
3 
........ - . 
CIUIIOUUICIOS 
DC AMMETER 

urnh 

lltl:JJiitl9ltlftvHhm~mY\9l':i'l (Direct Current Ammeter) M5tl~;llti:JJiitl9ltl{t~'U 

tfl~tl'l~tll~ 1vHhm~llff\91N (Direct Current : DC) ~;llti:JJiitl9ltl{,fu,Y~t~'U!fl~tl'l~t11~ 
~ d I Ja .c9 ~ d ~ 

lltltlti~'U1J:Itlfl (Analog Instrument) 'Vi':itlti11Hl~!':ifJfl11!fl':iti'I:JJtl1~lltltl!'\J:JJ'lf (Indicating 

Instrument) t~lliill9ltl{'il~~~tJ~n'IJ'\J~m~tfl~tll.J ~mJ'IJIP111-ff'u 11:11 ~fJ'il~'Vi~'U 1 '!.h'l~tllltl'U 
' " ' 

t riv:Jifi1'1J'U fftni:I'\Jti'IMl! 1il ~m:JJ'l.l~mru m~utr1 vHhVi 1111:1 ~1u 
" " dd ~ o" <J) ' 9 OJ <J) 9 'j)QJ 

~'1Hlti:JJ:JJ!\9ltl':i 'il~\9ltl'l\9ltlll'IJ'1Jt1'4 m:JJ (Series) 1 'U1'1'il':i'U'U'llli:l~\9ltl'l! 'Vi'U1'lltl'l 

' " ltt~:JJii t\91 v{m~vu nu nmrmfl vl~1'llt1'11'1'il':i'Vi 5 till 11 ci.:J ~ 1 fJ 1 vl~ TU u;] t1 1M 191 v'li 1'1J1 fl'Utl'l 

" uvlliitl9lt~ 1N~'Ii1ucl' 1'il~Vi1 1 M't~:JJiitl9lt~1~ mi 'IJtll'iltn~m':i '111~~t fYr.Jmr.J U1t'lfu u~'~ vVi1 1M' 

~1ufi1~1'~ 1Jliifi1m11JN~'V'Ii:!1~1J1n~u 

~ I ~ 

1..:iil'n't1f.J1J&'Yil'tlel..:i'ti~~1~Ufl ellftl (Equivalent Circuit of Moving Coil) 

J. d. "QJ OJ (LI <J) Q.l 0 d .d d <J) 

'll ~ 1:11 ~! fli:l tl'U Vlll 'IJ 'IJ ~ 1':i ff'U 11:1 'il ~ 'V'I 'U ~ 1 fJJ:I1~\911'U 1'\J 'U 1~!1:1 fl 'il'I1Jfl11:JJ \911'U V11'U 

'\1~1:11~ (Moving Coil Resistance : Rm) trtv1~m~uff1vl~1'il~U~~~1tl~\911:JJm~uff1vl~1 

!~:JJfftfli:l (Full Scale Current : Irs) M1t~m~uff1vl~1'\J~J:I1~ (Moving Coil Current : Im) 

~'I!~'Um~uff1vl~1~Yh1M't~:JJiitl9ltl{t~fJ'I!'IJ'U!~:JJff!fli:l (Full Scale Deflection : FSD) 

lli:I~UllN~'U1vl~1'U~J:I1~ (Moving Coil Voltage: V,) \9lflfliti:JJ ~'l,j'U~'I!~fJ'U!~'U1'1'il':i 
I I • I 

d I .c9 dll)j}QI _j.c:::l 
lVlfJ'IJ!Vll'\Jtl'I'U~J:I1~!fli:ltJ'UV1 ~~~'l':ilJVl 3.1 

" 
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• ~ @+-R_m_-ee 

(fl) ('\J) 

~ 
' ' ~-- - - ---- - - ---- - --------- --

(1'1) ( ~) 

'illrmJ~ 3.1 ffllJl~m~m.J1.:J'il~ t'iliv utvil 'lHJ.:J'IJ 'PHl1~Hfl~tJ'U~ 'l~rnnvtrmJtll ~~.:J 
"' 

d ~ I Q.l ~ ~ a. fl fi e. fl 
'il~tll'U~'U~l'U 1u m~'llt.Jlt.JtJl'U1\91 h-uu'UUtJlJlJtl'ltJml:l:;; 1 11:ll'llJtl'ltJ~ 

' ' ~ 

'illm.:J 'il~ t Vi vut vll'Utl.:J'IJ \91/;l 1\91tfl~tl'U 'ilit~ vu fflJ m~ i ~1'1-:Ju 

dJt~ Im ~t~m ::: uff1vlvh'lll'll:l11'1 .. .twlJmJ ~ (A) 

Ym fl tJUHI'luivHh'lll'll:l 11'1 .. . 111:l~ (V) 

"' " 'l o' R 111 fltlfldllJI'll'U'Vll'U'\J\91/;ld\91 ... !tl'l1lJ (Q) 

... . .......... . (3 .1) 

' ' " ~I 'l " "' "'~ , • .I .!M 'l "i" ' "' " o ' ~ tu'U J.lA fn~ !'lf'U\911:l1\91tfll:ltl'U'Vl1\91fl'J :;; Uff l"''Y'jl !'11 l'llJlnfldl'U'il ::: l'lti.:J'Vl lfn ~ 'IWlt.Jt.Jl'U1\91 

G)91 QJ dt ddto~l ar. o' 1 Q.li" 31 
111 nu 'IJI'Il:l 1\91tfll:l v u 'Vlt~ti'Vllt u'UUtllJlJtl'l v ~'111:ll t.Jt.Jl'U 1\91 191 l'lllJI'ltJ.:J m~ 

I OJ "'> r! 
fll';)"l.lf.Jltltll'l-!1~"\ltHHeU..J~!VIel'J (Extension of Ranges of Ammeter) 

' Q.l .<:::!. " Q.l g) QJ tl Q.l ..:::s .t:! ..::), .<::!. 

