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Answer FIVE FULL Questions MARKS | CO [RBT |
[ (a) Define the following terms i)Random error ii)Significant figure iii)Resolution (03] [COI} L
1 (b) A component manufacturer constructs certain resistances to be anywhere between  [07] (U‘ [N
1.14 kQ and 1.26 kQ and classifies them to be 1.2 kQ resistors. What tolerance ;
should be stated? If the resistance values are specified at 25°C and the resistors have §
a temperature coefficient of +500 ppm/°C .Calculate the maximum resistance that ‘
one of these components might have at 75°C. '
2 (a) Explain the working of a transistor based voltmeter with neat diagram. [o6] CO2| L2
2 (b) Write a note on differential voltmeter. [04] —C‘)ZTZ
3 (a) Explain loading effect with respect to voltage measurement.” [03] ' Col 12
3 (b) Find the voltage reading and % crror in each case if the voltmeter is used on (i) 10V~ [07]  COT| L3
range and (ii) 30V range. The instrument has a 20KQ/V sensitivity and is connected
across R2 of Fig.3(b) ‘
Fig 3(b)
OR | I
4 With a neat block diagram and waveforms explain the working of Dual Slope ~ [10] | CO2| 12
Integrating type digital voltmeter. Derive the expression for measured value. L
5(a) Convert a basic D’Arsonval movement into a dc voltmeter and derive the (03] COZ,| L2
resistance equation. | S
5(b) Design an Ayrton shunt to provide an ammeter with a current range of 0 — [07] ECU?; L3 |
1mA,0 —10mA,0 —50mA and 0 — 100 mA . A D’Arsonval movement with
an internal resistance of 10002 and full scale current of 50 pA is used.
OR : i
6 (a) How to convert a basic Galvano meter to an AC voltmeter? Explain two types of  [07]

rectifier type AC voltmeters and derive an expression foi the multiplicr resistor in
each case.
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6(b) Convert a Galvano (PMMC instrument) with [, == 100pA and R,, = 100Q to an

8(a)
8(b)

AC voltmeter. Calculate the value of multiplier resistor required for a full wave
rectifier type AC voltineter with a range of 100 V rms.

Explain the working of Successive apprpximaticn type DVM with a neat block
] Pt i

diagram. Depict the conversion sicps in tabie format, for an 8 bit converter with a

reference voltage of 5V and the vcltage to be measured is 4V.

Determine the resolution of a 3 % digit display on 1V, 10V and 100V range.

Write a note on statistical analysis of error.
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5(a) Convert a basic D’Arsonval movement into a dc voltmeter and derive the resistance equation.

A Basic D’Arsonval meter can be converted to a DC voltmeter by connecting a resistance in series
with the meter. The purpose of this resistor is to limit the current through the basic meter. The
resistor is termed as multiplier resistor.

+ Multiplier
ik

RS Im
"4 / Rm

Fig 5.1 DC voltmeter

Fig 5.1 shows a DC voltmeter, where V is the range, Im the full scale reading of Basic Galvano meter
and Rm the internal resistance of basic meter.

By applying KVL to the circuit in Fig 5.1

V = Im(RS + Rm) (5.1)
Or
R =1—R (5.2)

5(b)Design an Ayrton shunt to provide an ammeter with a current range of0 — 1 mA,0 —
10 mA, 0 —50 mA and 0 — 100 mA . A D’Arsonval movement with an internal resistance of 100Q
and full scale current of 50 pA is used.

Given Im=50 pA and Rm=100Q



RSM = |m2m
T -1Im
= (501 )Cl00)

|m — 5VA

=526 2
Reha = Tm (Bm +Rehi)
——e
= (504)( 100 +6-26)

10mA Rb

SWITCH

50mA Rc
[

100mA

9

O mA
= 526%™
/ompA
= 0526 o

L}

P\th

Rep,

?.,-M’.a+ﬁa+£¢:

Rosle+E 4

Ry - Rer £
ﬂ‘ﬂ? = 2(
Bd- p-0526 ST

Fe = Psug ~ Bshy

Eyp

ba =

1]

Fig 5.2 Ayrton shunt ammeter

Rehz = Tm(lm + sty )
i Br

= (52u)( loo+§'u)
50wm

= 0-log &

Reng < lm )P +8e5)
It
= (94)( wo+ o)
00 ™
=0-062¢6

= O (o5 —=0-0526 = 0-0524 %
Fi, ~ Eehy - 052 - 0005 = D421

Eh; — Bey, = $-2¢ _ 0.C26 = T3¢,



6.(a) How to convert a basic Galvano meter to an AC voltmeter? Explain two types of
rectifier type AC voltmeters and derive an expression for the multiplier resistor in each case.

