
(cos 1 ,t J' st ^ 1r)

)

lr)

1)

d.
cos(6,tVa) " j srv,'(7,tV);

= (rrs V t crs />

Siti.

PHYSICS 231

2012/13 Term I

Final Exam (80points)
Elee Response: Write out complete answers to the following questions. Show your work.

(5o*) 1. Use Euler's equation (e+i6:cos/* jsin/) to prove the following trig identities:

Final Examination
Student Number:

er(f,trO.)

cos (/1 * dz) : cos @1 cos $2 a sin /1 sin @2

sin ({1 * dz) : sin/1cos $2 * cosSlsin$2

t7, tJilu
2pL{--

(rrtl,,jsrn

T St^ 7, S r,t

+l (r,^/r('ol/>t- co5/', Stn

':- cat( 7t!7r) : cos /'t u{ /y ? 9rn y', ltn y'y

S,tt (/ttdr)
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(roo'"; 2. The quality factor Q of an LhC-cirouit is defined to be the ratio of the resonance frequency

to the width of the resonance. For the parallel LRC-ciratit, the Q-fantor is given by:

Q: nrlg" uL
(a) If fi+6.R, C+6C, and L*.6L are determined by experimental measurements, what is the un-
certainty in the calculated value of Q? Find an expression in terms of. R, 6R, C, 5C, L, and 6L.

(a) It .B and C are both known within to 5% and tr is known to within 10%, what is the per-
cent uncer.tainty in Q?

,*),. (tu,F t)'
,- (ln*)"

,ff)'=tE)'-e t)'* (+*)'
? (o,ar)'-( L onr)' "|-'a'to)'

Q', (f.ru)'. (#tr)'" (#,,
.(rE r*)'"(* hsL)'* (*

)'

*)'

€r-G
)"(i0

,V
\]Z

ag
w

=(r

"(

5Q,

{c ') 'ZI

v
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3. (a) Staring fuomV7: qlc, and assuming time-harmonic (sinusoidal) signals, derive an ex-
pression for the impedance Zs'.of. a capacitor.

(b) Staring from V7 : L*,, and assuming time-harmonic (sinusoidal) signals, derive an ex-

pression for the i^iuaun"ltZ"of an inductor.

;ft+a)
a;fi,td ( z f"et'Vc= L= LZ.

C

T"l;*r i t
lLl

U

:- Vc=
\-

= 1 tc_

J'^ L

Ai,
dt

Vr-' L LZL d;---. 
=dt

t,

L (j, i): i zL
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4. If we want to select signals within a range of frequencies from an input source which contains a

wide range of frequencies, a resonant tank circuit can be used. In this problem, ig is a current

.:T::

I t*nt* :i Rece;iver

(a) Show that when u x l/t/LC the impedance of the parallel IC combination is very large,
such that the signal is passed to the receiver (resistor fi). On the hand, show that when a., is
far from ll\/LC, the impedance of the tank circuit is very Iow such that signal is not passed
to the receiver.

Z= ZLI| zc 7.7t
J.* L

Za* Zv L/c
l+

j*L i*L l(^r- t)
rt LU-

+1*,* w L - l_
NL

vr
">a \ : - cwvvtt^t\ ff€(

t/.^iVvw tl,v^h

{la"r r1h R
LC eorwba ,

wL-- l-
LvL -) t-o4 :. 2

l'*jo

( v" /,tt t* )

_t_

u;
Z

ti 1n1+o ar o.

LC cavv^bi CLrtnlS R, L4o

LlnvanT Lt 8, ,

cuvvyu*
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(b) Recall from problem 2 that the width of the resonance, or equivalently, the range of fre-
quencies selected by the tank circuit is determined by the Q of the parallel LRC circuit. To
increase the selectivity of the tank circuit, we want to increase the Q by using a sub-circuit
between the tank and receiver to increase the effective resistance in parallel with the LC com-
bination.

The proposed sub-circuit is shown below. Determine the equivalent resistance R"o of this sub-
circuit. That is, find the ratio ufi,: &q where u is the labelled voltage across the input
terminals and z is as shown in the figure. Hint: You should, fi,nd, that rBrq is negati,ue!

