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MRDE ERSY I Rank Improvement Workbook 3

m Conventional Questions ]

% Uncertainty in loss = +5.34%
% Uncertainty in efficiency = +0.4030%

Solution : 1

Solution : 2
Onthe 5 Vrange, the voltmeter reading is,
VR, = 4.782V
The % error onthe 5V range is
%Error = —-4.36%
On 10V range, the voltmeter reading is
VR, = 4.88V
The % error onthe 10 Vrange= —-2.4%
On 30V range, the voltmeter reading on the 30 V range

VR, = 495V
The % erroronthe 30 Vrange = —1%

In the above example, the 30 V range introduces the least error due to loading. However, the voltage being
measured causes only a 10% full scale deflection, whereas on the 10 V range the applied voltage causes
approximately a one third of the full scale deflection.

Solution : 3
We have, Toc MPEIZ!
Therefore, we can write, T=kMPEIZ!

where, K = a constant (a dimensionless quantity).
Writing the dimensions of various quantities:

o B Power
orque = Angular velocity
213
Dimension of torque = [Ms—ic]] = [M?T7]

[Mutual inductance] = [uL]
[Emf] — [E] — [“1/2 M2 LS/ZT—Z]
[Impedance] = [Z] = [uLT]
Substituting the dimensions of various quantities in the expression for torque, we have:
[/\//L2 7'—2] — [ML]p[M1/2 M2 |32 T—Z]q [MLT—1]I
_ I:Hp+q/2+t + MA/2 4 | p+EI2)a+t +7——2q—[]
In order that the two sides should balance dimensionally,

q q
+—+t = =1
p+s 0, >

p+gq+t =2, and -2g-t=-2
From above, p=1g=2and t=-2

ME
72

Therefore, the equationis T o« ME2Z72 o<
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4 Electrical Engineering @ Electrical & Electronic Measurements MBDE ERSY

Solution : 4
P 100 = 97.32%
P
P” = True power and P = Power calculated by freshman

Solution : 5

() Arithmetic mean, R = 147.53 Q
(i) Average deviation, D =0.216 Q
(iiiy Standard deviation, 6 = 0.2983 Q

Solution : 6

+ve limiting error = -0.07%
—ve limiting error = -0.3298%

Solution : 7
(@) Resonantfrequency =1 MHz

(b) Resonant frequency = 0.9 MHz
Relative errorin f. = -10%

(c) Resonantfrequency =1.1 MHz
Relative errorin f = 10%
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m Conventional Questions ]

Solution : 1
(@) R, = 31.26Q
(b) Ry, = 36.73Q
Solution : 2

Reading of the wattmeter, W = 2238.203 W

Solution : 3

1.104 - 0.958
1.104

38.33-22.08
22.08

It can be rectified by bringing braking magnet near to the centre of disc.

x 100% = 13.22%

Error registration

Errorin rpm of energy meter, % error = x100 = 73.6% (fast)

Solution : 4
One wattmeter method can be used only when load is balanced. The connection are as under:

Measurement of active power:

CcC
o DO
14
PC
3 2
[}
I
[
One wattmeter method

The current coil is connected in one of the line and one end of pressure coil to the same line, other end
being connected alternatively to other two lines. The phasor diagram is as under.

V1 2 V1 3

Phasordiagram

[www.madeeasypuincations.org MRDE ERSH © Copyrigha




MRDE ERSY 1 Rank Improvement Workbook 7

V,=V,=V,=V (V- phase voltage)
L =1=13=1 (I — phase current)
Vig=Vip= \/§V
Reading of wattmeter switch at 3:
P, = V51, cos (30 -¢)
= J3VIcos(30-¢)
Reading when switch at 2:
P, = V,,1,c0s (30 + )
= J3VIcos(30+¢)
Sum of 2 reading, P, + P, = \J3VI(cos(30- ¢) + cos(30+ ¢))
We know,cos (A + B) + cos (A—B)=2cos A-cos B
=3 VIcos o

= Power consumed by load
However an drawback/limitation of this method is that it is suitable for balanced load only.

