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Chapter

Error Analysis, Units & Standards

(Solutions for Text Book Practice Questions)

Objective Practice Solutions

Ans: (a)
For 10V total input resistance

01.
Sol:

—5d = 10/100pA = 10°Q

m fsd

Sensitivity = Ry/Viq =

R, =

10°/10

= 10kQ/V
For 100V R, = 100/100pA = 10°Q
Sensitivity = Ry/Viq = 10%/100
=10 kQ/V

(or)

Sensitivity =

02.
Sol:

Ans: (d)

Variables are measured with accuracy

x =1 0.5% of reading 80 (limiting error)

Y =+ 1% of full scale value 100
(Guaranteed error)

Z=+15%

The limiting error for Y is obtained as

reading 50 (limiting error)

Guaranteed
Error =100x( £1/100)= +1
Then % L.E in Y meter

20x——=+1
100

x=5%

Givenw =xy/z, Add all %L.E s

Therefore = + (0.5% +
=+7%

5% + 1.5%)

03. Ans: (i) 41.97 (ii) 0.224 (iii) + 0.1513

(Key changed)

>X

Sol: Mean (X )=—
n

_41.7+42+41.8+42+42.1+41.9+42.5+42+41.9+41.8
10

Zd2

n

forn<20 d, =X — X,

?+(=0.17) +(=0.0
+(=0.03) +(-0
10-1

=0.224
Probable error = + 0.6745 x SD
=+0.1513

3+ (—0.13)* +
13) +(0.17)

(07) ( )

04. Ans: 150 V (Key changed)

Sok 0.05mA C_C

100V 100V
V,:
Sdcz =20kQ/V

The maximum allowable current in this
combination is 0.05mA, since both are
connected in series.

Maximum D.C voltage can be measured as
= 0.05 mA (10 k Q/Vx100+20 kQ/V x 100)

=3000x 0.05=150V

X0 0B 03 Ty TR R IO ITE T T Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar ¢ Luc!

know ¢ Patna ¢ Bengaluru « Chennai « Vijayawada « Vizag » Tirupati « Kolkata « Ahmedabad




A
/4 N}
v v
v v
VN .Y Engineering Publications

Postal Coaching Solutions

05.
Sol: Internal impedance of 1% voltmeter
= M =20 kQ
SmA

Internal impedance of 2" yoltmeter
=100 x 250 Q/V =25 kQ
Internal impedance of 3™ voltmeters,
=5kQ
Total impedance across 120 V
=20+25+5=50kQ
Sensitivity = S0kQ =416.6QQ/V
120V
= Reading of 1* voltmeter
20kQ

= ——F— =48N
416.6QQ/V
Reading of 2™ voltmeter
_ 25k 60V
416.6QQ/V
Reading of 3™ voltmeter
_ 5kQ A
4166Q2/V
06. Ans: (b)
Sol: Bridge sensitivity = Changel.n (.)up "
Changein input
_ Vth
1010 © 1000 O _IOQ

07.

Sol:

08.

Sol:

09.

Sol:

10.

Sol:

_1010x100 1000x100

n = =0.25V
2000 2000
Sy = 025V =25 mV/Q
10Q2
Ans: (d)
Wr=W;+W,=100-50=50W
oW, oW,
ow, oW,

Error in meter 1 =+ L><100=i 1'W
100

Error in meter 2 = + E><100 =+05W

100
WT:W1+W2:50i 1.5W
Wt=50%3%

Ans: (b)
200 1

Resolution= —x— =02V
100 10

Ans: (b)
FSV

true value

_ 200V
100V

=+ 4%

% LE = x %GAE

x +2%

Ans: (¢)
Power = I°R = (2)* (100)
=400 W

% Error =+ 2[6—PJ+O—P x100
ol OR

=+2(1)£0.2
=+2.2%

X0 OB 03 T TR P IO IS0 N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




A
/4 N}
v v
v v
NN /2¥ Engineering Publications

Electronic Measurements & Instrumentation

Error=+ 2>< 400
100

=+88W

11. Ans: (¢)
Sol: Rr=R; +R;=36+75=111Q

AR = i><36 + i><72
100 100

=5.55Q
Rr=111£5.55Q
12. Ans: (a)
Sol: R:X
I
§x100=ﬁx100+£x100
R \Y I

%xmo 2%+ 1%

=3%

Conventional Practice Solutions

01.
.. 30-1.5
Sol: (a) Sensitivit oc = =30 um/k
(a) Y |2sec 100-50 um/kg
. 35-19
Sensitivity|sgec = =32 um/k
Y]a0°c 100-50 um/kg

(b) Zero Drift = 0.3mm — Omm = 0.3mm
Sensitivity Drift = 32um/kg —30pum/kg

=2 um/kg
Zero drift co-efficient = _ O.3mm
40°C —25°C
=20.0 um/°C
Sensitivity Drift co-efficient
_ 2um/kg
©40°C-25°C

=0.133 pmvkg/°C

02.
Sol: 10k 5kQ 5kQ

—WW—
100 V -"

Using circuit minimizing techniques

10k 10k0E  315kQ

10 kQ Ryp=5kQ
AW o

— 10 kQ =Vy=50V —
100 V

Yol o

Ry=5kQ  5kQ 5kQ

10kQ Z15kO

Vi =50V -‘—
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10 kQ 5kO

50V == %10 kQ 215kQ

10 kO R[h: 5kQ

——WW—o
- %10 kQ = T
0V V=25V
-————o

5kQ 5kQ

25V 5 15 kQ

10kQ 1,

25V 5 15 kQ

j

Value of current in 15kQ
25V
()= ——
10kQ +15kQ
Ip=1mA
10k L

15 kQ
25V 7

X

2kQ (R,)

(A) reading (I)
_ 25V _9
10kQ +15kQ + 2kQ
I =99% Ij (from the question data)

26uA

IL =0.99 I(), IL: ! IO
1+—2
ckt
I_L B 1
IO 1+#
(10k +15kQ)

1
099=——+7—
- 1+L
25kQ2

R.=250Q

03. (a)

Sol: Accuracy — It indicates degree of
closeness of measured value to the True
value.

Precision: — Indicates the degree of
closeness of measured values by an

instrument for a fixed input quantity.

Changein output

Sensitivity (s) — —
Changein input

Unit of sensitivity depends on type of
Instrument

For voltmeter sensitivity defined as

LQ/ V.
fsd
03. (b)
Sol: + 100 kQ ((Ry)
200V
> 100kQ (Ry)
VR1 =200V X& =100V
100k + 100k

A voltmeter when connected across either of
two 100kQ resistors (say upper one) acts as
shunt for the portion of circuit.  The
voltmeter will then indicate a lower voltage
drop than actually existed before the
voltmeter was connected. This happens
because of loading effect & mainly occurs
with low sensitivity of Instrument. Assume

voltmeter resistance as Ry,

X0 OB 03 T TR P IO IS0 N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




;@uéﬂgg 6 Electronic Measurements & Instrumentation

In cos$ = Inp — Inv— Inl

| 9ov 2100k QDR 1 :l dp 1 dv 1 dl
200V T ] cosp P 'dcos¢ Vdcos¢p Idcosd
10V 2100 kQ Acos¢p AP AV Al
cos P VvV 1
Voltmeter Indication is ‘90 V’
0k R AC"S‘I’xloo:%xmmATVx100+ATI><100
Req = 100 kQ// Ry = — X v, cos¢
100k€2 +R =2.27%+ 1.086% + 1%
Rrotal = (Req + 100) kQQ, = 4.356% — max. uncertainty
Voltage division
Ry 05.
90V =200V x —————
100+R Sol: Expected value (At ) =20mA
R., = 81.8 kO Measured value (Ap,) = 18mA
q .
100kQ x R 1) Absolute error = A, — Ar=2mA
Req =__T" v _
100kQ +R ii) Percentage error = A’”A A x 100
T

—81.8 kQZIOOkQ—XRV Lo

100kQ+R w U
Ry = 450 kO ii1) Relative Accuracy = 1— | error|

v=
=1-10.1=0.9
04. iv) Percentage Accuracy = 0.9 x 100 = 90%
Sol: Ranges: v) Precision of 6" measurement

(A)—)(O—S)A (Xn=X6)=18mA
(V) > (0-250V) %Pz(l_ X"ZX]xwo
(W) — (0-500 W)

Avg(i): (16+19+20+17+21+11(2)§+15+16+18+17) mA

Meter reading
[=2.5A+0.5% fsd =17.7mA

= 1=2.5%1% of reading 0 P = (1_|18mA—17.7mA|j « 100
V=115V + 0.5% fsd | 177mA |
= V=115V +1.086% reading =98.3%
W=220W £ 1% fsd
= W =220W +2.27% reading 06.
P Sol: Absolute error = 1.14 kQ — 1.2 kQ)
cosb = I = 0.06 kO
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Absolute error = 1.26 k2 — 1.2 kQ)
=0.06 kQ

Tolerance = + 0.06 kQ

Maximum resistance at 25°C is 1.26 kQ

Temperature coefficient = +500 PPM/°C

Let R; =1.26 kQ at 25°C

4500
1,000,000

The maximum resistance at 75°C
=1.26 kQ +0.63 Q/°C x 50°C
=1.291 kQ

x1.26kQ =+0.63 Q/°C

Change in temperature (AT) = 75°C — 25°C
=50°C
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Electromechanical

Chapter .
P Indicating Instruments

Objective Practice Solutions 100V —>1mA
S50V—>?
01. Ans: (d) =0.5 mA

Sol: The pointer swings to 1 mA and returns,
settles at 0.9 mA 1.e, pointer has oscillations. | (3. Ans: (c)

Hence, the meter is under-damped. Now the Sol: T.— 12 dL

current in the meter is 0.9 mA. 0 @ E do

it b5 I2 ?11(;

©
T 25 %10 x 0= 225 (3—%}10‘6
1.8KQ
1.8V C) ) § 0
20=3——
2
. \ 4 5
Applying KVL to circuit, 56 =3

1.8 V-09mAxR,-09mA x1.8kQ=0

3 0=1.2rad
1.8V-09x10"Ry—1.62=0
018 00 04. Ans:(a) (Key changed
"= 0.9%10° . Ans: (a) (Key changed)
Sol:
V(t)“
02. Ans: (¢)
Sol: A
50V = Half fsd 5V IE--/--
0 100V—> fsd .
0 10L12 20 t(ms)
Igsa e
Taa
? PMMC meter reads Average value
S - 1 Q0 volt (;xlelOms]+(—5V><2ms)+(5V><8ms)
1000 Vave = 20ms
S = IL Q/vV
fsd —
1 | _ 50-10+40 _ AV
[, =—=—— =1mA 20
S 1000
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(or)
1 [ 12 20
Avg.value :%L(l)tdt—ljoSdH l[Sdt}
10
1 ||t
_.56{{5}0—5uﬂé+5[ﬂ3}
=4V
05. Ans: (a)
Sol:
Loct 10°C T. 0
.Spring 0.04% | 0.4%) | 0.4% | 0.4%7
stiffness(K,)
Ty 0
Strength of 002% | 02%d | 02%4 | 0.2%4
magnet (B)

Net deflection (Oyer) = 0.4%T = 0.2%4
=02%"7T
Increases by 0.2%.

06. Ans: 32.4° and 21.1° (Key changed)
Sol: ,=5A,0,=90° L=3A,6,=7
0 oc I” (as given in Question)
(1) Spring controlled
0o I?

2
9 _[L
e1 Il
56
===
90 5

92 =32.4°

(i1) Gravity controlled

sin 0 oc I?

sin 0, (1, ’
sin 6, I

sin 0, _ ( 3 jz
sin 90 5

sin 0,

=0.36

0, =sin"' (0.36) =21.1°

07. Ans: 3.6 MQ
Sol: V,,=(0-200) V; S=2000Q/V
V=(0-2000)V
Rn=sxVn
=2000 Q/V x 200 V = 400000 Q

Rse = Rm (l - IJ
Vm

= 400000 e 1[{=3.6 MQ
200

08. Ans: 2511.5 Q (Key changed)
Sol:

‘ L, =0.6H

250V, 50Hz

|

R, =2500Q2

(1)

Ree=7?

L,=0.6H
500V, 50Hz

Ry, =2500Q2

(i)

Current is same in case (1) & (i)
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;@u ACE [[oll Electronic Measurements & Instrumentation
In case (1), LC - connection
[ o 20V 0010 20A
JR2 +(oL ) ity § I >
_ 250V sov ICoad
J(2500)% +(271x50%0.6) 10000 l
=0.0997 A
In case (i1) Error due to potential coil
250V
I = - - ~(30%/1000) < 100
\/(Rm+Rse) +(oL,,) (30x20)
0.0997 A= 200V =0.15%
2 2
‘/(2500 TR)"+(2mx30%0.6) As per given options, 0.15% high.
J(2500+ R ,)* +35.53x10° o
0.0997 11. Ans: (b)
2500+ R ,)* +35.53x10° =5.015x10’ )|
W o) Sl - tan_{\@(wl W, )}
Ry = 25115 0 (W, +W,)
Power factor = cos ¢
09. Ans: 0.1025 uF = 0.917 lag (since load is inductive)
Sol: C = O'A;IZL‘“
¥ 12. Ans: (¢)
0.41x1
C =——— =0.1025pF A%
2kQ)’ H Sol: R, =
200
10. Ans: (c) = 10
Sol: MC - ti
0 connection For same error R| =,/R. xR,
0.01Q 20A
1211 I= - 100=10x10" xR .
Rc=0.01 Q
30v |Load| = Re
1000Q2 l
13. Ans: (a)
Error due to current coil Sol: i(t)=3+4 V2 sin314t
2 PMMC reads average value.
_ 20001 60 2 0.667% , -
(30x20) .. Average value = 3A
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Postal Coaching Solutions

14.
Sol:

15.
Sol:

16.

Sol:

17.
Sol:

Ans: (b)
Hot wire ammeter reads RMS value
4 2
224 —— | =3.46A
%)
Ans: (d) (Key changed)
Moving Iron Ammeter,  oc I
For1 A dc — 20°
11: 1 A,91:200
For3sin314t—?

MI Ammeter measures the rms value of AC
current

I =

rms

Ans: (a)
12+5

VdCZIdCXIOQ=( JxlO =85V

Ans: (b)
Given that,

R.=0.03 Q, Rp =6000 Q

0.03Q 20A
21111 >

V =220V

Load ¢ %

6000Q2

2
ch

Vicosd

% Error= x100

20°x0.03

=—— " %100 =0.45%
220x20x0.6

Conventional Practice Solutions

01.

Sol:

02.

Sol:

R,=99Q — I
—W—F 1"

—w—
Rs=1Q

(@) In-Ige=0.ImA

* Voltage across instrument = I, Ry,
=0.ImA x 99Q2 = 9.9mv

w7 _99mV

sh

9.9mA

* 1 ,=1=1 +1,=10mA
(b) I,=0.5Igq
=0.5 x 0.1mA = 0.05mV
* voltage across instrument
=In Ry =0.05 x 99mV
=495 mV

495mV
sh IQ

Liota1= 0.05 +4.95 = SmA
(¢) 0.25 Igsp = [;,=0.25x 0.1 = 0.025mA
Voltage across instrument

=Im Rn=2.475 mV

L = 2475 _ 2.475mA
1Q

=4.95mA

[=1In+ Lh=2.5mA

Voltage across instrument for full scale
deflection = 100mV.

