Appendix C

Mathematical Formulas

This appendix—by no means exhaustive—serves as a handy reference.
It does contain all the formulas needed to solve circuit problems in this
book.

Cl Quadratic Formula

The roots of the quadratic equation ax? + bx + ¢ = 0 are

—b £ /b? - 4dac
Xy, Xp = g

C2 Trigonometric | dentities

sin(—x) = —sinx
COS(—x) = COSx
1
= s CXCx = ——
CoSx sinx
sinx 1
tanx = , cotx =
COSx tanx
sin(x 4 90°) = + cosx
cos(x +90°) = Fsinx
sin(x & 180°) = —sinx
cos(x + 180°) = — cosx
co?x +sinx =1
b .
a ¢ (law of sines)

SnA _snB _ snC
a? =b?+c?—2bccosA  (law of cosines)
tani(A—B) a-b
tnl(A+B) a+b

(law of tangents)

sin(x £ y) = sinx cosy =+ cosx Siny
COS(x &= y) = COSx COSy FSinxsSiny
tanx +tany
1Ftanxtany
2sinxsiny = cos(x — y) — cos(x + y)
2sinx cosy = sin(x + y) + sin(x — y)
2C0Sx C0Sy = COS(x + y) + COS(x — y)
Sin2x = 2sinx cosx

tan(x £ y) =
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coS2x = cos?x — SinPx = 2cos?x — 1 =1—2sn’x

1
sinfx = 5(1 — c0S2x)

1
cos?x = 5(1 + c0S2x)

o 2 2 1Ko
Kicosx + Kosinx =,/ K7 + K5 cos| x + tan X

1
e/* = cosx + jsinx (Euler'sformula)

2
. e/t —e 7t
SnNx = T
1rad = 57.296°

C.3 Hyperbolic Functions
. 1
sinhx = E(e" —e )

1
coshx = E(e" +e )

tanhr — sinhx
T Coshx
1
cothx =
tanh x
1
cschx = —
* sinhx
1
sechx =
x cosh x

sinh(x &+ y) = sinhx coshy &+ coshx sinh y
cosh(x £ y) = coshx coshy £+ sinhx sinhy
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c4 Derivatives
IfU=U((), V=V(x), anda = constant,

d (@U) = du
dx a _adx
d ov) = Udv + VdU
dx dx dx
dUu dv
i Q _ _dx dx
dx \V V2
d
d—(aU”) =naU" !
X
d
d—(aU) =a¥lna—
X
i(eU) — Ud_U
dx dx
d . dUu
—(sinU) = cosU —
dx dx
d (cosU) = sinUdU
dx - dx

C5 Indefinite Integrals
IfU=U((x), V=V(), anda = constant,

/adx:ax—i—C

/Udv =UV — [ VdU (integration by parts)

Un+1
U"du = C, 1
/ n+1+ n#

dU
—=InU+C
/U *

/aUdUz——i—C a>0,a#1
Ina

e“xdx—— “rC
/xe‘”dx— —ax -1+ C
/xze‘”dx = —(a —2ax +2)+C
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/Inxdx:xlnx—x—i—C

a

. 1
/Slnax dx = ——cosax + C

1.
cosax dx = —Snax + C

S

Sin2ax

/Sinzaxdx—f— +C
T2 4a
x Sn2ax
COS2 dx = = _— C
/ ax dx > + 10
. 1 .
/xsmaxdx = —Z(Slnax —ax cosax) + C
a

1 .
X CoSax dx = —2(COSax +axSnax) + C
a

x?sinaxdx =

——

1 .
—3(2ax sinax + 2cosax — a®x?cosax) + C
a

1 . .
x?cosax dx = —3(20x cosax — 2sinax + a’x?sinax) + C
a

ax

e sinbxdx = m(a sinbx — bcosbx) + C

ax

e cosbx dx = m(a cosbx +bsinbx) + C

— — —

sin(a —b)x sin(a + b)x c a2 £ 2

’

/Sinax sinbx dx =
2(a —b) 2(a +b)
—b b
_ cos(a )x  coS(a + b)x 22 ” b2

- )

SiNax cosbx dx =
/ axEsorax 2a —b) 2(a+b)

sin(a — b)x sin(a + b)x 2 2
COSax COSbx dx = C, b
/ A eosbxax = — T T b a7

dx 1, 4 x
_Y _CZantigc
a?+x2 a a

x2dx X
——=x—atan"—-+C
a

a? + x2
dx B 1 X n 1tan71x 4C
(@?+x22 22 \x24+da2 a a
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C.6 Definite Integrals
If m and n are integers,

2
/ Sinaxdx =0
0

2r
f cosaxdx =0
0

T g T
/ sin®ax dx =/ coaxdx = —
0 0 2

g

T
/ SmmxSlnnxdx— cosmxcosnxdx =0, m#n
0 0

m —+n = even

b2

Sinmx cosnx dx = { 2m

0 o R— m +n = odd
2 0, m#n
sinmx Sinnx dx =/ Sinmx Sinnxdx =
0 T, m=n
%, a>0
/ Slnax 0.
0
%, a<0
Cc.7 L'Hopital’s Rule
If £(0) =0 = h(0), then
S o )

lim
x—0 h(x) x—0 h'(x)

where the prime indicates differentiation.
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