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SEC. 77 THERMOCD
\piEvoltmeter HERMOCOUPLE INSTRUMENTS
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FAIGURE 2-20. Basx thermocoupie instrument
junction from joss of heat 1The junction mMay be directly welded to the
heater, or it may be shermally {but not clectrically) connected to the heats |
bs'abcadc&cﬂmnk‘nmz 1al
fa Figure 2-21(b) 2 $ermocouple with a flat heating conductor & :
mmm&&xmmlpkuirﬁmmmTEdmm?;ﬂ;ﬂ :
which are clecmically - culated from the heater. Although elecmcal »
insulated, the cOpps pads are in thermal contadt with the large copp= V7
mﬂaﬂﬁnchofmtbcatﬂ.mm&xcﬁect of keeping the ends of the 3
thermocouple wires 3t the same ambient temperaturc as the tormos ,
wchm&rmmlpkjtmfﬁanﬁhca&d‘bmdrendseimw;ﬁ |
are 2t the normal irelatively cold) temperanie of the terminals. Whea = omcnctos Hcaing el
carrent fows, both ends of each thermocouple wire arc maintaindg = i R
;mbiuﬂmpﬂnnﬂc.andmuﬂmgtsmmd. When the current He% e o
th:,ntﬂmﬂiﬂltdmmﬂarmlw:ﬂ'&tsheﬂlcd.“ '!‘thtc‘sixhuft?ﬁ P T
cemain at the ambient temperature These opposite ends arc electrics b) Compensated thermocouple
aﬂﬁiﬂ!mg:ﬂﬂﬁutnxghﬁtmﬂﬁ‘ﬂMﬂ <0 they can be terme = -
This condition, of a bot juncton and a2 cold Juncoon m B HGURE 2-21. Two types of thermocoupies
shermocouple Gromt, is the requirement for maxmum cmi g8 2o 7-2
Since the thermocouple wares arc maintained at the same ambient =P Thermocouple A o e _ =
Mﬂ;:;vm ﬁﬂ - flowing, the emf generated 2t the heated < w"":mﬂ&f‘i shunts can be cﬂ;‘hc:m o ;z:__h?;i&?d? as an ammeter, and
: ¢ we = A o EXpangs 1 I= o Cos 3
mﬁw g o heating cffect of the curreat The dovee 2 olfmeters  connccting multiplicr resistors in sevies with the A asurement. By
= [Figure 2 21@}]Elﬁmda¢msﬂtﬁnmxmfn.,m€@dr; i iy b Eaaniansioh er. a volumeter can be
; . : ] . oerates comstruct y of TDCTIS l= voIDmeters 1 onsceTahiv
Some of the most m:iﬁ;iﬂ ﬁi%ﬁ:@w . lower than that of 3 PMMC volaneter. Bowere irermocouple mre-
fron-Constantan, Copper-Constantan. Chromel-Alumel, and Platie= Tﬁ indicate true ros value, no matter what the waveror” of the apphed
WWF&M jons can Survive very high = ( Bﬁmmt.Tm'mmw&mﬁmﬂwm
m‘dmm“mmi{mﬁﬂ when = on de and then cmployed to measure cither 3¢ & dc. Furthermoee,
- .mmmmwwﬁm@wshw thﬂﬂmu[ﬂCWEcmbtmm&mmhghmmiﬁ
ARG, The typical masimum thermocouple output at T mperat’ MH3 and higher. The frequency i, in fact, is chie DOt 1 the thermocoa-
. ; _ ek ple but o the & itance and Inductank of connecting leads and )
o) o . pad ID3UC = o € : s .
. =1
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DEFLECTION TYPE AMMETERS,
VOLTMETERS, AND
WATTMETERS

arrent meters, In the cose of

INTRODUCTION Al deflection type instruments are ensantinlly «
of it) passes through

the ammeter, the current to he mensured (or a portion
the tstrument and produces pointer deflection. A voltmeter 1s gnply o

current ammeter with a igh resistance, The current that Hows in

very low
the applied voltage, and the

a voltmeter in directly proportional to
alibrated to indicate voltige

ployed directly as
kel pa an ae voltme:
the PMMC instru

inatrument scale s €

A PMMCO instrament can be eim
When connecied with rectifiors, it can b
asformer and rectifiers,

a e voltineter or

pinmetel

ter, Together with a current 1

ment functions as an arnmeler

An electrodynimic instrument &

a voltumeter, or A wattmeter
the field colls pass the load current, and

the supply voltage

an be used on ac OF e, ns AN

Ita imost impartant application is as

ninmeter,

a wittmeter, In this situation, the

moving coll carries a current proportional (o
In thermocouple instraments, thermogouples are psed to generate A

voltuge proportional (o the heating effect of a cuirent, I hermocouple

voltmeters, animeter, and watll d, ‘They fanetian

on de or ac and can operate watiglpotarily 1o ve

neEters can he constructe
vy high frequencies.
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| CLECTION TYPE / y
current to be measured is shunted around the coil of the meter. Only a

2"1 Cstrumient & an ammetcer. Pointer d(*flt'cnt:lfn 15 directly f'l';la:l IJ‘J”}”'“ UII]'”?C current passes through the moving coil, Figure 2-]