Current in instrument for full scale
-3
deflection, I = v = % =5x107° A
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g@u CE I’Bl Electronic Measurements & Instrumentation
Deflecting torque, Tq = BINA = BIN( ¢ x d) I =10 A x 0.05Q2
= o UORe
=100 x B x 30 x 107 x 25 x 107°x 5 x10™ 1000 +0.05
—Bx 375% 10°° =4.999 x 10" = 0.5mA
Controlling torque for a deflection 0 L = 10A x 002  _ 1.333x10™*
—1970° 1500 +0.02
=120
T, =KO = 0375 x 10 120 —0.133mA
= —ONJ- A A
45><10”Nm IQA]Jlff\l | Iég\z ’
At final steady position, Tq =T, R, :@ 00 R, :é 000
-6 _ -6
or375 x 107 x B=45%x 10 M AMA
.. Flux density in the air gap, Rgny = 0.02Q Rgi = 0.05Q
45x10°°
= 5x—()_6 =0.12 Wb/m’ With shunt connections interchanged
375%10 -
i il windi = £ I} =104———"——=0.199mA
Resistance of coil winding, R, = 0.3 x 20 1 1000+ 0.02
6€ . 0.05 _
Length of mean turn 5= 1500+ 0.05 0.33mA
Let a be the area of cross-section of wire and 0.19mA — 2
P be the resistivity 0.19
Resistance of coil, R = N p//a = A= '44 x10=3.874
.. Area of cross-section of wire
§ L 0.13.m4 —>104
a:100><1.7><106 x110x10 < 10° 0.33mA — 2
=31.37 x 10> mm” ,=039mA 104~ 25384
0.13mA
1
Diameter of wire, d= [(4 / TI:)(3 1.37x107° )F
=0.2 mm 04.
Sol: (a) The internal resistance of 5Q is due to
03. copper only
Sol: 10A (AL0A (#30A I=10A
R, o000 Ry = 15000 (b) A 4Q manganin swamping resistor
M MA isused in series with a copper resistor of
R = 0.05Q Rqn = 0.02 1Q. Assume the temperature coefficient
(Fig) with normal connections load is kept of copper as 0.004 ohm/ ® C and that of
constant manganin 0.00015 ohm /°C

X0 OB 03 T T R R IO ITE T N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada « Vizag « Tirupati « Kolkata « Ahmedabad




A
/4 N}
v v
v v
VN .Y Engineering Publications

Postal Coaching Solutions

(c) When the whole of the 5Q constitute the
resistance in the copper of the instrument
coil and lead as shown in the figure.
Instrument current = 0.015A
.. shunt current = 100 — 0.015

=99.985 A
100A

- Lead

Py

/A

D R=35Q

\ Lead

PD across the shunt = 0.015 x 5
=0.075V

0.075
99.985

=0.00075 Q (manganin wire)

Then the shunt resistance at 10°C

.. Shunt resistance =

temperature rise
=0.00075 x ( 1+ 10 x 0.00015)
=0.000751 Q
The instrument resistance after 10°C rise
in temperature
=5x(1+10x0.004)
=5.2Q
The instrument current corresponding to
100 A input. In inverse proportion to the
resistance forming the parallel circuit,
A and B will be.
~0.000751
~5.20075
and the instrument reading

= 100 0014449627 A
0.015

x100=0.01444A

". Percentage error due to temperature
rise
=100 —-96.27 or 3.73% (10 W)
(b) The connections in this case are as
shown resistance of the instrument
— 100A

Circuit after 10°C rise in temperature

100A

} Coil & Lead 1Q

shunt

AAAA
VVVv

Swamping = 4Q

=1x(1+10x 0.004) +
4 x (1+10% 0.00015)
=5.046 Q

The shunt resistance after 10°C rise in

temperature 1s still the same, that is
0.000751 Q

Instrument current corresponding to 100A

input
—platil’ J* x 100 =0.01488A
5.046751
And the instrument reading
100

= ——x0.01488=99.2 A
0.015

.. Percentage error due to the temperature
rise
- =100-99.2 or 0.8% (10W)

[This shows the great advantage of using a
swamping resistance in parallel with the
shunt]
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05. -6
(5 — 40) x 10-6 = 2><69.362><10 0
Sol: R, =40Q, Igsp = ImA 10
(0-10mA) Or 0=0.928 radian or 53.2° Ans
R, = R, _ 40 =4.44Q
" m—1 (IOmA_lj 07.
Im4 Sol: It is given that
Ayrton shunt 1=40"
R ( . lesp-ima And we know that
/ \ dL 2K6 2KO 1, ...
\ _— = —_— = - ke
+ \ Rsh, o 1* 40" 3
; A) R, =400 , :
"IRsh Integrating above expression we have
— 1
e ke2—2n k92—2n )
L= +A= +A...... 1
* (0-50mA) 8(2—2n) 16(1—n) ®
R, = R, + Ry _ 40Q+4.44 =(0.880 Where A is constant of integration
M, Va4 When I = 0, deflection 6 =0
and L =10 x 10~ or 0.01H
06. : Substituting I= 0, 6 = 0
Sol: L=(10+56 -26%) uH And L =0.01 H in Equation (1) we have
% = (5—40) uH per radian 0.01 =0+A
or A=0.01
and also % = 2K26 Substituting A = 0.01 in Equation (i) we
1
k 2-2n
. 2k6 have L= ———96 +0.01
L (5-40)x107°= 7 16(1-n)
o T = 96 g1 Ans
Substituting 6 = 30° or o radian and 16(1-n))

I =5A in above expression, we have

2Ux*
6

T -6
[5—4x€}x10 =W
Or K = 69.36 x 10 N—m /radian
i.e., spring constant
=69.36 x 10 °Nm/radian Ans
Substituting I = 10A and K = 69.36 x 10 °in

Equation (i) we have

[.. K=0.6 N— m/rad]
(i1) substituting n = 0.75 in above expression
we have
_ 0.6
— 0.150 05001
Substituting L = 60x 10~ or 0.06 in
above expression we have
0.06 =0.15 6°° +0.01
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. 0.057 ' Final inductance
or deflection, = [0.15} ~ 0111 radian = initial inductance + change in inductance
or 6.37° Ans =2.0+0.00192x 110=2.21u H
Current, I = 40" = 4(0.111)*"
=0.769 A 1
Sol: (i) 1. Frictional Error (Torque/weight):

08.
Sol:

09.

Sol:

10.
Sol:
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Current dawn by instrument when connected

across 300 V ac

I, =100mA =0.1A

At 50 Hz supply Instrument reactance,

X,=2nfL= 2nx50x0.8=251.33Q
~200.7-200
200

x 100 =0.35% Ans

The deflecting torque, T4 = 1 I’ dr
2 df

I =14 and 1.6, about 1.5 on either side,

dL 577.8-576.6
then—=—-—"—-—"—""
61.5-49.5

12

0.1x10"° H/deg

Or 0.1 x57.3=5.73x10° H /rad

and Tyq= % x 1.5’ 5.73 x10°°

=6.44 x 10°°Nm

The rate of change of mutual inductance is
daM k6 _ 0.1x107°x110
do I’ (10)’
=0.11 x 10°H/rad
=0.00192 p H /degree

e Potential coil has more number of turns
so weight of moving coil is more.

e Then it has more frictional error as
compared to M.C and M.I

N

. Temperature Error:

e Because of presence of two coils net
heat Then

temperature error is more as compared to

developed is  more.

other Instruments.

w

. Frequency error:

e When it is used as a voltmeter (or)
ammeter Net Inductance is more then the
frequency error is more

e But

inductance is very less, so frequency

when used as a wattmeter,

error 1is low.

Hystersis & Eddy current error:

e Because of the use of air core, the
hysteresis and eddy current errors are
almost zero.

e Both fixed coil & moving coils are
electro magnet so poor magnetic field is
present

e The external magnetic field can easily
distort the inside operating field. Hence
stray magnetic field is more as compared
to other types of metets.
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Note: For portable wattmeter, to reduce the

stray magnetic field error; iron shielding is

used.

e For precision wattmeters, to reduce stray
magnetic field error, static system is
used. In this, two set of fixed coil and

moving coils are used.

(i). I(t) = 80 — 60+/2 sin (ot +30°) A

Dynamo Ammeter — rms
1 2z
= s = | — Ilzde
27z
0+2
280~ (6042 | sin*| ¥ * g
047
~ 96002 sin| “* ¢
0.7
= 6400 — 7200 sin® | V" 5

P T
~13576.4502 sin| T g

)

1—cos 2(9 + Zj
= 6400 +7200 5

9 T
~13576.4502 sin| Y T ¢
—DA=I = |- ["id0
2790
=100 A
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Measurement of Power

Chapter

& Energy

Objective Practice Solutions

01. Ans: (b)
Sol: I
T T
200 V
1-¢ supply [Load iz
|
l &m;—;—
C
T 50/5A
I
M.” > L

\
; >— , Curren

] . ; t
'\ A }_’ ilential
—‘-‘WW-,‘I— coil

\

Potential coil voltage = 200 V
C.T. primary current (I,,)

=1, 200V -
\/42 +32 tan™ [j
4
[=1, = 200V
P 5/36.86
I, =40.-36.86
PC

I, 50 > 200V
Is - 5 36.86
40 _ 50
I 5 CC 4A

S

Iy = —-x 40 = 4A
50

C.T secondary (Is) = 4/£-36.86°
Wattmeter current coil = [c = 4./-36.86°
Wattmeter reading
=200V x 4 x cos (36.86)
=640.08 W

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

Ans: (a)
Energy consumed in 1 minute

_ 240x10x0.8 o 1 — 0.032kWh
1000 60

Speed of meter disc

= Meter constant in rev/kWhr x Energy

consumed in kWh/minute
=400 x 0.032

= 12.8 rpm (revolutions per minute)

Ans: (a)
Energy consumed (True value)
o BUOXL 3 00575 kWhe
1000 60

Energy recorded (Measured value)

No. of rev (N)
meter constant (k)

= 0V 605 kWhr

1800 rev/kWh

0.05 - 0.0575 y
0.0575

=—13.04% = 13.04% (slow)

%Error = 100

Ans: (¢)
5L

E 1 E
W= —"Lx—Lcosd, +—=x—=cos
RN RN, SN

W = % [E, I, cos¢, +E; I, cos¢,]

Ans: (¢)
V=220V, A=85°1=5A
Error = VI [sin(A — ¢) — cos ¢]
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(1) cos ¢ =UPF, ¢ =0° Wi =VLILcos (30 - ¢)
Error = 220x5[sin(85 — 0) — cos 0] W, =V I cos (30 + ¢)
=— 4185 W=—-4.12 W Wi =400x10x cos(30 —30) =4000W
W, =400x10 30 +30) =2000W
(2) cos & = 0.5 lag, ¢ = 60° 2 x10x cos( )
Error = 220x5 [sin(85 — 60) — cos 60] 08. Ans: W=519.61 VAR
=—-85.12W Sol: W
R W
R
06. Ans: (¢) Y
Sol: R . Y s
B Fig. (b)
} Z,=100Q .
sjpg)ly Z,=100Q Fig. (a)
400V cC
50Hz | Y L / W =400 watt; W = Vi, Iy cos ¢
PC
B Vph Iph = 400/0.8

Based on R-Y-B

Assume abc phase sequence

Vap, =400£0°; Vi =400£-120°
Ve = 400£-240° or 400£120°

ca

Current coil current (I;) =

2

~400£120°
100Q

Potential coil voltage (Vi) = 400£-120°
W =400 x 4 x cos (240) = - 800 W

07. Ans: (d)
Sol: VL =400V, I[L.=10A
cos ¢ = 0.866 lag, ¢ =30°

=4 /120°

This type of connection gives reactive power

W=3V,I sin¢= ﬁx@x% =519.6VAR

09. Ans: 0& 1000 W
Sol:

W,

Y -phase is made common.
Hence wattmeter readings are
W, =VLILcos(30 + ¢)

W, =VLILcos(30 — ¢)

In star-connection

IL = Ipn; Vph = ﬁ

V3
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@éﬂgg 19 Postal Coaching Solutions
\Y \V4 3 \Y 415
IL=Iph= ph= L/\/_ R:%ZWZALISA
Z, Z,
cos ¢ =0.8
. (100/43) 20 ¢ ) )
L=ly="—%—"= 5 11.54A = ¢ =36.86 between Vpy & I
V=100V, I, = 11.54 A, ¢ = 60° 0=36.86"-30°=6.86°
W, =100 x 11.54 x cos(30 + 60) =0 W Now angle between V, and I
W, =100 x 11.54 x cos (30 — 60) =120+ 6.86 = 126.86°
=999.393 W= 1000 W W = %x4.15xc0s(126.86)
3
W]ZOW,sz 1000 W
=-596.467 W
10. Ans: 596.46 W
Sol W I 11. Ans: (¢)
ol:
R Sol: Meter constant = 14.4 A-sec/rev
=14.4 x 250W-sec/rev
415V |:Z:|IOOQ 14.4%2
0.8 pflag = ) 94x250 kW —sec/rev
l 1000
v [ 14.4%250
B o_r = ———— kWhr/rev
1000x3600
N 1
Meter constant = —— kWhr/rev
1000
Meter constant in terms of rev/kWhr = 1000
12. Ans: (d)
Sol: R, =1000€, L,=0.5H, f=50Hz,
cosd = 0.7,
Xip=2xnxfxL,tand =1
Vin Vi =2x7mtx50x0.5
Current coil is connected in ‘Rphase’, it reads
~ =157Q
‘I; ’ current.
Potential coil reads phase voltage i.e., VBN % Error = * (tan¢ tanf3) x 100
5z 5= 157
W =V, xI; xcos(Vgy - Iz) =+ (nmjxloo
41 _ 415
VL=415V, VBN—fV =15.7% = 16%
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13. Ans: (d)
Sol: -
‘{BY
Va,
Vy
14.
P =W, + W+ W = 1732.05 Sol:
Power factor, cos ¢ = Y /"2 0.5 lag
3464
V3 x400x1, x0.5=1732.05
173205
= —— o 2
V3%400%0.5
When switch is in position N
Wi =W, =W;=577.35 W = balanced load 15
.. total power consumed by load is Sol
W= W1 + Wz + w3
W=1732.05 W

Given load is inductive
And VA draw from source = 3464 VA

W
.. power factor = —
VA

= Power factor angle =—60° ("."lag)

When switch is connected in Y position
pressure coil of W, is shorted

So W, = 0 and phasor diagrams for other

two are as follows

Wi = Vgy Izx cos( angle between
V,y andI, )
= 400x5xcos(90°) =0 W
W3 = Vgy I cos( angle between V,, and 1)

= 400x 5xcos(30°)

V3

W]ZO, W2:0,W3:1732W

Ans: (¢)
Energy recorded (kWhr)

i 5 rev
1200 rev/kwhr

Energy =4.1667 Whr

4.1667 Whr  4.1667 Whr

75 sec 75 hr
3600

= 4.1667 x10 kwhr

Load power =

Load power = 200 W

Ans: (d)

: Energy recorded (measured value)

51 rev
360 rev/kwhr

0.141667 kwhr

Energy consumed (True value)

_ 10kwx30 " _ 13889 kwhr
3600
brrop _ 0141667 - 0.13889
0.13889

=1.999% =+2%
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Conventional Practice Solutions Lc

01.
Sol: Power calculated by freshman
P=1"R = (30.4)* x 0.0105 v
pc

=9.70368 W m m

True value of current (It) = Wattmeter reading (W)

12 3 1 21

4.8 A

True value of resistance (Rt) =

0.3

W = o U (1 00+/2 sin wt x 4.8)doot + 2jﬂ(O X 4.8)(1(0‘[}
TTLO b
0.0105Q2 + (ﬁx 0. OlOSQ) 0.010532Q2

_ 4.8x100v2 le 00v2 [(— cosmt ) ]
T

True power (P1) = (30.77)*x 0.0105320

Truevalue of power <100 03.
power calculated byfreshman Sol: W, = (1+tan¢ tanf) Wr
9.971W 100 700W = (1+ tan¢ tan 2) Wt ------ (D)
= X

9.70368 620W = (1+ tan¢ tan 1) W ------ 2)

=102.75% :@ - (1+tan¢>< 0.034)