Measurement of reactive power:

RO ® @

PC
Z£¢ (lag)
N
ZLY
ZLo

B o

]

VYB

yo 1

Current coil is connected to one phase and potential coil connected between remaining two phases.

Wattmeter reading, W = V,g1,cos (Angle between V| and 1)
=V, I,cos (90-¢)
V, 1, sin ¢ (1-¢ reactive power)

Three phase reactive power is

Q= 3W=+3V,1, sino
= Reactive power consumed by 3-¢ load
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8 Electrical Engineering ® Electrical & Electronic Measurements MBDE ERSYH

Solution : 5

The value of A, which will limit current to full scale deflection current can be calculated as

F?s = £—Ffm :i—1009:3k9—1009:2.9k9
I, 1mA
The value of R_with a 20% deflection is
Rx = @_(Rs_kﬂm)
where P = L:ZO%:Q:O.Z
I, 100
p = 2IKQ+OIKD) 5916, 0.1kQ)
0.2
R. = SOLQQ—SKQ=1SKQ—SKQ=1ZKQ
The value of R_with a 40% deflection is
R = st Fm) ;R’”)—(Rsﬂ?m)
where P = L=4o%=ﬂ=o_4
I, 100
R = 29KQTOTKD) 5510, 01k0)
0.4
F?x = %—BKQ:ISKQ—SKQ:4.SKQ
The value of R_with a 50% deflection is
(R, +R.)
R = %_(Rsﬂqm)
where P = L=50%=ﬂ=0.5
I, 100
R = 2IKQ+OIKD) 4104 0.1kQ)
0.5
R = %—3k9=6k9—3k9=3k9
The value of R_with a 75% deflection is
(R, +R.)
R = %_(Rsﬂqm)
I 7
where P = S

— =75%=—=0.75
I 100

m

(29kQ+0.1kQ)

R = —(2.9kQ+0.1kQ)
x 075

R = 3KQ 10 -4kQ-3kQ=1kQ
x = 075
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The value of R_with a 90% deflection is

R

X

where P

R.+R
M—(Rs"'ﬁm)
L=9o%=£=o,9o
I, 100

(2.9kQ +0.1kQ)
0.90

%—SKQ =3.333kQ-3kQ =0.333kQ

~(2.9kQ+0.1kQ)

The value of R_with a 100% deflection is

R

X

where, P

Solution : 6

Control constant,
Inertia constant,

Bt An) _(r +R,)
P

1 100% =19 _4
I, 100

(2.9kQ +0.1kQ)
1

~(2.9kQ +0.1kQ)
@—MQ:SKQ—SKQ:O

K = =10x 102 Nm/rad
J=9.12x 102 kgm?

Total circuit resistance for critical damping or dead beat

Solution : 7

R =1309 Q

(a) Resistance temperature coefficient of instrument = 0.00066/°C

(b)

(c) Capacitance,
Solution : 8

Resistance of potential cail,

Wattmeter reading,

Error = 1.2% low

C= 0.0455uF

R =29 _ 50000

P~ 0.05

P=1768W
HEER
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m Objective Questions ] m Objective Questions ]

1. [0
El o
3. 0
N @
5. G
(6. N0

7. (a)

(3. Gl

‘uorssiwiad usiiMm 8y} INoylIM Woy Aue Ui pasi|iin 1o paonpolidal 8q Aew %00q siu} jo Led oN 1yjled maN ‘suoieolignd ASY3 IAVIA 0} Jelew joelgns 3ybuAdod @

(www.madeeasypuincations.org MRDE ERSH © Copyright)




MRDE ERSY 1 Rank Improvement Workbook | {1

m Conventional Questions ]

