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“Example 413 Find the voliage reading and
o error of each reading obtained with a voltmeter | R.Z45@
on (i) 5 Vrange, (i) 10 V range and (iii) 30 V range, | v = 50V
if the instrument has a 20 KV sensitivity and is |
connected across R, of Fig. 48 (@. - RvZ 5 k0
L e

Solution The voltage drop across R, without the Ee 48 (a)
voltmeter connected is calculated using the voltage B:ASAE

equation

= XV = ,
o T T 45k+5k 50k

On the 5 V range

\ R, =S x range =20 k@ x 5V =100 kQ

asumsxxvu_%wxmwu%owup.awb e
| "R +R, 100k+5k 105k | |

Scanned with CamScanner



On 10 V range
Rm=S><range=20kQ/V>< 10 V=200 kQ

. Ry xR, 200kX5K_ 4740
«~R +R, 200k+5k

The voltmeter reading is

R
VR, =——— XV = 487k . 50=4.88V
R, + R, 487k +45k
5V-488V
The % error on the 10 V range = SV x 100 = 2.34%

On 30 V range
R, =erange=20k.QN><30V=600k
R, xR, 600kx5k
R, = by 3000k><1k_495k
R, +R, - 600k +5k 605 k
The voltmeter reading on the 30 V range

R
/R =Ry 495K R
R, +R, TP T T et
The % error on the 30 V range

_5V-495V 0.05
=5y }100="x100=1%

1 nﬂdiﬂg
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36

RF AMMETER (THERMOCOUPLE) B

3.6.1 Thermocouple Instruments. dissi
Thermocouples consists of a junction of two =
voltage is generated by heating the junction.
delivered to a sensitive dc microameter. ceque

(Calibration is made with dc or with a'low e th
applies for all frequencies for which the skin effect 11; 4 ki
Thermocouple instruments are the standard means 10
frequencies.)

The generation of dc voltag
action and the device is called a thermocouple.

milar wires, s0 chosen thy ;
utput of a thermocouple j;

ncy, such as 50 cycles, ang
¢ heater is not appreciable
uring current at radj,

e by heating the junction is called thermoelectric

3.6.2 Different Types of Thermocouples .
In a thermocouple instrument, the current to be measured is used to heat the
junction of two metals. These two metals form a thermocouple and tht?y have the
property that when the junction is heated it produces a voltage proportnona} tp the
heating effect. This output voltage drives a sensitive dc microammeter, giving a
reading proportional to the magnitude of the ac input.

The alternating current heats the junction; the heating effect is the same for
both half cycles of the ac, because the direction of potential drop (or polarity) is
always be the same. The various types of thermocouples are as follows.

@ Mutual Type (Fig. 3.6 (3a)) In this type, the alternating current passes through the
thermocouple itself and not through a heater wire. It has the disadvantages that
the meter shunts the thermocouple.

@ Contact Type (Fig. 3.6 (b)) This is less sensitive than the' mutual type. In the

contact type there are separate thermocouple leads which conduct away the heat
from the heater wire.

Separate Heater Type (Fig. 3.6 (c)) In this arrangement, the th is held
@ near the heater, but insulated from it by a glass bead. ”I‘his m:knt:lsoti:;uipl:seuﬁmh:nt
sluggish and also less sensitive because of temperature drop in the glass bead. The
separate type is useful for certain applications, like RF current megsurement's To

avoid loss of heat by radiation, the thermocouple arrangement laced in 2
vacuum in order to increase its sensitivity. gement 1s placed m

Bridge Type (Fig. 3.6 (d)) This has the high sen
avoids the shunting effect of the microamme
The sensitivity of a thermocouple is increased T )
loss of heat by conduction is avoided, anq the abSBI:’cig?gmg itina vz'icuum 511}ce
at a much hi gher_ temperature. A vacuum the"nomuple cxygben permits operation
full scale deflection of approximately 1 ma an be designed to give 8

. A simi . ¢
would require about 100 mA for full sca]e deﬂesc:tr?(:lllar bridge arrangement in air

sitivity of the t
. mutual type and ye
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Ammeter )
N —
@ Ammeter
a c
Thermocouple
Element Heater
Thermocouple (@) (b)
* +
_ @)

Ammeter

+

Glass Bead

() (d)

Fig. 36 (a) Mutual type (b) Contact type (c) Separate heater type
(d) Bridge type thermocouple

Material commonly used to form a thermocouple are constantan against
copper, manganin or a platinum alloy. Such a junction gives a thermal emf of
approximately 45 wV/°C.

The heating element of open air heaters is typically a non-corroding platinum
alloy. Carbon filament heaters are used in vacuum type.

Thermocouple heaters operate so close to the burnout point under normal
conditions, that they can withstand only small overloads without damage,
commonly up to 50%. This is one of the limitations of the thermocouple
instrument.

(Commonly used metal combinations are copper-constantan, iron-constantan,
chromel-constantan, chromel-alumel, and platinum-rhodium. Tables are available
that show the voltages produced by each of the various metal combination at
specific temperatures.)

LIMITATIONS OF THERMOCOUPLES

Following are the limitations of thermocouples
1. Heaters can stand only small overload.

2. Arise in temperature (higher operating temperatures) causes a change in
the resistance of the heater.

3. Presence of harmonics changes meter reading, because the heating effect
is proportional to the square of current.

3.7
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