EE 317 Name: Kc’y
Spring 2001
Midterm Exam #2 ID Number:

This exam consists of 6 pages.

The problems are worth a total of 100 points. The number of points you can earn on each
problem is given in [brackets] next to the problem number.

For all problems, clearly show all work.

Where appropriate, enclose final answers in boxes, and include units in all answers.

Calculators are permitted.

You are permitted to consult your textbook but not any other notes of any kind.

1. [2 pts/characteristic] A certain signal x(f) has the Fourier series in trigonometric form given
by:

X)= Y (;2: sin(407nt)

n=1

Circle the appropriate characteristics of the signal based upon what you know about its

Fourier series: conflict exam: even
even function odd function )~ Sine funchon is odd 5 sum of sines i's odf

periodid aperiodic - any sigua| that has a Fourier serres
representstion s pevi'odic

energy signal - bounded pericdic siqnals are power

stgnals (oo eneryy , finite Power)

continuous-frequency discrete-frequency) — .leue,,cj components onltg ot
spectrum ectrum mulHples of wo (wo=40m ju Hhis Case)

complex-valued — sihe (s real-valued ;5 Fourier coef ky

(Cv\> inthis case are real-va ]ua;/ ( no
J’s anywhere !)
2. [0, 4 points] What is the fundamental period of the signal in Prob. 1?

a) 1/4m sec b) 1/407 sec c) 25 msec
50 msec e) 407 sec f) not enough information to solve
we= Hom T,= 2T = 2m - L = 0.05 sec
o Yo 2
= 50 msec

1

conflict exam =« To=2S5ms



For Problems 3-6, refer to the following exponential Fourier series of the signal f{z). Note that
the summation has a finite number of terms.

] red
=03+ 3 LD jeasom w,= 6250 "
n=-2 I’l|}’l| £z o = 6780 _ 977,_)_5
n#0 o = o4 —
[0, 2, 4 points] What is the total normalized average power of the signal?
Co=0:3
P= cZ+zlal*+z2])eel* 4 1) n
\CV\': = n
2 [\2 L\? ninl
= 0.3 4-2(77) + 2 (2
P =2 ZISQ conlliet exam = 2285

[0, 4 points] What percentage of the total power in the signal lies below 1200 Hz?

2) 0 % b)41% ¢)60%  d)90% 94% £) 100 %
siqnal has Fruguwtg

2 A
% power = (o0 % ) 037+ 2:) = 94 components at
.21
, , z ﬁ:(oy‘?‘??))(!)(”ﬂj
conflict exems 7457 el (D399
[0, 4 points] What is the time-average value of the signal? = ©.999 (998 '43
= b) 3
2) 0 009  ¢o015 (@03 €) 0.188 f) not enough info

—/—“{t)/ml = Co= 0.2

conflict exkam: o4
[2 pts each] What is the phase (in radians) of each coefficient in the Fourier series?

~Tz. Y G O a2
£Ca= Cn = =l 2oy * T =
'y C N o .
L€, = = Cq = gl D/li"’ RV I S WA
LCy = © Cp, = 0.3 (\ay |‘n5pec+fon = 0.2 Lo (real)
=T U~ .
LG = /2 C, = '}r("%/'/ = 4 = | LT/,
T/
LC, = Z S ‘,
i Cye 3D 4 L 0 T
) 2.’1) 4 f

confliet exam: Same
answers



7. [0-16 points] Find the Fourier transform of the following signal. You may use the direct
integration approach, or you may use Tables 5.1 and 5.2 in your text to minimize the work
required. (For full credit, you must show all of your work.)

f()=e cos(w,t)ut)

-at
Let H)= & ud) <« Fluwy= — <— Table 5.2
A+4 W

Let 'Cz (£) = cos (wt) € F, (w) = TES (1o-to)+ § (wt w‘AJ

C=E® M o Fu)= F ) * [ (W) (convelubion prop)

27 TA'G'C s, '

o0 :
> F(w)= Zf;r j F () Fy (w=x)dx (x= dummy varieble)

{l

75 (w-x—wo)+ & (wx+ we) | dx
oo ¢ [(whwod-x] i

zy/g 44'3)(
/ f“’ 5 [(w-w)=x] gy + [,Lg

(!

e

Z k*@x P A+ AR
_ l v = ' < Far evounk for full
Tz a+~§(w»w03 - ah}‘(wﬂuvk el it
| at] (wtws) + a+y (w~wo)
T2 1_4 + /}f‘ (w-wo) | [a ty (w +~w03] \
| Lo +4 Zw — 4+?w\ ‘
- Zz (a+yw -4 Wo)(a-l*/&w *’3“0) (M'}}w) +(“*1“’>(’B??{3wa + Wy
a +yw
Flw) = 4 >Z z <— Fpansform no. 7 on Page_
Cd v T ‘Pacnﬂj inside wcr’on-i* covey

—at»
OG‘ “"e)("' Cé Slxtoul(g ‘O& c “

conflict exam -
Z2tyw

(2tyw)? + (5T

F(w)=




[0-16 points] Find the Fourier series coefficients for the following periodic signal

VO st
5
KKKI\K fo= & sec
t, sec
> b= TT o
4 2 0 2 4 6 °T =
- %

which can be expressed mathematically in the time domain as

Al &
f(t)= > Se‘z("Z")rect(’_—J:}_”_) eqn (423): =L ( f1e) ¢

d+
)D LTy
n=—00 2 / >

| § —Z-t —/}\ ke ia = S F(Odt
Tz T, 2{To>
z dt
< —(7_+3k’n'){-_
Z dt
- - ~(241km)t
= e
2 244k /o

- ) - (244kT) (2)
= ém[éza 1_’]

-0 -4 -—}'LZTT'
T gegrer (<< -1)

Smw e 1&1# /3 -"I\M\

Cr= ———3——-—-(’ ’LI)

confliet exdam:

-8 4
-e
(- 8 (i N
Ytakm

1]

¢ (1-¢") = I.50

=



For Problems 9-12, refer to the RLC circuit to the

left.
) awc }) Awl = (-gl\;’°>(3\wl_)
5—'& + ywl
ZL:R = L/C

9. [12 points] Derive the transfer function H(w) for the circuit.