Solution : 1
The value of shunts are, R, = 0.05263 Q;
R, = 0.056263 Q
R, = 0.4147 Q;
R, = 474Q
Solution : 2
R, = 9.09Q R =0909Qand R, =0.101 Q
Solution : 3
R, R, R,
AVAVAVAV AVAVAVAV AVAVAVAV
J: OJ "
—oV, oV p
DS ¢
PN | SR,
o
Step-1: For a5V (V;) the total circuit resistance is
R,=05Q

Ry=R—-R_=400Q
Step-2: For a 50 V (V) position,

R,=5Q

R,=R,—(Ry+ R) = 45kQ
Step-3: Fora 100 V range (V) position

R,=10Q

R, =R—-(R,+ R+ R )=5kQ
Hence it can be seen that A, has a non-standard value.

Solution : 4
(@) Sensitivity = 4 V/cm
(b) Loading error = 46.4%
Solution : 5
[@ Copyright www.madeeasypuincations.org]
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Let, M = Unknown mutual inductance

L, = Selfinductance of secondary of mutual inductance

L, = Known self inductance

R,. R,, Ay and R, = Non-inductive resistors

At balance condition voltage drop between ¢ and d must be equal to the voltage drop between a and d.
Also voltage drop across c-b-a must be equal to the voltage drop across c-d-a.
Thus, LR, = I,R, )
and (1, + L) (joM) + I(R, + R, + joL,) = I,(R, + Ry + joL,) ...(i)
From equation (i) and (ii), we get

R. , R. . .
[2(ﬁ?+ 1J (j(D/W)-I— 12(??) (H~| + H4 +j(DL4) = 12(":‘)2 + F‘>3 + /(DL(})

or, (jwM)[1+%j+Rz+le_f4+ij4-% = R, + R, + joL,
1 1 1
Equating real and imaginary part, we get.
Thus, R, = fis A,
RZ
(1 s /?2) R, +R,
R1
If R, =R, M = -
and R, =R,
Solution : 6
- R ARG
i R =—=|Ryj+——
0 * @( e
(ii) ®= 1
VRGRACy
(iii) o = 2500 rad/sec
Solution : 7

R = 486kQandL =270 mH

Solution : 8

(a) Atbalance, the value of unknown resistance,
R =0.001Q
(b) I=20A
(c) Deflection of galvanometer, 0= Silg =1.34 mm.

[www.madeeasypuincations.org MRDE ERSH © Copyrigha
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Solution : 9
The voltage circuit is shown in figure.
For balance, YV, =YY,
or i+'oaC i+'ooC = (joC,) ! iwC
R1/1R4/4 /mQR—3+/(n3
e
or 1 _w?ce, |+ G, b ez -,
RR, R, R, Ry
Equating the real and imaginary parts, we have
1 .
RA, - (DZC1C4 = _(”20203 - (1)
and G, G _ G (i)
R, R, R,
From (i) and (ii), we have
Coffs w?C,C5C,R2
R
C = : 2202
1+ 0CiA;
2 2 CZR4 2N 2p 2
Now, 0°C,C,C,Rr<< —== and o°C,°R,~ << 1
RS
. Ry
Hence we can write C, = CZE’_
3
When the capacitor C, is without specimen dielectric, let its capacitance be C,.
G = 02& =150 x 5000 _ 150 pF
R, 5000
When the specimen is inserted as dielectric, let the capacitance be C,.
R 5000
C.= C,—*=900x—— =900 pF.
sT 2p 5000 P
Now, c,= %2 andc, - %
Relative permittivity of specimen, g =06

Solution : 10
(a) Value of resistance for which the errors are equal for the two types of connections
R = R4R, =+/2x5000 =100 Q

Since the resistance to be measured has a value less than 100 Q, the method should be used as it
results in smaller error. Use (ii) method to reduce error.

(b) Since the error correspond to standard deviations, error due to ammeter and voltmeter
= +1.38%
Absolute error due to ammeter and voltmeter
=+12Q

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)
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Solution : 1

m Conventional Questions ]

Functional Block diagram of Digital Frequency Meter:

B [ AW | schmitt | TUL | start stop Counters
Frequency Amplifier trigger gate ﬁ ﬁ ﬁ
Source

Principle of Operation:

1.