(2) 31 1+tangx0.0174

02.
= (1+ tand x 0.0174) 35
Sol: "§ — (1+tan ¢ x 0.03492) 31
/C._C\ Thes,
e g — 35435 (tan ¢ x 0.0174)
—WA— =31+31 tan ¢ x 0.03492
24V — P.C ,
250 —=35-31 = 1.0852 tan ¢ — 0.609 tan ¢
— 4=0.4762 tan ¢
p _ = ¢=83.2108
\ ~ cos $=0.1182
™ V=0 837201008 2
1-6, 100V, ) (1+ tan83. x tan 2)
l V =240V
O
24y P = VIcosd

le =lee = Zom = 484 p 5412407

veosg  240x0.1182

=1 = =19.0794

Vims = 100V, Viax = 100x +/2
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04. 0s.
Sol: Sol: (i) P; = 5000W, P,=-1000W
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el

Consider RYB phase sequence
_ 4401

Ve = Z£0°=254.03£0°V

V3
Vy =254.03 £-120°V
Vg =254.03 £-240°V

Ly 2 e (2540320 o404
10Q  10Q
V _d
Iy =2 = 202106035, 129
150 150
_Ta _2A03L-240 oo, o
200 200

According to connections
W = P.C voltage x C.C current x cost of
angle between (P.C Voltage & CC

current]

Wi = Vry x Iz cos (Vry & IR)
W1-440Vx 25.403 x Cos 30
=9679.84W
W, = Vgy x cos (Vpy & Ip) x Ip
=440V x 12.701 x cos 30
=4839.92 W
3¢ Total P=W; + W,

=14.519 kW

Total power (Pr) =P, + P, =
5000 —-1000 = 4000W
Power Factor Angle (¢)

=tan ! {«/g—ﬁ — PZ}

B+h

s tan”! { \5{5000 = (—1000)ﬂ

5000 -1000

= tan{\/g (%ﬂ = Tan™ {%} )

= 68.94°
.. Power Factor cos¢ = cos (68.94°)
= 0.3593
~ 0.36 Lag
(ii) Ans: Power consumed By each phase

o _ @ =1333.33W

3

In A connected system, voltage of each

phase
Von = VL =440V
= supply voltage
— current in each phase
_ 1333.33
~ 440x0.36
— Impedance of each phase
440

= =52.27217 Q
8.41748

— Resistance of each phase
1333.33

= 2220 _18.818Q
(8.41748Y

=8.41748 Amp

— Reactance (X) of each phase

= J(52.27217) - (18.818) = 48.7674)
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Postal Coaching Solutions

06.
Sol:
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— In order that one of the wattmeter’s

should read zero, the power factor
should be 0.5
s cos ¢ =0.5,& Tang = 1.73
.. Reactance of circuit = X = RTan¢
X =18.818 x 1.73 = X =32.55514Q
.. Capacitive Reactance Required
=48.7674 —32.55514
=16.21226

1
27 x50%x16.21226

C=196.33 uF

Capacitance (C) =

Load power = 230 x 5x0.1 = 115W

Load power factor cos¢ = 0.1

- 0 =84.26° and sin¢ = 0.995 and

tand = 9.95

— Resistance of pressure coil circuit
R, =10000€2

— Reactance of pressure coil circuit

=21 x 50 x 100 x 107 = 31.416Q

As the phase Angle of pressure coil circuit is

small,
B =tanp ~ 31416 3 1416 x 10 rad
10000
=0.0031416 rad

—  When the pressure coil is connected on
the load side the wattmeter measures
power loss in pressure coil circuit in
addition to load power
True power = VIcosd =230 x 5 x 0.1

=115W

Let us consider only the effect of Inductance

07.

Sol:

08.

Sol:

Reading of wattmeter = true power

[1+ tand Tanf]

=115[1+9.95 x 0.00314] = 118.593W

— Power loss in pressure coil circuit
v 230°
~ R, 10000

=529 W

.. Reading of wattmeter considering

The power loss in pressure coil circuit
=118.593 + 5.29 = 123.883

123.883-115 «

Percentage error = 100
115
=17.724%

Ery =400 £0°, Eyp=400 £-120°,
Egr =400 £120°,
Iy = L. W =8/53°=4.8+j6.4

30— ;740 50£-53°

_ 400£120°
e S~
40

=10 £-60° = Iy,
[wattmeter current coil current]
For the wattmeter pressure coil circuit
20 Igg + Vi Vo— (40 Iry) =0
(i.e) 0 =200£-60° +40 £90° x 8£53°+ V|V,
S—=VV,o= 100-j173 +320 £143

=100 —j173 — 255.6 +j 195.2
S=ViV,=-155.6 +j20

ViV,=155.6 420 =156.9/-7.3°
.. the reading of wattmeter = Iy, . V|V,
=10x 156.9 x 10 cos ( 52.7°) kW = 0.94 kW

CBA — Phase sequence same as ACB

phase sequence
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Fig.(b)

— supply Line voltage =230V
Vac £0°=Vy £0°=230£0°
Vep £-120° =V £-120° =230£-120°

Via £-240° = V| /—-240° = 230./-240°
Phase current (i,) = Vic£0 _ 23040
20£0°  20£0°
=11.5£0° A
25/90°
_ V£ —120° 230£-120°
T152300 T 15430°
=15.33/-150° A
Line current (In) =1,—1p
=[11.5£0°-9.2 Z-330°]
(1) =11.5-9.2 {\/_ ﬂ

(In) = 11.5 - 7.96743 —j4.6
(In) = 3.53257 — j4.6 = 5.8 /-52.477

Wi =Vpe L cos [£ Ve & L]
=Vac xIacos [£ Vac& IA]
=230 x 5.8 x cos [ 52.477°]
=812.512W

For W, Reading:
=9.2/-330°-15.33£-150°

Ig =1p —ic

IB—92(\/_ J] —1533( 3 JJ
2 2

=21.2436 +j12.265
I5=24.53 £ 30°
Vgc= Ve £ 0 +180° =230£-120° +180°
Vpc= Ve =230£ +60°
=230 x 24.53 cos (60°
=5641.9 x 0.866
=4886.6W

-30°)

09.
Sol:

3-¢ balanced N
supply \
400 V
50 Hz Y
@N\immoz—oo
B Iy=4./300°
VYB40°ﬁg_(a)
20°
VryZ£—240° Var/—120°
240°

Wa= Vgpx I x cos [£ Vrp & Ig]

Ver=400£ —-120°, But Vyg £0°

Vpe= Vs =400 £~ 120°+180°

Vrp =400 £+60° = Vpc

Wa =400 x 3 x cos (60 —30°)
=1039.23W

Wg = Vpe x Icc x cos (£LVpe & Icc)

Vpe= Vyg=400 £0°, Icc = Iy =4 £300°

Wp = 400 x 4 x cos (~300°) = 800 W
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Postal Coaching Solutions

W A IR R
Load
I —
WB IY
fig.(b)

WA = VPC X ICC X COS (ZVpC & Icc)
Vpc = VRB =400 £+60°
ICC:IR:3 Z 30°
Wa=400 x 3 x cos (60 — 30°)
Wa=1039.23W
WB = Vpc X ICC X COS (vac & Icc)

= VYRX IY X COS (ZVYR & Iy)
Vpc=Vyr=400Z -240+180°

[ Vry = 400£ —240°]

Vyr = 4002 —60°, Icc = Iy = 4/ 300°
Wi =400 x 4 x cos (— 60° —300°)
W;g = 1600W

10. Data not sufficient

11.

Sol: Phantom loading: when the current rating of
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a meter under test is high, a test with actual

loading assignments would involve a

considerable waste of power. In order to

avoid this, phantom loading is done.
Phantom loading consists of supplying the
pressure coil circuit from a circuit of
required normal voltage, and the current coil
circuit from a separate low voltage supply.
It is possible to circulate the rated current
through the current circuit with a low

voltage supply as the impedance of this

circuit is very low. With this arrangement,
the total power supplied for the test is that
due to small pressure coil current at normal
voltage, plus that due to the current with low
voltage. Therefore, power required for
testing the meter with phantom loading is

comparatively very small.

Given data:

V=230V, [=12A
cosdp = 0.8lag, K =1200 rev/kWh,
N; =1150 rev

(i) Error in registration,
Actual kWh consumed

=230 x 12 x 0.8 x % x 107

=1.104 kWh.
= Actual revolutions registered
=k x kWh
=1200 x 1.104
N, = 1324.8 Revolutions
N, —-N,

Error registration = x100

2

1324.8-1150
=X

1324.8
=13.2%

100

(ii) Revolutions per minute = %
=22.08 rev/min

Revolutions registered/min = %

(half an hour measuring)
= 38.33rev/min
_38.33-22.08 8

22.08
=73.6% (fast)

Rectification: In energy meter, error in rpm

% Error 100

can be rectified by bringing the braking

magnet near to the centre of disc.
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Bridge Measurement of R, L & C

Objective Practice Solutions

01.

Sol:

02.

Sol:

Ans: (a)
It is Maxwell Inductance Capacitance bridge
Ry R4 =Ry R;

R = Ry
X R4
R, - 750%2000
4000
Ry=375Q

LX = C4 Rz R3
L,=0.05 x 107° x 750 x 2000
Ly=75mH
Ans: (d)
10Q 20Q2
10V —=— e
200 10Q2
V = V+ — V,
—10x2% 0% 1Y
30 30

=6.66-3.33=333V

03.

Sol:

04.

Sol:

Ans: (¢)
The voltage across R» is
_ R, _E
R,+R, 2
The voltage across R is
= E R, = E
R,+R, 2

NOW,E=IR3 +V
2 3

~E-2V I_E 2V
2R, 2R
and§=IR4
E_ [E—2V] (R+AR)
2
ER = (E - 2V) (R + AR)
R+AR = —°R
(E-2V)
Yy ye
(E-2V)
_ ER-ER+2VR
(E-2V)
R - 2VR
(E-2V)
Ans: (a)

The deflection of galvanometer is directly
proportional to current passing through
circuit, hence inversely proportional to the
total resistance of the circuit.

Let S = standard resistance
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R = Unknown resistance 06. Ans: (¢)
G = Galvanometer resistance 0.4343 T
o ) Sol: R = — g
= Deflecti ith S
| eflection wi C log,, (Vj
0, = Deflection with R
0, R+G _ 0.4343 x 60
0, S+G 600x107% xlog,, (250]
92
0
:>R=(S+G)e—l—G 26.058
’ " 26049 x10 "
=(0.5x10° +10x 10{%} ~10x10°
=0.4x10°Q
=04MQ
05. Ans: (a)
Sol: Thevenin’s equivalent of circuit is
Ry I,
MN—>

B

Ry = Resistance of circuit looking into
terminals b & d with a & c short

circuited.

_ RS N PQ _1><5+1><Q
R+S P+Q 1+5 1+Q

=0.833 +&KQ

1+Q

24%107°
13.6x10°°
(or) Rg=1765 — 100 = 1665 Q

0.833 + Q =1.665

1+Q
=0Q=4.95kQ

Now, R, +G = =1.765 kQ

R =100.03 x 10°Q

07. Ans: 0.118 pF, 4.26kQ2

Sol: Given: R3; =1000 Q
€,8,A

N

_ 23x4nx107 x314x107
0.3x107

C;=30.25 uF
0 =9° for 50 Hz

C1

tand = ®C; r; = oL4R4
=r1=16.67Q

Variable resistor (R, )= R{%)

2

R4=4.26k Q, C4=0.118 pF

08.

Sol: Resistance of unknown resistor required for
balance

R = (P/Q)S = (1000/100) x 200 =2000 Q.

In the actual bridge the unknown resistor has
a value of 2005 Q or the deviation from the
balance conditions is AR = 2005 — 2000

= 5Q.
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Thevenin source generator emf 10. Ans: (¢)
B R P Sol: Under balanced condition, current through
* IR +S B P+Q Galvanometer is zero, then
i 2005 1000 Ry = (1200 + 80Q2) || (120Q2 + 80Q2)
2005+200 1000 +100 - 1000
=1.0307 x 107°V. I, =lé%=10mA
Internal resistance of bridge looking into
terminals b and d.
11. Ans: (¢)
__RS  PQ Change in output
 R+S P+Q Sol: Sensitivity = ange I outpu
Change in input
2005%x 200 1000x100
= + 3 mm
2005+200 1000 +100 = o0 =0.5 mm/Q
=272.8 Q
Hence the current through the galvanometer
E 12. Ans: (d)
I, = R iG Sol: Changing the arms resistance by same value
0 will not affect the Balance condition.
~1.0307x107°
272.8+100 13. Ans: (a)
=2.77 pA. Sol: V, =+/2 cos(1000t) V

Deflection of the galvanometer
0 =Sil, =10 x 2.77

=27.7 mm/Q.
Sensitivity of bridge
0
S =
" AR
:ﬂ =5.54mm/Q
09. Ans: (d)
Sol: R1R4 = R2 R3
R — R2 R3
4 R]
=100, 004 59 +3%)
=50£10% Q

V, =2 cos(1000t+45") V

Under balanced condition,

V1212R
Vi _ V2cos1000t
> R 100

I, =107 x+/2 1000t
5 x\/_cos( ) ALZ,
V, =2 cos(1000t+457)
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@éﬂgg 29 Postal Coaching Solutions
"I’ lags V2’ by 45°. So, Zy has ‘R” and "L’ Conventional Practice Solutions
in series.

) 01.
R=Zcos® = 1072 %2 cos 45° = 100 Sol: The circuit diagram is shown below.
XL=Zsin 6
2 . .
= ———sin 45" =100 Q
V2 x1072
XL =wL
_ X% 190 6 =100 mH
o 1000 d
©
14. Ans: (b)
Sol: Z,=303.3 £ -72.4°
Z3=1049.5 £ -17.7°
Z,=274.8 £43.3°
Using balance conditions,
Z1724=7575 —)(1)
0, +0,=0,+0; > (2)
crN - Z,="179.4(from (1))
—/ 0, =-11.4° (from (2))
10cos314t . _ o_ :
S Z2p=794 £ -114°=77.8 —j15.7
R 1 R R=7738
joC  1+joRC Xc=15.7
R C=10.2 pF
(1+ijCj Z =1kQx 35000 So, resistance of value 77.8 (2 in series with
L0k Cofvalue 10.2 u F
- 5 | Z =1kQ % 5000
1+jox10kQx100x10"
02.
10°xZ . .
—F—— =50x10 Sol: Given data: f= 50 Hz, R; = 30002,
1+ jox10

Z=50+jo x 0.05
Z=R+joL
R=50Q inseries with L=0.05 H

C, =500 pF, R4 =72.6 Q, C4=0.148 pF

f=50Hz
le4 = ZzZ3

Zl = ZzZ3Y4
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2.3x8.854x107"% x314x107"
B = -2 =<
Bushing 0.3x10
X . ¢y =213.145pF
C C
A (D C I :éR3
o 213.14
‘ R, =Sip, = 23 19PF 1 600= 4260 kO
C, 50pF
D
~ tand = 9"
p & =tan'(9°) = 1.46°
tan & = o c4Ry
Z =R, x ! joC +L 0.1583 = »C
1 3 joC, 4 R, s = wC4R4
1 C R c4=—0'1583 =0.1180 pF
— =Ry =44 3 2xmxfxR,
joC, C, JoC,R,
C, 0.1180uF
R 72.6 I =—xRy =————x1000
C,=C,—* =500x10"" x——=121 PF C, 50pF
R, 300
=2.36 MQ
If we consider in bushing R; in series
R1R4_jR4 :_JR3 +R3R4C4 04.
o€, oL C Sol: Given
R,C R _
R1: 3 4’ C1:C2_4 R1—8OOQ
< R, Ci=0.4 uF
Loss angle tan 6 = ©C R, R4=1200 Q
R, =500 Q
=X R3C4 X C2 & 2
C2 R3 C2 =1 pF
= 0C4R4
=21 x 50 x 72.6 x 10° x 0.148 C
0=0.1934°
a
03. %\
R
d 2
Sol: We know that €, = oc
g,A
€.60A
u— :Cl N\
d )
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This is wien’s bridge under balanced 0, = 03 (because 05 is negative)
condition, f = ! Hz oL, = 1
2nRR,C,C, R, oC,R,
R, R . G 0= ob, 1
R, R, C, R, oC;R,
1 1
= f= —Mz Here Q =
274/800x 500x 0.4 x10” oC,R,
f =397.9 kHz Take ‘I’ is the current flowing in Rj
1200 500 0.4 and ‘Cs’.
also, = +—
R, 800 10 I
So, Q=———=
= R;=3mQ (DC3(IR3)
_w-
05. oC, IR,

Sol: Hay Bridge:

R The potential drop in C, = B Ve
: R oC, :
2

L(lég = Voltage across ‘Cs’
a (D) . IR; = voltage across resistor ‘R3’
_ Voltageacross C,
R, % R; Voltageacross R,
/\ &
d
N
N

At balance condition, Z,Z4 = Z,7Z3 and phase
angles are also equal.