. NS * : - ‘ever. max Inte tiustrates how this 1s arranged,
DC AMMETER  The PMMC ins - rent flowing in the coil. However, maximum pointer is s arranged. |

Pmportianal to the curre : eraall-Elrrent, and the coil is usually A shunt, or very low resistance, is connected in parallel with the
deflection 8 Prudu':ﬂﬂ by a:t:‘} %uickl‘z' destroyed by large currents, For instrument coll [Figure 2-1(a)]. The shunt has two sets of terminals

2-1-1 wound of thin wire that would be qust b'l. modified so that most of th Idf"ﬂ'llflfd as voltage terminals and current terminals, This is to ensure that the
ration larger currents, the instrument resistance 1n parallel with the coil (R) is accurately defined and the
Ope contact resistance of the current terminals is removed from K,. Contact

resistance can vary with change in current level and thus introduce errors,

In the circuit diagram in Figure 2-1(b). r, 18 the meter resistance (or
coil circuit resistance) and R, is the resistance of the shunt. Suppose the
meter resistance is exactly 99 £ and the shunt resistance is 1 {2 The shunt
current (/) will be ninety-nine times the meter current (7,). In this
situation, if the meter gives FSD for a coil current of 0.1 mA, the scale
should be calibrated to read 100 % 0.1 mA or 10 mA at full scale. The
relationship between shunt current and coil current is further investigated
in Examples 2-1 and 2-2,

PMMC

mnstrument

Ammeler
shunt L
\;:j::iﬁ EXAMPLE 2-1 An ammeter (as in Figure 2-1) has a PMMC instrument with a coil
3 L:-* e A resistance of R = 99 £ and FSD current of 0,1 mA. Shunt resistance
E%) "\(? % = R, = 1§ Determine the total current passing through the ammeter at (a)
+ - 4 1 | FSD, (b) 0.5 FSD, and (¢) 0.25 FSD.
1 =4,
L.,‘_*“‘H / 5, e
T SOLUTION
Current e
tt:!‘ﬂ‘!l”-lj'f- ia, Af Fthf).
- “LeT .
(3} Construction of dc ammel meter voltage V. = [ K [see Figure 2-1(b)]
= (.1 mA x 99 )
Cail = 0.9mV,
FESISTANCE
o e e shunt voltage = meter voltage,
N $
;A
"l le V. = IR =¥
: |
[=(ly + 1) 1, e/l V., 99mV
o 4 ’ A — —i— s [ = =2 :J.__J__I.E_ = 9.9 mA,
R, ‘ R, 1 2
Bt total current [ = 1, + 1,

resisiance

= H09mA + 0.1 mA = 10 mA.

(b) Ammeter circut

- . 13 am.
FIGURE 2-1. dc ammeter construction and circuil diagf




SEC. 2-1. DC AMMETER 29

that FSD represents 10 mA [see Figure 2-2(a)]. When the pointer indicates
0.5 FSD and 0.25 FSD, the total current levels are 5 mA and 2.5 mA,
respectively [Figures 2-2(b) and (c)].

It is seen that the ammeter scale can be calibrated linearly to represent
all current levels from 0 to 10 mA [Figure 2-2(d)].

Refer again to Example 2-1. If a shunt having a smaller resistance is used,
the shunt current and the total meter current will be larger than the levels
calculated. In fact, shunt resistance values can be determined to convert a
PMMC instrument into an ammeter for measuring virtually any desired
level of current, Example 2-2 demonstrates how shunt resistances are
calculated.

A PMMC instrument has a FSD of 100 gA and a coil resistance of 1 k.
Calculate the required shunt resistance value to convert the instrument into
an ammeter: (a) with FSD = 100 mA and (b) with FSD = 1 A,

SOLUTION
a. FSD = 100 m4:

v =1R,=100pd % 1k2=100mV,

I=1+1,
=] -1, =100mA — 100 gA = 99.9 mA,
poote 1000V _ g1
gk ¢ 9.9 mA
b, FSD =1 A:
V. =I.R,= 100 mV,
[ =I—1I,=1A— 100pA =999.9m4,
V 100 mV
= — = = (0.10001 2.
% I 9999 mA

DEHECTION
FSD:
s ;1 =03 X 0.1 mA = 0.05 mA,
1:“ 1 R =l]05mA>(999= 4 95 mV
. 495mV _ 495 mA,
) Fﬁ: Fgs 2-1-3
hunt
; \ I = "4 + I"‘ S
i — 495 mA + 0.05 mA = 5 mA. T
41025 FSD
] =025 X 0.1l mA = 0.025 mA,
V. =T8T 0,025 mA X q9 )
= 2475 mV, EXAMPLE 2-2
Vo _2415mV _ 9 475 mA,
L=1%, 10
tmalcumsz=1,+fm A
= 2475 mA + 0.025 mA = ﬂ/_
-= . {}‘l..'llng{ﬂj
;13‘1; In Example 2-1 the total ammeter current 15 10 mA when :;Ecﬁibralfd ¥
instrument indicates FSD, Therefore, the meter scale can :
5
mA .
0/’\},{] ﬂ/—\
(a) [h}
) 345{'}Tﬂuu 2-1-4
2.5 1 2 ' MU“irangE
0 /—J\ﬂ 0 A e
(d)
(€)
C insif”r"cﬁl

