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m Conventional Questions ]

Solution : 1
Given, P, =
Uncertainties, W,
Woo =
Losses in transformer, P, =
P, =
9h
P,
Uncertainty inloss =
% Uncertainty in loss =
Efficiency, n=
on _
oF,
L
oP,

Uncertainty inm

% Uncertainty in efficiency =

% Uncertainty in efficiency =

Solution : 2

2102 + (-1210% = +10J2W

B -+

=3650W, P =3385W
=+10W
+10W
P-F
3650 — 3385 = 265 W
P
1, == =1
R 2 . (2R
| = | W5
(23] s3] w
+1042
%100 = +5.34%
265 -
R
F
3385
R S - 254 % 10
P2 (3650)
1 o74% 10
F

o|(22) we- (23] v

+(2.54%104)2(10

+(2.74x1074?(10)?

+1645.2x 1078 +750.8x 1078 = +37.36 10~

37.36x 107
0.927
+0.4030%

H+

x100%= +40.30 x 102 %

The voltage drop across R, without the voltmeter connected is calculated using the voltage equation.

VR, = —o_xy=—K 500Xk _gy
R,+R, 45k + 5k 50k
Onthe 5Vrange R, = Sxrange = 20 kQ x 5V = 100 kQ
R,xR, 100kx5k 500k
R = -—m~"b_ = =4.76kQ
e R,+R, 100k+5k 105k
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4
R
The voltmeter readingis VR, = R, f%eq xV = 45/172;;& x50 =4.782V
The % error onthe 5V range is
%Eror = Actual voltage- Voltage reading in meter _ Measured — True 100
Actual voltage True
4.782V-5V 0.218V
= —————x100=- x 100 = -4.36%
5V 5V °
on 10 Vrange, R, = Sxrange = 20 kQ/V x 10V = 200 kQ
R, = R, xR, _ 200k x5k _ 487KO
R, +HR, 200k + 5k
R
The voltmeter readingis, VR, = N iq/?a xV = 4.8;1.54?/;15 X 50 =4.88V
The % error onthe 10 Vrange = W x 100 = -2.4%
On 30V range, R, = Sxrange = 20 kQ/V x 30 V = 600 kQ
R. - R, xR, _ 600 kx 5k L 495KO
g R.,+R, 600k+5k
The voltmeter reading on the 30 V range
R 4.95k
VR, = 9 xV=— 50 = 4.95V
% Rg+R, 45K+ 495K |
495V-5V -0.05
The % the 30V = —————x100=—"—"—x100= -1%
e % error on the range 5V X £V X 6
In the above example, the 30 V range introduces the least error due to loading. However, the voltage being
measured causes only a 10% full scale deflection, whereas on the 10 V range the applied voltage causes
approximately a one third of the full scale deflection.
Solution : 3
We have, To< MPEAZ!
Therefore, we can write, T=kMPEIZ!

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

Toraue = Power
que = Angular velocity
213
Dimension of torque = % =[MI®T2]

[Mutual inductance] = [uL]
[Emf] — [E] — [H1/2 M2 LS/ZT—Z]
[Impedance] = [Z] = [uLT ]
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Substituting the dimensions of various quantities in the expression for torque, we have:
[/\//L2 7'—2] — [l-lL]p[H1/2 M2 |32 T—Z]q [MLT—1]1

_ [up+q/2+t + Mal2 4 p+(BI2)a+t +7——2q—[]
In order that the two sides should balance dimensionally,

q q
+ +t = =1
P 2 0 2

p+gq+t:2, and -2g-t=-2

From above, p=1g=2and t=-2
Therefore, the equationis T o« ME?Z7? o« /V;EZ .
Solution : 4
R =0.0105Q

True value of resistor is 0.3% lower than 0.0105 Q
True value of resistance,

R = R(1—£) = 0.0105(1—%) = 0.0104685 Q

100
Current, I=304A
True currentis 1.2% lower than 1.
True current, I = 30,4(1 - E) =30.0352 A
100
True power, P’ = I'’R’ = (30.0352)2 x 0.0104685
= 9.44377 Q

But power calculated by freshman,
P =1?R=(30.4)? x 0.0105 = 9.70368 Q

4 9.44377
5 x100 =

= ——x 100 =97.32%
P 9.70368

Solution : 5
(i) Arithmetic mean,
1472 +147.4 +147.9+148.1+ 1471+ 1475+ 147.6 + 147.4 + 1476 +147.5

A= 10
= %:147.539

(ii) d, = R{—R=147.2-147.53=-0.33Q
d,= R, —R=147.4-14753=-0.13Q
dy = Ry —R=147.9-147.53=0.37 Q
d, = R,—R=148.1-147.53=0.57 Q
dy = Rs ~R=147.1-147.53=-0.43Q
dg= Rs —R=147.5-147.53=-0.03 Q

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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R, ~R=147.6 -147.53=0.07 Q
Ry —R=147.4-14753=-0.13Q
o= Ry —R=147.6-147.53=0.07 Q
dyg= Ryy-R=1475-14753=-0.03Q
Average deviation,
5 ldil+lce|+--+]dio|
10

Q Q9 Q
[ RN
Il

(iii)y Standard deviation,

o= |2 (n< 10)
n-1

o= \/(0.33)2 +(0.13)% +(0.37)" + (0.57)° + (0.43) + (0.03)" +(0.07)" + (0.13)° + (0.07)° + (0.03

10-1
= Jw =0.2983 Q
9
Solution : 6

Energy registered by the energy meter in 40 revolutions

_ 40w ( 40 )x1000><3600
1200 1200

= 120 x 10° Ws.
Power registered by wattmeter at 240 Vand 5 A
240 x 5=1200 W

Range of wattmeter = 1200 W
Scale division = 500
1 scale division = @ =24W
50
Observational error of wattmeter = +0.1 x 2.4 = + 0.24 W
. 0.05
Constructional error of wattmeter = 00 x1200 |£ 0.6 W

Total error of wattmeter = £ 0.24 + 0.6 = + 0.84 W
Observational error of stop watch = + 0.05s
Construction error of stop watch = +0.01s
Total error of stop watch = 99.8 + x 0.06s
Energy obtained from readings of stop watch and wattmeter = (1200 + 0.84) (99.8 + 0.06) Ws.