0V t*p 6"stlw y'wlf (

ho uu,Y/V,v* ,vott aP'*p Mfvdt,

R,"Rr 
-1

R. I

)

- e.l
K\J

: tPz-

,lf
v-

L

(2,, R,
-'--f<s

D * itRr= \)- ' \f =) # q
Rl

\f- iR, * i,i (K1A) = Q

'['-
- r'Rt :- tr 

I

Rrv :'r
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R = X|s-

ZtPpq

(c) Finallg suppose rt:2000 o., what,ie.the required rarue of trLq to make Ala"o : 10 ke?If .R1 : 2,R3, what is the required value of R2?

K il fr,,r' ru.-- r (o l,rl
ft+ Rq

Na,me: grltws

:) ftRt =' flo + l0R'2

:- 70= -8 t2'q,

zd, &,

= lo

i
I

- z.{ kfu n'

:" A,{ kIL ; &Pt

P,Pt
.F

(Zt 7,
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5. (a) Consider the following five digital operations:

e : A. B, Q :A.8, e :TIB, e :A+8, e :A.E
How many unique operations are represented in the list?

(b) Identify which of the operations listed in (a) are performed by the transistor circuit shown
below? In the circuit below, lines that intersect without a dot, are not connected.

(a\ cl = A'B O
n-.g =) .Q=,4'8 o

Pb)

g=A; (

-q!;fr+B

lVtclv$tiltv ct ttwtl ye i avt,' S

Q'A"B =) Q=fr-E

7 u,*,V,r,t

apcrd tn/\r.

I

D

0

(

O

C

O

I
t"
I

t

t
t

i-

A DI* g
'.i-

---."-* 
|-o .: ll {

o i 1) o
I o io i

Ill \oo
\

OJ
o(
t,
tl

I f o

I O I

0ll
oo I

tfuk
i4.8

i
i
I
r
&

t
t

k.

\9
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(fOn*; 6. Calculate the Thevenin equivalent circuit parameters. Draw the Thevenin equivalent circuit.
R2

\4=

v6

Vua po t't'tt{rr&' Rr

o

t VLz + \br . N:= vfr

Voe =v^-vv=@

6qnrl. c,'/r,,t,t .

, d \r(=V6,*U61
\y

"--tt'

* Vb. t Vu+ - fr. R1= V6

*

--t-Is.

B;

VB

Ir,., VLrr\J* v V-'
R,-LPv

Vr. 
= RL

r,,

Pr =P.

,'

t
tsj'
II

l<B
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7. In this circuit Vo:410 V, Es : 1200 dl, C :270 p,F, and .E: 10 O. Assume that the switch
has been positioned to the right (connecting C and R) for a very long time.

(a) At t : 0, the switch is flipped to the left. What is the voltage on the capacitor at t : 0.9 s?

(b) At t : 0.9 s, the switch is flipped back to the right. Immediately after the flip, what
is the current through .R?

(c) What is the voltage across rB at time t:0.91 s?

(; 3-.
Vc

( ") h,4,'*Lj, Vr. (ro) =O ,,_
cyo:o

S-/,"\/&

v.

V'

= V(l-e
(r o'1u) z

'R .t^)itt t^ s'Ni+ul^, gg {l'pyl lt le'{+

c h*"rlw| ,"f

Vo'tR.- Vt r O

in z. eWvu/^ {liw't {"

i- t (a'tr)

Disrt"a'X". 3'

V"' V.

'' 
Vc

+'/r,

- o"ol f yzc

I

Vc{f r1^tl,

(a.ts)

Io,ts)

:u

{

(0"{ s M
({. t

{

- 0,1 c)

33It.r v
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(rOot"; 8. In lectures and labs we studied the R-S flip-flop built from NAND gates. Consider the flip-flop
circuit below constructed from NOR gates. Describe the operation of this circuit. In particular,
what are the states of Q and @ when E was last HI? What about if ^9 was last HI? You justify
your answers to receive full credit. In the circuit below, Iines that intersect without a dot, are

not connected.

/V, R

Ar;SW,,,tz t'rt, 
tf;"tl sLakt" 8,O Q= I (

,,1 ;1 ttrtl

( P, s[o c) ql""blt

u^r NtM* b'ff* t4httw o*(' t p cr ! 7a-e 
i' tl t +Lw^

W*wvw 
I

Q=o

Wu (n

(,

A\^*'

DC
to
Do
oi
00
lc
0()

sA
\

o

i

C
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