FAGURE 2-2. Llinear scale of a dc ammeter using 2 PMM

The circuit of a multirange ammeier is shown in Figure 2*3(3;: As
illustrated, a rotary switch is employed to select any one of ;f“ﬂfﬂ] 25 3‘(1:;‘-;
having different resistance values. A make-0¢ mr-bfsak swleh | ]gl‘lmp;mjlcl
must be used so that the instrument is not left w:thnuf a sthlt in =2

with it even for a brief instant. If this Dﬂfumdt‘ the hlgi'f rm'lsta.nct 3 .1' ¥
instrument would affect the current flowing in the crcuit. More 1m-
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{2} Multirange ammeter (b} Make-before-break
using switched shunts switch

FIGURE 2-3. Multirange ammeter and range-changing switch.

L =
— / -
I‘!: fI!!.
i — 1: >—
le R, R, R, I
1 0- AN —— A AANA—— B
e e —
I - B
0 = =
-
oD
fa) (R, + 8, + Ry} in parall-l with R
Pﬂ:
wi—F)
= \_/ 2
I I
#-—q v, -‘"'.:
!
Ia] R, Ry S
! I 1, 3 C —
¥ I o.-
—_— A
i
oD

b)) (R; + R,) in parallel with (R + Ry}

AGURE 2-5. Multirange ammeter using an Ayrton shunt.
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SEC. 2-1. DC AMMETER

portantly, a current large enough to destroy the instrument

_ | might flow
through its moving coil. When switching between shunts, the wide-ended
moving contact of the make-before-break switch makes contact with the
next terminal before it breaks contact with the previous
during switching there are actually two shunts in paralle]l with the instru-
ment.

terminal. Thus,

Figure 2-4 shows another method of protecting the deflection instry-
ment of an ammeter from excessive current flow when switching between
shunts. Resistors R, R,, and R, constitute an Ayton shunt. In Figure 7-4(z)
the switch is at contact B, and the total resistance in parallel with the
instrument is B, + R, + R,. The meter resistance remains £_. When the
switch is at contact C [Figure 2-4(b)], the resistance R, is in series with the
meter, and R, + R, is in parallel with B_ + R.. Similarly, with the switch
at contact D, R, is in parallel with R_ + R, + R, Because the shunts are
permanently connected, and the switch makes contact with
the shunt junctions, the deflection instrument is never left without a
parallel-connected shunt (or shunts). In Example 2-3 ammeter current
ranges are calculated for each switch position on an Ayrton shunt.

EXAMPLE 2-3

A PMMC instrument has a three-resistor Ayrton shunt connected across it
to make an ammeter, as in Figure 2-4. The resistance values are B, = 005
Q.R,=0450,and R, = 45 (. The meter has B_ = 1 k@ and FSD = 50
uA. Calculate the three ranges of the ammeter.

SOLUTION
Refer to Figure 2-4

Switch al contacd B-

V=IR_=50pAX1kE=50mV,

Ir

I =

50 mV

— — !U m-'t.
0052 +0450+4510

I=1 +1=30pA+ 10mA
= 10.05 mA.

Amuneter range = J0 mA.
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Suntch ol omtact &, Swamping Coil
resistance resistamice
¥ 4 h F .
I! 1 IEI'R‘!"I L R:' ) AN AAAN “/f.:\.i:-j—!
— 50pA(1kQ + 45Q) e |
= 5i) m\j_‘
V. |
i |

* (R, + R;) 1: ‘

L 50 m\ FIGURE 2-5. Use of a swamping resistance to minimize temperature errors
(0058 + 045 ) in an ammeter.
= 100 mA, : ; ol SN e :
f— 50 4A + 100 mA the swamping resistance is nine times the coil resistance, then a 1% change
‘ in coil resistance would result in 2 total (swamping plus coil) resistance
= 100.05 mA. change of 0.1%.

The ammeter shunt must also be made of manganin or constantan (o
Ammeter range = 100 mA avoid shunt resistance variations with temperature. As noted in Figure 2-5,

the swamping resistance must be considered part of the meter resistance r_

Sipitch at omtact D:
when calculating shunt resistance values.

