
Final Examination Name: SruL.u $ob,,,^t gb,

Student Number: &l'tr (

FYee Response: Write out complete answers to the following questions. Show your work.

(tSot"; 1-. The circuit below has a battery, a switch ,S, and a resistor l? in parallel with capacitor C. The
battery is modelled as a voltage source V6 in series with resistor r which represents the internai
resistance of the battery.

PHYSICS 231

20I3lI4 Term 1

u/' f ttri r,l,r t ^ LuP P6( rtt> *-1 rl

\t,.'' \, h (x

fl,r. #F")
€tu

rr-:i fr: T
tn \--L--''-J

rJ

(a) Suppose that the switch ,S is initially in the down position for a long time and then, at time
l:0, it is moved to the up position. If V0:9.0 V, r: 1.5 f), R: 16 kQ, and C :22 p,F,

how long does it take the capacitor acquire a charge of 0.11 mC? (5 marks) t t
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(b) Now suppose that the switch has been in the up position for an unknown amount of time.
Then, at t : 0, it is moved into the down position to discharge the capacitor. The voltage
across the capacitor 7" and its uncertainty are measured as a function of time as shown in the
table below. Also shown in the table are the values of in 7". Complete the table by entering the
error in In I/" in the final column of the table. Clearly explain how these values are obtained.
(5 marks)

t (s) v" (v) A% (V) ln % A (ln %)

0, a+

o.a 5

0.o(
0.27 0, a

-0.60 0, c

t
1

A(t"V,) a ? l*V'- AYo
jV"

AV.
'-:--

V"

1.68

1.36

1.13

0.2

0.2

0.2

0.1

0.05

0.1

0.2

0.3

0.6

0.550.9

5.4

3.9

3.1

1.31

a(r^v) =



PHYS 231/FTNAL -Page3of16- Name: Sr('n S

(c) The lnV" versus t data liorn ther tablcr are plottcrd below arrd fit to a straight lirre. The

equation of the best-fit line is A : mtr* b with m : -2.83+ 0.05 s-l and b : 1.95 + 0'02'

Use this information to determine the initial voltage across the capacitor at t : 0 and its
uncertainty t%(0) + A%(0)l and the time constant of the decay and its uncertainty [r + Ar].
Does the experimentally determined value of r agree with the expected value? (5 marks)
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(tOnt"; 2. Consider the lbllowing op-amp amplificr circuit:
e
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R+. (7 marks)
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(b) What does the ga

Explain. (2 marks)
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(toot"; 3. The XOR gate and

- Page 6 of 16

its truth table are shown below.

XY Q:XoYfJ>' 00
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1

0

The XOR gate can be thought of as a two-input "parity" checker. If an odd number of inputs
are high, then the output is high. Alternatively, if. zero or an even number of the inputs are

high, then the output is low.

(a) Confirm that the circuit below acts as a three-input parity checker. Do this by writing out
the complete truth table for this circuit and confirming that it works as required. (4 marks)
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( 6) -@ Desigtra four-input parity checking circuit. Construct the coruplete truth table to confirur
that the circuit that you designed works as required. (6 marks)
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(zOot"; 4. Consider the parallel LRC cirrl'titshown beiow. The function generator supplies us(t) : Vssinwt
to the circuit.

i,"(t)
C

(a) Find expressions for the amplitude 16 and phase r/ of the current i(t) :16 sin (c..r * r/) shown
in the figure above. Give yoru expressions in terms of R, L, C, r, urrd Vo. (g marks)
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(b) For values of c",.r ) ll\/LC, show that 16 can be approximated as Isx Awn. Determine /.
and n. (2 marks)

4r,, ; + a)

(c) For values of r,,r ( I|\/LC, show that 16 can be approximated as Isx Bum. Determine B
and m. (2 marks)
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(toot"; 5. Makeuseof Euler'sequation (etia: cos/tjsin/) tohelpyouevaluatethefollowingintegral:
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You must show all of your work to receive full credit.
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(tOot", 6. The circuit below consists of a sinusoidal input ui,r, four diodes, and a resistor Rp. The output
of the circuit tr6,,tr is taken to be the voltage across R1,.

