is indicated next with the purpose of diminishing the longitude of the
stub, and we obtain



Yentw) = 1 +]bent) =
L=oaA=af/lc~333af109 =...
Yent(adap) = - J Penty = -

and finally

Yentadap) = Yent(adap)/ Ro = -

Design of adaptation with an unknown load

Be the data
ZO = RO = ... dmax = .. dmin = .. ROEmedida = Vmax/Vmin =
T Y max
H ~ 1 Ymin
Zg = Zn d 9 max dmin:
72 M=z,
Z, : carga
H desconocida
I
: Yent

. (dmin}

We obtain the wave longitude
A ~ 4 (dmax - dmin) = -
what will allow us to obtain according to the case for the smallest longitude in the adapting stub

a, = dminD\ = ..
o, =...



ROE sy edido ROE nyedido

for what is finally

L = 02)\ = ..
Yentw) = 1 +]bent) =
Yent@adap) = - Penty/ Ro = -

carga
desconocida
taco —

adaptador




Chap. 31 Antennas and Propagation

GENERALITIES

RADIATION

Generalities

Small conductor

DIPOLE ANTENNA

Short dipole

Dipole of half wave

Dipoles of half wave folded

Dipole of half wave with earth plane
Dipole of half wave with elements parasites
Dipole of half wave of wide band
Dipole of half wave of short band
SQUARE ANTENNA

Antenna with ferrite

PARABOLIC ANTENNA

GENERALITIES

The antennas have reciprocity in their impedances, so much is of transmission as of
reception; their magnitudes are the same ones and we will call them

Ziad = Zyec

In the propagation of the electromagnetic wave in the vacuum or atmosphere, she finds a
ambient practically pure resistive and consequently the antennas that absorb an apparent power will
make effective only their active part

Srad = Prag +10
Srec = Prect10

The diagram of energy flow of the figure following sample how the useful band goes being
transferred along the transception. We observe that, as it gets used, the transmissions of power are
called as efficiency h, gain G or attenuation to according to the situation. Clearing will be that there
will be a commitment in all this with respect to the noise, that is to say to the white noise (constant



density of spectral power), because as it improves the total gain, we fight against this factor that
increases also, being the efficiency of the transception dedicated to the technological ability with
which both variables don't increase in the same proportion.

Palim Pout Szal Prad Prec Fent Pin Pytil
— ] 'ﬂ‘.t - oy - Ga‘t ~ &m =1 SGar - o S
ETAPADE LiNEADE  AHTENA MEDIODE  ANTEMA LiNEA DE RECEPTOR
POTENCIA ANTENA TRAHSMISORA PROPAGACION RECEPTORA ANTENA
DEL
TRAHNSMISOR

We can interpret the system between antennas like a symmetrical network (Z,, = Z,1), where

Ziad = 211 -2 (transmission antenna)

Ziec = Zop-2Zyq (reception antenna)

Zyy - 0 (mutual impedance)
Linea de subida Linea de bajada
dof transmisor af raceptor

I Zy Zyp—Zy —

An useful way to specify the utility of an antenna is by means of its effectiveness; that is to say

that in antennas of a single dimension it is spoken of effective longitude (it is always proportional to
the long physique of the antenna), and for those of two of effective area (it is always proportional to
the physical area of the antenna). This is given such that their product for the electric field or power
that it receives (or it transmits) it determines their reception in vacuum (or transmission in vacuum).
This way we have

being

Let = KL Lrisica
Act = Ka Arisica

Vef = Lef ERECIBIDO = I—ef ETRANSMITIDO

Vef = Aef PRECIBIDA - Aef PTRANSMITIDA

PRECIBIDA = ERECIBID02/377[Q]

I:)TRANSMITIDA = ETRANSMITID02/377[§2]



RADIATION
Generalities

When a current of sine wave (harmonic of an entire band bases useful) it circulates for a
conductor an electric interference of field it settles down in the atmosphere that generates in turn
other magnetic and so successively, instantly one another, and they make it in space quadrature; and
above this phenomenon spreads to the propagation. Nobody has been able to explain their reason.

Physical, mathematical, etc., they have offered their lives to the study but without being able
to understand their foundation —if it is that it has it. They have progressed, that is certain, but always
with "arrangements" like they are it the potential, the optic bubbles, the origin of the universe, etc.
Truly, seemed not to have this phenomenon a physical formation, but rather of being metaphysical
and therefore to belong to the nomenon.

Returning to him ours, it calls himself isotropic radiator to that antenna that radiates (or it
receives) omni-directionally; that is to say that their directivity lobe is a sphere. The way to measure
this lobe in a real application consists on moving from the transmission antenna to constant radio and
with a meter of electric field to obtain the effective intensity that one receives; this will give an angular
diagram that represents the significance of the space selectivity.

Small conductor

For a small conductor in the free space and of differential magnitude (small with respect to the
wave longitude) it is completed that the electric field in a point distant Q to the longitude of the wave is

Eq = ZoHg ~ [(IpZoLsen®)/2rA Jel@t-Bn) = Eqjel(@t-B1)
where
i = Ipsenwt

P- = E~ X H- [W/im?]
L longitude of the conductor



DIPOLE ANTENNA

Short dipole

The power radiated instantaneous total of a short dipole is the integration of all the differential
points of small conductors that it form and they affect to the infinite points Q in its around

Prad = [s P@)~ 05~ = [If [E qp2lZgel@t-BN]oxayodz =

I [E qp?lZpel@t-BN]r2cos (102 - 8) (V2 - 8) dy 9z =

2[(Zolp2 L2/ 4N2) e i @t-BN] [ W2 [ .12 sen2mtcos (10/2-6) d(12-6) ] dg =
= (Zolp? L2/ 3)2) e 1 (@1-BD) = Py, el (@L-B1)

Iobulo do divectividad

distribucion de Iz
corriente eficar



and consequently
Prad = J 0°™ Pragmed €1 (@1-BD (@ t-Br) — [ 2™ (Pragp/2) sen (wt-pr) d(wt-pr) =

= Zglp2 L2711/ 3A2
Rrad = Prad/ (15V2)2 = (2ZoT/3) (L/N)2 ~ 790 (L/\)2

Dipole of half wave

Observing the representative drawing sees that for a point generic and differential P of the
conductor has

9~9p
fp ~ r-Xxcos®

and as the distribution of the effective current for the same one is
I ~ (I /V2) cos Bx

it is then that the electric field received in a point distant Q is practically the same one that in the case
previous of a small conductor

Eo = J na? {[Zolp(M2) cos Bxsen Bp ]/ 2rA} e 1 (@t-BP) ] gx =
= (Zglpsen Bp / 4r) [ 4M4 [ cos Bx cos (wt - Pr + BcosB) | ax =
= {Zpl,cos [(W2)cos 6] / 2rAsen B} cos (wt - Br) ~ -
~ ~ [Zylpsen 8/2rm] el @t-BN = Eq; el(@t-B1)

fobuifo de directividad r

distribucion de Iz
cortients eficaz



To find the total radiated instantaneous power for the antenna it will be enough to integrate
spherically the one received in those points Q

Prad = Js P@)~ 05~ =[] [E qp?/Zpel@t-BN]oxayoz =
=[] [E qp2lZoel®t-BN] rp2 cos (T2 - Bp) (102 - Bp) 0P OX =
= (2Zolg/Ar2T)f o2 {f .y 2[(2/N) | 14N (r -xc0os8)20x]sen?Beos(8-172)0(172-6)}a¢0]
~ » (Zylp?/3m) el @t-Bn = p 4, el @t-Bn

and to obtain finally

Prad = J 0%™ Pradmed €/ (©@1-BN d(wt-Br) — [ 2™ (Pradp/2) sen (wt-pr) d(wt-pr) =
= Zolp2 [ 31
Riad = Prag/ (I5/V2)2 = (2Zy/ 3m) ~ 80 - de la practica — 75 [Q]

If the conductor that we use of antenna has a diameter @ and our wave longitude corresponds
to a frequency « fp» of syntony in which the line is adapted (that is to say that it possesses Zg = Ry =
Ziad = Rrag, ours ROE = 1), when we move from this frequency to another generic one «f» it ROE it
will worsen according to the following graph, where

& = (f-To) /Ty

ot

he following equation can be used to determine the effectiveness of this antenna if we treat her as of
effective area

Agt ~ 0,13 A2

Dipoles of half wave folded

We can use the abacus of it ROE it previous in the following implementation if we consider the
correction

@ = (2sd)L2
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When putting «n» antennas dipoles of half wave in parallel of same section S like sample the
figure, the radiation resistance or reception increases

Rrag = Prag/ (Iy/nv2)2 = n2 75 [Q]

N T

Dipole of half wave with earth plane

Usually well-known as Yagui, it is an antenna type vertical mast of A/4 that it takes advantage



of their reflection in a plane of artificial earth created in their supply point. This plane is common that it
is not horizontal.
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Dipole of half wave with elements parasites

When connecting for before and from behind of the dipole bars in parallel, without electric
connection, three effects of importance are observed

— decrease of the R,5q (0r Rgc)
— the directivity of the lobe increases
— the spectral selectivity increases diminishing the band width (bigger Qg¢f)

1

1

1
o — : — —
reflactoras |  directores
1



These selectivity principles and variation of the component activates they can be explained if
we outline equations to the antenna considering it a symmetrical and passive network (Z,, = Z5,)

V = iZyq+ipZyy = 1(Zyg - Zp) + (i +1ip) Zq
0 = iZp +iyZyy = (i+ip) Zoy +ip (Z22 - Z21)
12172 Iy~ Iy
ip
where
Z11 = Ziad = Zrec (without elements parasites)
ip (circulating current for all the elements parasites)

Dipole of half wave of wide band

This antenna you can use for wide spectra like they are it the channels of TV or the reception
of MF. Their characteristic is

Rrad = Rrec ~ 300 [Q]

|

003 A
0,013

Dipole of half wave of short band

This disposition presents the advantage of the selectivity of the directivity lobe, overcoming
with it the rebounds and the interferences. It can be used for channels of TV or in MF. Their
resistance is

Rrad = Rrec ~ 50[Q]



SQUARE ANTENNA

Antenna with ferrite

In the following figure it is shown that the received electric field when nucleus of air is used it
determines, due to the long longitude of the wave that the opposed driver receives an induction same
and opposed that it cancels it. It won't pass the same thing in the enclosed case in that it has put on a

mpermeabiliity material to the step of the electromagnetic wave as it is the ferrite, since the induction
now will be in a single conductor.

T, o4,

The effective induction will increase rolling several spires N. It is observed here that it will be
bigger the induction the more parallel it is the conductor to the wave front. The effective voltage

induced for these cases when it meets with a front of wave of frequency «f» and effective electric field
«E» being the coil onelayer, it can approach to

V1 ~ 6,86 1012 i, E N D2f[1-0,17 (Ly/L,) ]
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It is obtained with this antenna big output voltages if we syntonize it in series like it is shown,
but so that the exit circuit doesn't load to the syntony it should attenuate with the relationship of spires
(N >>N,)

We = 1/[Les C(N-Np)Z/IN2]V2 ~ 1 /[ Ly CIY2

Qef = [cLef(N - N1)ZIN2]/ Res ~ 0xcLes/ Res = 1/ W CRgt
Vsap = Ip [ Welef(N - N7)2/N2TNy /(N -Nyp) ~ VerfN1/ N
Ber = W/ Qe

I:’ARABOLIC ANTENNA

Subsequently we show their diagram or radiation lobe, that it is commonly expressed as
directivity gain Gp

GD = P/PISOTROPICA = I:)/Pmed
GDmax - (4TW\2)A
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and it differs of the gain of power Gp that has for the efficiency n (here a it is the physical area of the
diameter antenna D)

Gp = nGp
N = A/ A
of where

Gpmax = N Gpmax ~ (41VA2) Ay

It is also spoken FM of the factor of merit of the antenna like the relationship among their gain

of power Gp and their equivalent temperature of noise T

Pis

FM [dB/°K] = Gp/ Teq

For an optic connection, without noise and liberate in the area of Fresnel, the received power

Lp = 4TR2/ A (propagation loss in the free space)

Peirp = Gpt Pt (equivalent power radiated of way isotropic)

P = Peirp Lp Aerr = Gpt Pt Gprmax / (4TAR)2

r Gpr; Aefr

Tx Rx
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TARIFF
Generalities

In three-phasic, given a consumption expressed by the line current I, [A] and approximate

cosg [D,8 (factor of power), if we know the total energy cost E1 [KW.h] expressed as a [$/KW.h], the
cost is determined by month in the following way

Pt = Stcos@ = 6601 _cos @ ~ 5281 total power permanently [W]

a energy cost per hour [$/KW.h]

B energy cost per month [$/KW.mes]
a Pt total cost per hour [$/h]

BPr = 30dias.24h.%h =720 a Pt total cost per month [$/mes]

and we should add the monthly fixed cost that we call C,, [$/mes]. Consequently then can determine
the monthly total cost with the following equation



Crotaumensual = Craot BPT = Cpyot 720 0 Py ~ Cgyp + 380000 a I
Calculation

Be the data of the energy ticket that it sends us the Company of Electricity and we obtain of her

Crio [$] = ...
a [$/KW.h] = ...

We measure with a clip amperometer (or if there is him, with an installed instrument) the line
current that it enters to the establishment

IL [A] = ..
and we obtain finally

CTOTAL MENSUAL [$] = CFIJO + 380000 a IL =

CONDUCTORS

Voltage in a conductor

We will call

AV voltage in the conductor in [V]

L longitude of the conductor in [m]
I effective or continuous current in [A]
S section of the conductor [mm?2]

The voltage approached in copper drivers or aluminum can be with the following expressions

AV~ 0,0172L1/S (copper)

AV = 0,04L1/S (aluminum)
Calculation

Be the data

AViyay = L= 1=

For the design of the installations it doesn't convenient that the effective voltage of phase is
smaller than the 10 [%] of the normal one. That is to say that in uses of 220 [V] they should not
diminish of the 200 [V].