(i)
(if)

The unknown frequency signal is fed to the schmitt trigger. The signal may be amplified before being
applied to schmitt trigger.

In a schmitt trigger, the signal is converted into a square wave with very fast rise and fall times, then
differentiated and clipped.

As a result, the output from a schmitt trigger is a train of pulses, one pulse, for each cycle of the
signal.

The output pulses from the schmitt trigger are fed to start stop gate when this gate opens (start), the
input pulses pass through this gate and are fed to an electronic counter which starts registering the
input pulses.

When the gate is closed (stop), the input of pulses to counter ceases and it stops counting.

The counter displays the number of pulses that have passed through it in the time interval between
start and stop. If this interval is known, the pulse rate and hence the frequency of the input signal can
be known. Frequency of unknown signal,

N
=7
where, f = frequency of unknown signal, N = number of counts displayed by counter
t = time interval between start and stop of gate and f = frequency of the signal = 3.5 kHz = 3500 Hz
Assuming 5 digit display
t=0.1second
Display = 00350
t=1 second,
Display = 03500

(iii) t= 10 second,

Solution : 2

Display = 35000

Q-meter is an instrument which is designed to measure the value of Q directly and as such is very useful
in measuring characteristic of coils.

Working principle: It is based on the characteristic of a resonant series R, L, C circuit

I R L C
—MWW——O00—— 1 x7
—" Iy, E
| | |
I | |
E Ec
'O .
l E,

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




16 Electrical Engineering @ Electrical & Electronic Measurements MBDE ERSY

Atresonant frequency f,, we have

Xc = XL
1 1
X. = =—
¢ 2niC  oC
X, = 2nfyL=om,L
1
So, fi= ——
O onJLC
E
Atresonance, I, = R

Ec = |IoXc| = 10X\ | = IowL = E,
E=1,R
Ec Inogl ol
E - IR R
So Qs measured by measuring supply voltage and voltage across capacitor.
Error:

=Q

e Q= E?C and if supply voltage is kept constant, voltmeter across the capacitor may be calibrated to read

value of Qof the coil. However there is an error. Measured value of Qis the Q of whole circuit and not the coil.
e (Circuit of a Q-meter:

RL.
T T
o |
A Ca
<>
Oscillator Ry = @ ;_’/ c @ E;
AAAA 5
YVvy

I
Tunning capacitor

e Oscillator deliver currentto R, Further there is a distributed capacitance of the coil. There is an error
onaccount of R, and distributed capacitance (C,).

Correction for R, gives Qo = Qreasured 1+%) If R>> R, error will be lesser. If measurement is
carried out for high Q coil i.e. Ris smaller then large error may occur due to R,
o C,=14.29pF
o L =13.57uH
Solution : 3
Let, X — Horizontal plate deflection

Y — Vertical plate deflection
X =V, sin (ot +0,)
X =V, (sin wtcos 6, + cos ot sin 6,)

[www.madeeasypublications.org MRDE ERSH © Copyrigha
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Similarly, Y =V, (sin ot cos 6, + cos mtsin 6,)
X
v sin wt cos 0, + cos wt sin 0,
|
Y . .
— = sin wfcos 6, + cos wtsin 6,
V2
X Y . . .
From (1) and (2), 71+72 = sin wt(cos 6, + cos 0,) + cos wt (sin B, + sin 6,)
Let, cos 0, + cos 0, = K,; sin 6, + sin 0, = K,
X Y
—+— = K, sin ot + K, cos ot
\/1 V2 1 2
- X Y .
Similarly, ——— = K, sinwt- K, cos wt
Vi Y

Adding (3) and (4) gives, é
|

Substracting (3) and (4) gives,

r
Vo
F 5)and (6 ts, ——
rom (5) and (6) we gets KV,
Y
K2V2
Squaring and adding (7) and (8),
X2 y?
2 + 2
(KV)™ (KoVy)
Let, K.V,
X2 y?
27
Its an equation of ellipse with
a
b

Solution : 4

= K, sin ot

K, cos wt

sin ot

Ccos wt

=1
= a, K,V,=b (Constants)
=1

= V,(cos 6, + cos 0,)
= V,(sin 6, + sin 0,)

The equivalent circuit for the measurement system is shown in below figure.