A, - A
T

A; = Power x Time = 1200 x 100 = 120 x 103
A = (1200 = 0.84) (99.8 + 0.06)

% Limiting error = x 100

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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(1200 +0.84) (99.8 + 0.06) - 120 x 10° «

- 100
120x10

+ve limiting error =

=-0.07%

(1200 - 0.84) (99.8 - 0.06) — 120 x 10° «

—ve limiting error =
120%x10°

100

= -0.3298%

Solution : 7

(@) When all the components have zero error,
L =160uH=160x 10°H

and C=160pF =160 x 102 F
1 1 1 1
.. Resonant frequency, f=—,|— =_\/
quency "= 2rVLC T 2n\160x10°° x 160 x 102
= 1MHz

(b) When the components are +10%,
C =160+ 0.1 x 160 = 176 pF,

and L=160+0.1x%x 160 =176 uH
f= _ =09 MHz
2n\N176 x107° x 176 x 10~
09-1.0
Hence, Error = ———=-10%
1.0
This is a case of known errors and can be solved by
f = -2
2n
, L of,
. Relative errorin f is —+ = (—l%—lg) = —l(O.1+ 0.1 =-0.1 =-10%
f, 2L 2¢C 2

(c) When the components are —10%,
C=160-0.1 x 160 = 144 pF,

and L =160-0.1 x 160 = 144 pH
= _ =11 MHz
21\ 144 x107° x 144 x 10~
Hence, Error = %me:HO%
[ 111

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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m Conventional Questions ]

Solution : 1
(@) 5 mA corresponds to 100 pA
For 3.5 mA
1 108 % 3. 4.1 mA
00x107°x3.5 7% 105A <] °
5 m -
I, 7x10 A=1,
Actual currentis 4.1 mA
— -3 _ -5 < <
I = (41x108-7x10%9) Sk, S 1s000=rR,
= 4.03x 1073 T T
'L?sh Ish = Rm'[m o
-5
R, = 1800><7><1_(3 ~31260
4.03%x10 5 mA
(b) For5mArange: °
R R 1800 o 1omA
Ry, = (mm1) = ; m = — =36.73Q
(_1) 5x10 51 2R, = 18000
Iy 100x 10~ T T
Now the actual value of reading is 4.1 mA. °
5 4.1mA
3.5 mA o 5 mA
Iy, 100 pA
100
E§36.73§z E§1.8ksz
[
0 0Yo
[ = 100pA, I=5mA
I 5x 1073
m = _:—6:
I, 100x10”
R, = 1.8kQ
R 1800
R, = m_— =36.73Q
sh (m-1) (50-1)
Solution : 2
Wattmeter
cc
ao O

bo

coO

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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Given that, V,, = 400£0°V
V.. = 400£-120°V

and V_, = 400£120°V

o, V.. = -400£120°V

Also, impedance, Z,y = 50 + j40 = 64.03£38.66° Q

and impedance, Z,o = —j53 =534-90° Q

Then, Ly = Vap __ A0020° 4547, 38.66°A
Z,y 64.03£38.66°

and L= Voo ~A002120° _ 7 547 /0100 A
Zyo  53£-90°

Then, Ly=1+1,,

= 6.247£-38.66°-7.547£210°

= 11.4154-0.647° A
Thus, the current through current coil (cc) of the wattmeter is 11.415 A.
The potential coil of wattmeter is connected between band c.
So, the voltage across the wattmeter is

V,. = 400£-120°

Reading of the wattmeter, W=V, xI,,xCcoso
400 x 11.415 cos[-120° — (-0.647°)] = 2238.203 W

Solution : 3

Phantom or fictious loading: When the current rating of a meter is high, a test with actual loading
arrangements would involve a considerable waste of power. In order to avoid this ‘Phantom’ or ‘Fictitious’
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 circuit therefore required for testing the meter with phantom loading is
comparatively very small.

Actual kWh consumed = VIcos ¢ x tx 1073
= 230x 12x 0.8 x 1/2x 102 = 1.104 kWh

Registered kWh = No. of revo!utlons dgne _ 1150 — 0.958 KWh
Meter constant in revolution/kWh 1200

Error registration = 1.104=0.958 _ 1609% = 13.22%

1.104
Speed of the disc = Energy supplied per minute x Meter constant
- 1104 x 1200 = 22.08 rev/min.
60
Revolution registered/min = %: 38.33
% error = wxmo = 73.6% (fast)

22.08

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

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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Solution : 4
One wattmeter method can be used only when load is balanced. The connection are as under:
Measurement of active power:

CE
o000
PC

One wattmeter method

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

Vig Vi3

-V, -V
Vs i V2
i
_\/‘1
Phasordiagram
V,=V,=V,=V (V- phase voltage)
L =1=1=1 (I - phase current)

Vig=Vjp= \/§V
Reading of wattmeter switch at 3:
P, = V 51, cos (30 - 0)

J3VIcos(30-¢)

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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Reading when switch at 2:
P, = V,,1,cos (30 + ¢)

= 3V1cos(30+ o)
Sum of 2 reading, P, + P, = y/3VI(cos(30- ¢)+cos(30+ ¢))
We know,cos (A + B) + cos (A—B) =2 cos A-cos B

=3 VIicosd

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

Measurement of reactive power:

I w
Ro HOO
RPC
Z2¢ (lag)
N
Z/0
220
B o
|
Vyg
yo 1

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

Wattmeter reading, W = V,g1,cos (Angle between V| and 1)
V, 1, cos (90 - 0)
V, 1, sin ¢ (1-¢ reactive power)

Three phase reactive power is

Q= N3W=+3V 1 sing
= Reactive power consumed by 3-¢ load

Solution: 5
The value of A, which will limit current to full scale deflection current can be calculated as

R, = I£—F1’m =%-1oog=3kg—1oog=2.9m

m

[www.madeeasypuincations.org MRDE ERSYH © Copyrigha
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The value of R_with a 20% deflection is