We adopt a material according to the economic possibilities. We will choose that it is made
preferably of copper, otherwise of aluminum for currents above dozens of ampers —let us keep in
mindthat the costs of the cable will be redeemed with the energy savings of heat that are avoided

along their longitude..

For example then, if we have chosen copper we find

S =..> 0,0172L 1/ AV ax
PROTECTION
Fusible
We will call
I nominal current that the maker of the fuse indicates in his capsule in [A]
l¢ effective current to which melts in [A]
%] diameter of the copper wire in [mm?2]
S section of the copper wire in [mm?2] (S = 12/ 4)

We have the correlations

k~ 1,8 I, for I,, among
lf ~ 1,57 I, for I, among
lf ~ 1,45 1, for 1,, among
lf ~ 1,45 1, for I,, among

or to remember
i = 1,51,

and in table
%) 0,4 0,5 0,6
S 0,1 0,2 0,28
l¢ 20 30 40

or ecuation

ls [A] = 80 Diametro [mm] 1.5

00/ 10 [A]
15/ 25 [A]
35/ 60 [A]
80/ 200

0,7 0,8
0,38 0,5
50 60

[Al
09 1 1,25 1,50
064 078 123 1,77

70 80 110 135

A variant of the common fuses is those denominated ultra-rapids. These consist in fusible of

ordinary copper but tensed by the force of a such spring that, in speed, they are very quick. They are

usually used in applications of the electronics of the semiconductors.
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Termomagnetic

They are switchs that act for the thermal and magnetic principles; the first one slow and the
second rapid, they protect short circuits avoiding damage in the installations of the conductors. They
don't protect to the equipment but to the installations.

Efacto

wagnétice
I . Efacto
T g--__=

b térmico

t

I -, Efecto
T g----=

termomaqrético

t

There are them (or there was) of the type G and L. The first ones are applied at motors and
the second to the illumination. They change among them for the slopes of the curves.

Insulation

All installation should have connected a switch of differential protection. Usually adjusted at
the 0,03 [A], it will be enough to prove it (if it is not trusted the test button that they bring) to connect
between the alive one and ground a resistance of 6800 [Q] (220 [V] /0,03 [A] = 7333 [Q]) and to
check their instantaneous disconnection; it should never be proven with the own human body.

A correct installation (it doesn't in specific uses as laboratories electromedicine, electronic,
etc.) it will determine an insulation of at least 1 [KQ/V] (human currents of the order of the few



miliampers: 220 [V] / 220 [KQ] = 0,001 [A]). To verify this many times the use of a multimeter it is not
enough, since the losses only appear with the circulation of the high current (mainly when there are
heating loads); for such a reason the following method can be used where it is looked for that for the
well-known resistance R, circulate an intensity the nearest to the real one.

Il VF / RX O VRXl = ...
l2 = VE/(Ry* Reyea) U VRe = -
Revea = Rx (Vrxt - VRrx2) / VRx2 = -

Connection to ground

The connection to ground the are essential for all installation. They will protect people and
they will grant a correct operation to the electronic equipment.

The frequent use is with the connection of copper javelins of galvanized iron, vertical plates of
copper, horizontal meshes of copper, etc., but this many times it is insufficient or of insecure
prevention. The author advises, for a connection to excellent ground, the following configuration, that
is: to make a well of water until arriving to the next layer, then to place a pipe of previously prepared
galvanized iron inside in their inferior extreme with lead and connected to him (submerged in the lead)
a naked cable (or braid) of copper.
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The resistance of the copper wire is remembered

R[Q] = 0,0172 L [m]/S [mm2]

to which it will be necessary to add him that of the terrestrial R czz, that, very approximately, it can be
obtained with the following abacus of vertical javelins of longitude L .z, na

R TiERRA
Q1

15

0 5 10

L jaBaLinA
[m]

in which is observed that the depth won't improve the situation. To overcome this then it should be
connected several in parallel. Subsequently we see an abacus for longitudinal disposition of «N»
vertical javelins of same resistances R;zrs SPaced among them by constant distances «e», and
where the resistance effective total is (in the practice, although similar requirements are not

completed, the effect will be equally approximate)

RTOTALTIERRA = yRTIERRA
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Lightning rod

The rays are loaded clouds that are discharged on atmospheres referred to the terrestrial
potential. Their contour effluviums make their ramified characteristic —and they are not, indeed, the
enormous distances that usually represent the stories of fairies.

To begin, we should know that there is not area sure hundred percent in the covering —f.ex.:
the church of Belleville in France was played by a ray to 8 meters of distance of a lightning rod of 10
meters of height, or that in 1936 trees were fulminated to the foot of the Torre Eiffel.

It is really this a complex topic. Difficult to try for their mathematical of propagation of waves
and distribution of loads, as well as for the diverse information that is obtained of the different makers
—if was not this way, there would not be so many hypothesis in the academic and commercial. They,
basically, only design their extremes or tips.

We know that the charges in a metal accumulate to the edges; for this reason the tip Franklin
is the better known —simple conical tip. They should always to be placed starting from the 4 meters
above the highest part of the build to protect. The following statistic shows the covering

D
I

60 [°] the statistical security is of the = 98 [%]
0 = 90 [°] the statistical security is of the = 92 [%]

PRFIEEAYOS

aftara \ dnguioQ de maxina
protegida \ protaccion

The erosion of the atmosphere, when also the electric impulsive discharge, goes deteriorating



the tips reason why they manufacture them to him disposables and of accessible cost, as they are it
those of chromed bronze.

Each maker designs his own tip and, logically, it will have his own empiric content in the
making of abacus and tables of protection covering. There are them different as much in their tips as
in their base termination —f.ex.: with auto-valve shot to certain voltage.

ASYNCHRONOUS MOTORS

Generalities

We will study the industrial common motors and their installations. These machines are of the
asynchronous type with rotor in short circuit.

Being balanced systems of 3 X 380 [V] either star or triangle, we will have in their study the
following nomenclature (all subindex with the letter «n» it indicates «nominality» of the electric
machine)

Vi effective voltage of line [V]
VE effective voltage of phase [V]
I effective current of line [A]
2 effective current of phase [A]
Z line impedance or triangle [Q]
Z phase impedance or star [Q]
St total apparent power [VA]
Pt total active power [W]
W+ power reactivates total [VAR]
cos @ factor of power [veces]
fL line frequency (50 [Hz])
W 21t line frequency (~314 [rad / seq])
W 2msynchronous frequency [rad / seq]
Ng frequency or synchronous speed [RPM]
W 2m frequency of the rotor [rad / seg]
N frequency or speed of the rotor [RPM]
p number of even of poles [veces]
13 constant of slip [veces]
Cr total torque in the rotor [N m]
Zgg equivalent

impedance for phase (the coll, is not that of line) [Q]

The relationship between voltages and currents is

VL = VF \/3 ~ 380 [V]
VF = VL / \/3 ~ 220 [V]
I = Ig V3 (motor in triangle)



I[. = Ig (motor in star)
cos 10,8 (pLJ37[, sen ¢ [10,6)

Z, = [z Oel®
ZF = DZ,:Dej‘P
ST = 3V|:||_ = \/3V|_||_ ~ 658||_
P+ = Scoso
Wt =Ssen @
I
—
R oe—
v ULT
s . 21 L¢
T =
H = |
—
~ D [A]

and like one observes, when being balanced their homo-polar voltage is practically null (that is to say
that for the neuter one, if connects it, current would not circulate).

The revolving machine is presented with the following functional drawing. The speed in the
mechanical axis of the motor wm depends on its construction and of the friction (it loads useful) that
has

Wn = 28w /p
& = 1-(wp/og) ~<1
P=2w/w ~< 2w /wy

o ol L
— 2p

L ]
lay)

When a motor says in its foil that it is of voltage 220/380 it is of connection in star; on the other
hand, if it says 380/660 (and nobody truly knows the current reason about this) it will be of connection
in triangle. For machines above 5 [HP] the outburst use is always suggested it star to triangle to
protect the installations.

Each winding of the motor is as if was a transformer with a secondary resistive that its
magnitude of the speed of the rotor depends. This way, from being null when it is braked until a
maximum that is always smaller than the magnetic reactance, and therefore

Zeq - Req +]0 = Rgporor/ [(Ws/ W) - 1] = Rgoror &/ (& - 1)
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When we need more accuracy in the obtaining of the line current I, that takes the motor it can
be appealed to the following expression

IL[A] = AP, = 1,5 P,[CV o bien en HP]

0 10 20 30 Pq

When we have an useful load that demands in a motor of nominal power P,,; an intensity I, ; with an
excessive heating, and it wishes it to him to change for another motor of more power P,,,, it should
not be expected that the new current diminishes, but rather it will be the same one practically
(sometimes this is approximate due to the different productions and alineality of the electric
machines), since the friction (it loads useful) it has not changed. The advantage that one will have,
obviously, is that it won't heat, its life will be more useful and it will improve the energy efficiency of
the system.

Calculation
Be the characteristic data of the foil of the motor

P, [CV o bien HP] = ...
Nmn [RPM] = ...
3XVp[V]I=..

fLn [Hz] = ... (50 [Hz])
I [A]=...

cos ¢, = ... (= 0,8)

where

1[CV] ~ 0,99 [HP] ~ 736 [W]
1 [RPM] ~ 0,0166 [Hz] ~ 0,105 [rad/seq]
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and that it considers them to him nominal. This "nominality” characteristic, although in their theory it is
founded by the functional optimization of the machine, truly in the practice it is only of commercial
optimization; this is, it will be more nominal so much adult it is their sale. This way, anything has to do
their foil data with that waited technologically (unless the price is omitted and they are bought of first
line), but rather it is this a point of work operation where the motor doesn't heat, its useful life is long
and mainly, profitable to the maker. Therefore we conclude that, while the motor is to 0.k. temperature
(this is that we put our hand and we should not take out it because it burns us) it will be working well
in its so much nominality of voltage like of current.

We continue with our calculations

Pt = P, = V3Vl cos @, [ = 526 I (theoretical, to see above) | = ...

Ny = Ny = ...
V= V= ..
fL=fin = ..
IL= iy = ...

COs@ = cos @, = ...

and for other work points the case will be studied —question that is not convenient because this
always indicates over-heating and, therefore, little time of useful life to the machine. These data will
allow to be finally

pP=.. S2w /Wy = 120 /Ny, = 6000/ Ny, [RPM]
Ng [RPM] = wg = 26y /p = 120f /p= 6000/p = ...
&= 1-(Npn/Ng) = ...

Crn [Kg cm] = Pr = 526 1, [A]/ Ny [RPM] = 7028 Py, [CV] / Ny [RPM] = ...

Protection
All protection should consist of three things, that is:

— guard-motor
- switch termomagnetic



- thermal relay
— protective of asymmetry and low voltage
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and never to use fusible common, since one breaks of them and the motor is without a phase.

If we have a circulation for the motor I, the thermal relay, dedicated to avoid the oover-
heating of the winding, will adjust it to him preferably in an experimental way (of high g g t0 low
until giving with the no-court point) previously measured or calculated its magnitude that will be for the
order of the 10 [%] more than this || —this depends on the load type, because it is not the same fans
of constant consumption that extrusors that change its consumption continually.

The switch termomagnetic, preferably of the type G, will only protect short circuits avoiding
over-heatings of cables or ignitions. Their magnitude l;zzyon WON't have to do with the I, of the motor
but only so that in the outburst it doesn't disconnect it for the high consumption, and for it approaches
it to it in the order of the 50 [%] or more than this. It is recommended here, for an efficient installation,
to appeal to the manuals and leaves of data of the switch.

The protector of asymmetry or low voltage of the phases of the line is very necessary because
it avoids periodic over-heatings that they harm to the motor although the system guard-motor works. It
is seen that, and mainly in powder atmospheres with humidity that to the few years, when also few
months, periodic courts of the relays of the guard-motors finish burning the motor.

Clearing will be that the mentioned group will over-value its cost with respect to which have
the small motors, but if one thinks of the losses that produce its inactivity while it is replaced, it is
necessary in occasions this investment like future gain.

Connection

As for the disposition of the coils in the motor are



and the connection of the terminals that is given by the maker of the machine having it the following

two possible ways

since their armed one should be
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and we can suggest this other of output for the box
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On the other hand, we can see that in this disposition (common in the practice) both
connections are the same thing

R 5 T R 5 T

hd

To change the rotation sense it will be enough with investing any couple of alimentation
conductors
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GENERALITIES

We can differentiate the energy controls in two types

— proportional
— analogical
— lineal (controls for sources continuous)
— not lineal (controls for phase regulation)
— digital (for wide of pulse or other techniques)
— mixed (for whole cycles of line, modulated, etc.)
— not proportional (on-off)

CONTROL FOR REGULATION OF PHASE

Generalities

The figure following sample the disposition for half wave or it completes. Their behavior
equations are for a load resistive the following



Vg = Vg sen wt

Plrora. = VE?/RL

PLvepiaonosy = | (2m | 0" VF owt |12 = Plrora{1-[9-sen(29)]/2]/m}/2
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The following implementation has spread for its effectiveness and simplicity. The problem that
has is that condensers of mark grateful and high tension should be used, because with the time they

change its value and not only they take out of polarization the work point (notable in low ¢) but rather
they make unstable to the system.
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Manual control
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If we design to simplify



Rz << Rg
C1 << Gy

their operation equations are the following

VE = VR (it can also be for line vRg)
Vg ~ Vg (1/sCq) / (Rg + 1/sCy) — Vp [l + (wWRCp)2 112 el(wt-arctgwROCO)
Vo) = Vome = VP [1+ (wR(Cp)? Y2 sen (¢ - arc tg w ROCO)

¢ = (arc tg @ROCO) + { arc sen (Vp 1[ + (wRyCp)2)Y2] / Vyuc }
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Design

Be the data

Plmax =+ Pimin =

Vg =... (monophasic 311 [V] o threephasic 536 [V]; or monophasic 165 [V] or threephasic
285 [V])

f =... (50 [Hz]; o bien 60 [Hz])

We choose a diac and components of low losses

Vpiae = ... (typical 30 [V])
CO = ...
C; =... << Cq (typical C;~10 [nF] X 600 [V])

and of the abacus of powers we obtain

¢Lmax -

¢Lmin -



for after that of phase

(WRoCo)max =
(WRoCo)min =

and with it

R1
R

(WReCo)min / WCq = ...
(WRoCo)max -R1 = -

and we verify that the adoptions have not altered the calculations
Rz =... << (WRCp)max (typical R3~1 [KQ] X 0,25[W])
Subsequently we obtain the requirements of the triac
Prriac = lefmax V1211 ~ lefmax (1 VD) ~ (L [V]) Pimax / (VENV2) ~ 1,4 Pipax ! VE = ...

and of the manual

TJADM = ...
Prriacabm = -+ > PTRIAC
03c1 = (Tyapm-25)/ PrriacaDm = -

what will allow us to calculate the disipator (to see the chapter of dissipation of heat)
surface =...

position = ...
thickness = ...