= L0 + 450 + 0459Q) Ammeler An ammeter is always connected in series with a dreuit in which current i i
=50 pAll Kis + 2338 -+ B2 Resistance to be measured. To avoid affecting the current level in the circuit, the I
= 50mV, ammeter must have a resistance much lower than the cirouit ressstance. E
V¥V 30mV Therefore. ammeter resistance is an important quantity. In Examples 2-2 g
L= R, - 0059 and 2-3 the ammeter resistances are essentially the same as the total shunt )
. resistance in parallel with the deflection mstrument. ! .
=T1TA. L
J=50pA+1A EXAMPLE 2-4 An ammeter is connected to measure the current In a lEl-Ft load suj:_rplicd 8
= 1.00005 A. from a 10-V source (see Figure 2-6). Calculate the circuit current if the :"
ammeter resistance (R, ) is(a) 0.1 Qor(b)l L. Also. in each case. calculate )
Ammeter range = 1 A the effect of the ammeter on the current level B
___’_’___‘—'"-./
2-1-5 : ] =ENR, + R;)
-~ 1 = : . T wilt- —_—
Temperature The moving coil in 2 PMMC instrument i wound with thin S:-Eichaﬂ%" M 13 @__ —t}\k———"t.
Ervor 2nd 7ts resistance can change significantly when 15 ternperat oduce ? -
The heating effect of the coil current may be enough 1 Li:.ducf a9 1y : L ‘.
resistance change, Any such change in coil resistance will m ; cot 5 10V g & 10V B
error in ammeter CurTen! measurements. To minimize t!w cil'.cﬂ_r;m o {
resistance VAriation, a svamping resistence made of mangdnin f;’ m:;nin and |
mmmmhuhmcwﬂ,asiﬂmmmﬁgum2-3.nBﬂ» i _ 1 afiiect circuit current.
constantan have resistance temperature cocfficients very close I i FIGURE 2-6. Ammeter resistance ¢
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Using Ammeters

2-2
DC VOLTMETER

2-2-1
Operation

. e ———————

g

4 OFFLECTION TYPE ANMAY PERS VOLTAETERS, AND WATIMETLRS
SOLUTION
{1 H‘ o *’ : sJ
& ] '
J - " . 10 A - = (0.899 A
R, + R, 108 +01 Y|

Without! the ammciet,

) ' oy
Y 10
1 A,
| A~ 0499 A) " |
¢ffect of ammeler : TA (100%:) = 1%
b R, =1 2
[ » B 0N w009 A,
R, + R g+ 1N

1A~ 0909 A

effect of ammeter = A

(100%:) = 9.1%,

. : . ' 4 ;'IHI i
The prnrrdurr for using a multiranyge mmmeter 18 expctly as 1
Section 35 for a multifunction instrument,

J1l
The deflection of a PMMC insteament i |”"”‘|"””"‘"m1 ta the “::::n.mi
ﬂuwing [hrnugh the moving conl, The conl current i dires tly 1"“::1” elel
o the voltage across the coll, Therefore, the seale of the l'h.‘h - “al
could be calibrated to indicate voltage. The coil resistante I "':-:.,I'uht""
guite araldl, and thus the coll voltage is alyo usunlly very mm”| e bl
any additional weies resistance the PMMUC instrument W_'”m A L
to measure very low voltage levels. The voltmetor range 8 "“f"h" 1112. 7(n)
by cannecting A reslstance in weries with the fnstment “irf'. I"H'”_‘ I-.i”" "
Bf.‘(ll'lllf '“ '"“;mum '|.hr: rangc lll 'Iht‘ vnltmruq, ﬂlr r-rl‘hm.lmlu. L”ﬁ “H
termed a multiplier resistance, A multiplier resistance which 15 mne ::l i
il resistance will inerease the voltmeter range by a factor vl I ipht
2.7(bY shonws that the wtnl resistance of the voltmeter A8 A

resistanoe) 4+ (col resistance)

|

EXANMIPLL

“

L

RIA g RO VUL TMETER

FAIALE

AORRER RAANRRAY B

MOVes iesialanee i

el " el

LY
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- I -
l_q_'l ouhpambynaa b iigy il lh L -ll.l'lllll v
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- | >

';_I‘i Nl ey creane

FIGURE 227, de voltineter constroction and cleeuit diagram,

A PMMO nstenment with a FSD ot 100 A and a coll pesistance of | kil is

o he converted (nto a voluneter, Deterning the required  multiplies

resttance i the voltmeter s 1o measine L0V ar full seale, Al g alouliate

e ulltnlinl valtage when (he instrament el leates 0,75, 0.5, and @ 25l
'S0,

SOLLITIC N

(R * R Iwr e Y f'{.l.-l].

fl Fl j
‘ i ' i B f I L]
"I f r‘l | f“
'l L] & f =i
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b DEFLEL TION TYPE f\h"\Ml'i'ER‘_‘-, VOLTMET ERS. AND WATTMETER:
A3

for V = 100 V FSD,
1. =100 uA,
R = (100 V/100 pd) — 1 kQ
= 909 kil.
41 0.75 FSLx
;= 0.5 % 100 pA
- ?5 ]llf\\
v=1(R * R_)
= 75 pnA(999 kQ + 1kQ)
=75 V.

at 0.5 FSD:

P
I

50 pA,
= 50 pﬁ{ggg k) + | kﬂ]
R0 V.

|

at 025 FSD:

[ = 25 pA,
v = 25 nA(999 kQ + 1 ki1)
= 25V.

S

Example 2-3 demonstrates that the PMMOC voltmeter has the linear scale
shown in Figure 2-8.

Valts

50

FIGURE 2-8. Voltmeter scale for Example 2-5.

