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One letter-sized sheet of notes (both sides) is permitted.  
Questions 4 and 7 are worth 15 marks. All the others are worth 10. The total is 100. 
 
1.  (a) In the circuit shown below left, what is the current in R3 if   

!"

!#
=

!%

!&
? 

(b) In the same circuit, what is the equivalent resistance between points A and B if  
!"

!#
=

!%

!&
 ? 

(c) For the circuit shown below right, what would a voltmeter with a 1 MΩ input resistance read across Vout 
if (i) R = 1 kΩ, and if (ii) R = 1 MΩ 

 

 
 

 
 
2. For the band pass filter shown below, sketch the gain in dB as a function of the log of the angular 
frequency '	(in rad/s). Make the sketch to scale on the graph provided. Use C1 = 1 µF, R1 = 1 kΩ, C2 = 100 pF 
and R2 = 10 kΩ. Take R4 = 0, so the op amp simply acts as a voltage follower allowing the two RC filters to be 
treated independently.  
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3. For the RLC circuit shown, find the Thevenin equivalent circuit if L = 100 mH, R = 400 Ω, C = 1 µF, and 
the input is sinusoidal with an angular frequency of 2000 rad/s and an amplitude of 10 V. What load 
impedance will ensure maximum power transfer? What is the equivalent circuit at resonance? 
 

 
 
 
 
4. Sketch the output waveforms expected when a 100 Hz, 10 V (peak) sine wave is applied to the circuits (a) 
and (b) below. Specify important voltage levels and time scales. The input is on the left and the output is on 
the right.  
 

 
 
(c) Sketch the output waveform to scale for the following circuit with the input as shown.  
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5. (a) Design an H-biased common emitter amplifier circuit with a gain of 5, that will set a reasonable 
operating point for a transistor with the characteristics shown below. What is the approximate maximum input 
signal amplitude that can be used before the output is clipped or distorted? 
 
(b) How would you change the biasing to use the same transistor in an emitter follower amplifier? 
 
 

 
 

6. Draw a simplified ac equivalent circuit for the amplifier of question 5a, and estimate the midband voltage 
gain and input and output impedances. Use rbe = 1 kΩ . How would the gain and input impedance change if a 
bypass capacitor were used across the emitter resistor? 

 
  

10 marks 

10 marks 
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7. (a) Find the complex gain for the following circuit when ' = 1/+,-,. 

 

 
 

(b) When the open loop gain of an op amp is considered to be finite, the gain of the inverting amplifier below 
is given by . =

/01!%

!"2!%201!"
 .  Suppose the magnitude of the gain decreases by 3 dB from its dc value at a 

frequency of 100 kHz when R2 = 1.0 kΩ. What will be the 3-dB frequency for R2 = 100 kΩ? Assume the open 
loop gain decreases at 20 dB per decade. 
 

 
 
(c) Design an op-amp circuit that will take the derivative of one signal and add it to the integral of a second 
signal. It is not necessary to specify component values. 
 
8. (a) A half adder takes two inputs (A, B) and generates two outputs (3 ∙ 5, 3⨁5). Using 
3⨁5 = 3 + 588888888 + 3 ⋅ 588888888888888888 , show how to implement a half adder using 3 gates selected from AND, NAND, OR, 
and NOR. A full adder takes three inputs (A, B, C) and provides two outputs (3⨁5⨁-, 3 ∙ 5 + 3⨁5 ∙ -). 
Show how to implement a full adder using 7 gates. 
 
(b) Write the truth table for the following gate schematic. (P is called the parity.)  
 
 
 
 
 
 

15 marks 
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9. (a) Initially R = S = Q = 0V on the RS flip flop shown below. At time t = 0, S goes to 1. Sketch vA as a 
function of time. 

 
 
(b) Identify the function of each of the following gates. 
 

(a)           (b)                (c)     
 

 
 

The End 
  

10 marks 
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PHYS 2610: Final Exam Formula Sheet 2017��

Current: < = =>

=?
= ∫ A ∙B.CCCC⃗      Steady state: =E

=?
= 0; ∮ A ∙ B.CCCC⃗  

Ohm’s law: A = HI =
I

J
⇒ L = <+ with + = Mℓ/3 Current density: A = OPL⃗= 

Gauss’s law: ∮I ∙ B.CCCC⃗ = QRS?/TU 

Electric potential and potential energy: V = W/Q;  BW = QBV 

Potential difference and emf: ∫ I ∙ BXCCC⃗ = −(V[
[

0
− V0);	∮ I ∙ BXCCC⃗ = 0 

Power: ] = L< 

Capacitor: Q = -V, W = Q,/(2-) 

Solution to =_
=`
+ .a = b   has the form c = 3P/0` + b/. 

Faraday’s law: ℰER= = 	∫ I ∙ BXCCC⃗ = −
=

=?

[

0
∫e ∙ B.CCCC⃗ = −f

=E

=?
 

Inductor: ℰ = 	f
=E

=?
 