(a) The next page shows a plot of uin versus time. On the axes directly below, sketch a plot of
u6u1 v€rsus time. Draw your plot to scale as best you can. (7 marks)

(b) With th'e addition of a single capacitor C, this circuit can be made into an AC-to-DC
converter. Add the required capacitor to the circuit above. How should the product RlC
compare to the period ? of the AC input ui,. in ordcrr for the circuit to work as an efl'ective
AC-to-DC converter? (3 marks)

Ctl bJ""t tb. ccgo<*o'{ /rcchwq lt'nn 1o k e/o'^/.

" f 9utY1 KrC >> T,

("-) ..Ssvt,vv-. tI.^ )'( , n ytst,ig< f^nl c't't'r6el< ' --'> & p'r!rfrU'1 L'r.ni, L

Dt {an'"nJ- (ore"g.l

Dl 1o'rw'^u'L b'"'!' '

=o

-Vw : (I^ *LVo

ut|vtt't VA g 0,{ V

fo, 'for**nA L,r,p"4
4 toJ1, .

Lt), {,t, A-
IL

7L\"Jt ) I

Lt cr*<'l "

cple -+ b poriArVg

[o* = * t P,

'- LEn * Vaz* L'(t -61 *-O

,'! l.!-c"J. = *U',n - eVp

,r lu^.

Dz

u[r^

(.l'^

) Dq

rl llt Yl'i'

{rv'a * roL
/

4; - Vtt*,t'R, *Vos
t^J
Vad =. t Qt

L :- tr* = (1,^ * Vr,
Rc

tt.



PHYS 231/FTNAL

4

2

1\/*'i.

Page 14 of 16 - Na,me: Sri'n f

\/DR LtV*lZV=a"gV

xVu

v
I

--iVp

0

-2

4

4

i:.6v
2

to
a

^o

-2

-4

time (s)

V
A A*_A.n

[rr\\ -h]c*.w rcclrlv r,'



6'r <*,I*hit
Wryu I Von,L

(toot"; 7. Figures (a) aud (b) below show the log- and the arrti-log-arnplifiers respectfully.

R r+l-1 .'fie1t'i"'"%t'our.a ui"'r'Wuout.b

LI- L"(a, = (D, :

The outputs of the circuits are given by:

ksT . uin.a
?Jout,a : -; t" f'g

uout.b: *l6'RexP (++)uout,b: 
\ Kgt /

The circuit below makes use of the log and anti-log amplifiers. In this circuit the box labelled
"log amplifier" corresponds to circuit (a) above and the box labelled "anti-log amplifier" cor-
responds to circuit (b) above. Assume that all resistors used in this problem are identical and
that all diodes used in this problem are identical.
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Find an expression folu6 of this circuit. What kind of function does this circuit perform?

Itkwrrt ( t' g
K

Lt (t* (;- f1:9/
e

-12' 6;*

1,, L
fip-

U1

U2
Ug

rl-Xvj

J<--

tf

o

v,* =

** w*)

-*utB cr L' R



f hQ,,ry)l

t-

krs I

I
v.*<

t^rI

€rY 

I
u L!.

rJ'= -{"9 e \EF

*t-o K

([, e)'

Tln,s c tYcuft

p n, ,l'^ CI ol

*"Jrt-s tL^"

tr, f q_



PHYS 231/FTNAL Page 16 of 16 9o l'n s

(t0o'"; 8. The circuit shown below is similar (but not identical) to a circuit that you built and studied
in Experiment f6.

Assume that R : 10 kf,), Vcc : 15 V, and Vo : 5 V. In this problem you are simply asked
to complete the table shown below. For the input voltages uin shown in the table, enter the
resulting values for Vs, Vs, Vc, and ooo6. In the Q1 and Q2 columns indicate whether each
transistor is conducting or not conducting. If a transistor is in its conducting state, enter
"ON". If a transistor is not conducting, enter "OFF".
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