2-2-2 :
Multirange A multirange voltmeter consists of a deflection instrument, several “:lh;l;
Voltmeters plier resistors, and a rotary switch. Two possible circuits are illustrates -

Figure 2-9. In Figure 2-9(a) only one of the three multiplier resistors

SEC. 2-2. DC VOLTMETER

."'-hil'lipl'urr

resistors

}'1‘:“1 r

fesIstance

(a) Multirange voltmeter using switched
multiplier resistors

Ik,_,__.-.l,':'_’;.----lr—-—'—'—__——I-... )

(b) Multrange yoltmeler using series-connected
multiplier resistars

FIGURE 2-9. Multirange voltmeter circuits.

connected in series with the meter at any time. The range of this voltme-
ter 1s

v=I(R,+R)

where R can be Ry, Ry, OF Ry
In Figure 2-9(b) the multiplier resistors arc connected in serics, and
each junction is connected to one of the switch terminals. The range of this
voltmeter can also he calculated from the equation V=I(R,* R).
where R can now be R,, R, + By OF R, + Ry + R,.

Of the two circuits, the one in Figure 2.9(h) is the least expensive (0
constrnict, This is because (as shown in Example 2-6) all of the multipher
resistors in Figure 9.0(a) must be _special {nanstandald'} values, while D

D——

-r\-.:____;—\..q,_.—-_-_:— .

T — = |
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ceocal of fuliscale corrent. In Exampes o8, OX PAIMC meter goves

0N I— : = e
— 983k0 — S ldeallv. 3 voltmeter should bave an cmraSciy high res=ace. A
: m parallel wih the pomis A 2

—- = O
50 5 A . . Al
ol s vOLsImEteT 5 AMWRYS COGROCENT ACTOSS, & B2

& g = E a
drace is 1o be measeed. 1T 825 ressstanee 8 oo Jow, X

circuit at whach the VOiaEY
This 5 Anown &S sebuely S90mg offect.

L]
il

can alter the aroust WHEERST

&- - i. ;r-..rdf .I —_ R .4 % = i . 2 2 - 3 &

< ' . EXAMPLE 2-7 A yoltmeter on a3 >-Y rEnEe S coonectsd K ImeasaT U VORLART 2ATOSS R,
. —_— ¥ T e ke e A 1- — . — . " . = " ; 3 & ! '

o - the crouit shown in Figure 2-10. (ascsai iy (@) u_.m‘ t the vestmetes

connected. (b) with 3 yolunezer having a osnvity of 20 kQ.V, and (&)

3 xA | g ‘
with 2 voltmeter having A soostvy o 200 kB
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'H!
l?(‘1 kil 70 k2
I i
e _—
12V e 12V t
Ry T Ry
50 fn VR2 50 kS ’i
s 1
FIGURE 2-10. Voltmeter loading effect can alter the voltage within a circuit.
SOLUTION
a.  Without the volimeter:
g R
Ve = R, + R,
la 50 k22
= 12V X70%0 + 50 kO
=5V,
b, With 20 k2/V vollmeler:
voltmeter resistance R, = 3V % 20 k) /V
= 100 k2,
R.||R, = 100 k2|50 k$2
= 33.3 kS,
RI-HR‘I
we = ER T R|R
i P /,
v 33.3kk
=12V X 30k0 + 33.3 k0
= 3.87'V.
c. Witha 200 k&) V voltmeter:
R =5V % 200k2/V
= 1 Mfl,
] RR, = 1 MQ50 kQ
;’ = 47.62 k{2,
) > 47,62 kS
.I Via = V2V X 5070 + 47.62 k0
P = 4.86V.

2-2-5
Using
Voltmeters

23
RECTIFIER
VOLTMETERS

2-3-1
PMMC
Instrument
on ac

2-3-2
Rectification

SEC, =3, RECTIFIER VOLTMETERS

4l

Iht'lm'mminlr& for using a multitange voltmeter s exnctly as lsted in
aection 3<6 for a multfunction instrument

As already discussed, the PMMO instrument is polarzed, Le., its terminals

are identified as + and ~, and it must be correctly connected for positive

(on=scale) deflection to oecur, When an alternating current with a very low
frequency is passed through o PMMC instrument, the pointer tencds to
follow the instantaneous level of the ac, As the current grows positively, the
pomnter deflection increases to a maximum at the peak of the ac. ‘Then as
the instantaneous current level falls, the pointer dellection decreases o
wards zero. When the ac goes negative, the pointer is dellected (olff-scale)
to the left of zero. This kind of pointer movement can oceur only with i
having a frequency of perhaps 0.1 Hz or lower. With the normal 60-Fiz
supply frequencies, or higher frequencies, the damping mechanism of the
instrument and the inertin of the meter movement prevents the pointer
from following the changing instantaneous levels. Tnstead, the instrument
pointer settles at the average value of the current flowing through the
moving coil, The average value ol purely sinusoldil ac is zero, Therelore, o
PMMGC instrument directly connected to measure 60-Flz ac indicates zero,

It is important to note that, although a PMMC instrument connected
to an ac supply may be indicating zero, there can actunlly be a very large
rms current flowing in its coils, In fact, sufficient current to destroy the
instrument might easily flow while its pointer indicates zero,