TYPES OF LOADS

Passive loads

Heating

They are usually coils of nichrome wire (nickel alloy, chromium and iron) over mica or
miquelina (ceramic of compact mica powder) trapped by their metal capsule for their dissipation of
heat in a metallic mass to heat. Designed in general for alimentation of monophasic voltage, they
usually possess plane forms, in hairspring, tubular (right or helical) or of brackets, as well as they are
manufactured to order.

If the horizontal exposed conductor is outdoors windless and to habitable ambient
temperature, the following table presents the resistance and necessary current approximately for over-
heating in its immediate surface



SECCION [mm2] RESISTENCIA [Wm] CORRIENTE EFICAZ [A]

TEMPERATURA [°C]
200 500 1000

0,05 22 0,9 1,8 38
0,07 15,3 11 21 4,6
0,1 11,3 1,4 2,7 5,9
0,12 8,63 1,6 31 6,9
0,2 5,52 2,2 4,1 9,4
0,28 3,84 2,7 5,1 11,5
0,38 2,82 33 6,4 14,5
0,5 2,16 3,8 7,6 17,4
0,64 1,7 4,2 8,7 20,4
0,78 1,38 4,8 10,1 23,7
1,13 0,98 6,3 13 32

1,77 0,62 7.2 16,1 39,2
3,14 0,34 11,6 26,7 65,5
4,9 0,22 16,3 37,7 92

7,07 0,15 18,8 44 108

Illumination

The incandescent lamps possess an approximate efficiency according to the following abacus
and valid equation for the environment of effective voltage «V» that is specified

= 0 (V / Vn)3’5
03V,< V <12V,

where «@» it is the luminous flow in [lumen = lux.m2], the «V» they are all effective magnitudes and
the subindex «nx it indicates nominality (work voltage specified by the maker).

We know that the resistance in cold is always smaller than when it takes temperature for
illumination. The graph following sample an approach of the current circulates with respect to the
nominal one. For inferior lamps at the 150 [W], although only sometimes but it is to keep in mind, the
disruptivy current can arrive until the 200 times the nominal one.
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Inductive

Prepared the following circuit to generate high variable tension, it is usually used in the
treaties of polarization of film of polymers. It consists basically on an oscillator multivibrator that two
RCS commutes (or TBJ) on an inductor syntonized with the purpose of obtaining great voltage to
send to the secondary of the transformer of high voltage.

Huste de | m
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Resonances

Usually of syntony series, these implementations are taken advantage of to generate the
denominated short waves. Their use is so much industrial as medical — plastic welders, physiologic
treatmentss, etc. The circuit that follows sample a typical configuration where, in each opportunity that
is presented, the syntony series of the secondary should be adjusted. It consists on an oscillator auto-
polarized in class C that possesses a transformer of nucleus of air in their output, freeing with it the
syntonies: parallel to their input and series to their output —to see the chapters of amplifiers of RF in
class C and of harmonic oscillators.
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Active loads
Generalities

Under the "active" name we either mean those loads that possess a voltage or current
electromotive, being opposed or favoring the incoming current that gives it. Inside this group of loads
they are the motors of continuous that, being true back-electromotive "forces" for their induced
voltage, they leave aside to the transformers that are not it. It is denied with this that the transformers
possess back-electromotive "force"; that error that it has come per decades confusing our studies.

Motors of continuous

The following drawing represents its diagram in blocks for the configuration without load of
independent excitement of fields (that is the usual one), and where the small machines respond in a
same way but with permanent imams in their fields. Their equations are

Vy = igZa+ Vg vitage (electromotive) applied to the rotor
Vo = kg, voltage (or "force") back-electromotive

Ca = Kmia couple (or torque) in the rotor [N m]

Zy = Rytsly impedance of the winding of the rotor

Ba friction of the rotor [N m seg / rad]

Ja moment of inertia of the rotor [N m seg? / rad)]
Kg constant as generator [V seg / rad]

Km constante motriz [Kg m / A]

)
S

resistance of the fields of the stator

being



Lo/ Ry >> Ba/J; - 0

L J

B,*sJ,

E

and consequently, when it is applied continuous or a rectified signal of value averages Vamed having
a physical load B; and J, appreciable

Vamed = lamed Ra* Vomed ~ Vomed
Camed = (Ba + BL) Wamed (Ja + JL) a("“)amed/at - BL Wamed ‘]L a(’~)amed/at

being simplified the expression for stationary state (0w,meq/0t = 0) in a point work Q

Camed = BL Wamed
Camed = Kmlamed = Km (Vamed - Vo) / Ra = Km [ Vamed - (KgWamed) ]/ Ra =
= (KmVamed/ Ra) - (kmKg/Ra) Wamed

v

kg ¥amedq

“amedqfkg D amed

When the maker of the machine obtains his foil characteristics, the configuration that uses is
usually in derivation (for its simplicity), and it presents its product in a nominal way as it is detailed (for
the conversions of units to go to the chapter of electric installations)



reason why, if we want to obtain the parameters of the machine first we should experience and to
measure. If we know or we approach the energy efficiency meetly (around ninety percent)

n="Ps/Vy, ~ 09

we can determine the resistance of the rotor with the following empiric equation (or, like it was said, to
measure it)

Ry =.. ~ V,(1-n)/2l,

and to continue with our deductions (we reject I, << ;)

Kg = on/Von ~ 0y /Vy =
kg = Cn/ln = (Pylon) /1y = Pplayly = ...

being defined an area of sure operation as sample the figure (truly this has more margin), because it
is not convenient to overcome the P, since the maker it always considered their magnitude in function
of the possibility of giving merit to their product



Universal motors

Of practical utility and domestic (f.ex.: drills), they are motors of continuous with windings rotor
and stator in series. The rectification takes place geometrically for the disposition of their collector.
Following the nomenclature and precedent studies, then their equations are

Imed = lamed = lemed

@ amed

and therefore

Vo = Kg Wqlcmed = K1 g Imed

Vimed = lmed (Ra + Rc) + Vo ~ Imed Re + kl W3 Imed = Imed (Rc + kl (*)a)
Camed = BL Wamed

Camed = K2 lamed lemed = K2 Imed® = K2 [Vimed / (R + k1 00,)]?




Chap. 34 Control of Power (Il Part)

CONTROL
Requlator of motor speed of continuous
Reqgulator of speed of motor asynchronous three-phasic

CONTROL

Reqgulator of motor speed of continuous

Although dedicated to the old libraries of the electronics, these regulators continue being used
in small motors of permanent imam. We will see a general case of power until practically the 10 [HP].

The first implementation that we see is simple, of bad stabilization of speed for not maintaining
the torque since is a system without feedback, but of economic and efficient cost for lows mechanical
loads. The circuit consists in the phase control explained previously, and it doesn't usually apply
above the 1/4 [HP].

R
CONTROL DE FASE CONTROL DE FASE
M |
MOTOR A MOTOR
IMAH PERMAHENTE UHIVERSAL
H

For these powers or bigger, when we want constant the speed, is to produce a feedback in
the circuit. The reference of speed can be taken with a tachometer, with an optic detector, with
sensors of proxitimy, etc. We will see that simple implementation that taking of sample to the same
back-electromotive voltage Vomeq (recuérdese que Vamed ~ Vomed = KgWamed)-

The technique here employee calls herself of ramp and pedestal. The first one refers a control
of the gain for displacement of the phase ¢, and the second to a pedestal Vg of polarization of this
phase —for the reader not familiarized with the TUJ he can go to the chapter of relaxation oscillators.



The operation of the system consists on loading with a constant current to the condenser and that it
follows a ramp. The manual regulation will come given by the change of the amplitude of the
pedestal.

The implementation following sample a circuit regulator of speed. It possesses five adjustment
controls

— MAXIMA y MINIMA to adjust the range of resolution of the potenciometer

— LIMITADOR of current for the rotor

— REGULADOR of the negative feedback

— ACELERACION of the speed protecting abrupt changes in the potenciometer

being omitted that of adjustment of the un-lineality of the current of the rotor in low speeds usually
called IXR (voltage in an external resistance R of the current of the rotor) for not being very
appreciable their effect.
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Due to the great negative feedback the output speed is practically constant, because it

H = Rll(R1+R2) ~ R1/R2
~ (K4 /H) Vep ~

Wamed

ent

real

(K4R1 7/ R2) Vent

amed

depends on the dividing resistive of the potenciometer and it is not in its equation the load B

Requlator of speed of motor asynchronous three-phasic

The normal use of these regulators up to about 5 [HP] it is in motors of the type 220/380, this
is, with windings of supply 220 [V] effective; for such a reason it connects them to him in triangle
when the regulator is of input mono-phasic (RN) and in star if it is it bi-phasic (RS), and it has the
following circuit so that approximately it is obtained on them a voltage pick of 311 [V] as maximum
—as for the connection if it is star or triangle, it can have exceptions for the different uses and
dispositions of each production. For more big, and very bigger powers (f.ex.: 300 [HP]), the supply is
three-phasic and the rectify-filtrate is obviated commuting the three-phasic directly on the machine,
determining with it another analytic approach and ecuations to the respect that we don't see.

amed
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The disposition of the inverter can be with TEC like it is shown, with RCS, or modernly with
transistors IGTB or TBJ. The following figures are representative of the sequence order and result of

the commutations

umM

268 [V]

M

v

uo

U0 med

357 [V]

~311 [V]

To maintain the torque constant C in these motors the relationship among the frequency
applied to the machine and their effective voltage it will practically also be a constant. The following

expressed graph that said

W -~ kl VF



The technique that is described in this circuit is to change the frequency of input wL with the
purpose of varying the speed wy,, of the axis. For such a reason it is regulated the frequency like
pulses that arrive to their windings. Being vg the UO in the graph, to slide constant  because it is
supposed that the machine is not demanded, it is then (to go to the chapter of electric installations)

Wy = 28w /p ~ ko

and to maintain the torque the width of the pulses it is modulated with the purpose of varying the V.
In summary, the system consists on a modulator of frequency (MF) followed by a modulator of
wide of pulses (PWM)

MODULADOR MODULADOR
DE MF DE PYWM
portadora ME &
Ij*—-—-— OCv - E—
ajuste do T
fa velocidad modufadora

Claro estara que este sistema es de lazo abierto y por lo tanto no garantiza la manutencion
de cambios de cupla; es decir que solo sirve para pequefas cargas fijas (bajos y constantes
rozamientos B, ) donde el { se mantiene como se dijo. Para superar esto se sensara la corriente por
uno de los bobinados y realimentara convenientemente, y donde se jugara con el ancho de los
pulsos y con esto consecuentemente sobre la tension eficaz en UO, es decir Vg, logrando mantener
la recta de la grafica anterior.

There would be two ways to generate this modulation for wide of pulses, that is: a first one
that compares the level of continuous of reference (or modulating) with a generation in triangular
ramp (or carrier) according to the following diagram

portadora

MAAVAE-&JM&MN
! L

MF & PWM

0
HREIREENIEI




and other second that explains to you in the vectorial diagram of the space states of the windings of
the motor, and that it goes producing a sequence of commutations moving to a wL it conforms to it

explains in the drawing

010 o1 @2t
w
0 v
110 001
u 100 101
disposicion digposicion
espacial eléctrica
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Of more to say two things will be, that is: the problem of the harmonics that generates this
circuit type, and second the electronic complexity, so much of hardware as software and their
mathematical sustenance with which these systems are implemented. They are usually prepared to
measure protection, to estimate internal states of the motor, etc.




Chap. 35 Introduction to the Theory of the
Control

THE LAPLACE CONVOLUTION
DECOMPOSITION IN SIMPLE FRACTIONS
Denominator with simple poles
Denominator with multiple poles
AUTO-VALUES AND AUTO-VECTORS
Generalities

Determination of the auto-values
Determination of the auto-vector
ORDER AND TYPE OF A SYSTEM
Order of a system with feedback Glc
System type with feedback Glc

THE LAPLACE CONVOLUTION

Be a transfer G(g) = y(s) / Us) to the one that is applied a certain signal temporary u) that will also
determine an output temporary yy.
The equations will be

9) = |_ -1[G(S)] - response to the impulse
0< k<n
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DECOMPOSITION IN SIMPLE FRACTIONS
Denominator with simple poles
Gs) = Go(s) / [ (s*+p1) (s+p2) ---] = [A1/(stpy) ]+ [Ax/(stpo) ] + ...

