Signals and Systems Homework #1

September 17, 2007

1.1

In each case, the cartesian form is given as a+ jb. The polar form can be written as rel?, where r = /a2 + b2
and 0 = arctan g. If 0 is in the 2nd or 3rd quandrants, then you need to add or subtract 180 degrees (or 7
radians).

a

12 + j4 = V/160e7-3218
r=/T2 + 42 = V160

4
0 = arctan 7= 0.3218 rad

3 — j8 = /T3¢ 712120
r=1/32+8 =173

-8
¢ = arctan 3 = —1.2120 rad

—46 + 7100 = V12116720019

r=14/—462 + 1002 = V12116

100
0 = arctan T + 7 =2.0019 rad

—2 — j21 = /445746174
r=1/—22+—212 = /445

-2
0 = arctan o1 + 7 =4.6174 rad



1.2

In each case, the polar form is given as re’?. The cartesian form is simply a + jb, where a = rcosf and
b=rsinf.

a
i
= 1 5 — = O
a COS 9
b=1sin— =1
b
5¢/% = —2.5 + j4.3301
27
= 5cos — = —2.5
a COS 3
b= 5sin 2% = 4.3301
C
116/ 75" = 3.399 — j10.4616
a =11 cos —2r = 3.399
2
b=11sin Tﬂ — 10.4616
d
6.2¢73™ = —6.2
a=06.2cos3m = —6.2
b=6.2sin37r =0
e
56l = 8682 + j4.9240
4
a=5cos ?” — 8682
b= 5sin %” — 4.9240
f

eI% = 866 + j0.5
™

=1cos — = .866
a COS 6

7T
b=1sin—- =0.5
sm6



1.3

21:*3*].5
22:5—j7

First, calculate polar form for z; and zo:

2= =3 —j5 = V34T
r=+v-32+-52=+34

-5
0 = arctan =3 +7=4.172 rad

2 =5 — 7= \/Tde 909505
r=1+/52+-72=74

0 = arctan %7 + 7 = —.9505 rad

Now, calculating 2129 and 2 in polar form is straight-forward:

z2
2122 — /346]4.172 /746—]049505

— /34 % T4e7(4-172-0.9505)
— /2516¢7(3-2215)

2 /344172

29 +/Tde—i0.9505

— \/37463'(4.172(0‘9505))
74

34ej(5.1225)

74

Convert polar answers back into cartesian form:
2120 = V2516673 2215) = 50 — j4
a = V2516 cos 3.2215 = —50
b=+2516sin3.2215 = —4

4 .
Z129 = %emmf’) = 2703 — j0.6216

/34
a= 71 c0s5.1225 = .2703
34
b=/ -1 sin 5.1225 = —.6216



1.4

Cartesian form:

s
z1=¢el7

_jsx
29 =be 7

2z =e’7 = .9010 + 7.4339
a= 1cos§ — 9010

b= 1sin§ — 4339

20 = 5e 75 = —1.5451 — j4.7553

a
29 — 321 = —1.545154.7553 — 3(.9010 + 5.4339)
— (~1.5451 — 3(.9010)) + j(—4.7553 — 3(.4339))
— _4.281 — j6.057
b
1 1 jax
- — e
22 Bei¥ b
C
;3T
Z2y0 _ BeTS
Er=C,
= (5ej(_7T%_§ )2
— 95e—i1.4857
d

a = 5cos _T?m = —1.5451

b=>5sin _T?m = —4.7553



1.5

Cartesian:

Real part:

Imaginary part:

Polar:

Magnitude:

Angle:

F(w)

(2 5wj)(~3 — wj)

2 — bwj
—-3+wj

—6 + bw?j? + 15wj — 2wj

(=3 + wj)(=3 — wj)

9 — w2j2

650+ 13wj  —6—5w®  13wj

9 + w2 9 + w2 9 4 w2
—6 — 5w2
Re(F(w) = 5
13wy
In(F) = 5773

2 —bwj = /22 + (_5w)26j(arctan =2

-3+ wj = \/mej(arctan Yt
2 —bwj - 22 (,5w)26j(arctan =5w)

-3 +WJ - \/mej(arctan )+

2
— Mej(ar%an 77“) —(arctan %3)77‘—)
w249

[F(w)]

< F(w) = arctan

5

252+ 4
w249

w w
— (arctan —3) -7



1.6
In general: acoswt + bsinwt = C cos (w + 6), where C = v/a? + b2 and 6 = arctan 2.

a
F(t) = 6 cos(wt) — \/(5) sin(wt)
C =1/62+ (—V5)2 = V4l
0 = arctan — b —.3567
F(t) = V41 cos (wt — .3567)
b

F(t) = —18 cos(wt) + 2sin(wt)
C=+182+22 =328

2
@ = arctan =T + 7 = 3.039

F(t) = V/328 cos (wt 4 3.039)