1. m~'IJ t.Jlt.Jt.Jl'U 1\91'\Jti.:JUtJlJlJtl'l v m uu l'l 11'l l 'U'Vl l'U 'lf'U 'Vll'l 1!\91 t.J1'11 ~ tl'lf.:Jtnl:l 

Q.J r/ ~ Q Q.::). QJr{ 

'lf'U'Vl (S ingle Shunt Type) '11~tJUU1Jtl'U\911\9111:l'lf'U'Vl (Individual Shunt Type) 

I Q.l .r::::t. f1' ./ QJ Q.l (I' 

2. fn~'Ut.Jlt.Jt.Jl'U1\91'\JtJ.:JUtllJlJtl'ltJ5UUUtll ~ l'l'U'lf'U'Vl (Ayrton Shunt Type) 

~ .:::. d' Q.l " 

'11~tlUUU~'Utdtl~U9fl:l'lf'U'Vl (Universal Shunt Type) 
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(Single Shunt Type of Ammeter) 

~ 

t!m~Hrn1nm':i'Utl\11 ·Hl':i'U'Ul'U (Parallel Circuit) lfltlf11nh•h•i'l'U'Vll'Ui''U'I'l (Shunt 

Resistor : R 511 ) lJl~tl'U'Ul'UflU'Ufl~1fl1flgtl'U~1~m1'!J\Im~univJVll~i'l1€H~lUtJlJ:iJ119ltl{ 

ill 1 rf't fiu m ~ u n i vJVl11~ :JJ nm" 'lltJ\1'\Jfl" 1flt1 vn m~u ni vJVI 1 if i1 n ':i~u n i vJVI 1i'u '1'1 

"' II) •• 1 -~ II) !II "" .... (Shunt Current : I,11) U"~:JJm~u'tl !Yfl"l1':i11J (Total Current : I) !'11"1'1J1UtllJlJ1\9ltl':i"15\l\l~ 

l11i-H'm~univJVl1 I 1~'U~l'U1fl (Range) 'UtJ\IUtJlJih191tJ{ 

d'Arsonval 

\11f11\l\l':i'IJ'U1'U R sh II R m 

1l~i~ Ysh = Ym 

Moving Coil 
Resistance 

l=l m+ lsh 
Rsh \ 

Shunt 
Resistance 

.. . " . " .. . " .. (3.2) 

' '.' ..... . . . ' .. (3.3) 
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H'VllHY:IJ nl':i (3.3) : Ish =I- I 111 hri:YWll':i (3.2) 'il~ ~~ 

R - ImRm 
sh - 1- I 

m 

..... . ......... (3 .4) 

~ 9J ~ d 1 • 
R 

111 
fltlf11l:IJI'll'U'Vll'U'U\91~1~HmHJ'U'Vl . .. tl'H:IJ (Q) 

1
111 

~tln':i~H1:YlWVh'UI'l~11'l . .. Htl:IJ!11J ~ (A) 

~tln':i~H1:Ytvll41ch'Uil'l (Range) .. .LWllH11~ (A) 

I sh ~tln':i~H1:YtWl41i'U'I'l . .. l!tl:WH1.J~ (A) 

V
111 

~tlllH~'UtWl41'1JI'lm~ ... 11~\91' (V) 

v sh ~tlllH~'Utwl41i'U'I'l . . . 11~\91' (V) 

~ 

1M'm~H1:Ytvl¥hch'Uil'lli~llfl'U 11 l'vll'Utl\ln':i ~ H1:Ytl'll41'UI'l~11'1 ~\llJ'U'il~t~ I = 11! 111 lW~ 

l l'ltiLM 11 tfl'UHWflll'ltJ1~1fJill (Multiplier Factor) 

Rsh = Rm ..... . ... . .. ... (3.5) 
11-l 

I 
11 =- ... . ... . . . . .... (3.6) 

lm 

. 
~1el~V.Ifl3.1 'IJI'lml'llflgtl'U~~1'11~\IlJn':i ~l11:YlWlh~:w1:Yifl~ 1 00!-lA 

lmRm R ---sh - [ _ l 
m 

(IOO x l0 - 6 A) x 800Q R sh = _ __:__ ___ ...:__ __ _ 

(I OO x I o-3 A)- (1 OO x I 0- 6 A) 

R 511 = 0.80Q ..... # 



n =-1-= lOO x l0-
3 

A =1000 
Im 100 x l0- 6 A 

Rm 800Q 
R sh =-=--=0.80Q .. ... # 

n-1 1000-1 
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QJ 9) QJ r/:; 9J .c::! I Q.l .::::r, ~ C1. 