Aj = [(stP) - G(s) ] s=pi

Denominator with multiple poles

Gs) = Go(s) /[ (s*+py) (s*P2) .- (S+PW)" (s*+Pn) ] =

= [A1/(stp) I+ [ A/ (stp2) 1+ ... [Aq/ (stpy) ] + - simple



+ [By/(s+pd1+[By/ (s+p2]1+ ... [B,/(s*pd'] -  multiple

Ai = [(stP) - Gs) ] s=-pi R simple
By = [(stP)" - Gs)ls=pk - multiple
Br1 =10/ 0s].[(s+pPW)"- Gs) ] s=pk

Brp =1[1/2].[02/ 0s?].[(s+P)" - G(s) ] s=-pk

B = [1/(r-1)!].[0"1/ as™1]. [ (s+py)" - Gys) ] s=-pk

AUTO-VALUES AND AUTO-VECTORS

Generalities

Be a matrix A multi-dimensional

Dall 3.12|:|
A = O
Da21 3.22|:|

and a bi-dimensional vector

N

DV]_D DVll V12 O
v o= O =[vy Vo IT = 0
DV2D DV21 Voo O

with vy =[ vig via 1Ty Vo= voy Voo IT

We will be able to change their module without changing their angle if we multiply it for a to scaler
(real or complex) «s»



SY
5‘&"2 ——— — — - — —

DS.V]_D
SV = 0

DS.V2D

and also their module and angle if we multiply it for the matrix A

321 v

Uajqvq  agpvoll
A.v= 0

Uagqvy  agpvoll

If now it is completed that «s» it is a matrix line of elements scalers (real or complex)

s = [s1 s2]

and we make coincide their products in the way

DS:LV]_ O
= O
DSZVZ O

it is said that «v» it is the own vector or auto-vector of the matrix A, and where



S1V1 = a11Vvy + appVp
SpVp = ax1Vy + axVp

Determination of the auto-values

If we wanted to find these scalers of «s» we make

Ds_all —a12D DV]_ O

0 =sv-Av =(sl-A)v = O O
] _a21 S-a22|:] D\/zD

DS_all '3.12|:|
0 =(sl-A)v = O

0 —a21 S-azzlj
Det0= Det(sl-A) = s2-s(aptag) + (ap18z - a128y1) = (s+s1)+(s+sy)=

=s2+a;s+a, =0

s;:Sp = { (aptap) * [(aptax)? - 4 (a8, -aay;) Y2 }.1/2

where we observe that they are the same scalers that determine the roots of the characteristic
equation or roots of the characteristic polynomial of the matrix A.
On the other hand, for the case peculiar of a matrix A diagonal (a;, = a7 = 0)

S1;S2 = ai1; 82
In summary
Det(sl-A) = (s+sy)+(s+sp)=s2+a;s+a, =0 ec. characteristic
a;=..,a,=.. coeficients
S1=...,S= .. auto-values (- poles)
S = [s1Sy s3] matrix line of the auto-values

Determination of the auto-vector

If we wanted to find these vectors of «v» we make

A.v=s.vV

Us; 0O
A.v=(sl).v= g .V
o 52D

0= (A-sl).v

then now



Dsl o Dall aio U

0=(A-5;1).v; = (A- O ) . vy = O A
10 SlEl Da21 a22|]
Us, 00O Ca;; a0

0=(A-s51). v, = (A- O ) .v, = O Vs
0 52|:| Da21 a22|]

and with it

arjp-Vvip tap.vip = 0

a21.V11 + 322.V12 =0 = Vi1 = ... Vo = ...

agg-Vor tap.vy =0

a21.V21 + a22.V22 =0 — V21:... V22:...

ORDER AND TYPE OF A SYSTEM

Order of a system with feedback Glc

It is the «order» or «degree» of the polynomial denominator of Glc; that is to say, of the quantity of
inertias or poles that it has.

System type with feedback Glc

For systems with feedback H without poles in the origin —we will study in those H that are
constant—, it is denominated «type» to the quantity of «n» poles in the origin that has G—integrations
of the advance.

Let us see their utility.

As it was said, be then

Gs) = Kg.[(1+s/zy) (1+s/zp) ... ]/ [ s" (1+s/s) (1+s/s)) ... ]
He = Ky
Fs) = 1+GH) = Kg.[(1+siwg) (1+s/wy) ... [ /[ s (1+s/sq) (1+s/sy) ... ]
r e ¥
G

Now we will find the error «and» of the system in permanent state using the theorem of the final value



€ (c0) = limg_ g S.e) = limg .o s.[y(s)/G(S)] =

||'msﬁ0 S. [I’(S) GlC(s) / G(S)] = ||'msﬁ0 S. [r(s) / F(S)] =

limg .o s.[re/ (Kg/s")] = (UKg) . limg_ o sML 1
and the output «y» also in permanent state
€(c0) = limg_ o seg = limg_ g s.[Yy /Gl = (UKg).limg_ o sMlyg) =
= (UKg) - limg_ g s.[SNye] = limg_ o 0Ny /ot
Y(w) = Kg I " €e(y) - 0t + Ko
with Ko an integration constant —more big, same or smaller than zero, and that it will depend on the

system.
Now these equations detail the following table for different excitements «r»

impulso escalon rampa parabola
(Kronecker)
o 1 t t2

Error «ex)»

tipo O 0 1/Kg 00 00

tipo 1 0 0 1/Kg 00

tipo 2 0 0 0 1/Kg

Salida «y(e)-Ko»

t|p0 0 0 KG/KF 00 [S¢]
tipo 1 0 0 (Kg/Kg).t )
tipo 2 0 0 0 (Kg/2KE).t2

that it expresses the approximate tracking of the error and of the output.
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Chap. 36 Discreet and Retained signals

RELATIONSHIP AMONG THE ONE DERIVED AND THE LATER SAMPLE
GENERALITIES OF THE SAMPLING

TRANSFER OF THE «SAMPLING AND R.O.C.» («M-ROC»)
SYSTEMS WITH «M-ROC»

1° CASE

2° CASE

3° CASE

4° CASE

5° CASE

RESOLUTION OF TEMPORARY GRAPHS

Application example

EQUATIONS OF STATE

RELATIONSHIP AMONG THE ONE DERIVED AND THE LATER SAMPLE

We will work on a sampling retained of order zero.

T
*

= x

—):‘I—h ROC. |—»

The speed of the sampling will be much bigger that the maximum speed of the sign «x»; or, said
otherwise by the theorem of the sampling:

T < 1/2fmax

Subsequently we show that, for a dynamic consideration, the amplitude of the next sample is
proportional to the one derived in the point of previous sample:



X (t+AY || - X (K1) |-
x () [ X () |-’

t  t+At kT (k+1)T

X' =tga = [Xgan - X1/ A = [Xgremy -Xwn) 1/ T = [Xpen) - Xgo 1/ T
As for the transformed of Laplace

L [Xekm) - %) ] = €KT [ X - X(g)]
or

L [ Xekmy - X0y ] = €T [X5) - X(0) ]
And for the transformed z

L[ xpn] = 2. [x@-x0] = L 1{eT[xg-x01}
Itis

X T = Xer) - X = L2 {eskT [xe) - %1} = Z [ X+1) |
Finally

A [ Xk+1) ]
A simple demonstration would be

X = fga = X(k+l) /T = [X(t+At) - X(t) ] [ At

lim tga = X(t), = X(k+1)/T

At - 0

X(k+1) = X(t), T ax

GENERALITIES OF THE SAMPLING

As



z = esT
X(kT) = X(K)

Ex{kT}
x*
1 ‘ ‘ ‘

it is for the one transformed of Laplace
X(2) = x*(t) = Zooo X(k) - eksT = ZOOO X(Kk) - zk = X(0) + X(T).Z_l + X(ZT).Z'Z + ...
where an equivalence is observed among the «integrative» with the «"retarder"»:

esT = z1 = 1/z

—_— 1]z —

retardo E_ST

[pulso retardado]

TRANSFER OF THE «SAMPLING AND R.O.C.» («M-ROC»)

Be «Xo» a pedestal and «&*» the impulse of Kronecker. Then:

X(t) = o* Xo
X(S) = Xo
Y = Yo. [ Xo) - X(to+T) ]

Yo .[(1/s) - (eST/s)]

Y(s)



x
Xo |----- * Goe)
x
T
y to x F\\ x* Y
v —o/.—r- R.O.C. —»
u _____
to to+T
de donde
Goi) = Y !Xs) = (Yo/Xo).[(1-eST)/s] = Go.[(1-eST)/s]
Gow = Yal!¥»=L16gl =L (1-esT). L(1/s) =

= (1-21). 2 (1/s) = (1-z1).(1-z1)1 =1

SYSTEMS WITH «M-ROC»

1° CASE
— "+ ROC |—+| Gy [—
GD
G
GO(S) = (1 - e'ST) /s
Gs) = Gos) - Gis) = (1-€5T). Gy /s
Gy = L(1-e5T).ZL[Gygyis] = (1-21).L[Gygis] % 1.4 [Gyyl
2° CASE
—'/"—" ROC - G“s} 4/.—& ROC - GE{S} I
Ga Gp




Gz = Gaw) - Gop

3° CASE
« «—=H0OC a G-":s} - GE{S}
Ga
G
G(Z) = Z [Ga(s) . GZ(S)] ¢ Ga(z) . GZ(Z)
4° CASE
+—={ ROC - G{s} -
Hisy [+

Gley = {(1-e2).Z[Ge/s1} {1+ (1-e2). L [GeHe/sl}

5° CASE

+
L3

G {5} -

H{s} o ROC H\o—

Glc;) - no se puede hallar

Y@ = Z [rG(S)]/ {1+ (1-e2). Z [G(S)H(S)/S]}

RESOLUTION OF TEMPORARY GRAPHS

Be
G = Ky . [(z+z9) (z+2p) ... ]/ [ (z+py) (z+P2) ... ] =

= K, . [ (L1+z12'Y) (L+25zY) ... ]/ [ (1+pyz'L) (L+pyz)) ... ]




and decomposing it in simple fractions

Gy = Ko {[A/(@+pyzY)] + [B/(Q+poz)] + ... }
it can be
Gs) =Ky, .(a+besST+ces2T+ )

and for the one transformed of Laplace it is
L esTrg ] = renm

it is finally

Y - L Gy 1l =

= Kz . [a.r(t) + b.r(t_T) + C.r(t_zT) + ... ]

a.rm t) 1"

//»’ C.lTt27) ‘

- h.r{t_'r} -

T

Application example

Be the following plant system Gp with feedback

Gpsy = Ki(s+a)
H(S) = 1/s
0 - unitary pedestal
r ¥
+—={ ROC . Gp{s} -
H .

(s)




(1-21). Z[Gpg/sl= (1-21). L [Kis(s+a)] = [(1-e4T)/ (2-4T)] . K/a
(1-z1). Z [Gps)Hs) /] = {[z(e-aT-1+aT) + (1-e-@T-aTe-aT)] / [(z-1)(z-e@T)] } . K/a2

and if we simplify A=1, T=1 and K=1

Gley = {(1-21).Z1Gg/s1} {1+ (1-21). L [GeHe!sI} =
= 0,63 (z-1)/ (z2-z+0,63) = 0,63 (z-1) /[ (z-z1) (z-21%) ]
z, = 05+j0,62 = 0,796.e/5L1°(0,796< 1 - estable)

We outline the excitement now

r(s) = 1/s
M) z/(z-1)

to find the output

y(Z) = r(z) . GIC(Z) = 0,63z/ [ (Z-O,5-j0,62) (Z-O,5+j0,62)] =
= z.[(Al(z-zy) + Bl(z-21*) ]

with
A = -j0,51
B = j0,51
of where
Y = [-j0,51 z/(z-z1) ] + [} 0,51 z/(z-21*) ]

and as those transformed (pedestal in this case) they correspond

U = 1gy = 1/s = 1/(1-z1) = z/(z-1)
it is finally
Y = [-0,51z,K]+ [j0,512z*] =

[0,51(0,5+0,62)k]+ [j0,51(0,5-]0,62)k] =
1,02 .z:k = 1,02.0,796% . sen (k 51,1°)



_EQUATIONS OF STATE

We present the system and their behavior equations subsequently

(k)

Gp
y Uk X 1)
u—:*w—d’o—ﬂﬂﬂ%iu; - b 21
A
X = A X * b U
0
Uy = C X + d ug

GPpy = Y /Ug = GPO/[2+21) @ +2)) ]

XUy = b.[G/(L+GH)] = b.{U2)/[1+ AL} = b/ (z+A)

(k)




Chap. 37 Variables of State in a System

GENERALITIES

Lineal transformation of A
DETERMINATION OF THE STATES
CONTROLABILITY
OBSERVABILILITY

VARIABLES OF STATE OF PHASE
In continuous systems

State equation

Exit equation

Example 1

Example 2
In discreet systems

TRANSFER, RESOLVENT AND TRANSITION
TRANSFER [f (]

Example

RESOLVENT [Y ()]

TRANSITION [f ]

If the system is SI-SO

If the system is MI-MO

Example
Example

GENERALITIES

Each transfer reactivates inertial it will determine a state « x; », because there is not a lineal
correspondence (in the time) between its entrance and the output.



Gp

Ox =AX + bu

0
Oy =Cx + du
X vector of the state of the plant Gp of dimension n x 1
u vector of input of control of the plant Gp of dimension r x 1
y vector of the output of the plant Gp of dimension m x 1

Gp =y/u = Gpo/[(s+s7)(s+5sy)..]
x/fu = b.[G/(1+GH)] =b.{1/s)/[L+(A.1s)]} = b/ (s+A)

matrix of speed of the plant Gp [1/seg] of dimension n x n

matrix of control of the state through the input «u» of the plant Gp of dimension nx r
output matrix «y» of the plant dimension Gp of dimension m x n

matrix of direct joining of the input «u» of the plant Gp of dimension m x r

OO w>

D-Sl aio O
A = 0
Da21 -So 0

DS"‘S]_ od

Det(sl-A) = 0O = (s+S1)(S+5Sy)...= s2+a;s+a, =0
o s+s, [

ap = ajgtay = (s)t+(-sy) = -(s1+5S)y)

ap = ajpjagp-agpdn

Lineal transformation of A

For a plant matrix A diagonalized like A* for a lineal transformation T (modal matrix, denominated this
way by the «mode» in that transforms, and that it has their columns made with the auto-vectors
—adopted— of A):

[vq1 v O
T=1[vg vp] = a



[vp1  vpp U

A* TLA.T
b* = T1lb
T = cT . T
X = T.x*

under the form non general Jordan but canonical —because their auto-values are different, and called
this way to be a «legal particular convention»— the poles of the plant Gp that are s; and s, is similar
to the poles of the Gp*—that would be s*; and s*,—, because the auto-values of a diagonal matrix is

their elements, and because the auto-values don't change for a lineal transformation.
Then:

sty 0 O 0s; 0 O A* =
0 = 0 0o
s*, 0O 00 -s, O

what determines that both characteristic equations of Gp and of Gp * they are same

Us+s; 0 O
Det(sl-A) = Det(sl-A*) = O = (s+s87)(s+sy)
0o s+s, [

DETERMINATION OF THE STATES

In the spectrum field
Gp =y/u = Gp;.Gpy... = (Y/X3) . (Xo/X3) ... = [GpOq/(S+5Sq)].[Gpos/(s+sy)]...