3 o)

Vo '+0~ﬂe“dv|‘v"lék‘ (U'Ie '

L,
T B L 1 (2 e O e L
2,4’2‘-7_ Vin - Ye {ﬁq_*%]
R + -',—‘—"“"’
3 (e 9D
Mu\ﬁ{)(% numerator and denom. L(& '/;__|._
‘ f
Hlw)s ——— = f
| + 27./_&' /5<~1/¢+wL>R
/+ wL/C “_}(R 4_ch>
]
H(w)=

I*Q}(wec-— .wﬁl_)

10. [0, 4, 8 points] At what frequency does the peak power transfer occur? The power transfer
characteristic is given by |H(w)[>.

{ 7--': w * = -
| Hlw)| Hw) B (1) ,+j(wec—ﬂ I—-{(MQC’-ZJ@L-_

| + (wRC— LY

wi

——
—

m/
+hi's 7uv4n+1'f'y
e 4""“7’ loos:'f-fve (becau:ev of power of 2)

[H| % has peak value at {quuencf ot sat'shes:

=z e = wi=
whe=~ R 20 = w/c:/é ~ we=s 577 LC
wl



11. [0, 4, 8 points] What is/are the cut-off (half-power) frequency/frequencies of the circuit?

H’U\C'pﬂw&r 4n‘;4ueWC|‘a; occur WLAV\ “—Hw))z-_: ‘%‘_IHm“’z

In this case \HMM)"L - ‘H(""Fk)’z:’) So

“Jr(wb){z—’- _é where w, = cuteff -Fra,uenctj(!‘cs)
> [HwHl®= 5 = '*
| +(wRC— ot =
= [wﬁ@C—a@L__ Ea RN wRC— R =+ ) Mt by Ll
[ OJCL_

cu;-RLC—-;Q:j:wL

<

Ricw? s wl-R=0 « div. by rRLc

qui&m#c Grmula:
W F L w—-'_ =) ax*t+hbx +c= e
Rc LeC
b

-b + ! [p2 e
We + /Kc + —”Jf(ﬂc,)?""q(.l_) X = a—?.db 4
b (@D
Ec ZZC_ Tz ‘ '+ J*) < far eno uﬁl\ for ‘lu“ Cre«ll'f'

"

{3

12,

[0, 4 points] What ideal filter type most closely approximates the frequency response of the
circuit?

a) lowpass b) highpass @ bandpass d) bandstop

{H[w)[z rolls off (hecreases in value)

on elther side of w=wek.

6



“ contlidt exam

R For Problems 9-12, refer to the RLC circuit to the
o—AANN/ left.
Tz
| .
V@) Z, = Gwe TV
B G
Z,=R

9. [12 points] Derive the transfer function H(w) for the circuit.

L pawle —
H(w)___ 2 - Twe T2% = wrLe
2122 R.'.%';.C twl. —wilc 71 @RC = H/W>

10. [0, 4, 8 points] At what frequency does the minimum power transfer occur? The power

transfer characteristic is given by |[H(w)|*.

[HeY[*= B Wl = lowre Iz e
|-w?lC +g‘wRC. l—weilC —g"wﬂC
N (1-w2re)? -Z'J—L“ (?‘3 _wl_c>2

(1-w?LCY? + (wRCH? T

——

L (Tu’— —ch>z + (RCY*

[HD]T=0  when (_{;/ -ch>z_._o o .
n \l:a,




conflict exam

11. [0, 4, 8 points] What is/are the cut-off (half-power) frequency/frequencies of the circuit?
Hint. Peak power transfer occurs at the frequency w = 0.

5{!\/{,0“% W% fother 4o wiake amll)/s;‘s Casier:
(—d—,;—&JL_CBZ.

U—f“wl_cy- + (R)®

| (D=

(RcNZ
(g,’*—wLC) 2

C uk - ofFF -Fre{uenciev5 are those at which |[HI* = —é_ ‘H\m:x

| +

2 2 l
= | H(o =
’Hlmnx I )’ | + (RYZ = |
o]
M= L= L L (ROF
* (RSYZ =S
| + _L_.-wcac>
(Gt 5
(R = ((:‘J";"""CLCB—L s +RC = L _w le=> tprw, = |- wiilC
LCw?2 T RCw, -] =0
}
2z ' - F Rc + ‘ (RC.>7’ + "I_I:E__
2

h
)

Rc + Rc 4L R - + -
- _= + — =] = ) / + 4o = W
2Lc 2LcC m [j‘- [+ / | ﬂzc—] -

L gyelues: 2are negahves
aP ‘H\& 0“"\Cf’ 7

12. [0, 4 points] What ideal filter type most closely approximates the frequency response of the
circuit?

a) lowpass b) highpass c) bandpass @ bandstop

6 The IH(w)'t curve rises

: . = |
on e;H\e,r SuLe_ oﬁ Wmig = ——

VLe