Rectifier instruments use silicon or germanium diodes to convert alternat
ing current to a series of unidirectional current pulses, which |H'F‘1I1|1.ll‘t"
positive deflection when pasied through a PMMC instrument I*u..n_:rr
2-11(a) shows the diode circuit symbol as an arrowhend and a bar. The
arrowhead points in the direction of (conventional) current flow when the
device is forward biased, Le,, from + to = When correctly forward
biased, a silicon diode typically has a forward volt tifﬂp (V) ”.I ll:? V,
while a germanium diode has npprnuimulrlf 03V, As Elhmuuwd i l'iuur_r
2-11(b), V, increases slightly with im:rrnm_ in L, and if 1 falls h; uJ w:':-,rl
low level (below the knee of the characteristic) there can I @ su _m.:umls
drop in V. Usually, the device 18 ;mumf-d (o have i rnmtulﬂ fm.wn:‘ :E.:
drop when conducting, When reverse biased, the reverse fm_ ufr -.nl_rtl:rE Ao
flows through the device is usually extremely small compared o €

forward current,

1| S m—

Y =t S

I

.?-;l. _|

O e 1]

S e

| L



_;:'I
i

DEH.E(”U’N 1Y PE _;\hlhi[“tﬂﬁ. VOLTMETERS, AND WAT IME s

mA

A0 I'I”'r"ﬁ'.ﬂd
L h-lhll Lersty

_'\.nnf‘t‘

Y g

frl *

=~ \ — Knee

Cathode
020406 08 V
) : Reverse o
(a) Diode carcuit 51,,-ml'rl¥| characteristic 50 nA l I Vi

(b) Characteristics of typical
low current silicon diode

FIGURE 2-11. Diode circuit symbol and charactenistics.

The full-wave bridge rectifier circuit in Figure 2-12(a) passes the
positive half cycles of the sinusoidal input wavelorm and inverts the
negative half eycles. When the input is positive, diodes D, and D; conduc!
causing current to flow through the meter from top 10 bottom, Jl_‘il!ihf_'.l"-'-'ﬂ
When the input goes negative, D, and D conduct, and current again ”‘-'_HM
through the meter from the positive terminal to the negative t:-_-.r.n'nnul. T_hf.
resulting output is a series of positive half-cycles without any intervemnns
spaces [see Figure 2-12(b)].
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As in the case of a de voltmeter, the rectifier voltmeter circuit in Figure
2-12(a) uses a series-connected multiplier resistor to limit the current (low
through the PMMC instrument. The actual current that flows in the
instrument has the waveform illustrated in Figure 2-12(b). The meter
deflection is proportional to the average current, which is 0.637 % peak
current. But the actual current (or voltage) to be indicated in ac measure-
ments is normally the rms quantity, which is 0.707 of the peak value, or
[.11 times the average value. Since there are direct relationships between
rms, peak, and average values, the meter scale can be calibrated to
indicate rms volts,

It must be noted that the above relationships between average, peak,
and rms values apply only to pure sinusoidal wayeforms. For nonsinusoidal
waves. there are different factors relating the quantities,

EXAMPLE 2-8

A PMMC instrument with FSD = 100 pA and R, = | k&2 15 to be
employed as an ac voltmeter with FSD = 100 V (rms). Silicon dioces are
used in the bridge rectifier circuit of Figure 2-12. Calculate the multiplier
resistance value required,

SOLUTION

At FSD, the average current flowing through the PMMC instrument ts

fc o 100 nA,
I. 100 pA

AV

peak current 1, = 0637 = 0637

= 157 pA,

(applied peak voltage) — (rectifier volt drop)
:; total circuit resistance '

rectifier volt drops = 2V (for D, and D, or D, and Ds).

/

I

applied peak voltage = 1 414V .,

total ciraut resislance = R+ K,,
| 414V, — W

j A —

m~ R +R,
1414V, — 2V
ar R, = i = Rm
_ (1414 % 00vV) - (2x07V) g
157 pA
= 890.7 k€.

A ——



44 SEFLECTION TYPE AMMETERS, VOLTMETERS, AND WATTMErp

EXAMPLE 2-9

—

Calculate the pointer indications for the voltmeter in Example 2-8, ywhe,
the rms input voltage is (a) 75 V and (b) 50 V.

SOLUTION
a 2V
[ 1 414Y = 2V,
I, =063, = 0.65?( R+ R
: (1.414 X 75 V) — (2 X 0.7 V)]

i 8907 kS + 1 kQ

~ 75 uA = 4 FSD,
b. 50V

av

1414 X 50V) — (2 X 0.7V
I =0.63?[( Ll )]

890.7 k2 + 1 k&

EXAMPLE 2-10

Calculate the sensitivity of the voltmeter in Example 2-8.
SOLUTION

I, = 157 pA,
[ = 0.707, = 0.707 X 157 pA
~ 111 pA (at FSD),
V. = 100V (at FSD),

100V
total R = 111 pA = 900.9 k£,
sensitivity = 9{::003 ,:}Q Q/V
— 9.009 kQ/V
=9 kQ/V.

Examples 2-8 and 2-9 demonstrate that the rectifier instrument designed 10
indicate 100 V rms at full scale, also indicates 3 FSD when 79 V rms 18
applied, and § FSD when 50 V rms is applied. The instrument has a lin€af
scale. At low levels of input voltage, the forward voltage drop across the
rectifiers can introduce errors. :
A rectifier voltmeter as designed above is for use only on pure sin¢

wave voltages. When other than pure sine waves are applied, the yoltmete!
will not indicate the rms voltage.