Here, phase null condition means phase
angles are equal.

L
0, =tan™ il
Rl

(Or)

L .
tan0, = % = Quality factor
1

1
oC;R;
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Chapter Measurement of Frequency & PF

Conventional Practice Solutions

01.
Sol:

IRON VANE
N L ]
—
A R
W

N

B, Bus bar J INCOMING
B, M, MACHINE M,

Constructional features of moving iron

synchroscope:

e Figure above shows the construction of a
moving iron synchroscope, which is due

to Lip man.

e It has a fixed coil divided into two parts.
This fixed coil A is designed for a small
value of current and is connected in
series with a resistance across two phases
of the bus bar.

e There are two iron cylinders C; and C,
mounted on the spindle. Each iron
cylinder is provided with two iron vanes,
whose axes are 180° out with each other.

e The iron cylinders are excited by two
pressure coils P; and P,, which are
connected to two phases of incoming
machine.

e One of the coils has a series resistance
and the other has a series inductance.

e This is done in order to create an
artificial phase difference of 90° between
the currents of two pressure coils.

e There are no control springs. The
instrument is provided with a pointer
which moves over a dial marked fast and

slow.

Principle of working:

e When the Frequency of incoming
machine is the same as that of the bus
bars, the instrument behaves exactly like
the corresponding form of the power
factor meter.

e The deflection of the pointer from the
plane of reference is equal to phase

difference between the two voltages.
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However, if the frequencies of the two
voltages are different, the pointer rotates
continuously at a speed corresponding to
difference in frequency of the two
voltages.
The direction of rotation depends
whether the incoming machine is too fast
or too slow.
Let v, and v, be the voltages of bus bar
and incoming machine respectively.
Let the frequencies of the two voltages
be equal.
Torques produced by coils P, and P, are
T = kv,v,sinBcos (o)
T, = kv, vasin (90°-0) cos (90%+a)
= kvv,cos0sin (o)
Where
0 = deflection of the pointer from plane
of reference. This plane of reference
is the vertical position of the pointer.
o = phase angle between the two
voltages.
The two torques are in opposite
direction, therefore, under equilibrium
T, =T
kvivysinBcos (fo) = kvivpcosOsin (o)
(or) 8 =+ta
Thus the pointer is stationary and its
deflection from plane of reference equals
the phase difference between the two
voltages.
If the frequency of the incoming machine
differs from that of the bus bars, the

torques are

02.

Sol:

T, = kvvysinOcos (£nf't+a)
And
T, = kv vssin (90°—cos (90°—(—2nf't +a)
= kvvycos0sin (£2nftta)
Where
f = f, —fi = difference in two
frequencies.
Hence at equilibrium
SinOcos (£2nf'tta) = cosOsin (F2nf't+ta)
(or)
0 =2nf'tta
Thus, the moving system rotates with a
frequency corresponding to difference in
the two frequencies.

e The direction of rotation depends upon
whether the frequency of incoming
machine is higher (f' positive) or lower
(f negative) than the frequency at the
bus bars

e The instant of synchronizing is when the
pointer is stationary (f = 0) and when it
1s at its vertical position.

e Moving iron synchroscopes are more
common in use. They are cheap and
their operation is simple and also they

have a 360° scale.

Construction and working principle of a

single phase electro-dynamic power factor

meter:

e The construction of a single phase
electrodynamometer type power factor is
shown in below figure. It consists of a

fixed coil, which acts as the current coil.
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This coil is split up into two parts and
carries the current of the circuit under
test.  Therefore, the magnetic field
produced by this coil is proportional to
the main current.

Two identical pressure coils A and B
pivoted on a spindle constitute the
moving system

Pressure coil A has a non inductive
resistance R connected in series with it,
and coil B has highly inductive choke
coil L connected in series with it.

The two coils are connected across the
voltage of the circuit. The values of R
and L are so adjusted that the two coils
carry the same value of current at normal
frequency. i.e. R = oL.

The current through coil A is in phase
with the circuit voltage, while that
through coils B lags the voltage by an
angle A which is nearly equal to 90°

The angle between the planes of coils is
also made equal to A. There is no
controlling device. Connections to
moving coils are made through thin
silver or gold ligaments, which are
extremely flexible and thus, give a
minimum control effect on the moving
system.

In order to simplify the problem, we
assume that the current through coil B
lags the voltage by exactly 90°. Also that
the angle between planes of coils is
exactly 90°(i.e.A = 90°)

e Now, there will be two deflecting

torques, one acting on coil A and the
other on coil B. The coil windings are so
arranged that the torques due to the two
coils are opposite in direction.

Therefore, the pointer will take up a
position where these two torques are
equal.

Let us consider the case of a lagging

power factor of cos¢

Deflecting torque acting on coil A is:
Ta =KVIMax cosdsin®

0 — Angular deflection from the plane

of reference,

Mnax — maximum value of mutual

inductance between the two coils

This torque acts in the clockwise direction

Deflecting torque acting on coil B is:

T = KVIM nax cos (90°—0) sin (90°+0)

= KVIM,x sing cosO

L 0 TN
06 08 1.0 08 Lag

0.6

Fixed coil

g»or
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This torque acts in the anticlock wise
direction. The value of M. is the same
in the two expressions, owing to similar

constructions of the coils.

The coils will take up such a position that
the two torques are equal.

Hence at equilibrium Ty = Tp

KVIMnax cos¢sin® = KVIM,p,y sing cos0
0=1¢

. The deflection of the instrument is a
measure of phase angle of the circuit. The
scale of the instrument can be calibrated

directly in terms of power factor.

Comparison with Moving Iron type power

factor Meter:

1.

The working forces are very large in
moving iron type power factor meter,
where as in electrodynamometer type,
working forces are very small

All coils in a moving iron instrument are
fixed and therefore, the use of ligaments
is eliminated.

The scale in moving iron instrument

extends up to 360"

. Moving iron instruments are simple and

robust in construction, and also

comparatively cheap

. These instruments are less accurate than

electrodynamometer type.
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Chapter

Potentiometers &
Instrument Transformers

Objective Practice Solutions

01.

Sol:

02.

Sol:

03.

Sol:
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Ans: (d)

Under null balanced condition the current
flow in through unknown source is zero.
Therefore the power consumed in the circuit
is ideally zero.

Ans: (d)
Potentiometer is used for measurement of
low resistance, current and calibration of
ammeter.
Ans: (a)
Since the instrument is a standardized with

an emf of 1.018 V with sliding contact at

101.8 cm, it is obvious that a length 101.8

cm represents a voltage of 1.018.

Resistance of 101.8 cm length of wire
=(101.8/200) x 400

=203.6 Q
Working current I, = 1.018/203.6

=0.005 A

=5mA

Total resistance of the battery circuit
= resistance of rheostat
+ resistance of slide wire
.. Resistance of rheostat
R, = total resistance
— resistance of slide wire
3
T 5%10°
=600-400=200Q

-400

04. Ans: (b)

Sol: Voltage drop per unit length
_ LBV 0.029 V/cm
50cm

Voltage drop across 75 cm length
=0.029x75=2.175V
Current through resistor (1)
2.175V
- 010
75 cm — 0.1 Q

50cm — ?

=2175 A (or)

Slide wire resistance with standard cell

= ﬂ><0.1 = 0.067 Q
70

Then 0.067 x [, =145V

- ﬁ =21.75A
0.067
05. Ans: (a)
Sol:
2000 3'|2 v
—— W L

le— 200 Q —-|<—2SOOQ —>
— T_

E, R,=1000Q 200Q
V=0
V=0

Under balanced, I, = 0

200 o
(200+200+2800)

Ex =200 mV

E =3.2Vx 2V
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06. Ans: (a)
Sol:

y I,

— 11m4>|
—— AWWWAAWWAWWW——
|<—10.8Q

10.18 m
balanced

—
Vs=1.018V

Resistance 1 O/cm
Forllm—>11Q

For 10m + 18cm — 10.8Q2
Iy x10.8Q2=1.018 V

I, = Vs
R +1
= 0.1= 2
R +11Q
R~ 211
0.1
=9Q

07. Ans: (a)
Sol: It is closed loop inverting amplifier

R
Vy=-—-V,
R.

_IskQ
10kQ)

=—15V

Postal Coaching Solutions
08. Ans: (a)

Sol: Vi

0.8V 0.7V
v 0.6V

Dial resistor Y I,
_v(0-1.5V)

Slide wire
(0-0.1V)
N

o
e
=
<

Vs = standard cell voltage

Dial resistor has 15 steps and each step is
10Q=15x10Q=150Q

Slide wire resistance = 10 Q2

Total resistance = 150+10 = 160 Q

Working current (Iy) = 10 mA

Range of potentiometer

=10mA x160Q2=1.6 V

Resolution of potentiometer

working currentxslide wireresistance

slide wirelength

_10mA x10Q
100 cm

=0.001 V/cm
(1div=1cm)

One fifth of a division can be read certainly.

Resolution = éx0.00l =0.2 mV
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09. Ans: (d)
Sol: vV

-

Loop 14—> vy L,
|f900 Q:-|<j900 Q—J:I

Loop 2
> R,
— }+_._
vV, I,=02mA

Write KVL for loop 1

2V —-900 I, — 900(Iy, — 0.2mA) =0
[w=1211 mA

Write KVL for loop 2

Vi +0.2 mA x Ry —900(I,, — 0.2mA) = 0
V, +0.2x107 Ry 900(1.211x107° —0.2x107) = 0
V,=0.909 - 02x107° Ry ....... (1)

When V, is reversed, the circuit is

2V
(l

.l

Loop 1) Y I,
|I900 Qi-|4j900 Q:r>|

Loop 2 P
G
L -

v, [, =3.8mA

Write KVL for loop (1)
2 — 9001, — 900(Iy, — 3.8mA) =0
I,=3.011 mA

Write KVL for loop (2)

V. —900(3.8mA — L) — 3.8mAxR, = 0

V, -900(3.8x107°-3.011x107)- 3.8x10° R, = 0
V,=0.710+3.8x10° Ry ......... )
Substitute (2) in eqn (1)

0.710+3.8x107°Ry = 0.909-0.2x10 R,

R, =49.72 Q=50 Q
Substitute ‘R, value in eqn (2)

V,=0.710 + 3.8 x 107> x 50
=0.9001V

10. Ans: (a)
Sol:

I = 2_V
R
Apply KVL in loop

~V+IaR + V=0
—V+2?VXOLR+VX =0

V- 2Vo =V,
Ve=[1-2a]V
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Conventional Practice Solutions

01.
Sol:

The burden of secondary winding is purely
resistive and therefore secondary winding
PF is unity

PF of exciting current = 0.4

cos(90 - oc) =04

o =23.57

Exciting current [y = 1A

Nominal ratio K = 10% =200

Since there is no turn compensation, the
turns ratio equal to the nominal ratio

n=K,; =200

A

Ep

nl L,

v

1
+E

Rated secondary winding current, Iy = SA
nly = 200x5 =1000A
Actual transformation Ratio

R :n+i—°sin(6+a)

C

=2004~%sn404-2357) =200.08

K, -R

Ratio error = —2 x 100

_ Nominal Ratio — actualratio

- x100
actual ratio
_200-2008 00— 0.04%
200.8

02.

Sol:

Phone angle error

_180° {IO cos(8 + a)}

T nl

S

0

::180°[cos(23.57)}

T 1000

=0.0525

Primary winding turns, Np = 1

Secondary winding turns, Ny =300

Turns ratio, n = II:IIS =300

p

Secondary circuit burden impedance
= J(1.5) +(1.0) =1.8 O
Secondary winding circuit
cosd = 1'—Semd SIn o = 80 =0.554
1.8 1.8
=0.833
Secondary induced voltage
(E,)=5x1.8=9.0V

Primary induced voltage

=9 g3y
300 300

Loss component of current referred to

primary winding.
_ironloss 1.2

B 0.03

I =40A

Magnetizing current , I

magnetizing mmf

CPr imary winding turns

_100

=100A
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Actual ratio, R =n + i—osin(S + oc)

C

I, cosd+1, sind
+

m

IS
3004 40x0.833+100x0.555
5
=317.6
Ky, =n=300
. -R
Percentage Ratio = —* x100
_ 30023178160 - _s5.549%
317.6
Phase angle error 0 = 180 (Im cos 0 — Iesm8J
T nl
_ 180°(100x0.833—40x0.555)
T 300x5
=2.34°
03.
Sol: _
(@)
KR,
E —|(— X /
R= T Fo

Given: X, =120mm
R =24kQ
X;=40 mm
So K Rp= 8kQ

Voltage V across KR, i

V= iE =0.33E
24

after the connection of meter resistance
Req= KRy || Rin
_ 15x8
1548
_ 5211xE

“ T (24-8)+5.211

%error= (()332_3232459) x100 =26.22%

(b) To keep error within 3% Vjew is the

=5.211kQ

eq

=0.2459E V

voltage developed across the common
resistance of Req and Rpey .
- (0.33-V_.)E y

100
0.33E
V.. =03233EV
now 0.323 = Rn$E
16+R .,

=R, =7.64kQ
8R

new

now, Rmax = W
new

_ 8x7.6442

= =172k Q2
8~7.6442

04.

Sol: Phase angle of pressure coil circuit () = 30’
Phase angle of load = cos ' (0.5) = 60°
Where
V = voltage across the load =11 kV
I = load current = 100A
¢ = Phase angle between current and voltage

=60°
o = phase angle bandwidth
Currents in the current and pressure coils of

watt meter
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transformer.
I, = current in the wattmeter pressure coil.
B = angle by which I lags V on account of
inductance of pressure coil = 30" = 1/2°

d = Phase angle of potential transformer =

45" = 3
4

0 = phase angle of current transformer = 90’
2

Phase angle between pressure coil current Ip

and current I of wattmeter current coil

a=0-0-P-0
_eoo_ 7.3
2 2 4
=57.25°
- cos¢
Correction factor=k = ———
cosf.cosa
h co0s 60°
cos(0.5°)>< cos(57.25)
=0.924

":ﬁumﬂ., s &d 4] Postal Coaching Solutions
Vs = voltage across secondary of the ) -R
’ g Y Percentage ratio error = —= x100
potential transformer.
I = secondary current of current k., x100

ActualratioR =

(1 00 + percentageratio error)

20x100
(100-0.2)
=20.04

100x100
(100 +0.8)

=99.2

Actual ratio of C.T =

Actual ratio of P.T =

Power of lead
= k x actual ratio of P.T x actual ratio of
C.T x wattmeter x wattmeter reading
(2) power of lead = 11kV x0.5 x100
=0.924 x 20.4 x 99.2x wattmeter reading
(3) Wattmeter reading
=294.18 Watts
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Chapter

Cathode Ray Oscilloscope

Objective Practice Solutions

01. Ans: (b)

Sol: Time period of one cycle = 8—28 x0.5

= 2.2 msec
Therefore frequency = l:—1 -
T 2.2x10
=454.5 Hz
The peak to peak Voltage = 4.6x100
=460 mV

Therefore the peak voltage V,, =230 mV

R.M.S voltage = 204 162.6 mV
V2
02. Ans: (¢)
Sol: In channel 1
The peak to peak voltage is 5V and peak to
peak divisions of upper trace voltage =2
Therefore for one division voltage is 2.5V
In channel 2, the no. of divisions for
unknown voltage = 3
Divisions = 3, voltage/division = 2.5
- voltage=2.5x3=75V
Similarly frequency of upper trace is 1kHz

So the time period T

1
f

-1
T % 0’ = 1 msec
1.e for four divisions time

(for four divisions) =

period = 1m sec
In channel 2, for eight divisions of unknown

waveform time period = 2m sec.