Xq Xy ¥ =X,
Gpz Gp1

Xialxi = Gpoj/ (s +s)

Xj. GpoOj = Xi.1-(S+5Sj) = Xjq1-S+ X1 S
In the temporary field

Xj. Gpo; = Xi1" *X1.S;

Xiaw = (S) - X1 + Gpo; . X;

that is to say, generalizing for 3 inertias



X1’ = (-S1) - X1 +ap X + a3 - X3
Xp' = ay - X + (-S2) . X + ayz . X3
X3’ = ag; -Xg + ag Xy + (-S3) . X3

CONTROLABILITY

The transfer Gt is only partially a report.

G = Yo !Us Ixo=0 = Gy # Gyo)

e A
| |
| |

u | ] Y, |

——+—+| Subsistema Oy U I
| |
| | 4
|
| |
: RSuhsistema OynoU :
| Y, |
| |
| |
L o e o o __ 2

It specifies this concept the possibility to control —or to govern—the state variables «x» from the input

«U».
U=[B AB .. ArlB] matrix of controlability of n x (n x r)
Rango U =...

Quantity of «x» not controllable = n - Rango U

OBSERVABILILITY

It specifies this concept the possibility to observe —to have access to their translation and
mensuration— the state variables «x». If it is not this way, it will be necessary to estimate them as
«X™»,

O = [CT ATCT (AT)2CT... (AT)n-1CT ] matrix of observality

Rango O =...

Quantity of «x» non observabilities = n - Rango O

VARIABLES OF STATE OF PHASE




In continuous systems

Be a plant Gp in the transformed field of Laplace, where there are m zeros and n poles and that, so
that it is inertial it requires logically that m < n

Gp =y/u=K.[cpsM+..col/[s"+a,s"1+..a;] =

= [xq/u].[y/x] = [K/(s"+a,;s"1+..a;].[cysM+...co]

u %4 Y
K
‘?\ m
5“ +an Sn_l' b o a1 [:m 5 4+ e [:l]
State equation
In the spectrum
Xg/u=K/(s"+a,;s"1+...a;)
Ku = xqs"+xga,8" +...x1 a4
and in the time
Ku = Xln + anxln_l + ... alxl
and being
Xp = X1 X1" = X
X3 = Xp X2 = X3
Xn = Xn.1' Xn Xn+1
it is
Ku = Xn+1 + anXp + ... asXo + aiXq
and finally (here it is exemplified n = 3)
X, O 00 1 00 Ox0 00 O
x = 0. = 0o o0 1 O... + 00 u
X, O O-ay.. -a, 0 Ox,0 0K O

Putput equation




In the spectrum

yIXy = CcpSM+ ... Cq
Y = CpSMXq+ €y SM L Xq + ... o Xq

and in the time
y = CmX1m+ Cm_lxlm'l + ... Cl Xl' + CO X1
because

Xm+1 = XM

Xm = le-l

Xy = Xl,

and finally (here it is exemplified m = 3)

Dyl [l Dxl 0
y = [O.. = [ci ... cn0 0] . O...
UYm+1U UXm+rD

donde la cantidad de elementos de [c; ... ¢,;0 O] esn.
Example 1
Be

m=n-1
Gp =y/u=K.[cps"t+...ci]/[s"+a,s"m1+ ... a;]

then
Ox," O 00 1 00 0Ox0 0o O

x = 0. = oo o 1 O... + 0o wu
Ox, O O-a;.. -a,0 Ox,0 OK O
Dyl O DXlD

y = 0O.. = [c; ... ¢, O] .O...
Uy, O Ux, U

Example 2



In the transformed field
Gp = (ys" + ysml k,q +...y.kg)/ u
In the temporary field

Gp.u= y"+ yml k.4, +...y.kg

X1 =Y, Xp =X =Y, X=Xy =yt

For 3 inertias (n = 3)

Gp = (ys3+ ys2.k, + ys.ky + y.ky)/ u
Gp.u=y + y .ky+ y .k +Vy.kp

X;"= Y =X
X3 =Y = X3
X3’ =y = Gp.u-y .ky-Yy.ki-y.Kg = (X3).ky +(-X2) . k; +(-X1).kg +Gp.u
Xy = 0.1 + 1.x, +  0.X3 + O
Xy = 0.x1 + 0.X5 + 1.xq + O
X3 = (ko) xg + (k1) X2 + (ko) X3 + Gp.u
o 1 o0 0o 0
x= 00 0 1 .x + 00 .u
D-ko -kl -k2 O DGp O

Det(sl-A) = s3 + s2.k, + s.k; + kg

In discreet systems

Be a plant Gp in the transformed field z, where there are m zeros and n poles and that, so that it is
inertial it requires logically that m < n

Gp =y/u=K.[cpzM+CpzM™i+..col/[2"+ayz"1 +a,12"2+ ... a; ]

and where the equivalence is given «k o z»



Yk+n) T @nY(k+n-1) T @n-1Y(ken-2) T - 81 = K[ CmUkem) * Cm-1U(kem-1) * - Co ]

Y@ 2"+ any (2" + an1y@z"? + .. ap = K[ CuUz™ + CpqUnz™ L + ... cp ]

it is deduced finally

Xy o1 O 00 1 00 Oxd 00 O
Xk+y) = U = 0o 0 1 a... + 00 ug
Xngee1) O O-a1.. 8,0 DOxpeD 0K O
Oyi U OXqg0 U
Yoo = U = [cocg ... ¢,0 0] . O...
UYnk) U X U

where the quantity of elements of [¢c; ... ¢, 0 O]itisn.

TRANSFER, RESOLVENT AND TRANSITION

TRANSFER [f ()]

It is denominated matrix of transfer (fjs) of a plant Gp to the following quotient with conditions null
initials

@s)

Yis)/ Uis) 1x0)=0

Y(s) = [Yis) Yas) 17 = @) - Ygs)

u ¥
— Gp

and it is observed that

0911 912 9130

Qs = 0921 922 923 = K. [(stzy) (s*2p) ... ] /[ (s*sy) (s+S)) ... ]
0031 932 933U

Det(sl-A) = (s+s7)(S+5Sy)...= s3+a;s2+a,s+az =0 ~ polos de @,

If we outline in the time



Ox = AX + bu

g

Oy Cx +d

it is in the spectrum field

u

Osx =AX + bu

O
Oy =Cx + du
sl.x-AX = Bu
X = (sl-A)lBu
y = C(sl-A)l1Bu+Du =[C(sl-A)IB+D]u

Qs =

and finally

Qs = CyW¥y

For discreet systems

@y =Cyr¥y

y(s)/u(s) = C(S'-A)'lB+D =CWYB+D

B(s) * D(s)

B * D)

In a general way, for continuous or discreet systems, as «C, B, D» they don't have poles, the

characteristic equation of «(P» and of «W» they are the same ones.

Example

Be the following system and that we want to find the outputs y(y in permanent state for an excitement

U in unitary pedestal.

[0-0,011 0,001 0O 010
x = [ . X + O u
0 0,1 -0,1 0 god
0 1 0
y = 0O 0 1 .X

0o,001 -0,0010

They are then

Us+0,011

-0,001 0



(sl-A)yl = O
0 -01 s+0,10

Det(sl-A)l = s2+0,111s+0,001 = (s+s;)(s+s,) = O
S1; S, = 0,0099; 0,101

0 s+0,1 0,10
Cof (sl-A)l =0

0 0,001 s+0,011 0

0 s+0,1 0,001 O

Adj(sl-A)Ll =
0 01 s+0,0110

of where
@ = Yi/Us) = CeWebe= C(sl-A)ib =
= C[Adj(sl-A)l/Det(sl-A)yl]b =
= C[Adj(sl-A)l]b /Det(sl-A)l =
(s +0,1) / Det (sl -A)1O O(s+0,1)/(s+5s7) (s+5s,) 00
= 0 0,1/Det(sl-A)1 = 0 0,1/(s+sq)(s+sy)
[00,001.s/Det (sl-A)1l O 0 0,001s/(s+sq)(S+5Sp) O
UGs) = 1s
Y1(c0) = limg_gS.Yyis) = lims_ gs.(1/s).[(s+0,1)/ (s +s1) (s +Sy)] = 100
Y2(c0) = limg_gS.yys = limg_ gs.(1/s).[ 0,1/(s +s7) (s +5))] = 100
Y3(c0) = limg_gS.Yy3s = lims_gs.(1/s).[0,001s /(s + 1) (S + S5)] =0

RESOLVENT [Y ()]

We call l-I—’(S) to the function that allows «to solve» the transfer function (s,
LIJ(S) = [ sl - A(S) ]-1

The poles of W(S) they are the auto-values of A, or, the poles of (fs) of the plant Gp.



Det (s1-A)1l = (s+s1)(s+5y) .. - poles of @) and of ‘P(S)

For discreet systems
LP(Z) = [ zl - A(Z) ]'1
TRANSITION [f ]

Itis the matrix of transfer (g in the time

(p(t) = L _1[(p(s)]

and it differs conceptually because it considers the initial state xq.

If the system is SI-SO

X" =ax + bu
SX-X@ = ax+bu
X = [xq/(s-a)] + [bul/(s-a)]
with
X0) ! (s-a) - transitory response of «x»
bu/(s-a) - respuesta permanente de «x»

and anti-transforming

x = eitxg+ [ o eVbugdt = Qyxo)+ Gy Db uy

being

Oy = xIxglu=o = e

that is to say that, conceptually, the transition of the state () it allows to determine the state «X)»
like it adds of their previous state «x(p)» and what accumulates —convolution— for the excitement

«Uu (t) ».

If the system is MI-MO

Oy = xIxglu=o = e



x = eMxg+ [ of ADBuUG AT = Gy xo)+ Py Obug
y =Cx+ Du = C[(p(t)X(0)+ (p(t)DbU(t)]‘i‘DU(t)
= =
) ®
— b0
u=0

Also, it can demonstrate himself that there is a coincidence among @ and ‘P(S)

Yo = P
For discreet systems
Osx = AXx + bu

0
Oy =Cx + du

X(k=1y = AX@©) * B
X(2) = AX(l) + B U(l) = AZX(O) + AB U(O) + B U(l)
X = Akxg) + 2okl ACFLB UG = @y Xy + P OB ugg
then
Py = @y = A
z.¥y = @y
Example

Be a system of plant of two poles

0o 10 oo o
x = [0 . X + O .u
02 -30 010
01 0O
y = U . X
oo O

then we find



Us -10

sl - A(S) = 0
2 s+30
Os+3 10

[ sl - A(S) ]'1 = 0 / (52+3S+2)
(-2 s

@y = Lugg = Luweg = Lafisagry =

[12et-e-2t ete2t
= O
-2et+2e-2t  _et+2e-2t ]

X(t) = @y Xpo)* G Obugy = @y Xeo) + I o Qri-to) [0 1 ]T Uy dtp =
[Re-t-g-2t et-e2tJ Dxl(to) O DO,Su(t)-e't+0,5e'2t 0
= O . O + [l
[F2et+2e2t  -et42e2t [J (X p(40) U a ete2t a
Dxl(t) 0l
= [l

[Xo@r) U
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DISCREET SYSTEMS

CONTINUQUS SYSTEMS

Concept of the spectrum domain

In signals

Given a temporary signal «y,» repetitive to a rhythm «wy=2mfo=21Tg», it will have their equivalent
one in the spectrum domain for their harmonics determined by the «series of Fourier in «y.».



Y Y ()
Yait, w) ¥2 (¢, w)
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When the temporary signal «y» it is not repetitive, it is said that it is isolated, and it will have their
equivalent one in the spectrum domain for their harmonics determined by the «transformed of
Laplace» in «y(s= g4j,p»- The real part of the complex variable «o», that is to say «s», it is proportional
to the duration of the dampling of the transitory temporary transitions, and the imaginary one «w» it is

proportional to the frequency or speed of the permanent state. When «o =0» the encircling of Laplace
coincides with the encircling of the series of Fourier.

Yt Y )
o=10
M mmmﬂmrrn
/ ‘ @
Ty > S | S
Ao — 0
o

in transfers
It is defined transfer to the quotient
Ce) = Yo/ Us)lyo=0
that is to say, the output on the input, in the spectrum, for null initial conditions.
We know that the same taking the form of quotient of polynomials, or of expressed quotients their
polynomials like product of their roots

G(S) = Kl'[Cmsm"‘---Co]/[5n+an5”'1+...al] —

= Ko [(5%21) (542)) ... (5+Zm) ]/ [ (5+57) (S+Sp) ... (S+sp) ]



where m < n so that it is an inertial system; that is to say, so that it is real and don't respond to infinite
speeds—that is to say that the G, = ;) = 0.

We observe here that the following questions are given

G=z1y = 0
G=s1) = @

and consequently we call «zeros» of the equation G to the values of «s» —these are: -z,, z,, ...—
that annul it, and «poles» of the equation Gg) to the values of «s» —these are: -sy, s,, ...— that make
it infinite.

The transfer concept —either in the complex domain «s=g+jw» or in the fasorial «w»—, it consists on
the «transmission» of the encircling spectrum of Laplace explained previously. The following graph it
wants to serve as example and explanatory

u bd
G{m}
Y Gy Yy
M . .
U LY
|U{m}| |y{m}|

Stability

We define stability in a system when it is governable, that is to say, when their output it doesn't go to
the infinite and it can regulate, or, it is annulled alone.

Let us see the matter mathematically.