Voltage

Oscilloscope
10 kQ
T <:
E, <= 1MQ ==50pF
-
Z-2 l

17

(@ Copyright
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18 Electrical Engineering @ Electrical & Electronic Measurements MBDE ERSY

When, Frequency = 100 kHz;

The voltage across the load, £, = 0.954 Z-17.4° V(peak)

When Frequency = 1 MHz

The voltage across the load is E, = 0.304 £-72.3°V (Peak)

In this case the measured value is only 0.304 of its original value and the phase shift is 72.3°. Thus the
output is considerably attenuated and is less than one third of its original value. The value of phase angle
between voltages under no load and load conditions is 72.3°.

This indicates the effect of distortion of signal on account of increased shunting effect due to increase in
frequency.

[www.madeeasypublications.org MRDE ERSH © Copyrighg
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m Conventional Questions ]

A piezo-electric material is one in which an electric potential appears across certain surfaces of a crystal if
the dimensions of the crystal are changed by the application of a mechanical force. This potential is
produced by the displacement of charges. The effect is reversible, i.e. conversely, if a varying potential is
applied to the proper axis of the crystal, it will change the dimensions of the crystal thereby deforming it.
This effect is known as piezo-electric effect. Elements exhibiting piezo-electric quantities are called as
electro-resistive elements. The materials that exhibit a significant and useful piezo-electric effect are divided
into two categories: (a) Natural group and (b) Synthetic group.

Quartz and Rochelle salt belong to natural group while materials like lithium sulphate, ethylene diamine
tartarate belong to the synthetic group.

Solution : 1

r Piezoelectric crystal

Cable
\ Amplifier
P4
© <) 0
)ﬂ_ QJ—‘ eL

FEEEEEEEEEEEEET b

(a)

Charge < <
generator ) Rp EE Cp=— Cc = Ca == Ra EE e
q= kq Xi

(b)

) T

Charge P
—— >
generator T - C E: R e

icr J

(c)
Consider the transducer, the connecting cable and the amplifier as a unit. The impedance of the transducer
is very high and hence an ampilifier with a high input impedance has to be used in order to avoid loading

errors.
Charge produced, g = qui coulomb

where, Kq = sensitivity; C/m
and x. = displacement; m

7

Figure (b) shows the equivalent circuit:

R, = Leakage resistance of transducer; Q
Cp = Capacitance of transducer; F
C. = Capacitance of cable; F

[www.madeeasypuincations.org MRDE ERSH © Copyrigha
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C, = Capacitance of amplifier; F
R, = Resistance of amplifier; Q
The charge generator is converted into a constant current generator as shown in figure (c). The capacitance
connected across the current generator is C where:
C=Cp+Co+C,

R.R
Resistance, = AP
R,y + Rp
Since the leakage resistance of transducer is very large (of the order of 0.1 x 102 Q) and therefore,
R=R,

Converting the charge generator into a current generator

: ok ax;
‘or = F?qu( dtj

where i is the current of the constant current generator.

Now, icg=ip+ig
1. 10, .
Output voltage atload, e, = e, = Ejzc at = E_f(zCR —ig)dt
de) _ 1, .
or dtL = E(ZCH_IH)
de) _ . . dlx;) e
or CT = lcp ~lp =Kq at E
or RCd(eL) e =K, R—d(xi)
at at
dle,) a(x;)
e
K,
where, K = sensitivity = rel V/m
Taking Laplace transform:
(ts+ 1) E/(s) = Kts X.(s)
. Transfer function:
E,(s)  Krs
X(s) 1+1s
Sinusoidal transfer function:
E, .. _ JoKt
Yi(/m) 1+ jot

Solution : 2
Digital to Analog Converter: In D/A conversion, the input to the converter is in the form of bits,
0 or 1 (binary digit) or as BCD and is converted to a voltage or current proportional to the digital value, A
general block diagram is,
a, a,, a, ..., a,_,, a,_,is the word length for nbits. Vis the reference voltage and it is the maximum
voltage possible at the analog output.

