












mami m one,  (In cdiaL&. 
A capacitive transducer of two parallel plates of overlapping 
area of 5 cm2 i 0.5% immersed i n  water. The capacitance, c, was 
found to be 950 PF. Calculate the Seperation, d, between the two 
plates and the sensitivity (ac/dd) of this transducer. 

If the allowed uncertainty in d i s  31, what is the maximum 
permissible uncertainty i n  C ? 

Phvsical Constants : 

Magnetic Permeability for free space (pol  i s  4r1 x H/m 
Permittivity of Vaccwn (g) i s  8.854 PF/m 
Relative permittivity for water 6) i s  81 

- 

-1 The thermistor is a semiconduc1or resistance transducer used i n  the 
measurement of temperature. The output-input relation for that 
transducer i s  

where R, is the value of resistance at a reference temperature T, 

At the unknown temperature T, the resistance R i s  measured, then 
T i s  calculated as : 

To 

For To = 30WK, 0, = 342WK Ro = 1KO i 30, R = 2K0 i 2% 

a1 Calculate the nominal value of T. 

b) Find the sensitivity (dR/dT) of the transducer at the given 
operating point. 

C) Show that : (AT /T )~  = (T/B,)~ [(AR,/%? + (AR/R)'] 

1 -3 L A voltage source of an internal resistance Ro = 0 5 k o  i s  measured 
------- ---------- 

8 times wi th  a moving coil meter The mowing rea(Ytrwwwe 
obtained. 

6.73, 6.74, 6.69, 6.71, 6.70, 6.73, 6.72, 6.74 volts 

The same source was also measured by a recently callbrated digital 
voltmeter whose input resistance i s  no less than 20 MO. The 
following 6 readings were obtained: 

7.073, 7.069, 7.072, 7.074, 7.07 1, 7.073 Volts. 

a) Find the precision and accuracy of both sets of readings 

b) How should the readings of the moving coil meter be 
recalibrated ? I 



1 - 4 A spring scale i s  a 
transducer that 
converts weight,W, 
to deflection .Y. 
I ts  output-input relation i s  given by 

where D = mean coil diameter of the spring, X - i t s  steel wire 
diameter, E = torsional elastic modulus for steel, and N = number 
of coil turns. 

The deflection was measured to be Y = ( 1  0 r 0.02) cm. for the 
following transducer specifications : 

E = 80 x lo9 p a t  4%, and N = 50 i 0.5 

a) Calculate the nominal value of W. 
b) Calculate the uncertainty in  W. Rank the various variables 

according to their contribution to A W .  
C) Find the nominal value of the transducer's static sensitivity. Plot 

this value as a function of the input W. 

A satell ite i s  observed so that i t s  speed may be determined. On the 
f i r s t  observation, it was found at a distance R from the observer = 

(30,000 t 10) km. Five seconds later, this distance has increased 
by r = (1 25.0 t 0.5) km and the change in  angle was 0 = 

(0.00750 i 0.00002) radians. What i s  the speed of the satellite, 
assuming that it moves in  a straight line and wi th  constant speed in  
the given direction ? 

( ~ i n t  = Use the cosine formula: 

d2 = (R + rp + - 2R (R + r) Cos 0 

andnote that 1 - C o s 0  = $/2 - d/24 ------ ). - 
I-bj A strain whose true value i s  conventionally known as 340 bm/m 

was measured by a certain guage. The following 12 readings were 
obtained: 

calculate : 

a) the average value and the bias of this set of readings. 
b) the precision and accuracy of the guage. 



The output expression for a multiplier is 

However, to  include a l l  sources of error, this expression i s  
rewrit ten as : 

where yl = y t o '  W,, . y2 = Y ~ ~ A W ~ ~ ,  P - 1 LW,,  

Estimate an upper bound on the error i n  Z. 

l_g) A metall ic resistance thermometir has a linear variation of 
resistance w i th  temperature R = Ro [ I  + (T - To)]. 