Let us suppose that a pedestal is applied «1/s» to a transfer G)=y(s) / Us) Of @ pole «1/(1+s/sq)».
The output will be

y(S) = 1/ [ S. (1+S/Sl)]
y(t) = 1 - e-tSl

for what we will obtain three possible temporary graphs, as well as their combinations, and that they
are drawn next as yy) and the locations of the poles in the complex plane «s».
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of where it is observed finally that the first case is only stable. This way, we redefine our concept of
stability like «that system that doesn't have any pole in the right semi-plane», since it will provide
some exponential one growing and not controllable to their output.

In summary, it is denominated to the equation of the denominator of all transfer like «characteristic
equation», either expressed as polynomial or as the product of their roots, and it is the one that will
determine, for the location of this roots, the stability or not of the system—transfer.

CRITERIAL OF THE CALCULATION OF STABILITY

We know that the location of the poles of a total transfer —f.ex.: with feedback Glc— it defines their
stability. For that reason, at first sight, it seemed very simple to solve this topic: we experience G and
H and we approach a polynomial of Glc, and we find their roots then, and of there we see the location
of the poles.

If as much G as H are inertial systems without zeros and with a dominant pole; or, all that can
approach to the effect, can find experimentally in a simple way the transfers if we act in the following
way, that is: applying a pedestal to the input of the system

U = U =
U(S) = U(O) /s
G(s) = K/(1l+sr1)
Ys) = Us)- G
Y = [KUg].(1-e?r)
where
y(ST) = [KU(O)] . (1'9_3T/T) |:| 0,98 [KU(O)]

and if we measure the output then until practically it stays



— - ———-
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we can determine

T 03.T = ..

K = YO / U(O =

The inconvenience comes in the practice when the denominator of Glc is not of second degree, but
bigger. To find the roots it should be appealed to algebraic or algoritmics annoying methods by
computer. It is not dynamic. For this reason, if we are interested only in the question of stability, they
are appealed to different denominated practical methods «criterial of stability». they are some of
them: of Bode, of Routh, of Nyquist, of Nichols, of Liapunov, etc.

We will study that of Nyquist fundamentally for their versatility, wealth and didactics.

Approach of stability of Routh

Given the characteristic equation «F» of the system with feedback «Glc», it is equaled to zero and
they are their coefficients. Then a table arms with the elements that indicate the equations, and it is
observed if there is or not changes of signs in the steps of the lines of the first column. If there are
them, then there will be so many poles of Glc in the right semiplane —determining unstability— as
changes they happen.

Let us see this:

Fis) = gps"+asl+.a, = 0

that for a case of sixth order

Fis) = apsb+ajsd+ayst +agsd +a482 +ags+ag= 0
s ag a, ay ag
s® a; as as 0
s4 A B C 0
s3 D E F 0
s2 G H I 0
J K L 0



1 M N @) 0

where each element of the table has been determined by the following algorithm

A = (al.az- ao.as)/al

B = (al.a4‘ a.o.a.5)/a.1 =
C = (aj.ag-a9.0)/a; =
D = (A.a3-a.1.B)/A =
E = (Aag-ag.ag)/A =
F = (AO-a,0)/A =

G - (DB-AE)/D =
H = (D.C-AF)/D

| = (D.0-A0)/D =

J = (GE-DH)IG =

K = (GF-DI)/IG =

L = (GO-D0)/G =

M = (JH-GK)/J =

N = (JI1-G.L)/J =

0 = (J.0-G.0)/J -

and it is observed the possible sign changes that leave happening in

For particular cases it should be helped with the reference bibliography.

Approach of stability of Nyquist

Given the transfers of a system with feedback expressed as quotients of polynomials of zeros «Z»

and of poles «P»

Gs) = Zg!Pg

He = Zu/Py

GHis) = Zen/Pen = (Zg!/Pg) (Zu/Pu) = ZgZy/PgPy

Fsy = Zr/PE = 1+GgHs) = 1+Zgu/Pon = (Peh*ZgH)/ Pon
Gle(s) = Zgic/Paie = G /[1+GH)]l = G/ F =

= (Zg!Pg) /[ (Peu*+Zgn) / Peul = (ZgPu)/ (Peh + ZgH)

where is seen that the stability of the closed loop depends on the zeros of the characteristic equation



Peoie = Zf = (Pgn *+ Zgn)

This way, our analyses will be centered on F). We suppose that it has the form

Fes) = Kg.[(s*z1) (5*2)) ... 1/ [ (s+57) (S+Sp) ... ] =
= Kg.[(Melal) (Myeia2) .. 1/ [ (s+s1) (S+S5) ... ]

and in the domain fasorial
Fo = Foloo = R+il

what will determine two corresponding correlated planes one another: the «s» to the «w»
Fo) = F

that is to say, that a certain value of «s=sp= oa+jw,> it determines a point «A» in the plane of Fg=ga)
and other «w=wp» in that of F,-,a); another contiguous point «B» the effect will continue, and so

forth to the infinite that we denominate point «Z», forming a closed line then with principle and end so
much in F) like in Fg.

jo j ‘-?[m]

BaZ

If now we have present that a curve closed in Fs it contains a zero, then this curve will make a
complete closing of the center of coordinated in F(, since

a1 - gira 1 vuelta completa
F(s) = (Mleial) .algo - gira 1 vuelta completa
Fw - gira 1 vuelta completa

and if what contains is a pole the turn it will be in opposed sense; and if the quantity of zeros and
contained poles are the same one it won't rotate; but yes it will make it in the first way when there is a
bigger quantity of zeros that of poles, that is to say when
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This property will be used to contain the whole right semiplane —that is the one that presents the
difficulty in the study of the stability of Glc— of F5) and with it to know in F, that if the center is
contained of coordinated, there is at least a zero —pole of Glc— introducing uncertainty.

jo N

As of the practice G) and Hs) are obtained, it is more comfortable to work in the graph of Nyquist
with the gain of open loop Gg)H(s) and not with the characteristic equation Fs). For such a reason,
and as the variable «s» it is common to the graphs of both, one will work then on the first one and not
the second. In other words, as

CwHw = Fe-1

the curve in the domain G,H it will be observed if it contains or not the point «-1+j0».
If exists the «uncertainty of Nyquist» as for that one doesn't know if it has some pole that is hiding the
situation, to leave doubts it can be appealed to Ruth's technique. For it, with Nyquist can only have



the security of when a system is unstable, but not to have the security of when it is not it.

The graph of Nyquist is not only useful to know if a system is or not unstable —or rather to have the
security that it is it—, but rather it is very useful for other design considerations, of calculation of over-
peaks, of gain and phase margins, etc.

Example

Be the transfer of open loop
G(S)H(S) = 1/s2 (S+1)

To trace the graph we can appeal to different technical. We will propose that that divides it in four
tracts: lines I, Il, 11l and IV. We use for it the following tables and approaches:

Linel (s=0+ jw, 0 < w< )

IGHI = 1/ w2 (w?2+1)V2 00 0,7 10-3 0
PGH = -T-arctg wl -Tt -1,25m -1,471 -1,57
w 0 1 10 00

Line Il (s = o0 ei®)
GH = 1/(wef)2(c0e® +1) = 0ei30

That is to say that when rotating «s» half turn with radio infinite in address of clock, GH
makes it with radio null three half turn in address reverse.

Linelll (s=0-jw, -0 <-0<0)

IGHI = 1/w2(w2+1)12 0 103 0,7 00
PGH = -T-arctg (-wl) -0,5t  -0,53m -0,751 -m
w 00 10 1 0

Line IV (s =0 ¢el®)
GH = 1/(0e®)2(0e® +1) = o0ei2®

That is to say that when rotating «s» half turn with null radio in reverse address, GH makes it
with radio infinite two half turn in clock address.
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It is observed in this example that has been given two turns containing to the point «-1+j0», indicating
this that no matter that GH is stable since it has its poles in «0» and in «-1» —none in the right—,
when closing the loop the Glc it will be unstable since there will be, at least, two poles of this —due to
twice of confinement— in right semiplane.

We can verify this case with the algebraic following

Paoie = Pgu+1l = s2(s+l)+1 = (s+a) (s+b) (s+c)
s2(s+1)+1 = s3+s2+s.0+1
(s+a) (s+b) (s+c) s3 + s2 (a+b+c) + s (ab+bc+ac) + abc

(at+b+c) =1
(ab+bc+ac) = 0 - some should be negative
abc =1

Simplification for inertial simple systems

When the transfers G and H are simple, that is to say, when the loop systems Glc responds to inertial
simple servomechanism —f.ex.: types 0 and 1—, then it is enough the analysis only of the first line of
the graph of Nyquist.

They can in this to be observed different other aspects of interest.

The first is that they will only be kept in mind the dominant poles, and the other ones don't affect
practically, like it is presented in the figure.
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In second place that if the open loop is of not more than two poles, it will never be unstable to be the
curve far from the critical point «-1+j0».

i Tiw)

In third place that this first line is the one that corresponds to the graphs of Bode —not studied here.

Gain and phase margins

The gain margins «A» and of phase «o» they are illustrative factors of the amplitude that we can
increase the gain of the open loop GH and to displace its phase, for a given critical frequency «w, y

we» respectively, without unstability takes place —in closed loop Glc. These are defined for
convention in the following way

—> A{mk}L 1 % we) Gyt —
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The way to calculate analytically one and another is the following

Calculation of A) With G(H(w) = IGHI (g . el9®) = ..
we propose k) =T
we find Wk = ...

and with it A((.Ok) =1/ IGHI(wk) = ..

Calculation of a) With G(yH(w) = IGHI () - eI = ..
we propose IGHI(y¢) = 1
we find We=...
and with it O(wc) = T 1Py )l = -

Calculation of the over-peak

In the bibliography that is given like reference is shown universal abacus that allow to find the
percentage of the module of the closed loop graphically Glc, according to the approach that has the
curve of Nyquist with the critical point «-1+j0».

lGic|. Miag)

|Glc:|
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Systems MI-MO

When they are many the inputs and the outputs to the system, the stability of each individual transfer
will be analyzed, or its group in matrix given by the roots of the polynomial of the total characteristic
equation

Det (sl - Af) = Det G(S) . Det H(S) .Det[I+ G(S)H(s)] = (sts1) (S+Spp) ... = O

Systems with delay

When we have a delay of «t»seconds in an open loop, this effect should be considered in the total
transfer of loop like a transfer e-St in cascade with the open loop GH, that is to say

Gs)H(s)lefectivo = G)H)e™t

and the graph of Nyquist should be corrected in this value, modifying the cartesian axes in an angle
wT, Where w. is denominated critical frequency to be the next to the critical point..
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bISCREET SYSTEMS

We know the correspondence among the variables of Laplace and «z» for a sampling of rhythm «T»
Z = eST
or

esT = e(oHw)T = @oT gjwl

N
I

where we observe the correspondence

o o lzl=eo0T
() ~ angle of z = wT

that is to say, that given the only condition of stability of the poles «-s; = -(oj+jwy;)» of a continuous
closed loop Glcg)

Glesy = Zgic!/Paic = Zgic![(sts1) (sts)) (s+s)) ... ]
Oj >0
it is for the discreet system Glc ;) that the only condition of their poles «-zp» it is

Gley = Zgic!/Paic = Zgic! [(z+zq) (z+2)) (z+Z) ... ]

Z, = e(s)T = e(0i+HoiT = eOiT gjwiT
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Chap. 39 Feedback of the State in a System

SYSTEMS «SI-MO»

OPEN LOORP (Plant Gp)

CLOSED LOOP (Glc)

Example of a plant Gp with feedback
Design starting from other poles in Glc
SYSTEMS «MI-MO»

OPEN LOOP (Plant Gp)

CLOSED LOOP (Glc)

Design starting from other poles in Glc

SYSTEMS «SI-MO»

OPEN LOOP (Plant Gp)

We will have the following generalities
OX =AX + bu

0

Oy = C x

Gp =y/u = Gpo/[(s+s7)(s+5sy)..]

x/u = b.[G/(1+GH)] =b.{W/s)/[L+A.US)} = b/ (s+A)

A matrix of speed of the plant Gp [1/seq]
b vector of control of the input «u» of the plant Gp
C output matrix «y» of the plant Gp

D-Sl aio O
A = O
|:|3.21 -So O

Os;, 0 O



CLOSED LOOP (Glc)

We will have the following generalities

Ox = (A-bGokT) x + bGou = Afx + bfr
0
Oy = C x = Cf x

Glc =y/r = Glco/[(s+5s7)(s+5s))...]