13

R = Hsthn) ;Rm)—(/?sw?m)
where P = L=20%=£=O.2
I, 100
R = (29KQFOTKD) 50160 1kq)
0.2
R = %—BKQ:%KQ—BKQ:QKQ
The value of R_with a 40% deflection is
R = (B + Fy) ;Rm)—(/?sw?m)
where P = L:4o%:ﬂ:o,4
I, 100
R = @IKQFOTKD) 5510, 0.1k0)
0.4
R = %—3#(927.5#(9—3#(9:4.5#(9
The value of R_with a 50% deflection is
R.+R
Rx = (S—/D’n)_(/qs_i_/-?m)
where P = L:SO%:Q:O.S
I, 100
R = (29KQF0TKD) 501 6.0 1kq)
0.5
R = %—BKQ:GKQ—SKQ:SKQ
The value of R_with a 75% deflection is
R.+R
Rx = (S—/D’n)_(/qs_i_/-?m)
1 75
h P= —=75%=—=0.75
where I 100
p - @IKQTOTKD) 5504 0.1k0)
x 0.75
R = w—3k9=4k9—3k9=1k9
x 0.75
The value of R_with a 90% deflection is
R.+R
R = (me)-(ﬁﬁﬂm)
(@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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I 90
_ L _g0%=2" _0o90
where P I 100
R = 29KQ+OTKDY) yoL040.1k0)
x 0.90
R = %—MQ:3.333m—3k9=o.333m
The value of R_with a 100% deflection is
R.+R
Rx = (S—/D’n)_(/qs_i_/-?m)
where, P L _100%=199_,
1 100
R = (2'9KQ:O'1KQ)—(2.9k§2+0.1k§2)
R = @—%Q::&kg—:&m:o
Solution : 6

Suppose that the instrument is reflecting type. Therefore, if the final steady deflection is 8, the spot moves
through anangle 26 ..

The spot moves a distance of 1 mm at 1 m with a current of 0.001 pA or in other words, a current of 0.001 pA
deflects the instrument through

1_1 1

9=l = —x——=05x 103 rad.
2 r 2 1000
. 3 -6
Control constant, K = G = 5x10~ x 0.0le 10 =10 x 10° Nm/rad
9/: 05x10”
. J
Undamped period, Ty = 2n\/;
2 -9 2
or Inertia constant, J= KT% _10x10 2><(6) =9.12 x 109 kgm?
ar ar
Total circuit resistance for critical damping or dead beat
2 -342
RS9 __ (6x107) - 1309 Q
2VKJ 2J10x 10 x9.12x10°

Solution : 7

150
Total resistance of instrument circuit = 0.05 = 3000 Q

Resistance of coil, R = 400 Q
. Series resistance, A, = 3000 — 400 = 2600 Q
(a) Change in resistance of coil/°C = 0.004 x 400 x 1 =1.60 Q
Change in swamping resistance/°C = 0.00015 x 2600 x 1 =0.39 Q
Total change in resistance of instrument circuit/°C

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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=1.60+0.36=199Q
.. Resistance temperature coefficient of instrument

_ Changeisresistance/ °C _ 1.99

. = =0.00066/°C
Total resistance 3000
(b) Reactance of coil at 100 Hz = 21 x 100 x 0.75 = 471.2 Q
Impedance of instrument at 100 Hz = \/(3000)2 +(471.27 = 3037 Q
. 150
Current drawn by instrument at 100 Hz = ——= = 0.0494 A
3037
Reading of instrument at 100 Hz = (060424) x150=148.2V.
Error = 14822150 460 - 1.29% low.
150
(c) Inorder that there is no frequency error, value of capacitance to be connected across R,
C= O.41i2 =0.41x 0.75 =0.0455 uF
R: (2600)
Solution : 8
With DC:
Power, P =250 W.
Current coil current, I=1A
L 250
Voltage across pressure coil circuit, V= - = 250V
Pressure coil current, 1, = 0.05A
Resistance of potential coil circuit,
R =29 _ 50000
P 0.05

With AC:
Instantaneous current, i
Putting, 317t =6, we have

10sin (377t + 15°) = 5sin (11311)

~.

10sin (6 + 15°) = 5sin (30)
= 500 sin(377t-30°) + 800 sin(754t + 45°)
= 500 cos(6 — 30°) + 800 sin(20 + 45°)
Instantaneous power, p = vi =500 x 10 cos(6 + 15°) cos(6 —30°) + 00 x 5 sin(30) cos(6 —30°)
+ 800 sin(754t + 45°) + 800 x 5 sin(30°) sin(20 + 45°)

Instantaneous voltage,

<
|

1 2TE
Average power over a cycle, P = o j vido
o
0
We have the following identities:

2n
(i) 1 _[ Asin(®@+ o) Bsin(® +B) do = lABcos(oc -B)
2 2

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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2n
(i) -] Asin(e-+c)- Bsin®+B) 0B = ~ AB sin(o.~ )
2n 0 2

2n
(i) == [ Asin(me + o) Bsin(0 + B) do =0
2

2n
(iv) 2i'|' Asin(me + o) - Bcos(ne+B)de =0
T
0

Therefore,

2n
2i j 500 x 10sin(6 + 15°)cos(6 — 30°)db = %x 500 x 10sin45° = 1768
T
0

2n
Now, Zi | 800 x10sin(6 + 15°) sin(26 + 45°) = 0
T
0

2n
and L 800 5sin(36) sin(20 + 45°) = 0
2
Hence, Average power, P=1768W
EEEE
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Solution : 1
Given: R =100Q, I = 50 uA.
For 0 -1 mArange
[sh Rsh = [m Rm

950 mA (R, + R, + R; + R,) = 50 uA x 10

R, +R,+R;+ R, =

50uAx 100 5000

=526Q

From 0 - 10 mA

9950 uA (R, + R, + R;) = 50 uA (100 + R,)

From 0 - 50 mA

49950 uA (R, + R,) = 50 uA (100 + R, + R,)