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




22 Electrical Engineering @ Electrical & Electronic Measurements MBDE ERSY

Input TVR

LSB

________ DAC [—o Analog

-------- output

In general, analog output = K x digital input
where, K is the proportionality factor and a constant for given DAC.

Binary-Weighted resistance D/A Converter: A general structure of a digital to analog converter is

Parallel
. data Reference
Serial ) voltage
; input
data input “ l
l MSB
ap
PX " — Analog
output
Serial/Parallel Register LSB Weighting
Converter circuit

We will consider the weighting circuit only and is for a 4 bit as follows:

Summing
element

ref T

The major components of the binary weighted resistance DAC are

1. aweighted resistor network, Rto 27~ ' R.

2. nswitches one for each bit applied to input.

3. reference voltage V..

4. Summing element which sums up the currents flowing in the resistors to give an output proportional
to input, usually an op-amp.

When a particular switch is closed, current flows through the connected resistor and the circuit is complete

through the summing element. So is the LSB switch and when it is closed current is

Vref

[www.madeeasypublications.org MRDE ERSH © Copyrigha
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This current is the least.
When the MSB switch S, _, is closed.

v

Cuweml(MSB):-i$

and is the highest. So the currents are in multiples of 2, 271, When the switch is connected to supply the
bit a, = 1 and when grounded a, = 0. The resistors need not be in multiples of 2. It can be in submultiples
of 2, 2°n=1_|f all the switches are closed, all the resistors come in parallel. If, say, two switches are
closed these two resistors are in parallel while the grounded resistors are in parallel with the load (input

resistance of summing element). A binary number N of n-bits is

N=a,20+a,2"+a,22+...+a, ,2""2+a, 2"
n-1 )
N= a2 )
i=0
The current flowing into the summing element assuming to be shorted is
V V S Ve So Vi .
I.=S, | EH +Sn_2£ toton2p ton-1p ..(vi)
If each switch position corresponds to one bit
Sp1=a, 115, ,=a, 5.5 =a;5=g
then equation (vi) can be written as
V
I = 2,77’?1 - (@, 2" "+a, ,2"" 2+ .. +a2" +a,2
v, n-1 )
= —104 g; 2 . (vii
2n—1 R izzo 1 ( )

The output voltage /4, R of DAC is proportional to the bit corresponding to switches connected to Vg
ie.,a =1
Maximum output current will flow when all switches are closed i.e., a, = 1.

Vg 27 -1
Loy = 7 o ... (viii)
Similarly, when all switches are closed, all the resistors come in parallel so that total resistance
Ve 2R
Ry= ——= G
T Inax 2n -1 (lx)
I, will be only when one resistor is through,
Ve 1
min — F on—1

Solution : 3

DVM stands for Digital Voltmeter
Following are the type of DVM

Ramp type DVM

Integrating type DVM

Potentiometric type DVM
Successive approximation type DVM
Flash or parallel type DVM

O wn =

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)
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Integrating type DVM: Integrating type DVM has following components:

Integrator

Electronically controlled switches
Counter

Clock

Control logic

Zero comparator

Working: Block diagram is given as:

C
Sy R Zero detector

= Integrat
E ne?;’aor

Control logic

Start Stop

Clock Counter Display

Integrating type Digital Voltmeter

A dual slope integrator based DVM integrates an unknown input voltage V;_ for fixed time T, and then de-

integrates in time T_using a known reference voltage V,

ref*

Vi, T,
Vout =" /I'I:’Cm :
When S, is set counter began to count clock pulse. The counter is resetto zeroat t= T,

Att=0, S, is set so as to integrates the input V, for 7, . Soatt=T,

in’

Att=T., S, is set so-V . is the input to the integrator with initial voltage —\7_[;2” :

. L v
The integrator voltage drops to zero with time T _and slope +-eL

RC
A comparator used to determine when the output voltage of integrator cross zero.
When it is zero, the reading of counter is displayed which gives V..