A basic Galvano can be used to measure RMS value of an applied ac signal by
incorporating a rectifier element and a multiplier resistance. Multiplier resistor is used to
limit the current through Galvano. Silicon diodes are preferred because of their low
reverse current and high forward current ratings. Figure 6.1 gives an ac voltmeter circuit
consisting of a multiplier, a bridge rectifier and a PMMC movement.

The bridge rectifier provides a full wave pulsating dc. Due to the inertia of the movable
coil, the meter indicates a steady deflection proportional to the average value of the
current. The meter scale is usually calibrated to give the RMS value of an alternating
sine wave input. Practical rectifiers are non-linear devices particularly at low values
of forward current .Hence the meter scale is non-linear and is generally crowded at the
lower end of a low range voltmeter.

Multiclier
\’/\ /\\/,’\

.
s

[ r' | Bridge Rectifier

-

N
PMMC

Fig 6.1 Full wave rectifier type AC voltmeter

Multiplier Design:

Since the meter will be metering the average value, the maximum applied input would be
(considering full wave average voltage)

V, = ——ms (6.1)

If Rm is the meter resistance and Im the full deflection current, then the total voltmeter resistance
should be

R +R :% (6.2)


http://www.eeeguide.com/ac-voltmeter-using-rectifiers/
http://www.eeeguide.com/true-rms-voltmeter/
http://www.circuitstoday.com/

Using egn 6.1 and 6.2 , the multiplier resistance can be derived as

V
R.=—%_R (6.3)

S m
|

R, =—"——-R, (6.4)

From eqn 6.4 it is clear that the sensitivity of such a meter is 90% of a DC voltmeter.

Figure 6.2 gives an ac voltmeter circuit consisting of a multiplier, a half wave rectifier and
a PMMC movement.

Diode
R
.—\/ ;\\\/’A\ /f

Multiplier ‘ J

P
I / ,—7;\\

Input | ——— PMMC \ ;'m
\L/I \\H_ __J_/
@

Fig 6.1 Half wave rectifier type AC voltmeter

T
Thus
*
Vi ¥045

General observation on Rectifier type AC voltmeter:

1. Rectifier type of instrument is calibrated in terms of root mean square values of
sinusoidal wave of voltages and current. The problem is that the input waveform
may or may not have same form factor on which the scale of these meter is
calibrated.

2. The non linear characteristics of bridge may distort the current and voltage
waveform.

3. There may variation in the temperature due to which the electrical resistance of the
bridge changes hence in order to compensate this kind of errors we should apply
multiplier resistor with high temperature coefficient .

4. The sensitivity of Rectifier type instruments is low in case of ac input voltage.



Advantages of Rectifier Type Instruments:

1. The accuracy of rectifier type instrument is about 5 percent under normal operating
condition.

2. The frequency range of operation can be extended to high value.

3. They have uniform scale on the meter.

4. They have low operating value of current and voltages.

The loading effect of an ac rectifier voltmeter in both the cases (i.e. half wave diode rectifier
and full wave diode rectifier) is high as compared to the loading effects of DC voltmeters as
the sensitivity of the voltmeter either using in half wave or full wave rectification is less than
the sensitivity of DC voltmeters.

6(b). Convert a Galvano (PMMC instrument) with [, = 100pA and R,, = 100Qto an AC
voltmeter. Calculate the value of multiplier resistor required for a full wave rectifier type AC
voltmeter with a range of 100 V rms.

Using eqn 6.4
*
R, = V.. *0.9 R
Im
*
- 100*0.9 100
100u

R, =899900Q2 =899.9KQ2



7 . Explain the working of Successive approximation type DVM with a neat block diagram. Depict the
conversion steps in table format, for an 8 bit converter with a reference voltage of 5V and the voltage
to be measured is 4V.

; : - |
— Sample Ref |
Input Input and Hold DAC S
—— Attenualor " (SH) Supply E
Bt Circuit T, §
vm :
Comparator E
Control Digital i
Register —*Output:
(SAR) - :
;
l
iDeIay
Ring
Counter
Start /
Stop
[ MV
A
Start Stop

Fig 7.1 Block Diagram of Successive Approximation Type DVM

The successive approximation DVM works on the principle of comparison. The unknown
signal is compared with half the reference value and depending on whether the input
signal is higher or lower additional comparison voltage is added or removed. Then the
process continues for a predefined number of comparisons.

Its basic block diagram is shown in Fig. 7.1. When the start pulse signal activates the
control circuit, the successive approximation register (SAR) is cleared. The SAR register
is an 8 bit one. The output of the SAR is 00000000. V,, of the D/A converter is 0. Now, if
Vin >V the comparator output is positive. During the first clock pulse, the control circuit
sets the D;to 1, and V.. jumps to the half reference voltage. The SAR output is
10000000. If Vo is greater than Vj, the comparator output is negative and the control
circuit resets D;. However, if Vi, is greater than V., the comparator output is positive and
the control circuits keep D; set. Similarly the rest of the bits beginning from D,to D, are
set and tested. Therefore, the measurement is completed in 8 clock pulses.