The resistance Ro = 20 KO 0.1%, while at a temperature T the 
- 

resistance R i s  found t o  be R = 30 KO 2 0.1%. The coefficient % 
is  0.00392 OK-'. 

a) Write an explicit expression for T. 
b) calculate the nominat value or T. 
C) Find the stat ic sensitivity (bR/dT) of the thermometer. 
d) Show that the uncertainty AT in T i s  given by 

five resistors are available, one of 20 O and four of 10 O each. 
The uncertainty of the 20 O resistor i s  5% and that of each 10 D 
resistor i s  10%. Three possible connections using these resistors 
are shown below. Which connection would you use to  obtain a 
resistance of 30 O with the least uncertainty 7 What i s  the 10.a. 10.2- 

uncertainty of this best connection ? Zi' n re.2 
/Q J L  (C-% I @ / L  c v v ' ~ 4 ' -  

c v \ ~ \ ~ " v ~ C V -  
g c A 

The electronic counter can be used for measuring the time period of 
periodic signals. Show that the uncertainty in the measurement can 
be reduced by a factor of I/ ,F i f  the average of N time periods is  
taken. 

Hint : T, - I /N (T1 + T2 + ........... + TN) . 

The T,'s are statistically independent, Ti = T + AT) 



mi The discharge coefficient C of an orifice can be found by 
collecting the water that flows through during a timed interval 
when it is under a constant head h. ' The formula is 

Find C and i ts  uncertainty i f  

n d2 

W - (865 +- 0.5) Ib, , A = , d = (0.500 a 0.001) " 

4 



31 TWO sinusoidal signals V, and V, are applied t o  an oscilloscope in 
J 

- 
dual trace operation (V, applied to  CH.l and V, applied to CH.2). The 

trigger source i s  CH.1 and the various sensitivities are SCHl = 20 m 

V/crn, S,,, = 1 V/cm, S ,  = 20 ms/crn. For the dual trace shown, 

find 

- the peak t o  peak values of V 1 and V2 

- the rat io of V2 to V, in  decibels. 

- the time period and the frequency of both signals. 
- the trigger level and trigger slope. 
- the phase shift  between V, and V,. Does V,!ead or lag V2 ? 

2-2 1 The two voltage signals 

V, ( t )  = 40 sin (628 t + z/5) V 

V, ( t )  = 60 sin (628 t)  

are applied to channel 1 and 2 respectively of a dual-trace 
oscilloscop&%ketch the trace on the 8 crn x 10 cm CRT screen, 
given that: 

- The'vertical sensitivity of both channels = 20 V/cm. 
- The time base sensitivity = 2 ms/crin 
- The trigger source is channel 2, wi th a trigger level of 30 V and 

trigger slope = positive. 



@ If the oscilloscope is  switched to XY operation, sketch the pattern that 
results on the screen i f  V,(t) i s  applied to  the X-input and V,(t) i s  

applied to the Y-input and both horizontal and vertical sensitivities 
are kept a t  20 V/cm. 

@ For a horizontal frequency fH = 1 3, the following Lissajous 

figures were obtained. Find the corresponding vertical frequency for 
each figure. 

Two sinusoidal voltages V,(t) = V, sin t w t  + 0,)  a d  \s(d, = V,sin (wt  

+ B ~ )  are applied to  CH. I and CH.2 respectively of an oscilloscope. The 

two vertical sensitivities are both equal to 50 mVlcm, and the 
time-base sensitivity is 20 ms/cm. For the shown trace determine the 
amplitudes VI and V,, the circular frequency W, and the phase shi f t  0 



7-41 Two sinuroidal voltages V, and V, are applied to an oscilloscope, V, 

applied to channel I and V2 applied to channel 2. 

Given: 

- Channel 1 Vertical Sensitivity = 0.5 V/cm. - Channel 2 Vertical Sensitivity = 1.0 V/crn. 
-Time Base Sensitivity = I0 m Sec/cm 
-Trigger Source i s  Channel 1. - See Fig. b e h ~  

Determine: 

- Peak to peak value of V2 

- Frequency of both signals. 
- Phase-shift between V2 and V,. Which is leading ? 

- Trigger level. 
-Trigger slope, whether + ve or - ve. 