T

7—i X

n

\%
~— Slope + o

in
Slope — — RC

RC

Let N, =Number of pulses counted during T,,
N, = Number of pulses counted during T_

Yo o Ny _Ta

Vier — No T,

X
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LVDT works on the principle of change of mutual inductance. For LVDT frequency limit is 50 Hz - 20 kHz.
Voltage range of LVDT is 3 V to +15 V. Lower voltage is due to the fact that insulation requirement is
reduced which reduces the size of LVDT. Also higher frequency implies more sensitivity and lesser power
requirement. Range of frequency is limited by the eddy current loss.

In LVDT there are two secondaries identical in nature which are connected in opposition as shown below.

Core —

¥
3to15V
(50 Hz to 20 kHz) e, o

Core
movement

i
€

Advantage of using this connection is that when core is at geometric null position, the output voltage ‘e,

will be zero.
Letipa Currentin primary
Rp, Lp—> Resistance and inductance of primary

M, M, — Mutual inductance between primary and secondary winding.

R, Ry/2

e, C) L,

Ry/2
L2
€s2
Equivalentcicutt
Applying KVL on primary side,
. dip
ipAy +L, " -6 =0
. €
i =
P R,+L,D
p-2
at
ai
€1 = M17;)
di
Cs0 = MZ?;)
di,
€ = €51~ €5 = (M, _MZ)E

€

il

(2)
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(M, - M,) varies linearly with the core motion.

(M -Mp)-D _ [(M-M)/R D
LD+R, '~ t,D+1

From equation (1) and (2), € =

Active gauge

1]
e=12V

Bridge has equal arms when no strain. It has only one active gauge.
g, = Offset voltage = 15 mV

Solution : 5
(a) Uses of capacitive transducer:

1. Capacitance transducer can be used for measurement of linear and angular displacement. They
can measure extremely small displacements e.g. 0.1 x 10°® mm. They can also be used for
distance measurement like 30 m.

2. They can be used to measure force and pressure by converting them to displacement.

3. They can be used to measure pressure directly in cases where dielectric constant of a medium
changes with pressure e.g. benzene.

4.  They can be used to measure humidity in gases as dielectric constant of gas changes with
humidity.

(b) Range of displacement for transducer = 0 to 2.53 cm

Solution : 6
Reading obtained with a DC voltmeter
ER, = 476V
Reading obtained with half wave recitifer AC voltmeter
E = 4499V
The voltage read by the full wave rectifier AC voltmeter
E = 473V
As can be seen an AC voltmeter using half wave or full wave rectifier has more loading effect than DC
voltmeter.
Solution : 7
(@) Therefore, we get, (eO)H) ~28mV

(b) Maximum change in the cyrstal thickness = 4.4 pm
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Solution : 8
(i) Ratio of signal voltage to noise voltage = 269

=

0.12x107°
i) Ratio of signal voltage to noise voltage = ——— = = 0.27
(0 d g 9= 0446 x10°
Solution : 9
(a) Strain, s = 5.092 x 10% N/m?
Force, F=2037x10°N
(b) Difference mode gain, Ay =100
Common mode gain, A, = 0.01
.. Common mode rejection ratio CMRR
=80dB
Solution: 10

(@) Thereadingis 0500 000 us or
Maximum error = £251 us

(b) The reading is 00 000 500 s or Reading = 500 s
Maximum error = £1.025 s

(c) Maximum possible accuracy with which a reading of 500s can be read by this meter is
=26 ms
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