From O - 100 mA

99950 A (R,) = 50 uA (100 + R, + A+ R,)
R, +R,+R,=526-R,.

But
Substituting in equation (ii), we have

99950 uA (5.26 - R,)

9950 A x 5.26 - 9950 pA x R,

(9950 pA x 5.26 —5000 pA)

Therefore, R,
R4

In equation (i), substituting for A,, we get
R, + R, + R,

R, + R,

Substituting in equation (iii), we have
49950 pA (0.52 - Ry)

49950 pA x 0.52 - 49950 pA x R,

49950 UA x 0.52 - 50 uA x 4.74

(25974 -237) uA

25737 uA

A,

A,

R, + A,
R, + A,

R,
99950 A (R,)

R, + R, + R,

But,
Therefore
But

Substituting in equation (iv),
99950 uA x R,

950 A

~ 950

50 wA (100 + R,)
5000 pA + 50 pA R,

9950 uA R, + 50 uA R,
9950 uAx 5.26 - 5000 uA 47377 uA

0nA = 0mA =4.737Q
474 Q

526 4.74 = 0.52
052- R,

50 pA (Ry + 4.74 + 100)

50 uA x R, + 50 pA x 4.74 + 50 uA x 100
49950 uA x R, + 50 pA x A,y + 5000 pnA
50 mA x R, + 5000 pA

50 mA x R, + 5000 pA

25737 uA-5000uA 20737 A
50mA T B50mA

0.4147 =0.42Q

0.52-R,

0.52-0.4147 = 0.10526
0.10526 - R,

50 uA x (100 + R, + Ry + A,)
5.26 - R,

(V)
[From equation (i)]

50 pA x (100 + 5.26 R,)
5000 pA + (50 pA x 5.26) - (R, + 50 uA)
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99950 uA x R, + 50 pAx R, = 5000 pA + 50 uA x 5.26
(99950 uAx R, + 50 uA)R, = 5000 pA + 263 uA
100 mA x R, = 5263 uA

5263 u A
R = 22XHA_ 0052630
" H00mA

Therefore, From equation (v), we have

R, = 0.10526, R, = 0.10526 0.05263 = 0.05263 Q
Hence the value of shunts are R, = 0.05263 Q;

R, = 0.06263 Q

R, = 0.4147 Q;

R, = 474Q

Solution : 2

The total shunt resistance A, is determined by

R 1
Ry, = (/7—T1) where, n= E
Given: I =100 uAand R_ = 1000 Q
For 10 mArange: n = L: 10 mA =100
I, 100 pA
R - R, _1OOOQ_1OOO:1O1Q

sh (n-1 100-1 99
When the meter is set on the 100 mA range, the resistance R, and R, provides the shunt.
The shunt can be found from the equation

B (BB zm(/?m1+ Ry) _ 100 u?goo};; 1000) _ 510

The resistor which provides the shunt resistance on the 1 A range can be found from the equation
1(Ro + Ry) 100 wA(10.1+ 1000)

Solution : 3

Ao = I 1000 mA =1iote
But, R,+ R, = 1.01Q
R, = 101-R, =101-0.101Q=0.909Q
Resistor A, is found by R, = Ry, - (R, +R)=10.1-(0.909 + 0.101) Q
= 10.1-1.01Q =9.09 Q
Hence R, =9.09Q, R =0909 Qand R,=0.101 Q
Given:I_=10mA, R_ =100 Q R, R, R,
Step-1: For a5V (V,) the total circuit resistance is WW l ‘vA\:U WW
vV 5 I
R, = T T TomA 05Q +—ov1 v, 1 &/)
Therefore, Ry, =R,-R_=500Q-100Q o3 =| Rm
= 400 Q
[}
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Step-2: For a 50 V (V) position,

Vv __50 _ 50
Iy 10mMA
Therefore, R, = R—-(R;+ R,) =5kQ - (400 Q + 100 Q)

=5kQ-500W = 4.5 kQ
Step-3: Fora 100 V range (V) position

A= 1\/ - 12)?:/\ =loQ
fsd
R~ (R,+R,+R)
10 kQ (4.5 kQ + 400 Q + 100 Q)
10KkQ-5Q =5 kQ

Hence it can be seen that A, has a non-standard value.

Therefore, R,

Solution : 4
Given: L =25 cm, F?p = 2500 Q, P =4 W. Therefore, current in the circuit is

1= |22 2 —o0an
R, V2500

and excitation voltage is V =2500x 0.04 =100V
L 100

(@) Sensitivity = o5 = 4 V/cm

(b) Actual input displacement, x=15cm

Therefore, resistance across x is

R = E><2500=1500§2
25

X

and actual voltage across R is V. =15x4 =60V
The recorder has been connected parallel to V.. Their combined resistance is

1500 x 5000
1500 + 5000

Hence the total resistance of the circuit is now
(1153.85 + 1000) = 2153.85Q

= 1153.85Q

60
= ——x1153.85 =
Therefore, voltage across, R, 515385 3214V
Loading error = W x 100 = 46.4%
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Solution : 5

100 sin314t <~>

Let, M = Unknown mutual inductance

L, = Selfinductance of secondary of mutual inductance

L, = Known self inductance

R,, R,, Ry and R, = Non-inductive resistors

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

12(i+1J (/(D/\/’)-FIZ(%J (R1 +R4 +/(DL4) = 12(R2 + RS +j('0L3)
1

Ry
or, (jm/\/l)(1+%)+l—?2+%+jmg-% =R, + R, + joL,
1 1 1
Equating real and imaginary part, we get.
Thus, R, = fis A,
R,
and M= L3—L4R2/R1:R1L3—R2L4
[1 .\ F”z) R, +R,
R
[f F?1 = Rz’ M = T
and 'L?3 = ’L?4
Solution : 6
R1
AVAVAVAV
Arm AB: Ao— —o B
11
1
1
joC,
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1 jeC R
()]
Zyn = 1 ! (1
B 1 1+ joRC W
joC;
Arm BC: Zge = R, ..(2)
Arm AD: Ao—MWW—]F—-obD
R, Cy
..(3
( ‘DCJ ©
Arm CD: =R,
For a balance bridge,
For balance, Zg-Zep = Zge- Zap
From (1), (2), (3) and (4)
, Vi(~
R1 R = R R _L <>
—1 R =R
1+/0)R1C1 0)04
R J oG
R = Ry ————+ joRRC + ..(5
x H~|[ 4 C /('0 4 1CI C4 ( )