TiJ  An oscilloscope was used for the measurement of phase shut  n 
d 

between two signals V, and V, of the same frequency. The 

following results were obtained: 

- for the ellipse method [B = sin-' (y,/y,)l 

y, = (3.5 i 0.05) cm, y,,, = 15 i 0.05) cm 



- for the dual-trace method 10 = (d/D) 2n rad] 

d = ( 1  2 0.05) cm, D = (8 i 0.05) cm. 

In both cases determine the phase shift  8 and i t s  uncertainty. Can any 
of the methods (a) or (b) be used t o  determine i f  V, leads or lags 

V,? 

I---%; Fjj .. - - 

*, 

Two sinusoidal voltages V, and V2 are applied to an oscilloscope in 
dual trace operation (V, applied to channel 1 and V, - applied to 

channel 2). The vertical sensitivities are S,,, = 10 mV/crn and S,,, = 

0.05 V/crn. The time base has SH - 10 mS/cm. The trigger source i s  

CH.2 For the dual trace shown, find : 

- The peak to peak values of V, and v,. 
- The time period and frequency of both signals. 
- The trigger level and trigger slope. 
- The phase shi f t  between V, and V1. Does V, lead or lag VZ? 

NOW, the oscllioscope ts swltched to XY operatton V, i s  connected, to 

the X input wi th  S, = 10 mV/crn, and V, i s  connected to the Y input 

wi th  5, = 0.5 Vlcrn, so that the above ellipse results. Find 

,The distances Ym, Yo, Xm, and X,. 



The input and output to an amplifier are the two sinusoidal voltages S L W ~  
V,  and V2 respectively. These two voltages are applied to an 

oscilloscope in dual trace operation (V ,  applied to  CH.l and V2 applied 

to CH.2) 

CH.1 vertical sensitivity : 
CH.2 vertical sensitivity : 
Time base 
Trigger source i s  

The trace obtained i s  as shown i n  the figure below. Assume an 
uncertainty of 0.5 mm. i n  a l l  distances measured. 

- if  the gain G of the amplifier i s  defined i n  dR by: 

G = 20 log,, 

S, , Dpp1 

Where S,, S2) Dpp 1 and Dppz are defined as above .Show that the 

uncertainty i n  the gain is  given by: 

w ~ ~ ~ ,  W 

!W'i2 = (20 log ,,siZ [( 1 2 +  ( )'I 
"PP , $0, 



- Calculate the value of G and WG for  the above case. 
- Find the phase sh i f t  between Vl and V2 and i t s  uncertainty. Does 

V, lead of lag V2? 

Twoknuso ida l  voltages V, and V, are applied to  the oscilloscope; 

V, applied to  CH. 1 and V? applied to  CH.2 

- CH. 1 vert ical  sensit iv i ty 
- CH.2 vert ical  sensit iv i ty 
- Time base 
- Trigger source 

= 50 mV/cm 
= 50 mV/cm 
= 20 mS/cm 
= CH. 1 

For the shown trace determine: 

- Peak to  peak value of V2 
- Time period of both signals 
- Phase sh i f t  

- Trigger level 
- Trigger slope 
- kssuniinq an uncertainty of t 0.5 mni i n  a l l  distances measured, 

what 1s i h e  percentage uncertainties i n  the resuslts of the f i r s t  
three parts 

I f  the 2 signals are applied to  the oscilloscope i n  XY operation, 
sketch the result ing display. 



Two voltages e, and e2 are represented by 

e, = I00 Sin (314 t) volt 

e, = -150 Sin (628 t )  volt 

These are applied t o  channel 1 (Y1) and channel 2 (Y2) of a double 

beam oscilloscope respectively 

a) Sketch the trace on the CRT screen, i f  
Vertical sensitivity of both channels - 50 V/cm. 
Time Rase = 2 m Sec/crm 
Width of the screen = IG cm 
Height of the screen = 8 crn 
Trigger Source-Channel 1 
Trigger Level = 0 (zero) 
Trigger slope - positive 

t ~ j  I f  the time base i s  switched off and XY operation i s  used wi th  Y, 

input applied to Y-deflecting plates and Y, input applied 

to X deflecting platesf sketch graphically the pattern on the CRT 
screen. 

- /  Two voltages V, and V, were applied t o  dual channel oscilloscope. 

V, applied t o  Ch. l and V, applied to Ch.2. 