O-sf 1 as1o O
Af = 0O
Dafz 1 -sz O]

C-sf, 0O
Aff= TLAf.T = [l
0o -sz 0



Glc

r x e bd
—| bGo I cC —i
H,_f"
bf
A-bGokT
H_f
Af

Example of a plant Gp with feedback

Be the data

G = 600/(1+1505s)

H = 0,015/(1+705s)

Gp = G/(1+GH) = Ky/[(s+py)(s+p2)]

and it is wanted to increase the speed of the plant in approximately 30%; that is to say, in taking to
the constant of dominant time —inverse of the dominant pole— to the value

n=1/s4 = 0,7.1y = 0,7.150 = 105 [seq]
Glc = Glco/[(s+sf)(S+5spp)] = Ky/[(1+105s)(1+705s)]
where we should keep in mind that «Gp = G / (1 + GH)» it corresponds to the feedback of the output

«y», and «Glc» to that of the state «x».
Firstly we can find the equations of the system if we choose, for example

y = X1
x40
X = O



Gp

r
u G - 600
1+180 s
_ 0.015
Xy 1+70s

then
X7 = 600 (u-x5) /(1 + 150 s)
] X7 +X,150s = 600 u-600 x,
X1 +X;" 150 = 600 u - 600 x,
X;" = (-1/150) x; + (-4) Xo + 4 u
Xo = 0,015x,/(1+705s)
[] Xo+X, 70s = 0,015 x;
X9 + XZ, 70 = 0,015 X1
XZI = (0,015/70) X1 + ('1/70) Xo
of where
Ox, O [-1/150 -40
x = 0O = O X+ O
x,0 (00,015/70 -1/700
010
y = X = 0 .x
0o O

Subsequently we find the coefficients of the matrix of speed of the plant without and with feedback

Os;  app O [-1/150 40
A = O = O
Cay,  -Sp O [0,015/70 -1/70 0
D—Sfl af12 O (-1/105 af12|:|
Af = 0O = O
Daf21 -sz O Daf21 -1/700
O-sf, 00O -1/105 0O
Af* = 0O = O
0o -sf, O 0 1700



Det(sl-A) = s2+a;s+a, =0 U a; =0,0209 , a, = 0,00095
Det (s | - Af*) = Det(s|-Af) = s2+ays +agp, =0 0  ay=0,0238, ap = 0,000136

to calculate the feedback vector k

k*T = [(ap - ay) (351 - a7) ] =[-0,000814 0,0029 ]

dn =92 = b=[4 0]

ni =01 = A.dpp1*@i.4p = A.dp+a;.q, =[-0,057 -0,000857 ]
0,057 4]

Q =[d14d2 ..ap] =[0d192]= O

0J0,000857 0O

) -40 o 116600
0 /(-0,003428) = O
[-0,000857 0,057 0,25 -16,570

Q1 = (AdjQ)T/DetQ

KT = k*T .Q1 =[k; ko] =[0,000725 -0,99 ]

Glc
Gp
r 600 Y = X,
" -
= 1+150 s
0,015
() _-0.99 T 1 +70s

0,00072%

Design starting from other poles in Glc

It is presupposed to have a plant Gp of three poles (or auto-values) [ s; S, s3] T. Is then the data

The controlability of the plant Gp is verified.

U=1[b Ab .. Arllb] =[b Ab A2b] = .. matrix of controlability



Rango U =...
We propose the poles of the Glc
SfL = . , ST e ,S;3 T ..
We find the coefficients of the Gp
Det(sl-A) =(s+5s7) (S+Sy)(S+8s3) = s3+a;s2+a,s+az =0
a;=..,a=..,az3=..
We find the coefficients of the Glc*
Det (s |- Af) = Det(s|-Af) = (S+5sq) (S+Sp) (S+5Sf3) = S3+ays2+ aps +arg =0
Ay = .. ;A= . , 83 .
We find the vectorial k transformed as k*
kK'T = [(az-a3) (@ - @) (B -ay) [T = ...
We determine the transformation matrix Q

qn = b =..
Oni =A.Qpij+s1tai.dqp = ..

Q =[d1d2 ..qn] =...
Ql = (AdjQ)T/DetQ = ...
Finally we calculate the feedback vector k

KT = kT .QL =[ky ky Kg] =...




SYSTEMS «MI-MO»

OPEN LOOP (Plant Gp)

We have the following characteristic

OX =AX + bu

0

Oy =C x

Gp =y/u = Gpo/[(s+S7)(s+5sy)..]

x/lu = b.[G/(1+GH)] =b.{1/s)/[L+(A.1s)]} = b/ (s+A)
matrix of speed of the plant Gp [1/seq]

A
B matrix of control of the input «u» of the plant Gp
C output matrix «y» of the plant Gp

D‘Sl aio O

s, 0 O
A= 0 = T1LA.T
oo -So O

CLOSED LOOP (Glc)
We have the following characteristic

Ox = (A-BK) x + Bu = Af x + Bfr
O



y = C x = Cf x
Glc = y/r = Glco/[(s+ sfy) (s +sfy) ...]

D-Sfl af12 O
Af = 0O
Daf21 'sz O

O-sfy 0O
Af*= [
0o ‘sz |
Glc
Gp
r u ® ¥
% ‘”‘}* ;H}
K o=
K [
r x ® ¥
—| B I C |—+
Hﬂ—’{
Bf
A-BK
H_,_a"
Af

We can also think the feedback with an analogy of «equivalent Hx»

Glc = GcGp/ (1 + GeGp.Heq)
Gle; ¢
r u ¥
Gc — Gp;(I)P I
K x
Heq [




and this way, like with conditions null initials and in the transformed field they are

Gp = y/lu = C.x/u = C.(W,Bu)/u = CW¥,B

Gle =y/r = C.xIr = C.(Gc.W.Bn/r = C.Gc.W.B

Itis

Heq = Kx/y = Kx/[Cx] = KW,Bu)/[C(¥,Bu)] = KW, B/C¥,B

Design starting from other poles in Glc

It is presupposed to have a plant Gp of two poles (or auto-values) [ s; s,]T. Is then the data

The controlability of the plant Gp is verified
U=[B AB .. A"1B] = [B AB] = ..
Rango U =...

We propose the poles of the Glc
sfy=... ,sf,=...

We determine the auto-vector «v» of the matrix A

Us; 00O Uall al20d

0=(A-s;1).v; = (A- O ) . vy = O A
o s; O 0a21 a22 O
Us, 00O Ob11 bl2 0O

0=(A-s551). v, = (A- O ) .v, = O A
0 s, O b21 b22 0O

and with it

all.Vll + a12.V12 =0

a21.V11 + a22.V12 =0 — Vi1= ... Vo= ...

bll.V21 + b12.V22 =0



b21.V21 + b22.V22 =0 — Vo1 = ... Voo =...

We arm the modal matrix T and their inverse T-1

vy vy U
T = [Vl V2] = | = ...
vy Vo U

T1= (AdjT)T/(DetT)=..

and we calculate

ks, 0 O

A = [ = ..
go -S, U
[ksfy 0 O

Af* = [ = ..
0o -sf, O

Bl= (AdjB)/(DetB)= ..

K=BLl.T.(A*-Af).Tl= [ = .




Chap. 40 Estimate of the State in a System

SYSTEMS «SI-SO» (continuous)

ESTIMATORS OF ORDER «n»

Estimator Ge fo «d = O»

Design estimator Ge of «order n» and «d = 0»
ESTIMATORS OF ORDER «n-1»

Design estimator Ge of «order n-1» and «d = O»
SYSTEMS «MI-MO» (discreet)

EQUATIONS OF STATE

Design

SYSTEMS «SI-SO» (continuous)

ESTIMATORS OF ORDER «n»

We will work on a plant Gp in the way

X =AX+bu
y =clTx +du

Glc

u Gp

fr poles!

% Ge
[joires i polas mas)

kT4

with an estimator implemented Ge in the following way



|.| xAr
b + oI
J
d
¢ h |—A|<
@ cl [

u 4 x
—>]be = b-hdT + [ I
b4

h -Ae = -({A-hcT)

XN = Aex + hy + be u

y =cl x*+du
Ae = A-hcT
be = b-hdT

Af = A-(b-hdT)kT

D-Sl aqo O
A = O
Da21 -So O

[-se; agpp U
Ae

I}
O

Uagp; -sep U
Det(sl1-A) = (s+5s7)(s+5sy) = s2+a;s+a, =0

Estimator Ge fo «d = O»

Be

XN = Aex» + hy + bu
y =cl x»

Ae = A-hcT



be =b
Af = A-bkT
y =x 0 cl =[10..0]

sy ax U
AT = [
Ua;p  -sp O
The lineal transformation P will be used

u

— h# +
¥

—) L

X = Pl x#
XN = Pl xn#
hT = P1.h# =T]h; hy]T

O = [ CT ATcT (AT)ZcT (AT)n-lcT ] = [ CT ATcT ] = 0

Ol = (AdjO)T/(DetO)

Oo*yy  ofp O

o# = [C#T AHTCHT (A#T)ZC#T___ (A#T)n-lc#T] = [c#T /_\#TC#T] =0

Uaq 1
Pl = (O1)T.0# = (O%.O1)T =
a1
Upg1
P = (AdjP1l)/(DetPl) = O
Upo1
00 0 -a3 O
A* = P.A.PLl = 01 0-a =

-aq O]

Oofyy 0y O
Q12 O
Oz2 U
P12 O
P22 U
oo -a, O

0o 1 -a; [

Uil



b# = P.b.P_l = [ b#2 b#l]T = [b#z b#l]T
T =[00 ..1]T = [0 1]T

h#T = [h# h#,..]T = [h# h#, T

o O -(a1+h#1) U oo o -a#63 O
Afe = A# -h#c#T = [1 0 -(ay+h#) = 01 0 -a%e,
o0 1 '(a3+h#3) O 0o 1 'a#el O

Det(s1-Ae”) = (s+eq)(s+ey) = s2+agS+ag =0
and it is observed finally that
h#T = [ (g2 - @) (Be1 - 1) IT

Design estimator Ge of «order n» and «d = O»

We propose the poles of the Glc and kT is calculated to —go to the chapter of feedback of the state.
Now, so that it is effective the feedback, we proceed to calculate the estimator Ge. We should for it to
have the following data

A=.. c=.. Dominant {sq; So} = ...
b=.. Dominant {sfy; sfo} = ...

We will suppose a plant Gp of second order (n = 2).
We choose the poles of such very speedy Ge that don't affect those of Gp, that maintain the dominant
one in Glc, and that they allow to continue to the real state «x» —minimum error—, that is to say

Dominant {sq; s,} « Dominant {e1; e;} » Dominant {sf;; sf,}

We calculate the coefficients of the Gp

Det(sl-A) = (s+s7)(S+5Sy) (S+S3) = s3+a;s2+a,s+az =0

and also the coefficients of the estimator Ge
Det(sl-Ae) = Det(sl-Aef) = (s+eq)(s+ey) = S2+a,S+ag =0

Ag1 = -+ , Qg2 = ...



and we will be able to with it to determine

h#T = [(Be2 - @2) (Ber - ay) IT = [h¥ W 1T = ...
We find the observability O

sy ay U

ATCT = [ (107 =..
Da12 -So O

Doll 012 O

O = [cT ATeT (AT)2cT ... (AT)"1cT] = [cT ATcT] = 0

|:|021 020 O

Ol = (AdjO)T/(DetO) = ...

The womb canonical observability of the original plant Gp is calculated

00 0 -ag O 00 -a, O
A* = 01 0-a, = 0 = ..
00 1 -a; O 01 -a; O

¢#T =[00 ..1]7 =[0 17T

Do#ll
O# = [C#T AHTHT (A#T)ZC#T___ (A#T)n-lC#T] = [C#T A#TC#T] =0
Oo*5q
00 0 -(ag+hy#) O 00 0 -agg# 0
Ae# = 001 O '(az+ hz#) = 01 o 'aez# = ...
0o 1 '(a3+h3#) O 0o 1 'ael# 0J

and with it our matrix of lineal transformation P-1
Uag; g2 O

Pl = (O1)T.O#T = (O#.01)T = [ =
Udp1  Opp O

b# =

0#12 0

0#22 O



r c u Gp
T /7 palas)
kT x~
+
A xq# .
bk |
~ q ~ 8 xfl#’
X%, " x5 —
Ky I T |G vl
42 7
_ae —
1 F
XA;Z q21 [ a B b2 [~
ka ok i
o B kW
#
-ae,
—— ——
p-1 Ac®

ESTIMATORS OF ORDER «n-1»

Of that seen for the general estimator of «order n» and «d = 0»

R |

+— p1 b—] x# = aef iy n¥y 4 by

Ae = A-hcT
Det(sl-Ae) = Det(sl-Aef) = (s+e))(s+ey)..(s+ey=
= SN+agS"l+ ... ag, = S2+agS+ag =0
x = P1l.x#
x# = A% x# + b* u
y = cHT x#
Copp Az O
Pl=(01)T.0% = (0*.01)T = O
oz G2 U
Op1pz P12 O
P = (AdjP1l)/(DetP1l) = a

Opoy P2 O



0o 1 -a; [ 01

b#¥ = P.b = [b#,... b% b#* T = [b#, b# ]T

cT =[00 ..1]T =0 1]

we modify again with the following transformation «W»
01 0 -agn.p U

W= 00 1 -8gnp
0o o 10

01 0 agyq O
wil = 00 1 ags
0o 0 10

ul yzx;l
x* x-# X

—pt H—w [ ¥ = Ae* ™ + h*y + b*u

of where

X" = A*X" + b* u

y =T x
[0 0..0 -@gn.1  [@en-1(@r-ae1)  +(0-ap)] O
1 0..0 -agn2 [aen2(ar-ae1)  +(@en-1-an-1)l 0
[0 1..0 -@gn.3  [aen-3(@1-8e1)  *(@en-2-2n-2)] 0O OA” AD
A= W.A* Wl = (. U=0 U
0 0...1 -ag; [Be1 (@1-8e1)  +(Aep-ay)] 0 00..1 agp.a;0
00 0..0 1 [ 0 +(ag1-a1)] 0

O(b#, —b#)agny O



O(b#,.1— b%1) @gn.p O
O(b#n= b#)) @gn.g O
b* = W.b.WL = [b".. b5 b5]T =0.. 0
O(b#, —b#)ae O
O(b*; - 0) O

cT=[00..1]T

being the equations finally for «n-1» states

X1 = Ap-n)* Xy * )T Y + byt u
con

Apn* = A’
hin-ny* = A’
bin.yy* = [0 ... b%]

and for all the states

XN = A"xM + h'y + b"u

X0
x i
Pt W' x=
] X = By Vo ¥ g

Design estimator Ge of «order n-1» and «d = 0»

We propose the poles of the Glc and kT is calculated to —go to the chapter of feedback of the state.
Now, so that it is effective the feedback, we proceed to calculate the estimator Ge. We should for it to

have the following data

A= c=.. Dominant {sq; S} = ...
b=.. Dominant {sfy; sfo} = ...

We will suppose a plant Gp of second order (n = 2).
We choose the poles of such very speedy Ge that don't affect those of Gp that maintain the dominant
one in Glc, and that they allow to continue to the real state «x» —minimum error—, that is to say



Dominant {sq; S,} « Dominant {e1; e;} » Dominant {sf;; sf,}

We calculate the coefficients of the Gp
Det(sl-A) = (s+s7)(S+5Sy) (S+S3) = s3+a;82+a,s+az =0
a;=.. ,a=..

and also the coefficients of the estimator Ge

Det (s | - Ae) Det(sl-Ae*) = (s+ej)(S+ep) = S2+agS+ag =0

g1 = ... ;g2 = ...
We find the observability O
sy ap; O
ATcT = O C[10]7 =...