Magnetic field of ideal solenoid: 5 = gUOh 

Euler’s formula: Pij = cosn + osinn 

Complex impedance: r = + + os = |r|Piu; Lv = rw̃; L = Re(Lv) = V{|}'~ 

Capacitive impedance: r� = −os� =
Ä

iÅ�
  Inductive impedance: rÇ = osÇ = o'f 

Series impedance: r = ∑rE    Parallel impedance: Ä
Ñ
= ∑

Ä

ÑÖ
 

Voltage gain: . = Ü1áà

ÜÖâ
 

Gain in dB: ä=ã = 20log	 é
Ü%

Ü"
é 

Q Factor: è = 'Uf/+ 
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Schockley diode equation: h = hê(P
Së/íìî-1); ï is the ideality factor ~ 2 for Si 

Bipolar transistor current gains: ñ = óò

óô
; 	ö =

óò

óõ
 

DeMorgan’s theorems: 3 + 588888888 = 3̅ ∙ 58;   3 ∙ 5888888 = 3̅ + 58;  3 ∙ 5 = 3̅ + 5888888888;   3 + 5 = 3̅ ∙ 58888888   

Half adder: ù = 3⨁5;   - = 3 ∙ 5 

Full adder: ùR = 3R ⊕ 5R ⊕ -R/Ä;    -R = 3R ∙ 5R + -R/Ä ∙ (3R⨁5R) 

Ones’ complement: complement each bit 

Two’s complement: one’s complement plus 1 
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For input bothdiodes turn on so theequivcircuit is

Wy
6v I GV wontt.GVNm7 br

oo

For 0 3V bothdiodes are off
um 1T

0.6V Nin 6 3V I wont Nin
1 1

For input thegonerbreaksdown

mum 1
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1

input
w
volt

4 output
f

GV

stems

I
8 6.3V
lo



 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

This is a filtered 42 wave rectifier

Inputperiod T If YooHz 10ms

RC timeconst T RC loke 1nF 10ms

IOV T
Vp9.4

TsFiF0 it ms

10ms 15ms

5V µlov

Thepeakoutput is Vp Vin VE 9 4V

Thedecay Nout Vp e
t k

fort T T wont Vple 3 5V

v

I

For input 7 2 6V the diodeturnson

turn 1
win 72.6V th OW

f Wont 0.6V

For input 2GV thediodeisoff
ao ltwmy.LVNin L 2GV Nout Nin 2V



 
 
 
 
 
 
 
 
 
 
 
 
 

Ve
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Vcc
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a Fromloadline toppointshown Vcc
loadline

V and Rc RE A 1.25k r R f No Vcc Ic Rare Vce

Fora gainof f 5 Rype 5 1 I ktre Y reNi

gp re
Then bRETRE 1.25k r RE

and R c 1.25k r Re Rc 1O42r

AAop pt ICE IE 3.8mA so Ve IeRe 0,79V Vrs Ve to6V 1.39

VB Vcc if Iz Irs Chooring Iz 20 Irs attheop.pt IE 20 20µA 0.4mA

SinceVrs Iz Rz Rz VBII 3940.4mA Rz 3.48k

Also Iz k 1 R k VB
a ri 21 sk

Theoutputamplitudecannotexceed 45V so theinputmustbesmallerthan45 0

b For an emitterfollower Rcis removed so Re l 25k to give the same operatingpt
Thiswouldnaire Ve to IcRe 475V t VB to 5.35V ThenR tRzwouldbe
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First find open loopgain at fi 100kHzwith Re Ikr

ForRz l k r thedcgain is ad
RTR 1

Thenat 100kHz thegain is 3dBlower a 1oz

so from 1oz Taika Eta CuringR Rz

Solvingforao tao Fao ao rz 17 2 aop 4.8

Nest find the openloopgain at the 3 dB freq fr with RE looks

For R looks the dcgain is Adc
R IR too a 104oz at fz

so from 4oz r.fi aor ffYoTao usingRz iooRi

Solvingforao ao t lo l Rao ao Tz 1 lol aoz 24

Find the 3 dB freq fr in step 2

Since Ao decreases at 20dB decade 20 log ao A 20logf

so 20log Aoe 20log Aoi 20logf 2ologfu

or aa F'a fz f II 100kHz 4247 fz l 97kttz.LT
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Halfadderwith 3 gate using A B AtBtAT

ABIDE
ftp fDT

EAnITn.T ators

A fulladder can bemadefrom 2 halfadders and a WOR gatei

AB Cout A B t AtoB C n

c n
AB f s A B C in

Using the 3 gatesabove for each halfaddergiven a fulladderwith 7 gates
a
D
yoA

AtoB
T AB t A B an

mono

A Bt
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Initially thetransistor isoff Q o so thecircuit can be represented as

t5V

Oke Inthisconfiguration thecapacitor will changetothefull 5V

Ikr at equilibrium
5V 1nF
I

When S set goestologic1 thenQ 71 and thetransistorturns on Thenthecircuit

canberedrawn as
t5V

IOke the IT 1µF NaI
I

Thenthecapacitor will dischargefromt5V togroundthroughthe the resistor

Na Vo e
t IRC HereRC Chr Inf 1ms so

Na t 5 Ve t Ims

5V

she
t

t
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Q Q a B

NOT NOR AND

A B OUT A B OUT A B ATT A B out AB
O O l I I O O O O O o

i l O l O O O O l O O
O l O l O l O O o

whenAis low Q turns on O O l O l I l I l

B low Id
Qr off
out high Seepart A followA Ifboth AandB are

B follomB high both transistors
whenAishigh Q 7 off are on so out high

B 7high Then ifeitherAorBlaboth arehigh
Qz 7 on therespectivetransistors on Otherwise one or both
out 7 low and out low areoff and

OUT 3 low
If bothA B are low both
transistors off so

out high



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