\911\911l.J'VIll.J'lfl..l'l'll.JlHl~\91tl,:n.Jf11J;Y :m.JnJ;Y'I'11i~W'I1.fJlJ (Temperature Coefficient) 

~1lJ1nl'lfl..IVll~1tl'l'lti.:Jl!\91-:J'I1~ti1UJ.:JnTWl.J (Copper : Cu or Manganin : Mn) iu~ll~ 3.3 

I ~1...1 1'111'i'11...1 'l'lll.J'~'mlmt~l..l tlfl (External Shunt) ~ tlflU'IJ\91{1 1\911'fl ~tll..l ~ i \91tllJfl11lJI'i' 11...1 '1'111...1 

~1lJ1fl Hnum~uJ;YivHh"J.:JO.:J 8,000 UtllJU1.1~~-:J1l~ i ~iuu~.:JJ;Yil'l'if'ut~{f! (Switchboard) 

~1f:IUN~ 3.2 UtllJJJ!I'Itll!'fl~ti.:J'I1~-:J'IJflmfl!'fl~tll..l~ii'fl11lJI'i'11...1'1'11l..lfl1tJiu 99Q m~uJ;YivHh 
~~lJ];l'lf1" 0.1 rnA ~t~'lll..l1l..lnul'111'i'1umw~m1 1 n 1l.:Jf11u1wmm~uJ;YhJVh'j1lJ~'1'11" 

"'"" 0 1fifl1 

,., "' o' 
!'IJ111tllJlJI\91tl'j fl) FSD 'IJ ) 0.5FSD 'fl) 0.25FSD 

Y111 =1 111 R111 =0.ltnA x 99Q=9.9mV 

l shR sh = Ym 

I 
_ Y111 _ 9.9mV _

9 9
nA 

sh ------ . t 
R sh ]Q 

I= Ish+ 1111 = 9.9mA + O.lmA =lOrnA . .... # 
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I 111 = 0.5 x O.lmA = 0.05mA 

Vm =I 111 R 111 =0.05mA. x 99Q=4.95mV 

Ish = Vm = 4.95mV 4.95mA 
R sh lQ 

I= Ish + 1111 = 4.95mA + O.OSmA = SmA . . . .. # 

101 = 0.25 X O.lmA = 0.025mA 

Y111 =I 111 R 111 =0.025mA.x99Q=2.475mV 

I I = Vm = 2.475tpV = 2.475mA 
S l R sh lQ 

I= Ish + 1111 = 2.475mA + 0.025mA = 2.5mA . . . .. # 

fl1UJ~l'I..! 'YI11.HJII1'Vf~'l (Swamping R esistance) 

.,A d. d'O.I 0.1 ~ ~ Ql 'J) ..::::1 jl d 

'IJ~J;Il~!i'IJ;Itlt.!'Vll!1J1J~1'J'ffUlJ;I'I1'Jtl PMMC UU'il ::; 'VfU~lVJ;Il~'Vltl'll!~'I:J.J'Utl!'ffV 

' ' ~ 

;Jt~t:Ut~iJm::;u'ffi vJVJ 1 i '!1{1~11..1 'il::;~ 11 'If t~ru '11 fl:iJt~:J.J~u ~'It~ 1..1!'11\?ll 'If m1:J.JI'i 1U'Vl1U 
' " ' 

' ~ ' 

'IJ~ J;ll~!~:J.J~U l?lllHltu '11 fl:iJ~ lV !!~ mH .:JflU'11tiV9i.:JiJm::;tt 'ffi vJVJ1 i tJflt~u 1 'li''IJ~J;Il~'il::; 
' " 

Mn-Cu 

Swamping 
Resistor 

Coil(Cu) 

+ + 

Swamping 
Res istor Coil (Cui 

Shunt Resistor 

. 
( fl) fll 'J'lll'l l'llt:ltJW '11 fJ:UuuvVi'W~l'W ('U) fll 'J'lll'll'llt:ltJ w '11 fJ:UViii fll'J~t1~1~1'W'I11'W'~m1 
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~ ~ ' VJi -=::! 9J t QJ 9J ~ Ql .d:l. 
fnmn 1J ru1111-ll'l1Vnnl'l tll'l11'11l.! mu ffH Tl"'lJ \ltll.! m:JJmJ'Ili'Hnm'l"'tl'l5~t'lW 

u ' 
I I ~ iJ 

tltU11J1lJ~'l1m11fi 3.4 cJf\ll'i'11'i'1umuff111'1"1il\lum~vh~1V'Vltl \lU~\l (Cu) 111tl11lJ\lnl'Wl.! 
' " " 

I o' I I ,.. 

(Mn) 9f'l~-ff:JJ11"J~iY'Vl~tJw11i1l11'11mmJu~rhtfimmhn'IJrru6 ti'1tJtU11J1lJI'Yl:JJ~ur~m1:JJ 
q 'U 'U q 'U 

~ ' 
' 31 "' "' 31 ::"( - '"" .I <l 31 "" fllfl11lJI'l1l.!'Vl1l.!'Utl\l'IJ~€n~n'IJI'l11'11l.!'Vl1l.!ff111'1"11J\l'i1~!1JJ;lfJl.!!!1JJ;l\l!J;lnl.!uv 11];1~!'\"'V\l'l"'tl 

I I I I , " 

~ um'j '15~ 1 '15fJnl'j t11~ vu11 11];1\l'IJ tl\1 ff11~ \! ti'u 11tl vclf \! rJ];l'IJtl\l'QtU 11 t;Jl1Yit-Y!:JJ~u 1 u'IJ~ ];11~ u u 