Dalz -So 0

Doll 012 O

O = [cT ATcT (AT)2cT... (AT)1cT] = [cT ATcT] = O = ..

|:|021 (05 O
01l = (AdjO)T/(DetO) =...

We calculate the matrix canonical observability of the original plant Gp

00 0 -az3 O 0o -a, O

A* = 01 0 -a, = O = ...
0o 1 -a4 O 01 -a; O

and with it

HT =[00 ..1]7 =[0 1]

Do#ll 0#12 UJ
#T HTeHT HT\2pHT #T\n-1#T = HT HTHT =
[c#l A#FTcHT (AFT)Zc#T o (A#DN-Ie#T ] = [c#l A#IcHT ] =0
DO#Zl 0#22 0

o#



Udg; g2 O

PLl=(OL)T.0 = (O#.0L)T = [ =..
Udp;  dpp U
Op1p P12 U

P = (AdjP1)/(DetP1l) = 0 =
Upp1  pop U

b¥ = P.b = [b¥, ... b, b# |T = [b¥, b# |T =...

We are then under conditions of finding to the estimator

00 0..0 -agnq O

01 0.0 -agny O 0 -agy O
A(ﬂ-l)* = All* = [01..0 'aen_s = [ = ...
0. 0 0l -8y O
[0 0.1 -ag, 0
Hagn.1(a1-3e1) +(0-a,) 0
Haen-2(a1-2¢1) +(aen-1-2n-1) O Hagn-1(a1-ae1) +(0-a,) O
h(n-l)* =A1p = Dagp3(@r-ae1) +(@gn-2-an-2) U= 0 =
0. O [aer (@1-3e1) +(agp-ap) U

Oag; (a1-ae1)  +(agp-ap) O

D(b#n - b#l) den.y U
O(b#n.1~ b#) @gnp O
b(n-l)* = [b*n b*?_ ]T = D(b#n-z_ b#l) 8en-3 U= (b#z _b#l) el = -
... 0
O(b#, -b#)ae O

01 0 agyy O

wil = 00 1 agrp = .
0o o 10

SYSTEMS «MI-MO» (discreet)

EQUATIONS OF STATE

The equations of system of the plant Gp is

HX () = A X * B U
0



Oyeg = C X

dynamically (r = 0)

U() = - K Xg

Xke1) = A XNk + Bug + Hlyw-Yw]
the error

(k) = Xw - XK

Glc

Ge

of where they are deduced
XA(k_,.l) = (A- HC) XA(k) + B U(k) + Hy(k)
ex+1) = (A-HC)ey

Design

Be the transformations

X (k) Q X*(
X (k) = Q Xy
Q = (WOT )



) = [CT ATCT (AT)2CT .. (AT)"ICT] observability matrix

Dan_l an_2 al 10
Dan_z an.3 --- 1 00O

W = O... O
Oa; 1 .. 0 0O
oI 0 ..0 00O

Det(zl-A) = (z-21)(z-2)) ... (z-2) = z2"+ayz"1+ ... a,4z+a, =0
of where they are demonstrated that

Ox* 1) = QLAQ x*yy + Q1B u*y
0
DY =CQ X%y

10 0..0 -a, O

01 0 .. 0 -ayq 0
Q1AQ = 0. 0
00 0..1 -a O

cQ = [00..0 1]

(k) = XM - X
e+ = QI(A-HC)Q e

We look for in the design:

1) that e ey it is the smallest and quick thing possible
2) that e(+1) it is stable (denominated as dynamics of the error of the system)

for that the poles of the estimator quicker Ge is adopted that those of the closed loop Glc (some 4 or
5 times)

Dominant {s;; S,} « Dominant {e;; e,} » Dominant {sf;; sf,}
Dominant {z4; z,} » Dominant {zeq; ze,}  « Dominant {zf; zf,}
81 =... ,Z€p = ...

We select (or they are data) the coefficients of the plant Gp and of the closed loop Glc (here if all the
«01q, O,,... 0> they are null then we don't have oscillations in the closed loop)

Det(zl-A) = (z-21)(z-2)) ... (z-2) = 2" +ayz2"1+ ... a,4z+a, =0



Det (zI - Af) = (z-zf)) (z-zfy) ... (z- zf,) = 2"+ az™1+ .. 0 1z+0, =0

ap=... ,0o=...

They are calculated finally

Ohy* O Cap, - ap O
Ohy* O O... O
h* = Qlh = 0. 0= oy, -a, O =
Ohy* O Ooq-a; 0

h = Qht = (WOT)ylh* =




Chap. 41 Controllers of the State in a System

CONTROLLERS TYPE «P.1.D.»

INTRODUCTION

Optimization for Ziegler-Nichols

First form

Second form

COMPENSATORS TYPE «<DEAD-BEAT» AND «DAHLIN»
Compensator «dead-beat»

Compensator «Dahlin»

CALCULATION OF A CONTROLLER COMPESATOR
DATA

PHYSICAL IMPLEMENTATION

GENERALITIES

CALCULATION

DIAGRAM OF FLOW

CONTROLLERS TYPE «P.I.D.»

INTRODUCTION

The transfer of the compensator Gc is given in the following way

Gesy = Kp [1+Tygs+1Ts] = Kp + Kgs + Kils
where

Kp = proportion gain

Ky = derivation gain

Kj = integration gain
constant of derivative time
constant of integration time

— —
s B
n
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Optimization for Ziegler-Nichols

It consists on two methods to calculate the Ge in such a way that the over-impulse in yy it doesn't
overcome 25% for an input r, in pedestal.

y
& < 25%

100% |- - _T_ T e R

First form

We apply a pedestal in uyy and they are experimentally for the plant Gp

To = Delay time
T = ... Constant of time
?{t} pondionte on
Ia infloxion
100% F———-- _—

and if approximately for the graph a plant transfer
Gpsy = K.esSTo/(1l+sT)

some values are suggested for the design



P Pl PID

Kp T/TO 0,9.T/TO 1,2.T/T0
T 0 0 05.T,
T 00 333. T, 2. To

that is to say that finally is for our case of PID
Gesy =06.1(s+1Ty)?/s
Second form
We apply this method to those plants Gp that have harmonic oscillations in closed loop Glc when it
experiences them to him with a proportional compensator Geg)= K,

We find the critical value that makes oscillate the plant and their period

K = ... Kjcritical
To = ... period of critical oscillation

and it is suggested to use the values

P PI PID
Kp 0.5. Kpe 0,45 . Kpe 0,6 . Kpe
Ty 0 0 0,125. T,
T, 00 0,83. T, 0,5.T,

that is to say that finally is for our case of PID

Ges) = 0,075.Kp.To(s+4/Tg)2/s

COMPENSATORS TYPE «<DEAD-BEAT» AND «DAHLIN»

Compensator «dead-beat»

Given the figure of closed loop Glc, we look for to design the compensator D, such that the output
follows the most possible to the input; that is to say, that diminishes the error «e»

Yk = Tk1)



Glc

D) GP )
r-———F———"~—"—"~—"~—"——"—"——"———-= 7 Go
| | ——
r | e u ¥
| -—n D{s} 4:—/o—h- ROC - Gp{s} -
: sin RO.C. :
| !
| |
L - ____ J
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With the purpose of simplifying the nomenclature we will use the following expressions:
Gpy = Yo!Uz - Z [Gos)-Gps)l = Z (1-esT). Z [Gp(s) / s]

Dy = Uyley = Z[D(s)]

Then, first we outline the transfer of closed loop

Gley) Yo I (2) = D(z)-GPz) / [1+ D). Gpz)l

and we clear

If now we keep in mind the transformation of the impulse of Kronecker in the sample moment «k»

Z [6(k)] = Z'k

and that for the equation y = r.q) it is in the practice that for a delay (retard of Glc) of «n» pulses
(the sample «k» a sample will be for above for the maxim possible response of GIc)

k = n+1
Yk = T((n+1)2) = T



GrE

r= U{t} safireimpuise
i Y THRITE EFFQT ay
y{k}
| k t:k
n
fretardal
n+l
of where we obtain
Y2) = Izt - paran =0
Y(z2) = Iy .z - paran # 0
GIC(Z) = y(Z) / I'(Z) = Z'(n+1) = znl
what determines finally
Dy = [1/Gpyl. {z™Y[1-z"1]}

Compensator «Dahlin»

Here they will diminish the undesirable over-impulses in exchange for allowing a worsening in the
error «e».
For it Dahlin proposes the following algorithm

Yoo o T 94-Yent(1-0).T(ne)
where «g» it is defined as a «syntony factor»
0<g=erT<1

and what allows to determine (to observe that the expression coincides with that found in «dead-
beat» for A - o)

Gleyy = Y !y = (1-q).z"™1/(1-q.z}

Dez) [1/Gpyl.{(1-q).z"/[1-qz1-(1-q).z"1]}
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CALCULATION OF A CONTROLLER COMPESATOR

DATA

We have the following servomechanism position controller, and it is wanted him not to
possess oscillations to their output. It is asked to use a digital processor of control Gc to their input
that avoids the effect.

t % C Yam ")
«lRoc |+ Ge |««+{ROC

amplificador
de C.C.
f
DETECTOR proximidad
K
/
y =10 H
W (t) (L. £

HAdH .,




100% F—-—=

g t
At
B = 0,15 [Nms/r]
J = 0,15 [Nms?2/r]
R = 1[Q]
L = 0,03 [H]
Noom = 1500 [RPM]
Proom = 3/4 [Hp]
Uom = 200 [V]
lnom = 3[A]
A = 10
K = 1 [V/]
n = 1/10
At < 0,1[s]

Oscillations died in 6

PHYSICAL IMPLEMENTATION

Muestreador v ROC Gc Muestreador v ROC

it € &y L it)

PROCESADOR
COMPUTACIONAL

C=oDmIMS

o=omImmo

|
oD —m=——dzFzecCo
I
oD O=—=m—0o0
HogOrO—m=—00o0mg

CLOCK




GENERALITIES

We determine the characteristics of the motor

2. N/60 = 157 [r/s]

(*)nom
Phom = 3/4 [Hp] / 740 = 555 [W]
Kg ~ Unom ! Wnom = 1,27 [Vs/r]

and finding the poles of the plant

0,03 [s]
1[s] - dominant

= L/R
J/B

Telec

Tmec

we make their transfer

Gps) = ye)/us) ~ AL (W/U)/s(1l+STpee) =
= Akgl/s(1+sTpe) ~ 157[1/V]/s(1+s)

The sampling frequency obtains it of the Theorem of the Sampling
T » At
for what is adopted for example

T = 1[s]

CALCULATION

Given the gain of the R.O.C.
Gos) = 1l-esT/s

it is the plant Gp

Gpy = ZL1GowGpe] = L (1-e5T).L[157/s2(1+s)] =

= 5,65 (1+0,71z'1) z'1 / (1-z°1) (1-0,362°1)

If we outline an input generic type pedestal

r(t) = U
r(z) = 1/(1-2'1)

the signal of control u, it is



Uz) = Glc.r/Gp = Glc. (1-0,36z'1)/5,65z'1(1+0,71z°1)

and like we know that the order of Glc will be smaller than 3 to avoid oscillations, and that in turn it will
be same or bigger that that of Gp, we can conclude here that it is correct that it has two poles

Glc,y = azl+bz?

and in turn if to simplify calculations we also make

Gleyy = Kz(1+0,71z%)

they are
K = @azl+bz?)/z1(1+0,71z7) = a+ R [(b-0712)21]
Uz) = 0,18 K (1-0,36z1)

If now we outline the closed loop Glc again

Glep,y = y/r = (r-e)/r = GeGp/(1+GeGp)

and we clear the error e,

€(z) = (1-Glc)r = (1-Glc)/(1-z1)
that we know it will be a polynomial N
€ = Ng

we can deduce

Ny = (1-Gle)/(1-z1) =[1-(azl+bz?2)]/(1-21) =
= 1+ (l-a)z1+ RN [ (1-a-b)z2]

If now of the two equations of K and N we adopt null the remains

Re =Ri=o

we can calculate

a = 0,58
b = 041
K = 0,58



GlC(Z) = 0,58 z1l+ 0,41 z2
N(Z) = 1+041 z1

as well as if we outline again

Gle,y = GeGp/(1+GeGp)
€() = Ngp = (1-Gle)r = (1-Glc)/(1-2z1)

we clear the filter Gc controller finally

GC(Z) = Glc/Gp(1l-Glc) = Glc/Gp N(z)(l-z'l) _
~ 0,11 (z-0,36) / (z+0,41)

what will give us an output and an error

Y2) = Glc.r = (0,58z1+0,41z1)/(1-z1) = 058z1+z2+z3+ ..
0,18.0,58 (1-0,36z'1) = 0,1-0,037z1

Uz)

and in the time

Y(=0) = 0 Yk=1) =098  Y=2)=1 Yik=3) = 1 Y(k=a) = 1
U(k:o) = 0,1 u(k:l) = - 0,037 u(kZZ) =0 U(k:3) =0 U(k:4) =0
¥y
1T ----= T T
0,58 |—- | | |
| | | |
| | | |
. 1 isea
® S R
I I I I
| | | |
I I I I
0,1 I I I
| | |
I I I
I I I
. __1 1
0,037 ; ) . . tfeea]

To implement the filter digital controller we outline their transfer first

Ge = ule = 0,11(z-0,36)/(z+0,41



and we proceed

zu+0,41u = 0,11ze-0,04¢e

that is to say that is for a k-generic instant

u(k+l) + 0,41 U(k) = 0,11 E(k+1) - 0,04 e(k)

or

U(k) + 0,41 u(k-l)

what will determine us a control Uge to implement in the following way

0,11 E(k) - 0,04 e(k_l)

U(k) = 0,11 e(k) -0,04 e(k_l) -0,41 u(k-l)

DIAGRAM OF FLOW
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