Ch. l Vertical Sensitivity - 50 mv/cm. 
Ch.2 Vertical Sensitivity = O.Sv/crn. 
Time base = 0. I m sec./cm. 
Trigger spaurce Ch. I 
For the shown scope trace, determine. 

- Peak to peak value of V, 
- Peak to peak value of V, 
- frequency of both signals 
- Phase shlft  V2 (leads) V ,  by 7 

- Trigger level 
- Slope (+ ve o r  -ve) 

Sketch the scope waveform f a  a sine wave input 30 rnv peak at a 
freqgency I000 Hz, given that 

- Vertical sensitivity 10 rnv/cm 
- Time sensitivity 0.2 m sec/cm. 
- Screen width 10 cm. - Trigger level Ov 
- Slope:- negative. 



In problem 2 above sketch the wave form of another signal 20 mv 
peak at the same frequency and having a phase shift  SO0 leading, given 
that the second channel sensitivity i s  10 mv/cm. 

m/ Sketch the resulting pattern on the ~~ i l l oscope ,ve r t i ca~  scale&.5 
v/crn, horizontal scale O.%/crn, x) /  MAC 

a) Vx = 1 sin w t  

b) Vx = 2 sin w t  

c)~ V, = 0.5 sin w t  
5) V, = 1.5 sin w t  

e) V, = 2 sin w t  
f )  Vx = 2 sin w t  

g) V, = 2 sin (w t  + 0) 

V, = 45 sin (w t  + 60°) 

V, = l sin (w t  - 60') 

V, - 1.5 sin (wt  + 120') 
V, = 2 sin (wt  - 120') 

V, = 1 cos wt 
Vy = 2 cos w t  

VY = 1.5 sin (wt + 8) 

h)  V, = 2 sin (w t  + B) V, = 1.5 sin (wt  - 0) 
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PROBLEM SET FOUR, 9 62 ddkfl 

A moving coil instrument has the following data: 

No. of turns = 100 
Width of coil = 2 cm 
Depth of coil = 3 cm 
Flux density in  the gap - 0.1 wb/m2 

Calculate the deflecting torque when carrying a current of 10 m A. 
Also calculate the deflection i f  the control spring constant i s  20x 
lo-' N-m per degree. - 
The coil of a mc voltmeter i s  4 cm long and 3 cm wide and has 
100 turns on i t .  The control spring exerts a torque of 2.4 x 
N-m when the deflection i s  100 divisions on fu l l  scale. I f  the flux 
density of the magnetic f ield in  the air-gap i s  0.1 wb/m2, estimate 
the resistance that must be put i n  series wi th  the coil to give one 
volt  per division. The resistance of the voltmeter coi l  may be 
neglected. - 411/ Design a multi-range d.c ammeter using a basic movement wi th  an 
internal resistance R, = 50 O and a fu l l  scale deflection current 

I, = l rnA. The ranges required are 0- 10 mA, 0-50 Amp, 0- 100 mA 

and 0-500 mA - 
A mc instrument gives fu l l  scale deflection of 10 mA when the 
P.D. across i t s  terminals i s  100 mV. Calculate (a) the shunt 
resistance for a fu l l  scale deflection corresponding to 100 A and 
(b) the resistance for fu l l  scale reading wi th  1000 V. Calculate the 
power dissipated in  each case. 

A basic d. Arsonval meter movement wGh an internal resistance 
R, = 100 0, a fu l l  scale current of I, = ImA, i s  to be converted 

into a multi-range d.c. voltmeter wi th  ranges of 0-10V, 0-50V; 
0-250V and 0-500V. Find the values of various resistance using the 
potential divider arrangement. 

4-6 Calculate the multiplying power of a shunt of 200 O resistance 1 used wi th  a galvanometer of 1000 O resistance Determine the 
value of shunt resistance to give a multiplying power of 50. 



It i s  desired to measure the voltage across a 50 K O resistor in  the 
circuit shown in Fig. Two voltmeters are available for this purpose. 

Voltmeter A wi th a sensitivity of 1000 O/V and 
Voltmeter 6 with a sensitivity of 20,000 O/V. 