03. Ans: (¢)
Sol: No. of cycles of signal displayed

fsignal X Tsweep

= 200Hz x (lOcmx 0'5m5)= 1
cm

i.e, one cycle of sine wave will be displayed.
We know Vs Voo
242
Vo o= N, x Volt/div
o 22

B 24/2 x Vims

~ Volt/div

_ 23/2%300mV

v

100mv /cm
= N, =8.485cm
1.e 8.485cm required to display peak to peak

of signal. But screen has only 8cm (vertical)

As such, peak points will be clipped.

04. Ans: (b)
Sol:

|4— leycle —P|
|‘_ NH =8cm —Fl

— Given data: Y input signal is a
symmetrical square wave

o = 25KHz, V, =10V

signal
— Screen has 10 Horizontal divisions & 8
vertical divisions
which displays 1.25 cycles of Y-input

signal.
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VOLT

= Ve =Ny

— VOLT _V,, = 10V._ 2 Volt/ c.m

div. N Scm

v

TIME

div

—> T

= N percyclex

signal

T

signal

— TIME _
div

N, percycle

B 25kHzx8m

cm

1 5 s

05. Ans: (a)
Sol: Frequency ratio is 2

74_

Y

:

. Two cycles of sine wave displayed on

— O

vertical time base

06.
Sol:

Ans: (a)

N

v

[~ +1Vdc

Vertical straight line

07.
Sol:

Ans: (a)

Since the coupling mode is set to DC the
capacitance effect at the input side is zero.
Therefore the waveform displayed on the

screen is both DC and AC components.

08. Ans: (d)
Sol:

0° (or)
/3900

10. Ans: (d)

Sol: 22)

(0,0)

—k.= 1> Volt
Let K, = K, =2 Volt/.
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t |V, |V dy =k, Vy, | d=k,V, points
0] 0 0 0 0 (0,0)
1 1 1 2 2 (2,2)
21 0 0 0 0 (0,0)
3 -1 -1 2 2 (-2,-2)
41 0 0 0 0 (0,0)

By using these points draw the line which is

a diagonal line inclined at 45° w.r.t the
X-axis.

11.
Sol:

Ans: (d)
Voltage signal = 5 sin (314t + 45°)

314
fsignal = E Hz

=50Hz
No. of cycles of signal displayed

fsignalx’-[‘sweep
= 50x10x5 ms/div

=25

12.
Sol:

Ans: (d)

13. Ans: (a)
Sol: Lissajious figures are used for measurement

of frequency and phase difference.

14. Ans: (d)
Sol:

90° < ¢ < 180°

Because of phase difference only figures

changes from ellipse to circle and back to

ellipse.
15. Ans: (d)
Sol: A trigger setting that ensures a stationary

display is with trigger voltage level as 1.8V
and trigger slope as —Ve.
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Conventional Practice Solutions Vi =K. Vs where K is attenuation factor

: R. C
K= i ~— (or) .

01. V., R, +R, C,+(C; +C))
Sol: We know: ty, =/t7 +t; orts= /t’ —t g o2MQ o SOpF

Where, t,, = measured rise time 6MQ 150pF

t = actual or true rise time of signal K = 1
to = oscilloscope rise time 3

Given that: ty = 15 ns & t,, = 20 ns i.e., The test signal voltage will be

~ts=/t2 —t2 =\[(20ns)> — (15ns)> = 13.23ns attenuated by 3 times.

Therefore, the actual rise time of signal is 04

1323 ns. Sol: Given
02. Vertical amplifier sensitivity = 5V/cm

2eV 2x1.602x10"°C x 1000V BRI — S0ps/em
Sol: v, = ma = 9.11x10™" kg Peak — to Peak amplitude = 5.4 cm
; Distance for two complete cycles = 8.4cm
=1.87 x 10" m/s .
From the above given data wave form can

03 be constructed as shown below.
Sol: given that: 1

|

Probe resistance, R, = 4MQ
Probe capacitance, C, = C

Cable capacitance, C. = 90pF
CRO input resistance, R; = 2MQ
CRO input resistance, C; = 10pF

The equivalent circuit

C
—

—WW—
Rp =4 MQ

1

RiZMQl

= C, = 50pF.

Cc = 90pF |C; = 10pF

_—M—

_—”—

L

A

We know Rp Cp:Ri (C.+Ci)

2MO(90pF +10pF)
= Cp = AMOQ

N W A

[\
VARV

From the above wave form one cycle of

wave form can be represented in 4.2 cm.
Voltage (Peak —Peak) = Vertical amplifier

sensitivity x Peak to Peak amplitude.

=54x ﬂ =27V
cm
V,
Rms voltage = 2=
NG
27

=—==954V

242
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Time period for one cycle When ot = 360° then,
= sweep speed x distance for one cycle Vi=1Vni; Vy=0
=50us/cm x 4.2 If we plot the above obtained Vy and Vy
=210ps values on x-y plot for different angles then it
1 1 can be represented as.
Frequency = — — = —
Time Period 210x10
Vm A
= 4.76 kHz Vx I 1 /"m/zly\
(b) Voltage applied to Horizontal axis \ / > v,
Vin
= V1 cosmt \/ k,_/'/ :
Voltage applied to vertical axis = V., cosmt .y
y
When ot = 0 then , Vi
Vy =V sin (0) = 0; Vi =V c05(0) = Vi <
When ot = 30° then,
VX = 0.866Vm1; Vy = 0.5 Vm2 v
yheno(;;tvz 60\/ thel(;’866 4 From the above plot we can conclude that
xS b Yy = = i) When Vi # Vi the trace will be an
When ot = 90° then, . N . ) )
ellipse with ‘x’ axis as major axis when
VXZO; Vy:Vm2 b [ 5 ]
Vmi > Vi and with “y’ axis as major
When ot = 120° then, Miearey & A4Y
Vi =-0.5Vii; Vy = 0.866 Vin i) When V,; = Vi the trace will be a
When ot = 150° then, el
Vx=-0.866Vp1; Vy=0.5 Vi, <
When ot = 180 then, Sol: Assume peak amplitude of saw tooth wave-
V= -Vimi; Vy =0 form is 2V; the screen dimensions are
When ot =210° then, 8 cm x 8 cm. The horizontal dial setting is
Vi =-0.866 Vimi; Vy=-0.5 Vip 2 volt-cm. Given that y input saw tooth
When ot = 240° then, signal is leading x-input saw tooth signal
VX = —0.5Vm1; Vy = 0.866 sz by 900.
When ot = 270° then,
Vi=0; Vy=- Vi t Vi |Vy
When ot = 300° then, Yo =2V | -1V
_ vV — t -1V |0
Vi=0.5Vni; Vy=0.866 Vi 0 0 1V
When ot = 330° then, t3 +1V | +2V
Vx = 0.866;\/1]1]; Vy = _0.5 V]nz t4 +2V _IV
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Av, q — Charge of an electron = 1.65 x 10°C
+21¥/" ‘ V. — anode voltage required = 2000 V
+ <4
t > m — mass of an electron = 9.1 x10' kg
RS I; t
2qV
v =, |22%
2V+ ox m
' _\/2><1.65><1019><2000
9.1x10™"
— =26.93 x10° m/s
07.
Sol: CRO (Oscilloscope)
06 10 KQL0° <o e ,
: Z i T |
Sol: V, = 2000V - E f |
Length of deflecting plates /g =2 cm 1V peak EL 21MQ = 50pF
. Sine wave ! !
Distance between the plates (d) = 0.5 cm , l i
Distance between centre of plates to the Gt '
screen = 30 cm (a) f=100 kHz:
Deflection height of the beam (D) = 3cm 1
. . Xc= =32000Q2
Gain of the amplifier (A) = 100 21 x100kHz x 50pF
- LGVy (- Vg4 = deflection voltage) )
2dv, Impedance of oscilloscope
R x(—jX
Vd _ ZdVa xD (ZL) — ( J c)
L/, R —jX,
~ 2x0.5%2000% 3 g 10° x (= j32000Q)
T 30%2 “10° - /320000
Va=100V =32000Q2 £-90°
A =100 Voltage indicated by CRO (E;)
V; V4=100 _ E,
v 1+Z,/Z;
—4=100 0
V. _ 1V£0
1 L= 0
Vi= 1V N 10kZ0 :
5 32000£ -90
Velocity of electron beam (Vox) =, /q—V“ =0.954V £-17.4° peak
m
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(b) f=1IMHZ 1v£0°

E =
1 L

Xc= c =3200Q2
21 x1x10” x 50pF

Impedance of oscilloscope (Z1)

. 10kQ20°
3.2x10° 2 =90

=0.304V£-72.3°

_ 10°(- j32000Q)

7 o =3.2 x10°£-90°
10° — 320002
Voltage indicated by CRO (E;)
__ B
1+72,/Z,
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Chapter@ Digital Voltmeters

Objective Practice Solutions

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:
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Ans: (a)
The type of A/D converter normally used in
a 3l

2

digit multimeter is Dual-slope

integrating type since it offers highest
Accuracy,
Highest Stability than other A/D converters.

Highest Noise rejection and

Ans: (d)

DVM measures the average value of the
input signal whichis 1 V.

. DVM indicates as 1.000 V

Ans: (¢)
0.2% of reading +10 counts — (1)

=0.2 x % + 10 (sensitivity x range)

=O.2x@+10 ! y,
100 2x10

=02+0.1=203V

X 200)

%error = i%xloo =0.3%

Ans: (d)
When % digit is present voltage range

becomes double. Therefore 1V can read
upto 1.9999 V.

Ans: (d)
Resolution = full - écale reading _ 9.999V
max imumcount 9999
=1mV

06.

Sol:

07.

Sol:

08.

Sol:

09.

Sol:

10.

Sol:

Ans: (b)

Sensitivity = resolution x lowest voltage range

= %XIOO mV
10

=0.01 mV

Ans: (¢)
The DVM has 3% digit display

Therefore, the count range is from 0 to 1999
i.e., 2000 counts.

given voltage range

Resolution = ‘
Maximum count
| 29V =0.ImV
2000
Ans: (a)
Resolution = max.voltage
max. count
= ﬂ =1mV
3999
Ans: (b)

A and R are true, but R is not correct

explanation for A.

Ans: (¢)
When %digit switched ON, then DVM will

be able to read more than the selected range.
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1. Ans: (b) Conventional Practice Solutions
Sol: Given, 3ldigit, FSD value of 200 mV
2 01.
. _ 200mV
Resolution = 000 0.lmV Sol: The count range of 3% digit DVM is from
- Error = %x 100mV +5%0.1mV 0 to 1999, i.e., 2000 counts.
N B .
=+l mV Due to adding Edlglt, the 1V range of this
101.0 mV extended to 20V.
. 1 ...
12. Ans: (d) resolution of3§d1g1t DVM _ 1 <2V
. . 2x10
Sol: ¢ The DVM has 3l digit display. i T EC ogperation
2 v
Therefore, its scale resolution is 0.001 2000 counts I mV
e [ts resolution in 200mV range is 100mV
e The maximum voltage that can be 1
measured in this 200mV lowest Range: resolution of35digit DVM| 1 « 20V
- 3
199.9mV. in10Vrange of operation 210
20V
13. Ans: =——=10mV.
3 ns: (b) 2000 counts
Sol: For N-decade counter

) 10™
Pulse width (nax) = —
clk

Resolution = 1count = 1. Ty

Resolution = %

Range of pulse width
1 10Y -1
= — to
f f

02.
Sol: Weknow: V., Ti=Ver Tz
= Vm NF = Vref n

v
= Vn= —Lxn
F

_ 1000V. x762 =762V.
1000
03.
Sol: For analog multimeter

Vm = IOV, VFS = 20V,
G.A.E=2%2% of Vgs
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In question asking amount of error in%
means limiting error.

% Limiting error =
X
Measured value x ﬁ = G.A.E value form

Where x — % limiting error

—10x = =2 (20)
100 100
=x=4%

.. % error = 4%
1
= For 3Edigital multimeter, accuracy of

1[0.5% of reading + 1 count]
Vs
Maximum valueof Display

= For 1 count =

1
= For 35 DMM,

Maximum
Display

1 count = ﬂ =0.01
1999

0.06

This is absolute error

=+ [Ex(wﬁ 0.01} =
100

0.06

. % error = 0 x100 = 0.6%
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Chapter

Analog Electronic Voltmeters

Objective Practice Solutions

01. Ans: (d)
Sol:

Vin = input to FWR
r N

100V

v

-100V

Vout = input to DC voltmeter

A

100V

The output of FWR is fed as input to DC
volt meter. As such, the DC voltmeter
measures average value of V.
Vavg of Vou = 100V
Vimsgind) = 1.11 X Ve =1.11 x 100 V
=111V

02. Ans: (b)
Sol: Vineasured (rms) = 1.11x average value
=1.11 x75

=83.25V

V. 150

“m = 86.6V
NERERE)

VTrue % 100

VTrue (rms) =

measured

% error =

True

83.25-86.6
= x

86.6
=-3.87%

100

03.

Sol:

04.

Sol:

Ans: (a)

The full wave Rectifier type electronic AC
voltmeter has a scale calibrated to read r.m.s
value for square wave inputs. As such, the
scale calibration factor used for deriving rms
volt scale from DC volt scale is 1.

Reading = 1x V4 Where V4 is Average
voltage of output of full wave Rectifier for
given input.

e This voltmeter is used to measure a

sinusoidal voltage
FWR input

'y

AN

»t

DC. voltmeter measures V. of output of
FWR

v, =Y
s

) 2
Therefore, reading = 1xVy, =—V
T

Ans: (b)

A rectifier moving coil instrument consists
of a rectifier at primary stage whose output
is fed to PMMC meter.

As such, it measures average value but
indicates rms value since scale is calibrated

1n terms of rms.
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05.
Sol:

06.
Sol:

07.
Sol:

08.
Sol:

Ans: (d)

Assertion is wrong since Fullwave rectifier
AC voltmeter is a derived rms meter and
reads true rms of only one wave form which

meter scale is calibrated.

Ans: (b) (Key changed)

Sac=10.9 Sq4c
=0.9x10 kQ/V
=9 kQ/V
Input resistance in 10V range
=9 kQ/V x10
=90 kQ
Ans: (¢)
Given data: Full wave Bride Rectifier AC

voltmeter’s AC volt range is 0-100V. The
PMMC ammeter used in the design has full
scale current rating of 1mA and internal
resistance of 100Q2 & diodes are ideal

R, = 0.9><VI“1;F'5D—2RGl -R,,
I
dcFSD

= 0.9XM—IOOQ

ImA
=90k -100Q2
=899 kO

Ans: (a)

We know, for FWBR type AC voltmeter
Vims= 1.11 (Rv(fw))XIdc

= 100kV = 1.11 [x.]x45x10~A

__100x10°V
¢ 111x45x10°A

09.

Sol:

10.

Sol:

11.

Sol:

1 100x10°V
: =
2nfc 1.11x45x107°A
_ L11x45x107A
2nx 50Hzx100x10°V
Z159x10°'°F

Ans: (d)
Multimeter measure voltage (ac & dc),

current (ac & dc), resistance.

Ans: (¢)

The meter reads full scale with 12V at M

and range switch at B.

Now range switch is at D and meter reads

full scale value.

Voltage at M is ?