Comparing real and imaginary parts,

=2 (R4 H@] _ Ry, ARG
)

¥ C4 H1 04
y
and 0)—04 = G)F?4F?1C1
1
2 = —
= RR.CC,
3 1
VARG
; R RC
R =—=|Rj+—— ..(6
(i) ; %(4 ClJ (6)
, 1
(ii) 0= ——— .(7)
VRCR.Cy
(iiiy Given, R, =200Q, C,=1uF, R,=400Q
G
— =05 ...(8)
Ca
R4
R =2 ..(9)
From equation (8), C,=2uF
From equation (9), R, = 400 Q
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Putting values in equation (6),

400 (200)) B
R = 200 (400 05 ) =2 (800) = 1600 Q
w = ! = !
JRA.CC,  \J(200)(400)2)(1) x 107
O = ! =25 x 10% rad/sec

|/(80000)(2) x 107
o = 2500 rad/sec

Solution : 7
We need to find R_and L, we have

n o ’RR,RCZ  (3000)% x 10 kx 2 kx Tkx (1x 107°)?
1+ 0’R2C? 1+ (3000)? x (2k)? x (1x 1076)2

180x10° 180

= = x10° =4.86 kQ
1+ 36 37
-6\2
and we have, L = R2'2’3€1 s = 10 kx 22k><1k><2(1><1o ) _
1+ 0°R7Cy 1+ (3000)° x (2k)° x (1x1077)
- 10 19 _57-270mH
1+36 37
Therefore, R = 4.86kQand L =270 mH
Solution : 8

(a) Atbalance, the value of unknown resistance,

R = E-S_ 1000><OOO1— 0.001Q
Q 1000
(b) If we examine the Kelvin bridge circuit, we find the resistors P, Q and p, g are in parallel with the
resistance of link, r. Since ris negligible and P, Q, p and g have large values, the effect of ratios arms
can be neglected for the purpose of calculation of current.
-. Current under balance conditions,
B E 3 100
" R,+R+S 5+0.01+0.0001
where, R, = Resistance in the battery circuit.
(c) Thevalue Ris changed by 0.1 percent.
New value of R = 1.001 x 0.001 = 0.001001 Q

Voltage between points aand ¢

=20 A

R+S+r
S R rR+Str
b

_ R+S
~ R,+R+S

_ R+S _0.001+0.001001
R, 5

Easr=0

x100 = 40 x 1073
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E =E

ab_E

B ( P R ) £
amd = \p+Q R+S)
3 1000 0.001001
- (1000 +1000 0.001+ 0.001001
=001x10°V=0.01mV (Considering r = 0)
Since R, S, rand R, are quite small as compared to P, Q, p and g, we can use circuit. For the
calculation of internal resistance, R, as viewed from terminals dand b.

a PQ pq  1000x 1000 1000 x 1000

°~ P+Q p+q 1000+1000 1000+ 1000
1000 Q

-3
Galvanometer current, Ig = ROEJ(: G = 10 6%1OX+15000

= 0.0067 pA
~. Deflection of galvanometer, 6 = 51,=200 x 0.0067 = 1.34 mm.

)x40x103

=0.0067 x 106 A

Solution : 9

The voltage circuit is shown in figure.
For balance, Y.Y, = Y,Y.

23
or i+'u)C i+'u)C = (joC,) ! ioC.
/_—1,1 / 1 H4 / 4 J® ) F)’_3+jw 3
. C
or ! - 0°CC, |+ jo &+£ = jo 2 - 0’C,C;
RR, R, R, Rs

Equating the real and imaginary parts, we have

-0°CC, = -0’C,C;

RR,
c, C C .
and e .. (ii
R, R, Ry W
From (i) and (ii), we have
§@+&@@Q%
R
C = : 2202
1+ 0°CiA;
2 2 C2F')4 2N 2p 2
Now, o°C,C,C,R7<< 3 and w°C,°R,” << 1
3
. Ry
Hence we can write C = C,=*
R,
When the capacitor C, is without specimen dielectric, let its capacitance be C,.
C,= C 1 =150 2290 _ 150 pF
R, 5000
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When the specimen is inserted as dielectric, let the capacitance be C,.

R 5000
C.= C,—*=900x—— =900 pF.
sT 2 5000 P
Now, c, = %2 and g, = &
d d
Hence relative permittivity of specimen,
C, 900
8f = — = — =
C, 150

Solution : 10
(@) Value of resistance for which the errors are equal for the two types of connections
R = \JR,R, =+/2x5000 =100 Q
Since the resistance to be measured has a value less than 100 Q, the method should be used as it

results in smaller error. Use (ii) method to reduce error.
Measured value of resistance,

w

5.5

v
R, = —=—"=-=8452Q
™ 042
True value of resistance, = 84.52 x ( ! )
R0 /R 1-(84.52 / 5000)
= 85.97 Q =86 Q = true value
(b) Error inammeter reading = (%) x1=0.005A

Percentage error at 0.42 Areading = (%) x100=1.19%

Errorin voltmeter reading = 0.5 x (1%%) 0.25V

Percentage error at 35.5 Vreading = (%) x 100 = 0.704%

Since the error correspond to standard deviations, error due to ammeter and voltmeter

= J.1972 +(0.704)2 = +1.38%
Absolute error due to ammeter and voltmeter
(1 38)><86 +1.2Q
100

.. The resistance is specified as 85.97 + 1.2 Q.
Because of % error in voltmeter reading reading is less hence this method is used.
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CRO, Q-meter, Frequency

Measurement Data Acquistion System

m Objective Questions ]
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m Conventional Questions ]
Solution : 1

Functional Block diagram of Digital Frequency Meter:

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

Principle of Operation:

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

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

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

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

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

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

LN
Tt

where, f = frequency of unknown signal
N = number of counts displayed by counter
t = time interval between start and stop of gate
f = frequency of the signal = 3.5 kHz = 3500 Hz
Assuming 5 digit display
(i) t=0.1second
N
=7
N = ft=3500 x 0.1 = 350
display = 00350
(i) t=1second, f= g
N = ft=3500 x 1 = 3500
display = 03500
(i) t= 10 second, N = ft =3500 x 10 = 35000
display = 35000

Solution : 2

Q-meter is an instrument which is designed to measure the value of Q directly and as such is very useful
in measuring characteristic of coils.
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Working principle: It is based on the characteristic of a resonant series R, L, C circuit

I R L C
——WW——000— ——
T I I I
JLi ~) E Ec
@
Atresonant frequency f,, we have
Xo=X,
1 1
Xe= 2ni,C  w,C
X, = 2nfyL=ow,L
SO f — ;
' S Nile;
E
Atresonance, I, = 7
EC = |10Xc| = |IOXL| = Io(DL = EL
E=1IR

Ec  Iyogl _ ool

E IR R
So Qs measured by measuring supply voltage and voltage across capacitor.
Error:

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

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

R.L.
T. T.
e e
AW Ca
. s 47
Oscillator - Rg, E; @ =c @ E;
Yvyvy

Tunning capacitor

¢ Oscillator deliver current to R, Further there is a distributed capacitance of the coil. There is an error
on account of A, and distributed capacitance (C,).
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. . Rsh . .
Correction for R, gives Qo = Qreasured (1+? If R>> R, error will be lesser. If measurement is

carried out for high Q coil i.e. Ris smaller then large error may occur due to R,

° Given, f, = 2MHz, C, = 450 pF
f, = 5 MHz, C, = 60 pF
f, = ; (1)
ZTCWIL(CI +Cd)
. 1

Ci+Cy 625
C,+Cy
C - C,-6.25C,
d 5.25
12 _ 12 450 - (6.25x 60
_ 450x 10 (6.25)(60x 10 ):10_12[ ( ) — 14.29 pF
5.25 5.25
Put C,in equation (i),
2x108 = !
2myJL(14.29 + 450) x 102
1
4x10'2) (4n°) =
( JUT) = L asa29x1077)
L= > ! =13.57 uH
(41°)(4)(464.29)
Solution : 3
Let, X — Horizontal plate deflection
Y — Vertical plate deflection
X =V, sin (ot +6,)
X =V, (sin ot cos 0, + cos wt sin 6,)
Similarly, Y =V, (sin wt cos 0, + cos wt sin 6,)
% = sin ot cos 6, + cos wt sin 6, (1)
Y . .
— = sin wt cos 6, + cos ot sin 6, ..(2)
Va
X Y . . .
From (1) and (2), 7+7 = sin ot (cos 6, + cos 6,) + cos wt (sin 8, + sin 6,)
1 2
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Let, Cos 0, + cos 0, = K,; sin 6, + sin 0, = K,
X
—+— = K, sin ot + K, cos ot
\/1 V2 1 2
- X Y :
Similarly, ——-— = K, sin ot - K, cos ot
Vi Y

X
Adding (3) and (4) gives, v K, sin ot
1

Substracting (3) and (4) gives,

i = K, cos ot
Z
From (5) and (6) we gets, W = sin ot
LA cos ot
KoV
Squaring and adding (7) and (8),
X? y?
2t 7 =1
(KVp)™  (KoVs)
Let, KV, = a K,V,=b (Constants)
X2 y?
—t— =1
a® b

Its an equation of ellipse with
a=V,(cos®,+cos6,)
b= V,(sin 8, +sin6,)
Solution : 4
The equivalent circuit for the measurement system is shown in below figure.

Oscilloscope
E E§1 MQ == 50 pF
When, Frequency = 100 kHz;
The value of capacitive reactance at 100 kHz is
1 1

= 32000 Q

°© = 2rfC "~ 21nx100x 1000 x 50 x 10" 2
The input impedance of the oscilloscope is
S R(=jX;) 10° x (-j32x 10°)
EOR-X, 10°-j32x10°
—j32 + 108 Q = 32 x 103£-90° Q
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The voltage across the load, E;, = N 10£0° x 1 3
212, 14 10x10°20°
32x10% 2 -90°
0.954 £-17.4° V(peak)
This means that the magnitude of voltage indicated by the oscilloscope is 0.954 of its original value.
The erroris (1-0.954) x 100 = 4.6 percent. Also the voltage under loaded conditions lags the voltage
under open circuit conditions by an angle of 17.4°.
When Frequency = 1 MHz
The value of capacitive reactance of oscilloscope is,
y
o= X 10° x50 x 1072
The input impedance of the oscilloscope is,

= 3200 Q

R=jXo) _10°x(-j3.2x10%)
R-jX, 10°x-j32x10°
- Lo _qos0°% 13
3.2x10%2-90°

=32 x 10%£-90° Q

L

The voltage across the loadis  E;

= 0.304 £-72.3°V (Peak)
In this case the measured value is only 0.304 of its original value and the phase shift is 72.3°. Thus the
output is considerably attenuated and is less than one third of its original value. The value of phase angle
between voltages under no load and load conditions is 72.3°.
This indicates the effect of distortion of signal on account of increased shunting effect due to increase in

frequency.
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m Objective Questions ]
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m Conventional Questions ]
Solution : 1

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

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

l_ Piezoelectric crystal

Cable
\ Amplifier
y4
4

O —J

-

(a)

Charge < <
generator ) Re :E Co—T— Cec = Ca== Ra EE e

- -
q-—kqxi J
ic iR
Charge

generator T e

icr J\

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

]
1
O
AAAA
AAAAJ
Py

errors.
Charge produced, g = qui coulomb
where, K, = sensitivity; C/m
and x, = displacement; m

Figure (b) shows the equivalent circuit:

= Leakage resistance of transducer; Q
Capacitance of transducer; F
Capacitance of cable; F
Capacitance of amplifier; F

= Resistance of amplifier; Q
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The charge generator is converted into a constant current generator as shown in figure (c). The capacitance
connected across the current generator is C where:
C=Cp+C,+C,