Both meters have 0-50V range. Calculate (a) the reading of each 
voltmeter and (b) the error in each reading expressed as a percentage 
of true V. 

4 - 8 Two generators wi th 500 O internal resistance have a SAWTOOTH and 
Tropiioidal output voltages as shown The r m . s  va lueof  these 
outputs to be measured by a moving coil instrument whose internal 
resistance i s  10 kO. The instrument has a fu l l  wave recti f ier and i s  
caliberated for sinusoidal wave forms. Calculate the errors due to the 
waveform and also the loading errors. 



L-9 A voltmeter has a resistance of 20 KO/V; i s  used to  measure the 
voltage on the shown circuit on a IOV range. Find the percentage 
loading error. 

I A voltage source of an internal resistance Ro = 0.4 KO i s  measured 
5 times with a moving coil meter. The following readings were 
obtained 

The same source was also measured by a recently calibrated digital 
voltmeter whose input resistance i s  10 MO. The following 4 readings 
were obtained 

- Estimate the percentage loading error of the digital voltmeter. 
- Find the precision and accuracy of both sets of readings. 
- any of the readings need recalibration ?How ? 
- I f  the bias in  the moving coil meter i s  due solely to i t s  loading 

error, estimate i t s  input resistance. 

A moving coil movement has 100 turns, 5 cm2 coil area, and air-gap 
- magnetic flux density of 0.1 t ( ~ m - ~ ) .  The control spring exerts a 

torque of 5 x 10" Nm at  the full-scale deflection of 90°. The 
potential difference accross the coil terminals at full-scale 
deflection i s  100 mV. Using the above movement, desian a 
multi-range DC ammeter wi th  ranges [O, 501 mA and [O,11 A, and a 
multi-range DC voltmeter wi th  ranges [O, lo] V and LO, 2001 V. - 
An average reading full-wave recti f ier moving coil AC voltmeter is  
calibrated to  read correctly the RMS value of applied sinusoidal 
voltages. The periodic waveform V (t) shown i s  applied to the meter 



Calculate Vws for this waveform, Vindicated and the waveform error 

A D'Arsonval movement gives fu l l  scale deflection of 1. mA 
when a voltage of 50 mV i s  applied across i t s  terminals. 

Calculate the resistance that should be added in series wi th  this 
movement to convert it into a 0- 100 V voltmeter. The above 0- 100 V 
voltmeter i s  used to measure the voltage across the 10 KO resistor in  
the shown circuit. Determine the percentage loading error. 

-= For a D'Arsonval movement, the reading i s  0 = 4S0 O.SO. I f  the 
number of turns i s  N = 100 i 0.3, the coil area i s  A = 6 cm2 t I %, 
the magnetic flux density i s  8 = 0.2 t i I%, and the total spring 
constant i s  K = 5 x 10-8 Nm/o + 2%, 

Find - 

- the nominal value and percentage uncertainty of the current I. 
- the nominal value of the movement sensitivity. 



41-15/ A D'Arsonval movement has a full-scale deflection current I,, = 50 

mA and a coil resistance = 50 0. this movement to  & 
- an ammeter wi th  range [0,2] A. 
- a voltmeter with range 10,201 V. - 'm What would you mark as readings i n  the 0-scale for the shown 
0-meter circuits when the readings in  the current scale i s  : 

Find the steady state deflection o f  a moving coil galvanometer in  
degrees and in mm on a scale placed t m away when a current of 1 
mA is  passed through i t s  coil. Also calculate the resistance required 
for cri t ical damping i f  the galvanometer has a relative damping of 0.1 
on open circuit. The data of the galvanometer i s  : 

D irnensions of coil = 25 x 20 mm, number of turns = 100, flux 
density=0.1 Wb/m" inertia constant = 0.1 x lod kg-m2 and control 
constant = 25 x Nmlrad. - - a The pJ. shows a circuit for testing of a galvanometer where E.1.5 V, 
R, = 1.0 0, R, = 2500 0, R3 i s  variable. 

When R3 = 450 0, the galvanometer deflection i s  15W rnm and wi th  

R3 = 950 0, the feflection i s  reduced to 75 rnrn. Calculate (a) the 
resistance of galvanometer, (b) current sensitivity of galvanometer. 
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