(Single Shunt Type Multi-Range of Ammeter) 
~ 

u tl:JJ il 1 1'1 tl { 11 ];11 mh u 1 ~ 11 'IJ 'IJ cJi \! 1 fi J;l.Jfu ..1 u u 1 u 11 ~ J;l ~ th u 1 ~ ~ 1 \! 'i1 ~ ~ 1'111'i' 1u 'Vl1l.! 

iufi'uvnvff"J~~tlfll.!UJ;l~'i1~t11~vwhu1~ 1~vm"JHff11'l'lft~tln (Selector Switch) 11~~ 
31 "' ,.; 0 "' o'll) "' \/) _!lj 31 9 .d ' "' .;, 

'IJ tltffm:JJuu 111tl:JJ:JJ!I'ltl"J 1 111~ m~u ff toW'Yl1'1Jtl\l1\l 'iJ'j '1~'1 UJ;l1 1 u 'UtU~t11J;l vumu 1~11l.!\l 

! 11flmhu1~11li\l'lltU~ff11'l'ii'il''l~tl !11!tHi'lrhu1~ '1ml'i1dh '111'm~t!fftoWl41'1ltl\l1\l'i1'j! 11];1 

1 oU1'1J~];l1~tfl~tlu ~'i1utfi~ m"J tilvmv! ~'i1~uti'iltymii' 1 ~ vm"J '1 ~ffil'l'lft~tl n ~1u 1~11 'IJ'IJ 
~tlf)tJu\91~ (Make before Break Switch) ~'I"J11~ 3.5 ('U) 

" 

B 
c 
\) 

D() 
E A 
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(Ayrton Shunt Type Ammeter) 

I Ql ~ c/ r/OJ Q.l c/ G] 'j} Q.l 

f11'J 'lH.I l tltl l 'W 11'1'\J tl\1 HtllJ lJ l\01 tl 'Hl1J 1J fll'J \91 'W 'lfU 'V1 ~ ::; ~ "'flHln f11'J 'lJ tl \11\1 ~'J 'IJ'W l 'W 

t'liu ti'u il'l vl'i'1~ l 'W mw~u vl'\Jfl\1 ~1u i'l'l~ l 'ffl'l~:::~:~ntt li \1 1M' ~ l'Wll'ltll'l I Dl'lllJ~ l~muii\1 
q "' 

v . 

~l 'W 11'1 'ff \l'ffl'l ~ n llw::; t 'liu il ~ ::; !1-ilHhu '111f11'J t lJ~vu ~l'W ll'ltlf~ t1 'WHVlJlJt\91V { '11'tlltl~ l 'W 11'1 
"' q u 

.<:::!o~OJtl I ,dQ.I'j) QJf/ 1 I Q.I ~ d..S I 

H 1J1J"'f\llnt'l"'f'W 'V1 ll'I'J 1:::1'11 19J1 1 ~ :::lJ\911\911'W 'Vl l 'W "'f'W 'V1 \91tl'\J'W l'W tl ~f11J'\JI'l t'l11'lltl t'ltl'W 'Vlll'l VH 1J\I 

m:::tt'ffhlVhri1utn'W\91t'IVI'l!1t'l l ~\I !1-iiim:::tt'fft vJ~ l 'lltJ\11\I~'J I '11t'lt.u'l'UI'lt'l11'lttlgtl'W~~u 
vh 1 M'tnl'lm'JtiYvmv 

R c 

Iii 
+ 

I R 
~lf1'fflJf11'J (3.4) : R = ~ 

sh 1- 1 
Ill 

Rb 

13 

R lll a 

12 

( 
II 

......... . .... . (3.7) 

.. . . ....... . . .. (3.8) 



R a =R shl - (R c +Rb ) 

U'VI'WTI'1Jfl1~ (3 .8) : R sh2 = R c + R b 1'WTI'1Jfl1~ (3 .9) 

\11f11 ·Hl~'\J'W1'W R sh2 //(R m + R a) 

\) ~ ~~ Vsh2 = V(Rm+R
3

) 

(12 -Im )R sh2 =lm(Rm +R a ) 

U'VI'WTI'1Jf11~ (3.10): R 3 = R shl - R sh2 1'WTI'1Jfl1~ (3 .11) 

\11flTI'1Jfl1~ (3 .10), (3 .12) '1-11 R3 

(1 3 -lm)R sh3 =lm (Rm +R a +R b) 

\11flTI'1Jfl1~ (3.7) \)~i~ 

R a +R b =R sht -R c 

U'VI'WTI'1Jfl1~ (3.14): R c = R sh3 1'WTI'1Jfl1~ (3.16) 

U'VI'WTI'1Jfl1~ (3 .17) : R a + R b = R shl - R sh3 1'WTI'1Jfl1~ (3.15) 

59 

.... . ....... . .. (3 .9) 

. . . . . ... .. .. . . . (3.10) 

. . . . . . ... . . . . . . (3.11) 

.... . ..... . . . . . (3.12) 

...... .. . .. . .. . (3 .13) 

. . . .... .. . . .... (3 .14) 

. .. . . . . . . .. .. . . (3.15) 

. . .. . . .. .. . . . .. (3.16) 

. . . .. .. . . . . . .. .. (3 .17) 

