
 

M
 
           
           

 
 

Q.1 

division

(a) Circ

function

actually

small. ܫ

voltage 

circuit  

 

Solutio

 

(b) Circ

௢௨௧, asݒ

 

Midterm Ex
   
Time: 10
Marks: 10

Log amplif

n circuits.  

cuit of a log

n of  input 

y follows  ܫ

ௗ is the cuܫ

constant, ܫ

  

on 

cuit of an e

s a function 

xaminatio

:00-11:30
00 

fier and ex

g amplifier 

voltage, ݒ௜௡

ௗܫ ൌ ௦ሺ݁ܫ
ೡ೏
ೇ೟

urrent passi

௦ is a saturܫ

xponential 

of  input vo

on    Sensin

0 h.  

Attem

xponential a

is shown in

௡. The relat

െ 1ሻ, whic

ing the diod

ation curren

  

ௗܫ ൌ

ln

௢ݒ

amplifier is

oltage, ݒ௜௡. 

1 

ng and Act

   

mpt all qu

amplifier a

n the below 

tion betwee

ch can be e

de, ݒௗ is th

nt constant,

௥ܫ ൌ ௗܫ ൌ

௦ሺ݁ܫ
௩೏
௏೟ െ 1ሻ

௜௡ݒ
ܴ

ൎ ௦݁ܫ
ି

n ൬
௜௡ݒ
௦ܴܫ

൰ ൎ
െ

௨௧ ൎ െ ௧ܸln

s shown in 

Use the rel

tuation AT

     

uestions. 

are the basi

circuit. De

en current a

estimated by

he voltage 

 and R is a 

 

௜௡ݒ
ܴ

 

ሻ ൎ ௦݁ܫ
௩೏
௏೟  

௩೚ೠ೟
௏೟  

െݒ௢௨௧
௧ܸ

 

n ൬
௜௡ݒ
௦ܴܫ

൰ 

the below c

ations and n

T74.03    O

           Op

ic circuits 

termine out

and voltage 

y ܫௗ ൎ ௦݁ܫ
ೡ೏
ೇ

across the 

resistance 

 

circuit. Det

notations as

October 2, 

pen Book 

for multipl

tput voltage

for PN jun

೏
ೇ೟  since ௧ܸ i

diode, ௧ܸ i

as shown in

  

termine outp

s given in (a

2014 

lication and

e, ݒ௢௨௧, as a

nction diode

is relatively

s a thermal

n the below

    (10)

put voltage

a).       (10)

d 

a 

e 

y 

l 

w 

 

, 



 

Solutio

(c) The

௜௡ଵ andݒ

 

Solutio

 

vin1 

 

 

 

 

vin2 

on 

e multiplica

d ݒ௜௡ଶ, and 

on 

ation circuit

the output v

 

ଷݒ ൎ ௧ܸ

ܫ

ௗܫ ൌ

ݒ

t is shown 

voltage, ݒ௢௨

ଵݒ

ଶݒ

௧ln ൬
௜௡ଵݒ
௦ܴܫ

൰ ൅

2 

௥ܫ ൌ ௗܫ ൌ
െ

௦ሺ݁ܫ
௩೏
௏೟ െ 1ሻ

െݒ௢௨௧
ܴ

ൎ ௦ܫ

௢௨௧ݒ ൎ െܫ௦ܴ

 

below. Det

௨௧. 

ଵ ൎ െ ௧ܸln ൬

ଶ ൎ െ ௧ܸln ൬

൅ ௧ܸln ൬
௜௡ଶݒ
௦ܴܫ

െݒ௢௨௧
ܴ

 

ሻ ൎ ௦݁ܫ
௩೏
௏೟  

݁
௩೔೙
௏೟  

ܴ݁
௩೔೙
௏೟  

termine the

 

൬
௜௡ଵݒ
௦ܴܫ

൰ 

൬
௜௡ଶݒ
௦ܴܫ

൰ 

൰ ൌ ௧ܸln ൬
ݒ

 

e relation be

௜௡ଵݒ ൈ ௜௡ଶݒ
௦ଶܴଶܫ

൰

etween inpu

      

 

൰ 

ut voltages

     (10)

, 

) 



 

 

Q.2 

circuits

Bode m

(a) Seri

Solutio

Determine 

. Then roug

magnitude pl

es LC circu

on 

௢௨ݒ

transfer fun

ghly plot th

lot, and pha

uit as shown

௧ ൎ െܫ௦ܴ݁

௏

nctions from

e Bode diag

ases in the B

n in the belo

ݒ

ܸ

3 

௏೟୪୬ቆ
௩೔೙భൈ௩೔೙

ூೞ
మோమ

௏೟

m input vo

grams of th

Bode phase p

ow figure.