At position B:

v, = S( 1.2+0.6+0.12+0.06 +0.02 J
2+6+1.2+0.6+0.12+0.06+0.02

=12x02=24
At position D:
v, =Vs( 0.12+0.06+0.02 j
2+6+1.2+0.6+0.12+0.06+0.02
2.4=Vx0.02
V=120V
Ans: (b)

Given data: Voltmeter sensitivity is 20kQ/V
Reading of 4.5V on its 5V full scale
Reading of 6V on its 10V full scale
e Say, voltage source is V; and its internal
resistance is R,.
SV range:

R, :20k79><5 =100 kQ
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100kQ

— Reading =V x ————
" R _+100kQ

100k

45V=V x——"
"R, +100kQ

45V
" 100kQ

(R +100KQ) ......... (1)

10V Range:

—> R, =2ok79><10v

=200kQ2

. 200kQ
— reading = V, x ————
- R, +200kQ

6V =V x— 200K
R +200kQ

Solving eq (1) & (2)

oV (R, +200kQ)
200kQ

45V

~ 100kQ
R +200kQ =1.5(R_ +100kQ)

0.5Rs = 50kQ
R = 100kQ
Putting the value of Ry in eq (1)

V = 4'5\; (100kQ +100kQ2)

(R_+100kQ)

=4.5Vx2 =9V
Therefore, the voltage source is 9V and
its internal resistance is 100kQ.

12. Ans: (b)

Sol: For the measurement of the voltage of the
order of mv, an amplifier- rectifier type
VTVM is best suitable where the low
magnitude input signal (AC) 1is first
amplified and then rectified and then driven
to PMMC meter.

Conventional Practice Solutions

01.

Sol: (i) Reading of true rms meter:

A true rms meter measures true rms

value of input

TO
1
Vrms(true) = T_ J.Vz (t)dt
00

T,
_ L iy
- /2n£V (t)dt

B L /2 5 L 2n 3 )
_\/271; j (VY dir- L/z( 1V)2dt

0

9 n/2 1 2n
= | x®) +—(1)*", V
\/21_[ ()0 275( )n/Z

< N WENELRRY

2 2 2m 2

—>Reading of true rms meter is

\/5 Vie.,

(ii) Reading of average measuring — rms

indicating meter:

This meter consists of a full wave
rectifier at the primary stage, whose
output is fed to DC voltmeter and the
scale is calibrated to read rms of sine
wave.

. Reading = 1.11Vy,

Where V. is average voltage of output

of FWR for given input.
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8:ACE
input to FWR
k14 1
7 27| e an
-1V 2
output of FWR
A
A% _‘ ”
v+
| } ! | >
T } T I =
r 2r 37
5 "

DC voltmeter measures “Vq. of output of

FWR”
1 n/2 2n
Vdc:_U 3Vdt+ 1th}
27| Jo /2
=i[3vx(t)g/2 +1Vx(t)ﬁ’;z]
27
=i{3\/x5+1vx3_“}
T 2 2
VLV 8y L5y
4 4 4

Vimsngy= 1.11 x 1.5V =1.665 V

(iii) Reading of “peak measuring” — “rms
indicating” meter:

This meter consists of a peak detector at
the primary stage whose output is fed to
DC voltmeter and the scale is calibrated
to read rms of sine wave

.. reading = 0.707 V.

Where, V. is average voltage of output

of peak detector for given input

02.

Sol:

Input to peak
D“etector

3V

21 4

v

N |2

Output of

Peak detector
A

3V

>t

DC voltmeter measures “Vg4. of output of
peak detector”

Vi =3V

Vimsging) = 0.707 x 3V =2.121V

Advantages of Electronic Voltmeters:

1. Electronic voltmeters offer very high
input resistance in the order of MQ

2. FElectronic voltmeters cause minimum
loading on the circuit under test because
of their high input resistance and in
turn provide accurate reading.

3. Electronic voltmeters offer better
accuracy

4. FElectronic voltmeters offer very high
sensitivity

5. Electronic voltmeters can detect or sense
low level input signals because of their

high sensitivity

ACE Engineering Publications
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6. Electronic voltmeters offer improved
dynamic input range

7. Electronic voltmeter take less power
from circuit under test as the power
required for deflection is provided from
the external circuit using amplifiers but
not from circuit under test. As such, their

power consumption is low.

8. Electronic voltmeters offer faster
response
9. Frequency range of operation of

electronic voltmeters is high
10. Electronic voltmeters are compact in

size and are more portable.

Electronic Voltmeter using Bridge Circuit for
Full Wave Rectification

A full wave bridge rectifier type AC
voltmeter consists of full wave bridge
rectifier at primary stage whose output is fed
to PMMC indicating meter and the scale of
PMMC is calibrated to read rms voltage of

input sine wave

Circuit diagram:

Lacrsp

Rm

Available PMMC ammeter ratings:
0-1 dcFSD» Rm.

Required AC voltmeter range: 0 - Vimsrsp

The sinusoidal input voltage whose rms
value is to be measured is first fed to full
wave bridge rectifier. During the half cycle
of input, D, & D4 conduct and current
passes through ammeter. Similarly during —
ve half cycle of input, D;& D3 conduct and
current passes through ammeter (in same

direction)
I Via DC Ammeter

Vin
A
Vi T/ _A>_______N :V_m
Z/-\\ -~ rms 2
\ ) YV
1 1
Vims =—=V,, =—R_ xI
rms 2 \/5
ZLR\/XEIaV
2 2 "

T
=——=R xI
rms 9 /—2 v avg

= Vims = 1.11RxI,y—scale calibration
relation
Where,
R, = input resistance of FWBR voltmeters
=2R4+ Rs. + Ry
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This relation is used to calibrate the DC This voltage is input to FWBR. As such, the
current scale in terms of AC volts (rms output of FWBR:
volts) VL

AC volt scale

160V
VrmsFSD
"""""""" Vdc =80V
DC current scale )X L1IRy R
Licrsp t (Sec)
This voltmeter internally measures Vims(ind) = 1.11 Vge = 1.11 x 80V = 88.8V
average value but indicates rms value. % error in measurement
Solution to th bl 8V -92.
ou'lon o the problem :888V 923Vx100:—3.8%
For given voltage waveform, 92.3V

A

160V T

3.6S t.(sec)

2
1 36160V
Vrms(true) = \/ E ‘[0 (7 t) dt

- \/ﬁ I:'6(44.4tv)2dt =923V
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Q-Meter

Objective Practice Solutions

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:
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Ans: (a)
C,=300pF C, =200 pF
Q= 1/(wCiR)
=120=1/( C+ CyR
Ci=GC+Cx
- Cx=100 pF
Ans: (b)
%error = — L %100
r+R
= __0 x100 =-0.2%
0.02+10
Ans: (¢)
Q-meter consists of R, L, C connected in

series.
.. Q-meter works on the principle of series

resonance.

Ans: (b)
Given data: Cq = 820 pF,
o = 10°rad/sec & C =9.18nF
1
o’[C+C,]
1

= = 100uH
(10° }'[9.18nF + 820 pF]

We know, L=

The inductance of coil tested with a Q-meter
is 100pH.

Ans: (b)
A series RLC circuit exhibits voltage

magnification property at resonance. i.e., the

voltage across the capacitor will be equal to

Q-times of applied voltage.

Given that V = applied voltage and

Vo = Voltage across capacitor

C max

There fore, Q =

06. Ans: (b)

Sol: f; =500 kHz; f,=250kHz
C;=36pF ; Cy=160pF
o _ 250kHz
500kHz
=n=0.5
_ 36pF—(0.5)’160pF
(0.5 =1
=5.33pF

07. Ans: (¢)

capactor voltmeterreadin
Sol: Q= P £

Input voltage

__ 10
500x10°°
=20

08. Ans:i— (¢), ii > (a)
C,—-n’C,

n’ -1
360288
==
=24 pF

Sol: (i) C, =
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09.

Sol:

10.

Sol:

11.
Sol:

X0 OB 03 T T R @ IO IS0 N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada « Vizag « Tirupati « Kolkata « Ahmedabad

1
('Olz[cl +Cd]
1

= - = 264pH
[2mx500x10° | [24+360]x10°

(i) L=

Ans: (b)

Qtrue = Qmeas (1 + ;j

coil

R
Qactual = Qobserved |:1 + R_j|

N

Ans: (¢)
C

1+—=9 = &
C Qmeasured

Gy _ 245

C 2445
=2.044x107
C

— — =489
C

d

Ans: (b)
Q-meter works on the principle of series

resonance
Vc = Q X Vin
.. Both A & R are individually true but R is

not the correct explanation of A.

Conventional Practice Solutions

01.

Sol:

02.

Sol:

Given that: f; =3 MHz & C; =251pF
f, =6 MHz & C, = 50pF
f, _6MHz _
f, 3MHz

After inserting the test coil into socket of Q
— meter, the resonance is obtained for the
first time at 3 MHz with tuning capacitance
set to 251pF. Then, the frequency is doubled
(i.e., n =2) and, the resonance is obtained
for the second time at 6 MHz with tuning
capacitance set to SOpF.
C,-n’C,
n’ -1
251pF — (2)* 50pF

B

_ 251pF-200pF

7 3
= Cq= 17pF.

self capacitance or distributed

We know: Cq =

The

capacitance of coil is found to be 17pF.

. . 1
The effective Q-of the coil, Q, = oCR
_ 1
 2mx1x10°x60x1072 x10
=265.258
The indicated or calculated Q-of the coil

1
Qind 2x1x10°x60x10~2 x (10 +0.02)

=264.729
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03.

Sol:

04.

Sol:

o error = 2t ~ R 100

t

264.729 - 265.258 “
265.258

=—0.19943%

100

Refer previous Q for working of Q — meter
given that: f; = IMHz & C; = 1530 pF
f, =3 MHz & C, =162 pF

f, _ 3MHz

n=-= =3
f, IMHz

After inserting the test coil into socket of Q
— meter, the resonance is obtained for the
first time at IMHz with tuning capacitor
adjusted to 1530PF. Then the frequency is
tripled (i.e.,n = 3) and the resonance is
obtained for the second time at 3MHz with
tuning capacitor adjusted to 162 pF.

We know: Cq4 =C1_2—r12C2
n°—1
_ 1530pF — (3) x162pF
Bl
_ 1530pF —1458pF
8
Cd =9 pF

.. The self capacitance of the coil is 9 pF.

Given distributed capacitance

Cq=20PF
Tuning capacitance at first resonance =
C; =200pF

Tuning capacitance at second resonance =
Cz =9

0s.

Sol:

First resonance frequency occurs at
~ 1

2n/L(C, +C))
~ 1

21/ 1L(220)

1

Second resonance frequency will be double

the first resonance frequency

f2 :2f1
_ 1 _ 2x1
* onfL(C,+C,) 2mI(C, +C,)
1 2x1

- =
2nJL(C, +C,) 2nx4L(C, +C,)

By cross multiplying and squaring
(C,+Cy)= 4X(C2 +Cd)

By solving
C,= < _43Cd ........ (1)

By substituting values of C4 and C; in (1)
then
~200-3x20 200-60

< 4 4

= 35pF
Tuning capacitance at second resonance
C, = 35pF and

Second resonance frequency will be double

the first resonance frequency

f2:2f1
ol
R
_XL
Q= R
100
=— =10
Q 10
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06 1
. L:
Sol: Given that: f; = IMHz, C; =210 pF, (2m x IMHz)[210pF + 10pF]
Q; =100 and f, =2 MHz, C; =45 pF =1.15x10* H
qo2MHz _ Ruuy _ 2nxIMHzx1.1513x10”"
IMHz 100
_ 210pF —2° x45pF =7.245Q
Cq= 5
27 -1
:210pF—4><45pF: 10 pF
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Chapter > Basics of Transducers

Objective Practice Solutions

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

Ans: (d)
Piezo electric transducer 1s an active

transducer.

Ans: (¢)

Active transducers do not require an
auxiliary power source to produce their
output. From given options thermocouple &
solar cell pair transducers are active
transducers as they produce output with no

auxiliary power source.

Ans: (d)

Pressure — Piezoelectric crystal
Temperature — Thermistor
Displacement — Capacitive transducer

Stress — Resistance strain gauge

Ans: (d)

Thermocuple - Cold junction
compensation

Strain gauge — DC bridge

Piezoelectric crystal — Charge amplifier

LVDT — Phase sensitive detector

Ans: (b)
Usually from transducers we get small
output which is not sufficient for further

processing, so in order to amplify that output

we require signal conditioning circuit.
finally to read the output we require
recorder.

06.

Sol:

07.

Sol:

08.

Sol:

09.

Sol:

Ans: (d)
Bolometer

— measurement of power at 500 MHz
Hot wire anemometer

— measurement of flow of air around an

aeroplane.

C-type bourdon tube

— measurement of high pressure
Optical pyrometer

— measurement of  temperature  of

furnace.

Ans: (d)
Charge amplifier with very low bias current
and high input impedance — piezoelectric
sensor for measurement of static force
Voltage amplifier with low bias current and
very high input impedance — Glass
electrode PH sensor
Voltage amplifier with very high CMRR
sensing applications — strain gauge in

unipolar DC wheatstone bridge.

Ans: (b)

Mcleod gauge — Pressure
Turbine meter — Flow
Pyrometer — Temperature

Synchros — Displacement

Ans: (a)
Variable capacitance device
— Pressure transducer
Orifice meter — Flow measurement

Thermistors — Temperature measurement
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Postal Coaching Solutions

Ans: (b)

: From given options diaphragm and pivot

torque are employed for displacement

measurement  while thermistor and

thermocouple not related to displacement

measurement.

11. Ans: (a)

Sol: Instrumentation amplifier is used to amplify
signals from transducer.

12. Ans: (a)

Sol: LVDT gives linear output & also very
accurate compare to any other transducer
given in options.

13. Ans: (b)

Sol: The lower limit of useful working range of a
transducer is determined by transducer error
and noise.

14. Ans: (d)

Sol: From  given  options,  thermocouple
and thermopile, piezoelectric pick-up,
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photovoltaic cellare a self generating type

transducers.

Conventional Practice Solutions

01.
Sol:

02.
Sol:

Transducers can be classified

« Based upon transduction principle

e as primary and secondary transducers

« as passive and active transducers

» as analog and digital transducers

« as transducers and inverse transducers
Based upon transduction principle

The transducers can be classified on the
basis of principle of transduction as

resistive,  inductive,  capacitive  etc.,

depending upon how they convert the input

quantity
capacitance respectively.

into resistance, inductance or

Primary and Secondary Transducers:

The first transducer which converts physical
phenomenon into displacement, pressure,
velocity etc. which is to be accepted by next
stage is known as “Primary Transducer”.
The output of the primary transducer is
converted subsequently into a usable output
device  called

by a “Secondary

Transducer”

Passive and Active Transducers:

Passive transducers: They derive the power
required for transduction from an auxiliary
power source.
Eg: Resistive, inductive and capacitive
transducers.

Active transducers: They do not require an

auxiliary power source to produce their
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03.
Sol:
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output. They are also known as self -
generating type since they develop their own
voltage or current output.

Eg: piezoelectric, photovoltaic etc.

Analog and digital Transducers:

These

convert the input quantity into an analog

Analog transducers: transducers

output which is a continuous function of

time.
Eg: LVDT, thermocouple etc.
Digital  Transducers:-These transducers

convert the input quantity into an electrical

output which is in the form of pulses.

Transducers & Inverse Transducers

Transducer: A transducer can be broadly
defined as a device which converts a non —
electrical quantity into an electrical quantity.
Inverse transducer: An inverse transducer
is defined as a device which converts an
electrical quantity into a non — electrical

quantity.

In the direct method of measurement, the
physical quantities like length or mass are
the

indirect

measured directly by
The

measurement comprises of various stages

measuring
instruments. method of
for the measurement of the physical quantity
like temperature, pressure, force etc, since
they cannot be measured by the direct
instruments. In this method, the transducer is
used which is connected to a host of other

instruments to convert one form of energy

that cannot be measured into the other form
that can be measured easily. The input and
the output values are calibrated so that for
all the value of output the value of the input

can be calculated.

Transducer:

The transducers that convert the mechanical
input signals into electrical output signals
The
electrical

are called as electrical transducers.
the
transducers can be read by the humans or it

output obtained from
can given as input to the controllers.. The
input given to the electrical transducers can
be in the form of the displacement, strain,
velocity, temperature, flow etc and the
output obtained from them can be in the
form of current, voltage and change in
resistance, inductance and capacitance. The
output can be measured easily and it is
calibrated against the input, thus enabling
the measurement of the value of the input.