.. .. ...... . .. .. (3.18) 
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1l1fH1'lJfll'j (3.8) !nl~ (3.18) l11 Rb 

Rb =R sh2 -Rc 

Rb = R sh2 -Rsh3 

R -R +R _Im(Rm+Rshl) 
sh2 - b c - I 

2 

Ra = Rshl - R sh2 

. . . .......... . . (3.19) 

11 ~ -ff .. :nnl'll$1-hewmnn R511 2 tnl ~ R511 3 1l ~ihrtumi1t:rwn\.Ju~ril'W1l ~ ~1'lfl'W 
~ . ~ 

rvh'l!ucl1'lrilm~t~ufi1'1HJ'lr.hu1~fiv 12 ur;J~ 13 l'lllJ~l~'lJ ~'l11uiuVi1'WtJ'lt~t:nnuu"ti'l 

1111 =I OOJ.lA R 111 =lkQ 

___. + 

Rsh 

Rc Rb R a 

12 I OOmA 1
1 

I OmA 
+ 



"""' 0 1ti'Yil 

'111R sh l =Ra +Rb +Rc 

n =_I_= 1 OmA = 100 
I m 100~A 

Rm lkQ 
R shl =R a +Rb +Rc =--=--=lO.lQ 

n -1 100-1 

R -R +R _Im(Rm+Rshl) 
sh2 - b c -

I I 

R = lOO~(lkQ + lO.lQ) l.OlQ 
shz IOOmA 

R a = R shl - R sh2 = 10.1Q -l.OlQ = 9.09Q .... . # 

'111 R c: R sh 3 !W~ Rb 

R -R _Im(Rm+R shi) 
sh3 - c -

13 

R = 100J..lA(IkQ+IO.IQ) =O.IOJQ 
sh3 lA 

Rb =R sh2 -R sh3 =I.OIQ-O.JOIQ=0.909Q . .... # 

R c =R sh3 =O. IOIQ . .. .. # 

.. d .. 

R c = 0.05Q, R b = 0.45Q, R a = 4.5Q U~~'ll~Hl1'fllfli:Hl'W'Vl PMMC lJ R 111 = I kQ , 

o I 01 ~ I QJ .<:::to t/ 

I fs = 50J..LA 'il'lfll'W1W'I11£Jl'W1'fl'Vl'l 3 £Jl'W1'fl'll'fl'IU'fllJlJ!I'HJ'j 

vm = ImRm = 50J..lA X lkQ = 50mV 

Vm 50mV 
I sh!= IOmA 

Rc + Rb + R a 0.05Q + 0.45Q + 4.5Q 

I, =Im +Ish! =50J..LA+l0mA=l0.05mA=d0mA . .. .. # 
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Ysh2 = Im (R 111 + R a ) = 50f.!A(lkQ+4.5Q) "' 50mV 

I - Ysh2 50mV = lOOmA 
511 2

- R c + Rb 0.05Q + 0.45Q 

12 = I 111 + 1sh2 = 50f.LA + lOOmA = 100.05mA "' lOOmA ... .. # 

Ysh3 = I 111 (R 111 + R a + Rb )= 50f.!A(lkQ + 4 .5Q + 0.45Q) = 50mV 

I = Ysh3 = 50mV = lA 
sh3 R c 0 .05Q 

13 = lm + Ish3 = 50f.!A + lA = 1.00005A "' lA ... .. # 

lltllJlJll'ltJ{vnH.]~lJfl~ (Ideal Ammeter) 1!~.W1!1'Hll11'11'thmllJI'1'Tw'Vll'Ufll£J lw 

' " 
(R in) 'IJtJ ·:Hh'Wl'~tvhnui!)''UVi m-flJ ti1ml l utJlJlJll'ltJ{u lul'~m~utY1 vJvh'1ltJ.:J1'11l'J' 1vJvh 

1~'111 ~1~~,1$lt~n$ltJ'~llli'W~11:Utfi~~,mllJ~~vHn~11 1 nm"J"1~ ul'i1 'WmllJt~'U 11j .:Jutl'1 
"' 

lltllJlJll'ltJ11l ~ lJfl11lJI'1'1'U'Vll'Ufll£J1 'U~'Il~'U#'I~'YI~f)l~fl'l 1:U1$1 trltJ19itJ1 'U1 .:J 1J'j 1 vl¥1111 ~ 

Vi 11 '11't~milmllJI'1'1'W'Vll'Ul~W-n1 1 ,r~,m ~ utY!vJ¥1,~ 1~ 1$1~ 1n11~1m~utY1 vJ¥1111j .:J 

" i~v~lfl11lJ~~v-nn~111nm"J"l'~utn~111f11Nl:l m"J" i l11:l~'IJtl 'l lWlJlJll'lfl 1 m "J" l:l~~Nl:lm 'J' i l11:l~ 
' " ' 

'IJfl.:JlWlJlJl\91 tJ { i ~ vm"J" 1 11~ V'Uch'U 1~ 1 '11' tY .:J:ti'Ul VI tJl:l~~ 1fl11lJI'1' 1'\.J 'VIl'UfllV 1 'U '1J tJ.:J rh'U 1~ 
"' " " ' '11 .:J u 1 'W 'J' 1d 1 rh'W 1~ ~ .:J n 1111 ~ iJ ~1m llJ 191' 1'\.J m 'U m v 1 'U 1'11 n 11m1lJ 191' 1'\.J 'Vll'Ufll v 1 'U 'IJtJ .:J 