Resistance, _ FaFe
R,y +Rp
Since the leakage resistance of transducer is very large (of the order of 0.1 x 10'2 Q) and therefore,
R=R,

Converting the charge generator into a current generator

s = ag Kq(dxi)

a9 ar
where i, is the current of the constant current generator.
Now, icg=ip+ig
1. L .
Output voltage atload, e, = e, = o jzc at = o) J(ICR — ig)dt
de) _ 1. .
or dtL = E(ZCH —ig)
de) . . dx) e
or —dl’ = lCH’ _l,q = Kq dl‘ —E
or E’Cd(eL)+eL = K, pax)
at at
d(e;) d(x;)
T dZ’L +e = K‘CT
K,
where, K = sensitivity = rel V/m

Taking Laplace transform:
(ts+ 1) E/(s) = Kts X.(s)
. Transfer function:

E/(s)  Kis
X(s) 1+1s
Sinusoidal transfer function:
E o joKt
X; Vo) 1+ jor

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

LSB

________ DAC [——o Analog

-------- output

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

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

Parallel
Reference
. data
Serial ) voltage
; input
data input —| l
l MSB
a A1 — Analog
o
output
Serial/Parallel Register LSB Weighting
Converter circuit

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

Summing
element

Vit =

ref

The major components of the binary weighted resistance DAC are

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

2. nswitches one for each bit applied to input.

3. reference voltage V..

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

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

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

I(LSB) = ZHVj—GJH

This current is the least.

When the MSB switch S, _, is closed.
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v

Cuweml(MSB):-i$

and is the highest. So the currents are in multiples of 2, 27-1. When the switch is connected to supply the
bit a, = 1 and when grounded a, = 0. The resistors need not be in multiples of 2. It can be in submultiples
of 2, 2-("=1_|f all the switches are closed, all the resistors come in parallel. If, say, two switches are
closed these two resistors are in parallel while the grounded resistors are in parallel with the load (input

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

N=a,20+a,2"+a,2°+...+a, ,2""?+a, 2"
n-1 )
N= 282 )
i=0
The current flowing into the summing element assuming to be shorted is
Vi Vg Si Ve So Va )
Ieo=S, A +Sn72ﬁ tooton2p + on-ip ..(vi)

If each switch position corresponds to one bit

Spo1=a8, 1.5, ,=3, 515 =a:5=g

n-1
then equation (vi) can be written as
= \ﬁ (@, ;2" V+a, ,2"2+ . +a,2" +a,2
2""'R
VH n-1 )
Ion = —— a 2 - (vii
SC 2n—1 R i;) i ( )
The output voltage I, R of DAC is proportional to the bit corresponding to switches connected to V,
e, a =1.
Maximum output current will flow when all switches are closed i.e., a = 1.
Vg 27 -1
Lo = R -.(viif)
Similarly, when all switches are closed, all the resistors come in parallel so that total resistance
Ve 2R (i)
= — = LUIX
T Lex 27-1
I, will be only when one resistor is through,
Ve 1
min F 2,7_1

Solution : 3
DVM stands for Digital Voltmeter
Following are the type of DVM
Ramp type DVM
Integrating type DVM
Potentiometric type DVM
Successive approximation type DVM
Flash or parallel type DVM

o~ w2
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Integrating type DVM: Integrating type DVM has following components:

Integrator

Electronically controlled switches
Counter

Clock

Control logic

Zero comparator

Working: Block diagram is given as:

11
v, ICI

i Integrator

S R Zero detector

Control logic

Start Stop

Clock Counter Display

Integrating type Digital Voltmeter

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

integrates in time T_using a known reference voltage V...
x ref

. . . Vi T
e Att=0, S, issetso as tointegrates the input V, for T, . Soatt=T_V , = —/'?”—C'”.
*  When S, is set counter began to count clock pulse. The counter is resetto zeroat t= T, .

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

. B V
e Theintegrator voltage drops to zero with time T _and slope +Rr—‘é.

e  Acomparator used to determine when the output voltage of integrator cross zero.
e Whenitis zero, the reading of counter is displayed which gives V.

T

n

T

X
Slope —ﬁ T ’%

RC ~— Slope +

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

Mo N T

Vref - N2 T,

X
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Solution : 4
LVDT works on the principle of change of mutual inductance. For LVDT frequency limit is 50 Hz - 20 kHz.
Voltage range of LVDT is 3 V to +15 V. Lower voltage is due to the fact that insulation requirement is
reduced which reduces the size of LVDT. Also higher frequency implies more sensitivity and lesser power
requirement. Range of frequency is limited by the eddy current loss.
In LVDT there are two secondaries identical in nature which are connected in opposition as shown below.

Core — +t

¥
3to15V €o
(50 Hz to 20 kHz) e, o _

Core
movement

Advantage of using this connection is that when core is at geometric null position, the output voltage ‘e’
will be zero.

Letip—> Currentin primary

F?p, Lp — Resistance and inductance of primary

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

R, Ry/2

en <> L, €

Ry/2

L2
€s2
Equivalentcicuit
Applying KVL on primary side,
. dip
lpRp +LpE—el- = O
e.
i = i (1)
P R,+L,D
p=2
at
ai
€1 = M17;.)
ai
€2 = 27;
di
€ = €51~ € = (M —Mz)Ff -(2)
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(M, - M,) varies linearly with the core motion.
[(h-Mp)-D _ [(M-M)/R]D

From equation (1) and (2), € = e = e
L,D+HR, oD +1
)
°~ R,

Active gauge

1]
e=12V

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

G; e g ,
= =5 for one active gauge
G; = Gauge factor = 2.0
€ — Strain

1250 x 106 m/m

e, = Input voltage = 12V
-6
6 = Gree _ (2)(1250x107°)(12) 15 mV
2 2
g, = 15mV

Solution : 5
(a) Uses of capacitive transducer:

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

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

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

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

(b) Maximum acceleration that is to be measured,
a,, = 100 m/s?
a, = w’x,,
o = 2nf=20r = 62.8 rad/sec?
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X, = 1002 =253cm
(62.8)
For a=0, x=0

