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2013114 Term 1
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Final Examination
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FYee Response: Write out complete answers to the foilowing questions. Show your work.

1. You have three resistors with specified resistances and uncertainties: .R1 * |Ry, R2 * 6.R2, and
R3 * 5rR3.

(a) If the three resistors are connected in series,

ak-
0&

what is the equivalent resistance E. t dlB"?

Rz, Rs and their uncertainties.
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(b) If the three resistors are connebted in parallel, what is the equivalent resistance Ro * 5.Bo?

Find expressions for "r?o and d-rBo in terms of Rt, Rz, R3 and their uncertainties.
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(c) Suppose you want to make a 300 O resistor. Given the limited equipment that you have in
the lab, your options are to combine three 100 A + 5% resistors in series or to combine three
900 f,) :l 5% resistors in parallei. Compare the resulting numerical values of ,f-R, and 5-Br.
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I (lOo"; 2. Consider the following two circuits:

U1

A2

(a) For circuit (i), find and expression for o6,,1,1 in terms of L)L,L)2, Rt, Rz, and R.
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(b) For circuit (ii) , find and expression for oor1,i1 in terms of Ltt, L)2, Rt, Rz, and,R.
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(c) Finally, in your expressiorrs for uo,1,i and oo.,1,ii from parts (a) and (b) set Er : R and
Rz : R. Simplify your answers as much as possibie and write down the resulting u611.1 &nd
Uout,ii explesstons.
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(tSo'", 3. Consider the Z-R-series circuit shown below:

iR

uin

(i)

Name:1^k4- B/Lowk"

fritnt

(a) If the input voltage is given by rtr, :Vssin.,lt, what are the amplitude 16 and phase @ of
the current z?

/c)To= V1 fu^/ = * I,t lzl OU tzt ru fe\-,
?* re-L 6€,vl<-5,o'r*bo

/= 12- j*L T^ft1 = LuL k[21< R

[?l'= (?.j,,L) &1^) = Prr(^L)'

(- rzr = R( keb)rv-= K t. (^b),

fu= Vr/g
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(b) For circuit (i) on the previous page, find an expressio., io, ileul i, terms of ,,*::.
lui"l

Sketch l* | * a function of r,,,. What kind of filter is this circuit?
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(c) Ifan oscilloscope is connected across the inductor, the input resistance fir, ofthe oscilloscope
is placed in parallel with the inductor as shown below in circuit (ii):

Rep/arc euwfil*v? +, d+
L o{ AS ,,,/ Tt^Jrrr(^th"gnt,V.

lAu-- V,^ ? , Rrt^= _&l2r8 t) a

n^^"{oku[1*o,r,ck[

+Vohqy ,Auvtilttt 
o, I -

For tliis rnodified circuit, what is ther ncw exprcssic.rn r", ]tUl, It is not necessary to do^ lui"l -
complicated calculations to find the appropriate expression. Instead, try coming up with an
equivalent replacement that turns this back into a series circuit similar to the one shown in

&Jvaa

figure (i).
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(tOo"; 4. Recall the half-adder circuit used to add to single-bit binary numbers which has two inputs ,4

and B and two outputs ,S and C:

SC

AB
Write down the truth table for the half-adder circuit.

frND

(")

XOR.

KY
f1#t filJw

XO
SL

CO
lo
to
bl

(b) Fill in the missing data on the truth table given on the next page. What kind of operatiori
is this circuit performing on the pair of 2-bit binary inputs (At,Ao) and (.B1, Bs)?

fious Ltvcnr't , wwll,ytiles fro l- b,I Lil^el) tt^f fi(
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frltn J(tOot'i 5. Use Euler's equation (e+i4 - cos/t jsln$) to derive the foilowing two trigonometric identi-

ties:

, , Tlcos2dcos'Q: 
2

.,, 7-cos2d
srn- (p: ,

Nok eid - e-i/ 
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stnd *- ei/-e
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(tOot"; 6. In class we talked only about logic gates with only two inputs, however, it is possible to make
some logic gates with any number of inputs. A 3-input gate AND and a 3-input NOR gate are
shown beiow:

The truth for the 3-input AND gate is:

ABC

(a) Write down the truth table for the 3-input NOR gate.

A
B
C

A

B
C
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001
010
011
100
101
110
111
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(b) Design a 3-input NOR gate using only transistors and resistors. H,int: One common design

P*t tra,^-gtgi:av

tf" Lo
-4^

Lc *U

Lfru( = Wc

; Vcc

:- w,,I

W HI :
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uses three transistors.

RecnL{ fulra,ur, tfu su ioL -r {""\LC Iz
?-' d'-t

't)Lf" --ur[-l:;l.
II
,

o
?

_T D
.fr-n

H/.

Suailel^as i* p*"lkl
Vt'

Vd

)

D
o
o
c
o
o
o

o
I

o
I

c
(

o
\

B

o
o
i
t

(?

o
t

t

o
o
D

o
I

I

I

I



PHYS 231/FI\AL Page 14 of 15 - x"*",{Ju- %boatk.t

(tOr"; 7. Consider the digital circuit shown below: *ltn t
A
B

- A's.Z r C*D

C

D

(a) Write down the logic expression for the output Q. (For example, recall that the logic
expression for the X AND Y operation is X .Y.)

A'B'e + ?+D

(b) Simplify the expression for Q obtained in part (a) as much as possible. I'or part of your
solution. you may find De Morgan's theorems helptul: A.B -A+B and A t B -A B.
Draw the simplified digitai circuit. Are z,rny of the inputs irrelevant to the state of the output
Q?

A
B

Q=
:

x l)<.x

T ll

Y:') wt',^ot*"'u

A g.c "e+D (,_
A s,T"1ctu) J X:x
A B e enl g.T.D)l''f''"L
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C
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(t0ot'1 8. Consider the so-called "Iog amplifier" shown below:

Name: Jo,l,,z- &bwrki
gl/t+r

ksr

V^I =- d kf ,"1*)
e

t-.q = "-l<ql

e-

V"'d d 1," Vn

L"t Ah^p

Recall that the current in a diode is given by 1o : Lo(s'volk"' - t) where 16 is a constant
and 7p is the voltage across the diode. Assume that u1, and R are chosen such that b ) 4t,
show that:

uout: 
"," (#)

Find an expression for the proportionality constant G.

fu = l, (rr volf-! 
J : T, {ol!,r*To

if Io )> fr, iit*,v lo ry G e 
eVo/kef

\rI. fiwAtJ, 
:- (I+ = \f- 7 C .
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