2-3-4
Half-wave
Rectifier
Voltmeter

SEC, 2-3. RECTIFIER VOLTMETERS 45

Half-wave rectification is employed in the ac voltmeter circuit shown in
Figure 2-13(a). R, shunting the meter is included to cause a relatively
large current to flow through diode D, (larger than the meter current)
when the diode is forward biased. This is to ensure that the diode is biased
beyond the knee and well into the linear range of its characteristics |see
Figure 2-11(b)]. Diode D, conducts during the negative half cycles of the
input. When conducting, [, causes a very small voltage drop (V) across
D, and the meter, thus preventing the flow of any significant reverse
leakage current through the meter via D,.

The waveform of voltage developed across the meter and Rg;; 1s a
series of positive half cycles with intervening spaces |Figure 2-13(a)}. In
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instrument

(a) Voltmeter using half-wave rectifier circuit

i

e g fullawave rectifier cireuit
(b) Voltmeter using half-bridge full-wave

FIGURE 2-13, ac voltmeter circuits using half-wave rectification and half-
bridge, full-wave rectification. ; i
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SEC 20 PLPCTRODYNAMIC WATIMETER

_
5

\‘H‘I“”!'“"l I{l'lli?ﬂlllll L iy l'hil”ulf-!i h. ll]r “r‘hl [{y'ilﬂ |-||”-|"‘|“-!.- hﬂ\-’t' no r'”f_"ll an
the inatrument, unless shunts are used in pacallel with the coils. When no

ahivints are used, all ol the lond current lows 1'Iu'uu|;h the Held coils
rogardless of the coll resistances,

An limportant source of ervor in the wattmeter s ilustrated in Figure
SR and (b)Y, Figure 2<18(n) shows that if the moving cotl (or voltage
coll) etrouit s connected in parallel with the load, the field coils pass a
current (4 4 1), the sum of the load current and the moving-coil current
Fhis vesults in the wattmeter indicating the load power ( £1), plus a small
additional quantity (£7), Where the load current is very much larger than
I, this error may be negligible, In low load ¢urrent situations, the ervor
may be quite significant,

In Figure 2-18(h) the voltage coil is connected to the supply side of the
fleld colls so that only the load current flows through the field coils.
Flowever, the voltage applied to the series-connected moving coil and
multiplier is £ + £, (the load voltage plus the voltage drop across the field
coily). Now the wattmeter indicates load power (£7) plus an additional
quantity (£,7). In high valtage circuits, where the load voltage s very
much larger than the voltage drop across the field coils, the error may be
nsignificant. In low voltage conditions, this error may be senous.

The compensated watbneter llustrated i Figure 2.18(c) eliminates the
ertors described above. Since the field coils carry the load current, they
must be wound of thick copper wire, In the compensated wattmeter, an
additional thin conductor is wound right alongside every tum on the lield
coils. This additional coil, shown broken in Figure 2-17(c), becomes part of
the voltage coil cirenit. The voltage coil cireuit is seen to be connected
divectly across the load, so that the moving-coll current is always propar
donal o load voltage. The curvent through the field coils i".f. o 0 "I_'““
a field coil thax s sot up proportonal o f 4 I . But the .'uii.llul.l:llml winding
on the field coils carries the moving ooil curvent 7, and ““5_ sets ”‘piﬂ' n;:‘:
i opposition (o the main Hax nt’llw field coils. The resulting flux i ¢
I olls 18 & [ + 1) f l Lt
sl ;‘h::s the ;_,‘l:{d'.u.,uvm winding cancels the held t'ht,\ due to [, and the
wattimeter deflection is now directly proporticnal t© Kl

I'he range of voltages which may l‘*’l ﬂl‘ll"l""i ‘f"’_"w “““'T‘R'f“il[F::;::::';f;
wattmeter can be changed by switching "i'"f“ﬁ“ el »Iinmrr
resistors into ar out of the crenit, exactly as in the case «N-I:t £ the hm
Clurrent range changes can be most casily effected b‘p’ S\Eh w‘s‘vlq s
field coils from series connection (@ parallel mjmmftmn-. g \u;tﬂ‘;tfiﬂ

strates the circuitry, controls, and seale for a typical multicange gt
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FIGURE 2419, Multirange watt meter

Iri the clreutt shown in Figure 2-19%a), the series-connected multiplier
resistors give three possible voltage range selections: B V. 120 V. and 240
V. The current rarige switch connects the field coils in series when set to the
right, and in parallel when switched left, Figure 2-1%b) shows that il the
I:IJ“JI CAnN [yass | maximum hmri current of O 5 A when connet H:d in series,
then when parallel connected the lond current can be | A Note that this
current (1 A) gives the same deflection as & current of 0.5 A when the held
Colly were weries connected (asuming a constant voltage apphied (o the
moving-coil circuit), However, if the load current s denibled and thf- load
voltage remalre constant, then the losd power is daubled and the instri

ment seale reading must be multiplied by » factor of 2,
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The wattmeter scale and controls ilastrated in Figare 209 o W
the virvaitiy hum‘ - l‘-\ﬂ\ With the ange sswatches L at 0
MO V', the instrainont seale reads divectly in watts; and BSD indicate IX
W Simdtartv, with the DA and LXMN ranges selecied, Hh scale may o
be read directly i watts. When the range selections are 120\