~. range of displacement for transducer = 0 to 2.53 cm

Solution : 6

The sensitivity with a DC voltmeter is calculated as follows:

I
- L 1 A=10kQ/V
Sc = 7 700"

The multiplier resistor A, can be calculated as follows:
R, = Spc x range = 10 kQ/V x 10V = 100 kQ
The voltage across resistor R, read by the voltmeter can be obtained as follows:

_ RIR, 10k 11100k
B = B R IR ¢ 10k 10k 1100k <0V
9.09k 9.09k

The reading obtained with AC voltmeter using half-wave rectifier is calculated as follows:
Sy = 045 x Sy =0.45 x 10 kQ/V = 4.5 kQ/V
R, = Spc x range = 4.5kQ/V x 10V = 45 kQ

S
The voltage read by the AC voltmeter is calculated as follows:

= R, Il R, W E = 45k 1110k <10V
R+ R, Il R, 10k+10k 145k
8.18k 8.18k
= —————x10V=—"——-x10V =449V
10k +8.18K 1818k
And finally the reading obtained with AC voltmeter using full-wave rectifier is calculated as follows:

s, = 299%%¢ _ 090 x 10k = 9.0 kQV
R, = S;,xrange = 9.0 kQ/V x 10V = 90 kQ

The voltage read by the AC voltmeter is calculated as follows:

. _RlR_ . 90kl10k oo
R, + R, I R, 10k+ 10k 190k
9k 9k
= T0hror X 10V=1g x10V =473V

As can be seen an AC voltmeter using half wave or full wave rectifier has more loading effect than DC
voltmeter.

Solution : 7

Given:
Area of the piezoelectric transducer,

A=1cm?=10"*m?
Thickness, t=1mm=103m
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Young's modulus, Y =9x10'0Pa,
Charge sensitivity, d=20pC/N=20x 10""2C/N
Relative permittivity, g, =5 e=¢g5e,=4405x 107" F/m
Resistivity, p = 10" Q-cm =10 Q-m
Parallel resistance, R = 100 MQ-cm = 10" Q-m
Parallel capacitance, C=20pF=20x10"2F
Therefore,
Resistance of the piezoelectric transducer,

R, = % =10"Q

Capacitance of the piezoelectric transducer,

c - A 4a5x10F
p t
Equivalent resistance, R, =RIIR~10°Q
Equivalent capacitance, Coq = C,+ C=24.425 x 10°12F
Time constant, 1= R, Coq=24.425 x 10%s

The applied force is sinusoidal with an amplitude of 0.02 N, i.e. with a peak-to-peak value, (F)pfp =0.04N
and its angular frequency, o = 103 rad.

(a) Therefore, we get, (€)pp = Cd ;Z(F)pfp
° 1+(1)
T
12
__2x10 —5 X ! x0.04V ~28mV
24.425x 10 1

T+ 3 —a\2

(10° x 24.425x1077)

Longitudinal stress  F/ A
Longitudinal strain ~ At /t’

(b) Since, Young’s modulus, Y = we have,

(Flp—pt  0.04x107°

A, , = = m ~4.4x107'2m = 4.4 pm
i AY 104 x9x10"°
Solution : 8
(i) The noise voltage is:
E = 2JKTRAF = 241.38 x 1072 x 300 x 120 x 100 x 10° Volt

n

0.446 uV
Ratio of signal voltage to noise voltage is,

0.12x107°

0.446 x 107
In this case the noise voltage is negligible as compared with the signal voltage and therefore the
interference duty to noise is insignificant and thus doesn’t distort the signal. Hence, the output is
faithfully reproduced.

= 269
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(ii) Assume a linear relationship between the output voltage of the bridge and the applied pressure.
- Output (signal) voltage, when the applied pressure is 7 kN/m?

3
= Logxo.m x107° Volt =0.12x 10°=0.12uV
7000 x 10
-6
*. Ratio of signal voltage to noise voltage = %10_6 =0.27
0.446 x10

This indicates that the noise has a magnitude which is about 3.7 times that of signal, hence the signal
will be completely lost in the noise. Amplification of the signal provides no solution to the problem as
the signal and noise voltages will be equally amplified i.e., the ratio of signal voltage to noise voltage
will remain the same at the output.

Solution : 9
AR/R
a) We have gauge factor, G, =
(a) ve gaug = ALSL
and therefore change inlength, AL = AHG/ AL = (0'0123;240) x0.1=246x 10°%m
¢ .
9 -6
Strain, s= £, = 207x10 ;?4&( 107 _ 5002 x 10° N/m?
Force, F=35A=5002x10%x4x10*
=2.037x 10°N
. . Vo 3
(b) Difference mode gain, Ag= —=———==100
Vg 30x107
-3
Common mode gain, A = Yo _ _5x107 =0.01

° v, 500x107°
. Common mode rejection ratio CMRR

_ A 190 _40000-80dB
A, 001

Solution: 10
(a) The reading is 05 00 000 us or
Reading = 5000 000 us =5 x 106 us

0.005
X

0.005 percent of reading = + x10% =+ 250 us

The digit in LSD have a value of 1 us
Maximum error = £250 +1 = 251 us

(b) The reading is 00 000 500 s or Reading = 500 s

0.005 percent of reading = 01%%5 x 500 = +0.025 s

The digitin LSD has now a value of 1's
g Maximum error = £0.025 +1 = +1.025 s
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(c) Maximum accuracy means minimum error.
Minimum error is obtained when the time is read on the us readout.
500s = 500 x 106 us = 500 000 000 ps
This readout requires 9 digit positions and hence when the meter is put on the readout will show an
overflow as the meter has 8 digit display. Hence a reading of 500s cannot be taken the us range.
Let us try the ms readout.
500s = 500 x 10° ms = 500 000 ms
.. The msreadout will display the reading as 00500 000

3
0.005 percent of reading = + 0.005x 500x 10 =+25ms

100

The LSD has a value of 1 ms.
. Maximum possible accuracy with which a reading of 500s can be read by this meter is £25+1
=26 ms
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