' ' 1 Ql 0 d. .t::::. d ..::::9 ,d. G) 9) d. I .:=:t.~ 

Vl'U 1 ~\911lll:l ~ tlmli'I1'U'II'ltlf11'J' !'lf1 '11l 'J' l'Vl£JUl'Vlll'Vl1'U'U (Thevenin Equivalent Circuit) 

.W 11u w l'YilmllJ-ff'JJ VI'U i 'j~ l111'~ m1JJI'1' 1'\.J m'Ut Vi vutvi 11 'Vl i u 'U 'lJ tJ.:J 1 '11l 'j 1 vJ¥1 ,,f 'U nu 

fl11lJI'1' 1'\.J 'Vll'U.il 1 £) 1 'U '1J tl'llltlJJlJl\?ltl { 

I 

de circuit 
with source 
and resistors 

2 

[f:- -mi :1 ~ ~ ] wom 

[ ___ _________ _______________ ______ ! 2 

(fl) ('U) 



de circuit 
with source 
and resistors 

(fl) 

2 

0 ' jl ' .Cit, 

fll'ltll'U1Wtlltl11JJ"flA8~11a:::Altl11JJNVI'V'IalVI 
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('ll) 

VTh 
I worn=-- . . . ... . . ....... (3.20) 

RTh 

111f1~U~ 3.8 ('U) '111 lwm l~l'JlM' R;n l~lJfl11:UI'i'llJ'I'I1lJil1l'JhJ'U8'lli8:UlJl~Hl{ 

I wm 
RTh +R;n 

.... . . .. .. .. . .. (3.21) 

(3 .20) II) ~ ~ I ~ ._, "' 

n':Ufll':i --11::: l~lUlJfllfl1l:Uflf1~tl'l1llf1fll':i1~ (Accuracy : A) f'IV 
(3 .21) ~ 

Iwm %Acc=--xl00% 
lwom 

R 
%Ace= Th 

R 

I~ %Error= 1-%Ace= . t~l x 100% 

..... . ....... .. (3.22) 

... . ......... . . (3 .23) 

. .. .......... .. (3.24) 



l wom tit~m~urr'1vHhil.i~:iJI191tJ{ (Current without Meter) 

'11~t!~lf1':i~UTI'hlvh1l~'l (Xt) ... UtJ:IJUU~ (A) 

~ ... I a' d .,. 1 ~ Q.l 

%Accuracy fltllu tl 'H'li'W\91fllf111:1..1\)f1\91tl'l1l1f1f11':i1\91 

%Error timu t~11cJlul'i'~1m1:1..1~\91'1'Hll\911l1f1f11':il\91 

!il 1 "" c fl1UJVIl 'I...I 'Yil'l.Ull£J 'l...l'lHl~!!fia.J a.HVIfi'l (Internal Ammeter Resistance : R ) 
Ill 

91 9 .:::. rl 9) d ~l di ..:::1 ~ 
m1:1..1 \911'\..l 'Vl1'Will lJ 1 '\..1'\JtJ'I ut~:l..l:l..ll\91 t1 ':i mm ru1 u u '\J\91~ 1\911 fl ~ tJ'\..1 'Vl1l ~ '1"11l1':i ru 11l1f1 

fl11l.J ~ 1'W 'Vl1'W 'IJ \91 ~ 1 191U\?l ft11 ~ 'WU tll.J :iJ 1\91 tJ { ~~ f11':i 'IJ ()1 (J cJ 1'W l \91 U fl 1fl11:1..1 ~ 1'\..1 'Vl1'W fi 1(J l 'W 
~ 

1l ~Vi1l 1 ':i tu 11J1nm1:1..1~ 1umu '\Jt~'l v1u1'191uu 'lt 191m~u i u\911l..I 'Jn"'l1911'i'1~ 1umu oifuvfil.i ... h 
~I ~ ..::::. QJ <1 ~ ctQ.I QJ c1 

1l ~l u'WU UU 'li'llf1~'1i'W 'Vllf':i tJ tll':i \91'\..l 'li'\..1 'Vl 

Vi1l1':itu 1f111l.J ~ 1'W 'Vl1'Wfll(J l 'W '\Jtl'll!ell..J:iJI\91 tJ {u 1J1JcJf'llfl~<if'W vl1l1f1 i U~ 3.9 ~'I~ 

v1u1191 I 1J~1~u11m~urrivJvh 1 'lleJ'IcJ1'W11911l~l~um~urrivJvh':i1JJ (1 1 l ~i'11~1.u'1 

RmR sh 
R;n = Rm // R,h = -=--=-

R m + R sh 
. .. . . . . ..... . .. . (3.25) 

1 'W VJ1'W eJ 'It~ lJ1fl'W fl11l..l~ 1'W 'Vl1'Wfl1lJ 1 u '1J eJ'II.!eJl..liJ 1\91 eJ {u u u eJ 1fl'i' ui'u vl1l~l vi 1nu 

N~ ':i 1l..lfl11l..l ~1'\..1 'Vl1'W oifu vl'UeJ'IItl'i~ ~ cJ1'W 1 191 fi1 cJ1'W l \91TI' 'I TI'1911l~ ~fl11l..l~ 1'W 'Vl1'Wfi1(J 'l 'W 'UeJ 'I 
"' q 