“n\ u' '.‘.1
ESD = 13XV X O3 A = 60 W\
| " A and 60
Also, for & vange seloction of 1 A and 60V, Laa
LUising
: \ _—
ESE = 60 VX LA =10 W, Wattimeters
and K the switoh at 08 A and 60 L, maximum dethecton wndicas
DRSAXSBINV = 30W
Bt s soen that to read the wattmeter correctly, the selected voltage an
cuirent ranges must be multiphad together 1o ind the ESD powey
' e | P
In using a waltmeter 1t 1 possthle 0 obtain a reasonable oo
J' et Y5
deflection. while actually overloadmg @ther the carrent or vodtage o
I \ — % | i : 1%
For example, suppose the watimeter voltage range is set © 00\ an |
current range 0 1 A The mstrament wall have FSD = 60 v X .l \ =&
W. Now suppose that the actual oad current s O3 A, and the st
supidy voltage s 120 V) The indivared power &
Pu lNDVXOIA=00W
' be. and thote &9
Thus the imstrument would indicate 60 YW at tull scale, - :\ ‘
+ TR A
ohvious problem. However, bevanse the voltage aroud has | .
W
1 A, swihiile sot at & GO-\ range, the moving coil i actually paseig ey 27
- AR ‘ ; §
miach corrent as it i designed 1o take. This could cawse overfeating THERMOCOUPLE
may destroy the insulaton on the moving ool “w-w - INSTRUMINTS
A sisailar stuation conld cocur with the current cols be lll'“h ' ot
. O AVOR!
although the wattimeter pointer s awhicating on -mthi l‘ ol VA b3
A s a -
novw wosiipate leveds ©
gverioads, it & mnportant o know the apy -yl Ihermocoupies
andl Gurrent amd 1o ot the IRsnnent ranges aooamg

The wattiiter soake illustrated  Figure 210w LAt !E'f’:: ‘H
alveady explained, clectrodynamic voltuvetes and anuncier s TH \n« |
imear. In the case of the valipeter, the same carvent { Hhows i na
the movang ool amd Bekd codls 50 that the instrunem drellex wnm‘ =Y
tonal 30 47 With the anwneter, § Dows through the (el -;w\“ \
porton of £ fows in the moving ooil. Thus the inxirament
again progestional o 17 and the suale & nonlineas ek oo .

With the shoctrodynams wattmeter, the moving ool and Tieh 4

w wh- "WIM a load m wiwch oWt s (o he R

S PHERMOCOUPLY INSTRUMENTS Kl
has a constant level of PPy voltage. When the
pply valtage does not ¢y AN

canstant current propatrtional

foad current changes, the

I this situation. the roving ool carries a

to the supply voltage. The instrument e llex
ton s now divecth propartional o the load current. and the scale can be
calibvated lineardy

Blecirody nami wattmeters are uselul for measurement on supply

IeQuencies UP 1O a maximuam of 300 He 1 hus, they are nat suitable fog

high-frequency power measurements

Belore connecting & wattineter into a CATCANL

eheek the mechanical sero of
'll‘lt,‘ INsEEment and

adiust i necessary. Whitle

seromg, tap the instrument
gently to relieve bearing lcton

Uhe current cirentt of a wattinetes st be connected in serves with the
b which power is to be measured.
muun-{ﬁi i parallel with the load
1 the pointer deflects to the left of
voltage terminals must be reversed

foad The voltage vircuit must be

zeto, either the current terminals or

Before convecting a multirange wattmeter inte a cireuit. select a
voltage range equal to or higher than the supply voltage. Seleet the highest
current range. Then, switeh down to the current range which gives the
proatest onsseale detlection. Do not adiust the voltage range below the leved
of the supply voliage. This step ensunes that the (low current) voltage coil
does ol have an excessive current ow, However, 1t & sl i\mt\k that
EXOOSHIVEe carrent may be pasing through the curreat ooils, atthough the
meter s andicatng less than full scale. This shoukd alse be avorded, bat it =
fess damasnng than excessive valtage ool current

A junction of two dissimilar metals develops an electromotive foeve (el
when heated. By uting & current to heat the juncton, :It‘t:'ﬂﬂ W produced
which is proportional 1o the heating effect of the current ler the hamnn;
effect of a current is directly proportional o the mus value of the current
(RO matter what its wavelonm), the generated el can be used &5 a
measire of the mw kevel of the caren
Fiae 220 illustraces the pracipie of the rirrmmjuﬂmr:::d:;
thermuocouple consists of the ncion of twe drsshnalar u::i ﬂ::tm
© a heating wite. The carrent © be peasured passes t ':\ 2 &m&
and thus heats the juaction, A salivedireres umu: L ih: ;:f.:“mm
opext across the nction, The scale of the meter s cabbuate
actual rms current o the hoater < ey 291 P
Two tvpes of thermovouples are dhastrs N
21{a) shows @ thermaooouple enckeed W & Ve