1. Potentiometers: They convert the change
in displacement into change in the
resistance, which can be measured
easily.

2. Variable Capacitance Transducers:

These comprise of the two parallel plates
between which

material like air. The change in distance

there 1s dielectric

between the two plates produced by the

displacement results in change in
capacitance, which can be easily
measured.

3. Variable Resistance Transducers; There is
change in the resistance of these sensors
when certain physical quantity is applied
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to it. It is most commonly used in
resistance thermometers or thermistors

for measurement of temperature.

4. Magnetic sensors: The input given to

these sensors 1s in the form of
displacement and the output obtained is
in the form of change in inductance or
reluctance and production of the eddy

currents.

5. Piezoelectric transducers: When force is

applied to these transducers, they
produce voltage that can be measured
easily. They are used for measurement

of pressure, acceleration and force.

6. Strain gauges: When strain gauges are
strained or stretched there is change in
their resistance. They consist of the long
wire and are able to detect very small
displacements produced by the applied

force or pressure.

When the
light is applied to these transducers, they

7. Photo electric transducers:

produce voltage.

8. Linear variable differential transformer
(LVDT): LVDT is the
consisting of the primary and the

transformer

secondary coil. It converts the
displacement into the change in
inductance.

9. Ultrasonic Transducers:

These transducers use the ultrasonic or
ultrasound waves to measure parameters

like fluid level, flow rate etc.

Apart from these, there are some more
electrical type of transducers like moving
coil type, changing dielectric type, changing
core positions type etc.
i) Inductive transducer:
The

principle of the magnetic induction of

inductive transducers work on the

magnetic material. Just as the resistance of
the electric conductor depends on number of
factors, the induction of the magnetic
material depends on a number of variables
like the number of turns, of the coil on the
material, the size of the magnetic material,
and the permeability of the flux path. In the
inductive  transducers, the  magnetic
materials are used in the flux path and there
are one or more air gaps. The change in the
air gap also results in change in the
inductance of the circuit and in most of the
inductive transducers; it is used for the
working of the instrument.

ii)Capacitive transducer. The capacitive
transducer or sensor is nothing but the
capacitor with variable capacitance. The
capacitive transducer comprises of two
parallel metal plates that are separated by
the material such as air, which is called as
the dielectric material. In the typical
capacitor, the distance between the two
plates is fixed, but in variable capacitance
transducers, the distance between the two
plates is variable.

In the

transducers, the value of the capacitance

instruments using capacitance

changes due to change in the value of the
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input quantity that is to be measured. This
change in capacitance can be measured
easily and it is calibrated against the input
quantity, thus the value if the input quantity
can be measured directly.
The capacitance C between the two plates of
capacitive transducers is given by:

C=¢g, xgxA/d
Where C is the capacitance of the capacitor
or the variable capacitance transducer

€, 1s the absolute permittivity

g 1s the relative permittivity
The product of &, and ¢, is also called as the
dielectric constant of the capacitive
transducer.

A is the area of the plates

d is the distance between the plates
It is clear from the above formula that
capacitance of the capacitive transducer
depends on the area of the plates and the
distance between the plates. The capacitance
of the capacitive transducer also changes
with the dielectric constant of the dielectric
material used in it.
Thus,

capacitance transducer can change with the

the capacitance of the variable

change of the dielectric material, change in
the area of the plates and the distance
between the plates.

iii) Strain gauges: Strain gauges are devices
the

application of force or strain. They can be

whose resistance changes under
used for measurement of force, strain, stress,
pressure, displacement, acceleration etc It is

often easy to measure the parameters like

length, displacement, weight etc that can be
felt easily by some senses. However, it is
very difficult to measure the dimensions like
force, stress and strain that cannot be really
sensed directly by any instrument. For such
cases, special devices called strain gauges
are very useful.
There are some materials whose resistance
changes when strain is applied to them or
when they are stretched and this change in
resistance can be measured easily. For
applying the strain you need force, thus the
change in resistance of the material can be
calibrated to measure the applied force.
Thus the devices whose resistance changes
due to applied strain or applied force are
called as the strain gauges
When force is applied to any metallic wire
its length increases due to the strain. The
more is the applied force, more is the strain
and more is the increase in length of the
wire. If L;is the initial length of the wire
and L, is the final length after application of
the force, the strain is given as:
e=(L,-Ly)/L;
Further, as the length of the stretched wire
increases, its diameter decreases. Now, we
know that resistance of the conductor is the
inverse function of the length. As the length
of the conductor increases, its resistance
decreases. This change in resistance of the
conductor can be measured easily and
calibrated against the applied force. Thus,
strain gauges can be used to measure force

and related parameters like displacement
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and stress. The input and output relationship
of the strain gauges can be expressed by the
term gauge factor or gauge gradient, which
is defined as the change in resistance R for
the given value of applied strain «.

iv) Piezoelectric transducers

l Force
pm—
AT TR T a e b
S5 \
25 e
Output e
voltage electrodes

&5
ot
SN

5
s

LA
o /

AV

Piezo-electric transducer

Piezo-electricity represents the property of a
number of crystalline materials that cause
the crystal to develop an electric charge or
potential difference when subjected to
mechanical forces or stresses along specific
the crystal would

planes. Conversely,

undergo change in thickness (and thus

produce mechanical forces) when charged
electrically by a potential difference applied
to its proper axis. Elements exhibiting piezo-
electric qualities are sometimes known as
electro restrictive elements.

A typical mode of operation of a piezo
electric device for measuring varying force
applied to a simple plate is shown in the fig.
Metal electrodes are attached to the selected
faces of a crystal in order to detect the
electrical charge developed. The magnitude
and polarity of the induced charge on the
crystal surface is proportional to the
magnitude and direction of the applied force
and 1s given by

Q=KF

Where Q is the charge in coulomb, F is the
impressed force in Newton’s and K is the

crystal sensitivity in C/N;
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Chapter

Resistive, Inductive
& Capacitive Transducers

Objective Practice Solutions

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

Ans: (b)

For resistive potentiometer

output Eg =K x E;

Where Ej = output of the potentiometer

E; = input of the potentiometer

Ans: (b)
In a resistance potentiometer, non linearity
decreases with increase of load to

potentiometer resistance because the output
equation for potentiometer under loading
condition is

K

1+K(1—K)x(11:pJ

E, =

m

R, = resistance of the potentiometer

R,, = resistance of the meter

Ans: (a)
In a resistance potentiometer high value of

resistance lease to high value of sensitivity.

Ans: (¢)
Total temperature of POT = Tambient + Tpot

T, = 30(—(3) xP
AW

2 2
_VE_Q0F

R 100
= 30(—ij 1W
W

=30°C

pot

0s.

Sol:

06.

Sol:

07.

Sol:

08.

Sol:

09.

Sol:

10.

Sol:

Total temperature of POT =40 + 30
=70°C

Ans: (a)

Semiconductor strain gauge has a much
higher gauge factor then that of a metal wire
strain gauge because of piezo resistive
effect.

Ans: (b)

We for quarter bridge strain measuring

LY @ V.
circuit the output V, = 7‘ xGpxe

Here, Vo=1mV

Strain (¢) = 500 x 10°°

Vi =4V

Now Gg=2

Ans: (a)

For the given bending force we can say that

configuration P is subjected to more tension

compare to other two configurations.

Ans: (d)

G¢ = 1+2x0.35=1.70

Ans: (¢)

For sinusoidal input output should have to

be sinusoidal.

Ans: (¢)
0.150/250 4

Gauge factor
S 1.5x10™*
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11.
Sol:

12.
Sol:

13.
Sol:

14.
Sol:

15.
Sol:

Ans: (b)
A gauge factor is a ratio of per unit change
in resistance to per unit change in length
Fe AR /R '
AL/L

Ans: (b)

To receive the optimum output signal for
shear strain, all the gauges should be placed
at a position that is 45° in with respect to the

longitudinal axis.

Ans: (¢)
A strain gauge bridge sometimes excited
with ac to avoid the power frequency

pick-up.

Ans: (b)
GF=2
e=1x10"°
R =120Q

We know = % = QGFe

AR=GF&¢R
=2x1x10°x120
AR =240 x10°Q

Ans: (¢)

The piezoresistive effect is a change in the
electrical resistivity of a semi conductor or
metal when mechanical strain is applied.
Semiconductor strain gauges have higher
piezoresistive coefficient so higher gauge

factor.

16.

Sol:

17.

Sol:

18.

Sol:

19.

Sol:

20.

Sol:

21.

Sol:

Postal Coaching Solutions
Ans: (a)

In given diagram of LVDT, two secondary
coils are so connected that output will
always be added. So output is constant

voltage graph.

Ans: (d)

LVDT has one primary coil and two
secondary coils are connected in opposition ,
so that output must difference between two

secondary output voltage.

Ans: (a)

LVDT is an inductive transducer which
translates the linear motion into electrical
signals.

Ans: (b)

Air cored inductive transducers are suitable

to use at higher frequencies.

Ans: (d)

Inductive  transducer in  differential
configuration of output is unaffected by
External  magnetic  field temperature

changes, variation of supply voltage &

frequency.
Ans: (b)
L+AL L-AL
R R

El
K
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22.
Sol:

23.
Sol:

24.
Sol:

25.
Sol:

26.
Sol:

For push pull arrangement for L
change of inductance exhibited at output

=L+AL—(L-AL)=2AL

Ans: (d)

An LVDT exhibits linear characteristics up
to a displacement of £ Smm, linearly of 0.05
% has an infinite resolution and high

sensitivity of the order of 40 V/mm.

Ans: (a)

To avoid the effect of fringing, the potential
of the guard ring of a capacitance transducer
hold at circuit potential. Ground is supposed
to be a conduit to remove extraneous noise

from the circuit.

Ans: (b)

The transfer function of capacitive
transducer is given as

Xo(s) _ 1

X;(s) - 1)
1+(j
T

So this resembles a high pass filter.

Ans: (a)

A strain gauge is an example of an
electromechanical transducer in which
displacement is used to vary the resistance.
So we can say that both statement I & II are

true as well as related.

Ans: (¢)
Incase of strain gauge
Statement —I is true but

Statement —I1I is false.

Conventional Practice Solutions

01. Question not clear.

02.

Sol:

03.

Sol:

04.

Sol:

Given data:
Gauge factor of given soft iron wire = 5.2
We know the relationship between gauge

factor and Poisson’s ratio

Gr=1+2v
_ Gf—1=5.2—1=£=2.1
2 2 2
Given data:

Conductor length /=24 mm

Charge in length of conductor A/ =1 mm
Diameter of the conductor D = 1.5 mm
Charge in diameter of conductor AD = (.02
mm

lateralstrain

Poisson’s ratio v — -
longitudial strain

_AD/D
Al

_ 0.02/1.5
1/24

v=0.32
Gauge factor =1+ 2v
=1+((2x0.32)=1.64

Given data:

Ge=2

Stress = 1000 (kg/cmz)
E =2 x10° (kg/cm®)
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Percentage change in Resistance of the
strain gauge
= ﬁxlOO
R

_ G xstress <100

_ 2x1000

~2x10°

=0.1%
We know the relationship between gauge

x100

factor and Poisson’s ratio

Gr=1+2v
_ Gf—1=2—1=0.5
2 2
05.
Sol: Air gap after displacement of the armature

=1.00-0.025=0.975 mm
Since inductance is inversely proportional to
the length of air gap, inductance with new
1950
ap would be =——— =2000 pH
gap 0.975 H

Change in inductance = 2000 — 1950 = 50

pH

Ratio — change 1r.1 induc tan ce _ 50 —0.0256
orginal induc tan ce 1950

Ratio = displacement _ 0.025 0025

original gap 1.0

Since the two ratios are equal, we can say

that the change in inductance is linearly

proportional to the displacements.

06.
Sol: Given data:

LVDT rms output voltage =2.6 V

LVDT displacement = 0.4 um

Sensitivity of LVDT is
- LVDTrmsoutput voltage
LVDTdisplacement
_26( V.
0.4\ pm

_ 6,{&]
um
07.

Sol: Given data:

Sensitivity of given LVDT = 60(ij
mm

Bellow deflection =
pressure of 1.2x 10° (N/m?)
Given output voltage = 4.5V

)
N/m?

= 60(lj x0.15(mm) x ;N
- 1.2 106(2j
m

= 7.5( ”sz
N/m

Pressure when output voltage is 4.5 V is

0.15 mm for given

Sensitivity of LVDT in (

___outputvoltage
sensitivityof LVDT

4.5(V)
7.5( NF;\I;Z)

=6x10°(N/m?)

08.
Sol: Given data:
LVDT output voltage in rms = 6(V) for

displacement of 0.4 x 10>(mm)
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Voltmeter specification: 10 V voltmeter < = xx Caie
Scale divisions = 100 1 C. i +AC
Division can be estimated = %th division — 0.05x1073 x _125 x107" —
(5x1072)+(0.75x1072)
Sensitivity of the given LVDT X1 = 43 478 um
__ Voltageoutput
inputdisplacement axial displacement = x — x;
_ 6 (V) = (0.05 x 107) — (43.478 x10°°)
-3
0.4x107 (mm) ~ 0.006522 mm
S =15000 v
mm 10.
Sol: Given data:
Resolution of voltmeter Area of quarts diaphragm = 750 mm?®
- Voltmeter‘ra}r{ge 2 t; = separation distance between quartz
Sxscaledivision 10 diaphragm = 3.5 mm
_ IO(V) ¥ 2 C = 370 pF with no pressure with separation
15000(\7) <100 10 distance ‘t;
mm A t; = deflection due to applied pressure
R=1.333 x 10_6(mm) At, = 0.6 mm for the applied pressure of
900 (k—njj
m
09. ' _
Sol: Given data: We kn?w the relationship bej[ween.
Plate separation (x) under static condition R P g (C) and separation distance (1)
_ between the plates is
=0.05 mm
Citatic capacitance under static condition C l
t
=5x 10"(F)
. ) ) th =t — Aty
Change in capacitance due to axial
. 12 =3.5mm- 0.6 mm
displacement = 0.75 x 10™“(F)
. : t, = 2.9(mm)
We know the relationship between c ot
capacitance (C) and plate separation (x) C_l = t—2
C . 1 2 1
- -3
X Cy= Clt—l=370><10*12><3'5"—10_3
Core X t, 2.9x10
Cyuie TAC X C, = 446.552 pF
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11.
Sol: Given data:
Capacitor overlapping area = 5x10~*(m?)
C=9.5 (pF)
g =8l
g0 =8.854 x10"'* (pF/m)
We know that
C= €,8,A
d
d= €,€,A
C
-12 -4
_8.854x10 ><8_112><5><10 — 0.03775 (m)
9.5x10
d=37.75 (mm)
sensitivity S = o« = —@
od d

12.

Sol:

~ 8.854x107"* x81x5x10™
(37.75x107 )
S =-0.025 x 10°® (F/m)

Given data:

Separation distance (t;) between diaphragm
=4 mm

For separation distance t; capacitance is
300 pF & oscillator frequency of 100 kHz.

P = applied pressure = 500 (kN/m?)

At, = average deflection for pressure
P=0.28 mm

t, = separation distance after application of

pressure P

b=t — At
=4 mm — 0.28 mm
=3.72 mm

Now we know the relationship between
Candt

Cx 1
t
G b
CZ tl
-3
Cr= €, 1 =300x10 x2X10
t, 3.72x10
C, =322.58 (pF)
We know the relationship between
frequency (f) & capacitance (C)
foc 1
1C,
f2 C1
-12
£ =G _ 100 x107 x 220X10
C, 322.58x10
fz =93 kHz
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Chapter Piezo Electric Transducers

Objective Practice Solutions

01. Ans: (a)
Sol: For piezo electric transducer

frequency oc S S
cablelength
few = 24 = @ =500Hz

02. Ans: (a)
Sol: The output piezo electric transducer is a zero
for static pressure.

03. Ans: (a)
Sol: For signal conditioning of piezo electric type

transducer we require a charge amplifier.

