Formulas from Trigonometry:
sin? A +cos?A=1
cos(A + B) = cos Acos B F sin Asin B
sin2A = 2sin Acos A

_ 2tan A
tan2A = T
A _ l4cos A
cos 5 = + 5
sin? A = 1 — %COS2A

81nA+S1nB—281n (A+B)cos (A B)
cosA—i—cosB—Qcos (A+B)cos (A— B)
sin Asin B = Q{COS(A B) — COS(A + B)}
sin A cos B = 1{sin(A — B) + sin(A + B)}

Differentiation Formulas:
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Integration Formulas:
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/tan ax dr = BB _ 4

sin(A 4+ B) = sin A cos B + cos Asin B

__ tan Ad+tan B
tan(A + B) - 1:|:tanAtanB

cos2A = cos2 A —sin® A

A 1—cos A
sin g =+, /=5

A _ sinA
tan 2 7 14cosA
cos? A = l + l(:os.2A

smA—smB—Qcos (A—FB)SIH%( )
cos A — cos B = 2sin 3(A + B)sin (B — A)
cos Acos B = §{COS(A B) + cos(A+ B)}
cos(6) = sin(6 + 7/2)
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Rules for Exponents:

Taylor Series:
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FEuler’s Formula:
e/ = cosf + jsinf
el + 790 . el? —e
cos = ——— sin = ————
2 27
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Rectangular and Polar Form of a Complex Number:
z=a+ jb=re’

r=|z| = Va?® + b? a = Re{z} =rcosb

r? = 22" a=Re{z} = zgz*
0 = arctang b=1Im{z} =rsind
z—2z"
b=1Im{z} = 3
Phasors:
Complex Signal: 2(t) = Ae?@ot+d) — Aeieiwot
Real Signal: z(t) = Re{z(t)} = Acos(wot + )

Phasor Representation: X = Ae’?

Phasor Addition:
Let x1(t) = Ay cos(wot + ¢1), x2(t) = Agcos(wot + ¢2), and x(t) = x1(t) + z2(t).
Then z(t) = A cos(wgt + ¢) and:
the phasor representation for z(t) is X = Ae? = A€/ + Ayei?2.

Continuous-Time Unit Impulse and Unit Step:

/ TSy dt =1 / 2 (0)6(t) dt = w(0) / T R ()0(t — to) dt = (1)



Discrete-Time Unit Impulse and Unit Step:

5n] = 1, n =20, uln] = 1, n>0,
"7 0, otherwise. 10, n<O.

Complex Exponential Signals:

ejwot ejwon

Distinct signals for distinct wg Identical signals for values of wg separated by multiples of 27

Periodic for any choice of wq Periodic only if wg/(27) = m/N € Q
Fundamental frequency wq Fundamental frequency wg/m
Fundamental period: Fundamental period:
wqy = 0: undefined wo = 0: one
wo # 0: 27 /wy wo # 0: N = 2mm/wy

Periodicity of Discrete-Time Sinusoids:

. ; T .o Wo . . .
cos(won), sin(won), and e*°™ are periodic if and only if 5, 82 ratio of two integers.
T

w m
If periodic, then write in reduced form: — = — (no common factors between m and N)

2r N
N: Fundamental Period
m: In each period of the discrete-time signal, the graph “goes around” m times.

Summation Formulas:

N2 Ny No+1 00

Pl —a "
ZCX—T, CY?él Za—m, |CL|<1
k=N1 k=0
Zk‘a —m, |a|<1 Za —ﬁ, Cl?él
k=0 k=0

p o a{l—(n+1)a" + na™*1}
Zka = 1= a)

Time Domain Representation of Discrete-Time Signals:

z[n] = -+ x[-2]0[n+ 2] + z[-1]0[n + 1] + [0]d[n] + z[1]0[n — 1] + z[2]6[n — 2] + - - -
= > z[klo[n — k].
Systems:

System H is linear if H{ax[n] + bxa[n|} = aH{z1[n]} + bH{xs[n]}.
System H is time invariant if H{z[n — ng|} = y[n — ny].

Impulse response: for LTI system H, h[n] = H{d[n|}.



Convolution:

yln] = z[n] « hin] = > x[klhln — k] = > z[n — k]h[k]
Convolution with §[n]:
x[n] * 0[n] = x[n] x[n] * d[n — ng| = x[n — ny).