ݒ ൌ ܮ
݀݅
ݐ݀
൅

ܸ ൌ ൬ݏܮ ൅
ܥ

ܫ
ܸ
ൌ

ݏܥ
ଶݏܥܮ

Zero = 0

Poles = േ

 

೙మቇ

ൌ െ
௜௡ଵݒ

oltage to ou

he circuits, i

plot. 

 

 

׬ ݐ݀݅
ܥ

 

1
ݏܥ
൰  ܫ

ݏ
൅ 1

 

0 

௝

√௅஼
 

ଵ ൈ ௜௡ଶݒ
௦ܴܫ

 

utput curren

identify zero

nt of the fol

os, poles, s

  

llowing LC

lopes in the

     (10)

C 

e 

) 



 

(b) Para

 

Solutio

allel LC circ

on 

cuit as showwn in the be

݅

ܫ

4 

elow figure.

ൌ ܥ
ݒ݀
ݐ݀

൅
׬

ܫ ൌ ൬ݏܥ ൅
ܮ

ܫ
ܸ
ൌ
ଶݏܥܮ

ݏܮ

Zero = േ
√

Poles = 

 

 

ݐ݀ݒ׬
ܮ

 

1
ݏܮ
൰ܸ 

൅ 1
ݏ

 

௝

√௅஼
 

0 

൬ൈ
1

ܥܮ√
൰ 

 

 

       (10)) 



5 
 

 

 

Q.3 An Eddy current drag-cup tachometer is used to measure speed of an engine. The dead 

space of the tachometer is between the engine speed of -120 and 120 rpm. Outside the dead 

space, the rate of change of voltage output from the tachometer has linear relationship with the 

rate of change of engine speed. From the experiment when the engine speed is 2,000 rpm the 

voltage output is 2 V. Determine the engine speed when the tachometer indicates voltage output 

of 3.5 V.                            (10) 

Solution 

Outside the dead space, the relation between engine speed and voltage output follows 

ܸ ൌ ݉߱ ൅ ܿ      (1) 

At 120 rpm, the voltage output is 0 V. 

0 ൌ ݉120 ൅ ܿ      (2) 

At 2,000 rpm, the voltage output is 2 V. 

2 ൌ ݉2000 ൅ ܿ      (3) 

(3)-(2), 

 2 ൌ ݉1880               (4) 

݉ ൌ ଵ

ଽସ଴
              (5) 

ܿ ൌ െ
଺

ସ଻
              (6) 

When the output voltage is 3.5 V, 

൬ൈ
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3.5 ൌ
ଵ

ଽସ଴
߱ െ

଺

ସ଻
                (7) 

߱ ൌ 3410 rpm                (8) 

 

Q.4 A rate-integrating gyro installed in a car is used to measure pitch angle of a hill. The hill 

height, h, is a function of hill horizontal distance, x, as expressed by the equation ݄ ൌ 200݁ି
ೣమ

రబబ 

when all the units are in meters. Static sensitivity of the rate-integrating gyro is 0.1. Determine 

the output deflection, ߠ, from the gyro as a function of hill horizontal distance. Determine the hill 

pitch angle and the output deflection when the hill horizontal distance is 50 meters.     (20) 

Solution 

Slope of the hill is determined from,  

tan߶ ൌ
݄݀
ݔ݀

ൌ െି݁ݔ
௫మ
ସ଴଴ 

߶ ൌ atanቆെି݁ݔ
௫మ
ସ଴଴ቇ 

ߠ ൌ ߶ܭ ൌ 0.1atan ቆെି݁ݔ
௫మ
ସ଴଴ቇ 

When x = 50 m, 

߶ ൌ atanቆെ50݁ି
ହ଴మ
ସ଴଴ቇ ൌ െ0.0962	rad ൌ 	െ5.51	degree 

ߠ ൌ 0.1atan ቆെ50݁ି
ହ଴మ
ସ଴଴ቇ ൌ െ0.0096	rad ൌ െ0.55	degree 

 

Q.5 A dynamometer is used to measure power of a vehicle engine. When the engine speed is 

2500 rpm and the engine torque is detected at 100 Nm make the amplitude of the voltage output 

from the Wheatstone bridge circuit become 0.4 V. Determine the power when the voltage output 

indicates 1.5 V.                (10) 
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