04. Ans: (d)
Sol: Piezoelectric transducers is used to measure
dynamic pressure measurement while for

static its output is zero millivolts.

05. Ans: (a)
Sol: t=2.5mm
G = 0.05x% &
N
P=1.6 x10° N/m?

We know
€= gtp

=0.05 x2.5 x107 x 1.6 x10°
eo =200V

06.

Sol:

07.

Sol:

08.

Sol:

09.

Sol:

Ans: (¢)

The piezoelectric transducers vibrate at
ultrasonic frequencies. Piezoelectric material
is a type of electro acoustic transducer that
converts electrical energy into mechanical

and vice versa.

Ans: (a)

Piezoelectric crystal can be shown as
electrical equivalent circuit in interms L and
C. Quartz, Rochelle salt, tour maline are
piezoelectric crystal. Also piezoelectric
crystal exhibits the reverse effect of

electrostriction.

Ans: (¢)

Piezoelectric transducer used for dynamic
displacement only and it is useless for static
displacement. Piezoelectric materials have
low dielectric constant.

Quartz dielectric constant is 4.2

Ans: (a)

BaTiO; used in record player. Mechanical
stress in piezoelectric material producer on
electric polarization and application of

electric field produces a mechanical strain.
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Conventional Practice Solutions (iii) strain & = stress __F
AE
01. =0.2315x10°
Sol: Givent=2 mm =(.2315 pstrain
g=0.05 Vi/N (iv) charge generated Q = dF
_ —12
£=15><105N/m2 =148.75x 107 °x 10
A Q = 1487.5 (pC)
We know ' ' Q
. B, /t (v) Capacitance of pick up C = v
F/A -12
. _ 1487.5x1077 _ 297.5(pF)
So Ep = gx— xt
A
=0.05 Vm/N x15x10° N/m*x2x 107 03.
=150V Sol: Charge sensitivity d33 =d =150x 10"? C/N
Cpz=25x10-"2F
02.
' R,,=10""¢
Sol: Given data:
. 3 Input force = 2N u(t) (step force)
Area of given crystal = 36 mm
) i The Voltage generated
Thickness of given crystal = 1.5 mm
_ ChargeGenerated
Vm -
g=0.012 (Yj C..
~_dxF ¢
&= 1400 Cpz= C0= C o A
_ 10 N/ <
E = 120107 (N/m?) ~ 150x10"2C/Nx2N
F=ION T T

(1) Output voltage ey = gtp

="A
— 0,012 x 1.5x10 -0
36x10

e0=5V

(i1) Charge sensitivity d = g g &,
=0.012 x 8.854 x 107'* x1400

d=148.75 (ﬁj
N

The equivalent circuit under the given

condition is

:

C
|
I

12V
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Vo@®) _ 18 _ =
e, (5 1+l 1
T = sz(RpZ ||RDVM) = ln(1188]: __t
©=20PF (10"°Q ||10"Q) 12 T
1=25x10"2 x999x 10°2 t ( 12 j
= — =In| ——

t =0.25 sec T 11.88

— —t/t
Vo() = epx e =>t=t xln( 12 j
Where V(1) is voltage across the Dvm . 11.88

2
Drop allowed from peak value i.e, 12 v is no =0.025 ln( 8} seconds
more than 0.12v. Time at which V, falls to (—2510mS d
11.88 V must be calculated. T\~ T weconds
Assigning V(t) = 11.88v
—t

11.88=12xe "

X0 OB 03 T TR P IO IS0 N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




Chapter

Measurement of Temperature

Objective Practice Solutions

01. Ans: (a)

Sol: Platinum resistance thermometer used to

measure temperature in the range —200° C to

1000°C
) Minimum Maximum
Material
temperature temperature

Platinum | —-200°C 1000°C
Copper —200°C 150°C
Nickel —70°C 150°C
Tungsten | —200°C 850°C

02. Ans: (d)

Sol: RTD material must have
(1)High temperature coefficient of resistance
(i1) Higher resistivity
(ii1) Linear relationship between R and T
(iv) Stability of the electrical characteristics

of the material

03. Ans: (d)

Sol: Platinum has a constant volume of
temperature coefficient in 0 to 100°C range.
Resistivity of platinum tends to increase less
rapidly at higher temperatures.

Platinum has stability over higher range of

temperature.

04. Ans: (b)

R,-R 1
Sol: o, =( T2 —TIJR
2 1 45°C

0s.

Sol:

06.

Sol:

07.

Sol:

08.

Sol:

09.

Sol:

R,+R, 5+6.5
2

Here R;=5QatT;=30°C
R, =6.5Q at T, = 60°C

6.5-5 1
Oysoe = X =0.0087 (1/°C
e (60—30} 5.75 (17°C)

R e = =5.75Q

Ans: (d)
The resistance temperature characteristics of
a temperature transducer is related to

positive temperature coefficient thermistor.

Ans: (d)

Thermistors are well suited to precision
temperature measurement. It is used in range
of —100°C to 300°C. It has higher negative

temperature coefficient of resistance.

Ans: (¢)

A thermistor can exhibit either a negative
change of resistance (NTC) or positive
change of resistance (PTC) with increase of
temperature depending upon the type of
material used.

Ans: (b)

R =5000Q at T=25°C, a=0.04 (1/°C)
Ricad =R [1+0t (Ticad —T)]

10 =5000 [ 1+ 0.04 (T-25)]

T=10.05°C

Ans: (b)

Thermistors are essentially semiconductor
devices that behaves as resistors with high
negative temperature coefficient and are
atleast 10 times as sensitive as the platinum

resistance thermometer.
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10.
Sol:

11.
Sol:

12.
Sol:

Ans: (b)
B=3000 K
R=1050QatT=27°C
=300K
So temperature coefficient of resistances for
—-B _ —3000

T Goof

the thermistor o = (300)2

=~ 0.033 (Q/Q/°C)

Ans: (d)

In case of thermocouple we required a
reference junction compensation to get
and  reliable Also

stable output.

thermocouple output is very small.

Ans: (a)
Vo = output of thermocouple = 50 mV
R; = thermocouple internal resistance = 50Q2
Ricad = 10Q2
r = PMMC internal resistance = 1202
so output voltage indicated by PMMC
Vemmc 18
r

pmmc =
r+R, +R

XV,

120

= = «50x107°
120+50+10

~120x50x107°
180

=33.33 mV

13.

Sol:

14.

Sol:

15.

Sol:

Ans: (d)

Thermocouple Temperature
range(in°C)

Copper- —200 to 350
constantan
Iron - constantan | —200 to 850
Alumel-Chromel | —200 to 1100
Platinum 450 to 1500
Rhodium

Ans: (b)

Iron-constantan  thermocouple is most

suitable for temperature measurement in the

range of 700 °C to 800° C.

Ans: (a)

Time to reach equilibrium
Conditions 5T =10 = T =2 sec
0=00[1-¢""]

05=[1-¢"1

T=1.39 sec
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e e e S Sensitivity of constantan with respect to
platinum
o Scap = 34,4 BV
Sol: Temperature of thermistor at 2330 Q is CnPt e
Here Ry =2330 Q Sensitivity of copper with respect to
Ro=1050 Q constantan
T = unknown temperature at 2330 Q Scucn = Scupt —Scapt
Ty =27°C =300°K
° —7.4 (%j —(— 34.4[%}}
11
B N
Rr=Rye [T T"]
Sc Cn = 41 8(ﬂ)
(357 5m) ‘
Now corresponding temperature difference
0.7971 = 3140 (%—ﬁj in a thermocouple made up of copper and
constantan  junction for  temperature
T=278.77°K difference of 250°C is
T=5.77°C — SCuCn x 250°C
This temperature corresponds to the oy
resistance of 2330 Q. = 41.8($)x 250°C =10.45 (mV)
dR =) (=B
Sensitivity S= — =R,e ' "/ x| —
y dT 0 (T 2 j 03. |
_ -R,B Sol: Given data:
T? uv
=37.5
_ —2330x3140 . (c)
278.77°

02.

Sol:
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S =-94.144 (CV/K)
This is the required sensitivity of the given

thermistor at a given operating point (2330
Q and 278.77°C).

Given data:
Sensitivity of copper with respect to

platinum

uwv
Scupe =7.4
o)

0

B =0.0045 (ﬂj
C

Bhot =200°C
ecold:OOC
Now we know the thermocouple

relationship between thermo-emf set up and
temperature difference between hot and cold
junction is given by

E=a (Qu- 00+ B(0; -07)

=37.5%x10 °(200-0)+0.0045x 10 °(200*-07)
=7.68 mV
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04. Thermistor resistor at 150°C
Sol:
0 A =Y 5 3733107
(0°C-150°C) lIk+R, 1339.12
—" 5V é Thermistor P=P xR
P=472 mW
At 25°C the resistance of thermistor is 10kQ 05
At 100°C the resistance of thermistor is Sol: Given data:
1kO Ri=R,=Rs=R, =400Q; & =0.042Q/°C
This thermistor is used in a temperature T = 30°C; I=30mA
range of 0-150°C.
A
2 RTD
P=PR=V_
R 400Q =30mA
17@4\009
0k e ™) Py
\ R
40001%Z 400Q
1k 1
B
——
25°C 100°C
Due to temperature rise of 30°C, increase in
RT = R()
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Ry |11
"l

Ty =25°C+273 = 293K and Ry = 10kQ
T =100+273 =373K and Rt = 1kQ

1 1 1
" H B[%%}

B=3412.55K

Now
To = 100°C +273 =373 K and Ry = IKQ
T =150°C +273 = 473K

In {ﬁk 341255 L L
1kQ 423 373

Rr=339.12 Q

the resistance of sensor by = 0.042 x 30
=1.26Q

So resistance of sensor branch become
=400+ 1.26 =401.26Q

Current through sensor is restricted is 30mA
Voltage across AB terminals
=30[400 + 401.26]x10°
=24.038 = 24V (DC supply)

Thevinins equivalent resistance across AB
terminals = (400 + 401.26)|/(400 + 400)
=(801.26)||(800)
~ 801.26x800

= ——=400.3147Q
801.26 + 800
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& ACE
Vin =24 x [@— 400 :l
800 801.26

=24[0.5 -0.499] = 0.0188V
.. I through the meter

—Wh—
Vo — ﬂ 1,(1009) Ry,
Ve
R, +R,,

4003147 +100
Deflection of the meter= 37.58 x 2°=75.16°

06.

Sol:
R1 RZ

R; R4

Sensitivity 10 mV/ °C means change in 1°C
in RTD corresponding to 10 mV change in
Bridge output.
Rr =Ry [1+aT]

=100[1+0.00392(1-0)]
Rt =100.392Q
10 mV = A4 [V — V3]

Vl—sz L V — R3 \Y
R, +R, R, +R,
_ 150.392 100
100.392+10k 100 +10k
=0.3842 mV
~ 0 o602
0.3842
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Chapter

Measurement of Flow,

Viscosity, Humidity

Objective Practice Solutions

01.
Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

06.

Sol:
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Ans: (d)

In case of rotameter with increase in the
flow rate, the float rises in the tube and
there occurs an increase in the annular area
between the float and the tube. So we can

say that rotameter is a variable area device.

Ans: (a)
Flow rate in pitot tube is
Q=AV=A 2Py
p
0 oc \/E
Ans: (¢)
Restrictors Discharge coefficient
Orifice tube 0.60
Venturi tube 0.98
Flow nozzle 0.80

Ans: (b)
Rotary vane type transducer is an example

of positive displacement flow meter.

Ans: (b)

Venturimeter has the lowest pressure drop
for a given range of flow because
venturimeter has highest coefficient of

discharge about 0.98.

Ans: (a)
In Rota meter, flow rate is
proportional to height.

directly

07.

Sol:

08.

Sol:

09.

Sol:

Qoch
&_&_70mm_1_35
Q, h, 20mm 2
Ans: (d)

During the flow through an orifice meter,
the fluid jet on leaving the orifice contracts
to minimum area at a section called vena-
contracta, area of fluid jet at vena contracta
is less than areas of the orifice & the two are
related as

area at vena contracta = Cq4 xorifice area.
nd?
=0.6
4

2

Cq of orifice = 0.6

Area of orifice =

Ans: (a)
Pressure at throat of a venturi tube is lower
While

velocity at throat of a venture tube is higher

compare to upstream pressure.

compare to velocity of flow at up stream.

Ans: (a)

In case of rotameter the weight of the float
is balanced by the buoyancy and the drag
force acting on the float. Volume flow rate
sensitive to density changes of the fluid. By
using rotameter volume flow rate of gas can

be measured.
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10.  Ans: (¢) Conventional Practice Solutions
Sol: Flowing fluid density affected in orifice

<

plate, rotameter, pitot static tube meter 01. Repeated, refer second question.

white flowing fluid density is not matter for

measurement of flow in non obstruction 0

type meter like electromagnetic flow meter. . .
Sol: For ultrasonic flow meter, the guiding

equation is

11. Ans: (a) 2dVcos0

Sol: When an electrically heated wire is placed At = C?
in a flowing gas stream, heat is transferred 2%25%x107 x Vxcos60°
from wire to the gas and hence the 10 nsec = 1000
temperature of the wire reduces and due to Velocity = 0.45 m/sec

this the resistance of the wire also changes.

1S chang€ 1n resistance o € WwIre 03. Ans: 6.0 mV

Sol: Given, Q, = % =6.667litre/sec

becomes a measure of flow rate.

12.  Ans: (a) /=8cm =0.08m, B =400 gauss
Sol: Hot wire anemometer gives good result — 400x10 “tesla

when the flowing fluid is exceptionally
We know,
clean.
= 4—]?QV x107°V ~4.24mV

T

13. Ans: (¢)

Sol: The turbine type flow meter used to Erms = NG my = 6.0mV

measure totalisation of flow.

14. Ans: (b)
Sol: In case of electromagnectic flow meter the

induced voltage is proportional to flow rate

B/VA  B/Q
as e=——=—"—
A A

ex Q
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Intermediate
Quantity Measurements

Objective Practice Solutions

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

Ans: (d)
In seismic vibration sensor for measuring
amplitude of vibration o, << ® & slightly

less than 1.

Ans: (d)

K
O, =.—

M
Decreasing the mass in case of a seismic
acceleration sensor while keeping all other
parameters constant will increase the natural
frequency, without affecting steady state

sensitivity.

Ans: (a)
M =100 pgm
F,= 1kHz

Ans: (a)

f=100 Hz

X =10 mm

Peak acceleration of the seismicmass = ©’x
= (2nf)*x
= (2nx 100)*x10 x107
=3947.84 (m/sec?)

Ans: (a)

Accelerometer input range
=0 m/sec’ to 98.1 (m/sec?)

F=30Hz

M =0.01 kg
We know acceleration = o” x
_acceleration
(,02
98.1
X, = 0mm to x, :—(2nx30)2
=2.76 mm

06. Ans: (b)

Sol:

07.

Sol:

08.

Sol:

09.

In dc tachogenerators used for measurement
of speed of a shaft, frequent calibration
has to be done because the strength of

permanent magnet decreases with age.

Ans: (¢)
In a drag up type ac tachogenerator, the

output voltage is modulated waveform.

Ans: (b)
Neeth = 60
N = speed of shaft
N =25 rps
We know
Speed of shaft in rps = pulserate
nteeth
55 _ bulsespersecond
50
Pulses per second =25 x 60
=1500
Ans: (b)

Sol: f; = rotating frequency of motor
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_ 1470 — 24.5(tps) 10. Ans: (¢) | )
| Sol: rpm = pulses persecond
F¢ = stroboscope flashing frequency number of teeth
=12.5 (fps) . flash per minute
F,— nfr=24.5 - nf; P umber of teeth
n=2f,—nfy =-30 rpm F
N=—
n

So star mark moves at a speed of 30 rpm

against the direction of rotation.
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