I 
111 

--+ 

1s·l1 R --+ sh 

.------R ----• + ttl 

. 
l Uofl 3.9 ml:W\~\wvmuna1wuo~!!'0lJ lJt111CJflluu9;.~ !n t'l i''Wv1 



0 ' y q t::t. ' 
fll'l fll '1-! 1Wfllfi1UJ~ 1'1-! 'Yil'l-!ill£1 I '1-! 'IHH!!flaUJI~ el 'l 

,-,lfHYlJfll'i (3.6) : n =_I_ 
Im 

l'l'hnu n !'I'll 

11'1'1'1-!fflJfll'j (3.27) : I= nim i'WfflJfll'j (3.26) 

I 
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......... .. . . .. (3.26) 

.. .... .. .. .. ... (3 .27) 

... . . ..... ... .. (3.28) 

. . . . . ... ....... (3 .29) 

\ll·ulUHll 3.6 lll'IJ~m~lf1gt!'W~~f111lJ~l'W'Yll'W 50Q IIJ;I~fn~llfft'VlVll'IJ~J;\1~ 1 mA ~t!~fll'i 

'IJ£J1£Jfhu1~1llu 1 OmA ,-,~..;, Mut~lJiit~t~1~f111lJ~1'W 'Yll'Wfi1£J'l'Wl'Yh 1 'i 

R · = lmRm = lmA R =_!_R 
m I IOmA m 10 m 

SOQ 
R in =-=5Q .. .. . # 

10 
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''"'" 0 1fifll 

E 

2V 

'111 %Ace 

2kQ 

2kn IS 

RTh =R1 // R2 +R3 = 2kQ // 2kQ+lkQ=2kQ 

E 2V 
VTh =( )R? =( )x2kQ =lV 

R1 +R? - 2kQ+2kQ 

I = VTh =~=500"A wom r 
RTh 2kQ 

VTh I Will = ----'-'-'---
RTh + Rin 

IV 
----=476.19f.IA . .... # 
2kQ+ IOOQ 

%Ace= lwm x !OO% 
l wom 

o; A - 476.l9f.IA ooo; - 9 2 o; # 
/ 0 cc - X I / 0 - 5. 4 / 0 .. . .. 

500f.IA 

"' RTh '11 'HJ %Ace= x I 00% 
RTh + Rin 

2kQ 
%Ace= x i00% =95 .24% . . . .. # 

2kQ+ IOOQ 

'111 %Error 

%Error= 1- %Ace= I - 95.24% = 4.76% .... . # 

'111'fl %Error=ll wom- l wml x !OO% 
lwom 

" . . · - 1250f.I A-238.o95f.IAI 0 _ 0 Vo E1101- x l OO Vo - 4.76 Vo .. ... # 
250f.IA 



... ~. 
11i'tll 

~ ~ 9 
lJfnllJ\91l'U'Vll'Ufi1{J ~'U 78Q 

E 

2V 

RTh =R a // Rb +R c =1k.Q //lk.Q+1ill=l.5k.Q 

E 3V 
VTh = ( )Rb = ( ) x 1k.Q = 1.5V 

R a +Rb 1k.Q+1k.Q 

'111 Accuracy, Error 

+ 

R 
Accuracy = Th 

R Th +R;n 

l.Sk.Q 
----= 0.95 = 95% .. ... # 
1.5k.Q+78Q 

Error= 1- Accuracy= 1-0.95 = 0.05 = 5% . . ... # 

VTh 1.5V 
l wom =-- =--=lmA •.••• # 

RTh 1.5k.Q 

RTh 
Iwm = ( R R )l wom 

Th + in 

l.5k.Q 
I wm = ( )x lmA = 0.95mA .•.•. # 

1.5k.Q+78Q 

4kQ 2kQ 2kQ 

~~om 

67 
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'111 %Ace 

'111 %Error 

RTh =(R l // R 2 +R 3) // R4 +R s 

R Th = (1kQ II 4kQ + 2kQ) II 4kQ + 2kQ = 4kQ 

I wm (RTh + Rin) 
I wom = R 

Th 

I = 40f.!A( 4kQ + 1kQ) =SO A # 
wom J.L .... . 

4kQ 

R 
Accuracy= Th 

RTh +Rin 

4kQ 
Accuracy= = 0.80 = 80% ... .. # 

4kQ+1kQ 

EITor = 1- Accuracy= 1-0.80 = 0.20 = 20% ..... # 

'il1fll'i1mh:"l~ 3.9 i¢l~1fl11l.J\]fl~V.:"J 80% 'HlJ1tJG.:"JUVl.Jilt~w11~m::;u€Y'hHh 1¢1 