At the beginning of the measurement cycle, a start pulse is applied to the start-stop
multivibrator. This sets a 1 in the MSB of the control register and a 0 in all bits (assuming
an 8-bit control) its reading would be 10000000. This initial setting of the register causes
the output of the D/A converter to be half the reference voltage, i.e. 1/2 V. This converter
output is compared to the unknown input by the comparator. If the input voltage is
greater than the converter reference voltage, the comparator output produces an output
that causes the control register to retain the 1 setting in its MSB and the converter
continues to supply its reference output voltage of 1/2 V.

The ring counter then advances one count, shifting a 1 in the second MSB of the control
register and its reading becomes 11000000. This causes the D/A converter to increase
its reference output by 1 increment to 1/4 Vg, i.e. 1/2 Vi + 1/4 Vi;, and again it is
compared with the unknown input. If in this case the total reference voltage exceeds the
unknown voltage, the comparator produces an output that causes the control register to
reset its second MSB to 0. The converter output then returns to its previous value of 1/2
Vief and awaits another input from the SAR. When the ring counter advances by 1, the
third MSB is set to 1 and the converter output rises by the next increment of 1/2 Ve +
1/8 V.t The measurement cycle thus proceeds through a series of successive
approximations. Finally, when the ring counter reaches its final count, the measurement
cycle stops and the digital output of the control register represents the final
approximation of the unknown input voltage.

Table 7.1 depicts the steps involved in the voltage measurement if Successive
approximation type DVM is used.

Vin :4V, Vref: 5V

Sl D; | Dg | Ds | Dy | D3 | Dy | Dy | Do | Viies Condition | Decision | Vout

no

1 1 /0|0 (0|0 |0 |0 |O |25V Vin>V'ief | D;set 2.5V

2 1 (1|0 |0 |0 |0 |0 |0 |3.75V Vin>V' et | De set 3.75V

3 1 (1|1 (0|0 |0 |0 |O |4.375v Vin<V’ef | Dsreset | 3.75V

4 1 (1|0 (1|0 |0 |0 |O |4.0625V Vin<V’ef | Dareset | 3.75V

5 1 (1|0 (0|1 |0 |0 |0 [3.90625V | V>V | Dsset 3.90625V
6 1 (1|0 (0|1 |1 [0 |0 |3.984375V | V>Vt | D;set 3.984375V
7 1 (1|0 (0 |1 |1 (1 |0 |4.023438V |Vi<V'iet | Direset | 3.984375V
8 1 (1|0 (0 |1 |1 [0 |1 |4.00391V | Vi<V’ | Doreset | 3.984375V

Table 7.1 Steps

Final SAR data = 11001100

The voltage displayed by the meter = 3.984375V

8 (a) Determine the resolution of a 3 % digit display on 1V, 10V and 100V range.

e The resolution of a n% digit diplay is L 5n 1V scale

on

Then


http://www.circuitstoday.com/
http://www.circuitstoday.com/
http://www.circuitstoday.com/

The resolution of a B%digit diplay is# (ImV) on 1V scale.

The resolution on any range is given by

e Resolution(Sensitivity) = 10% * Range
On 10v range: resolution = Imv*10=10mV
On 100v range: resolution = Imv*100=100mV

8 (b) Write a note on statistical analysis of error

Statistical Analysis of Error in Measurement:

The random errors coming out from the unknown sources are very difficult to correct. Once
systematic errors have been sufficiently minimized and the remaining error is random, we
can use statistics to describe the data set .Here , statistical approaches are normally
preferred to minimize the random errors. These techniques used are

1 Mean:

If we take N measurements of a certain quantity x, the best estimate of the actual quantity
is the mean, x, of the measurements:

Y _ _i=l
n

2 Deviation and Average Deviation:

We can also estimate the error using the average or mean. To do this, we look at how far
away the individual measured values are from the mean. The value d, = X, — X is the

deviation of a particular trial from the mean. The deviations always sum to zero.
Avearge deviation:The magnitude of all deviation sum together devided by the number of

>d.
samples considered. D = T This parameter speaks about precision in measurement.

3 Standard Deviation:

Since the deviations always sum to zero, to estimate error more accurately, the solution,
then, is to square the deaviations, sum them, and then take the square root of that sum,
resulting in a value referred to as the standard deviation, o.



.=\ 2l -5

The standard deviation characterizes the average uncertainty of measurements x1,...,xN. It
is also sometimes known as the root-mean-squared (RMS) deviation.