80% 'IJV.:"Jm::;u€Yt'l'lvh'il~.:"J'lt..i1.:"J'il'HtC1::;~!¢1~1fl11lJH\?l'VH'll~ 20% 'il::;'Hl.JltJG.:"JUVl.Jilt~w{ 

i~m::;u€1'!'1'1~1 i¢l~1fl'".hm::;u€Y!'I'l~l'il~ 'l 'lm.:"J'il':i 20% 

. ~ ~ 
~ ./d d. <:!:! ~ Q.l d I CV 9) 'l ~ 

tt'ell.JlJ!~V':i'li.:"Jl.Jl.Jlfl'H':i'elt..IVtJt..lt..l'il::;'Ut.JVQfl'!Jfl1llJI'Ilt..ll'llt..lflltJ 1...1 R in UC1::;fldll.JI'I lt..ll'11t..l 
. ~ ~ 

tVitJmvh tl'liiJu RTh 'IJV.:"J1'l'il':iVi~v.:"Jm':i1~m ::;u€Y!'I'l~TWt.J ~.:"JUt.! ~lfl11l.J\]fl~V.:"J'il1fl 

fll':ii~'il ::; ~t.JV~tl'!Jl! RTh lJ~1l.Jlflflll Rin tlJt..i~t'l'll 

' 
Q.l ' q g/ 0 '19) I QJ .:::1 I 9) QJ I tq 
Vl1flf.JN't13 .10 \llfll'Ht..l~ 'H RTh !l'llfl'IJ 100 Rin 'i)::;l.Jfllfl1ll.J\]fll'l'el.:"J'il1flfl1':i1~!l'11 !':i 

RTh Accuracy= _ __,_.:..:.__ 
RTh + Rin 

IOORi 
Accuracy= 11 0.99 = 99% . .. .. # 

IOORin +Rin 
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1. 'il.:JfillJ1W'Hl~Wl1~1'W'VIllJ.iflJll~l1J~£JlJ'U~Hl1~tflgtllJ~}jmllJ~llJ'VlllJfllfl1 lJ 1 OSn tW~ 

m~ttm~:umn~ lmA 1M'tiluttvl-liit19W{~ijrhu1~tilu !SOmA 

2. tttJlJiit~•w{uuucli.:Jtfi~i'ulfijm~mn~lJ-crtn~ lmA f11llJ~llJ'VlllJfll£J1u son 'il.:Jfi1u1wm 

fl) 1'11~llJ'VlllJ'UlJllJ~~llJl~ 3mA tt~~fnllJ~llJ'VIllJfllfl1lJ 

'U) 1'11~llJ'VIllJ'UlJllJ~~llJ1~ IA u~~tl11:U~llJ'VIllJm£J1u 

3 . rw:uiitl9lt:J{'H~lmhu 1~uuucli.:Jtfi~i'u li' tll'HlJ ~ 1 M'U~~1~ttlgtllJ~ijml:U~llJ'VIllJfll£JtlJ 

2kQ m~u-crtvJvht~lJ'fftfl~ 50!1A ~tl.:Jfll'l"'Ufllfl~llJl~tiJlJ 5, 50 tt~~ 500mA 'il.:JfillJ1tu'Hl 

aJV I I 01 

fl) \911\9lllJ 'VIllJ 'UlJ llJ 'Utl.:JU\9l~~flllJ 1~ 

'U) fnllJ~llJ'VIllJfllfl1lJ 

4. ltfllJiill9ltJ{ij~llJl~tilu lmA \)fltll'HlJ~'illfl 1 H.:JllJij~l~~'Vl~l~mnH'uu~.:J (Calibration 

Error) ±5% 'Uti.:! FSD lllVllJ~lm~u-cri'YlVll'illflfll'l"l~ i'H~~'Utl-:!1-:J'il'l"l$1 0.35mA 

'il.:Jfilu 1w mfil~llJ'IltJ.:J m~u -cr I vJVl1'il~ .:J~ I 'H~ ~luiitl9ltJ{ 

s. lllutJ:uiitl9lt:J{}jml:u~llJ'VIllJ'U~~1~ son tt~~m~u-cri'YlVllt~lJ'tllfl~ I rnA ll11M'twl-liitl9lt:J{ij 

Calibration Error ±5% ofFSD 'il.:JfillJ1tu'Hl'li1-:J'Utl.:Jm~u-cr!vJVll~cillJ l$l'illfl!W:Uii!l9ltl{ 

1.2kn, 30!1A FSD MfillJ1tu'Hlm~u-cri'VJYJ1~ fl) FSD 'IJ) O.SFSD tl) 0.33FSD 
I 
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7 . 'ih1fil'U1Wl'llfl1~1~l'U'I'll'U R 1 ii'l R 3 'l'U1'1'il'HWl.Jijll'ltl'ftvJvhm~mY\91H lde~'lM''UI'Ii:l11'1li 

Rm = JkQ, Im = SOJ.lA lli:l~ I1 = ImA, I2 = !OmA, I3 = IOOmA 

R 01 = lkQ 

+ 

8. 'il'lll'ffl'l'lfi1'U1W'I'I1fl 1~1~l'U'I'll'U R 1 ii'l R 4 'Uel'lllell.Jlll\91eJ{tvJf41m~U'ff191Hti'1 '1JI'Ii:l11'1 

PMMC ii Rm = lkQ, Im =50J.1A lli:l~ I1 =100J.1A,I2 =1mA, I3 =IOmA, l4 =100mA 

Im = 50JlA 

+ 

9. 1'1'il'itWf41m ~ U'ff\91'i'lii E =IV, R = lkQ 'lM'11'1m~u'fftvJf41'1Jel'l1'1'il'i~11'JUell.Jlll\91eJ{iifi1 

m1:w~1'U'I'l1'Umi'J'lu 2oon 'il ~ v1ufi1m~ u'ff'1vJl41 '1~n·h '11 

1 o. ti'1'1JI'Ii:l11'1lflgeJ'U~iim~ll'fftvJl4 1 l~l.J'fftni:l 1 mA mll.J~l'U'I'll'Utni'J'lu son ~m1m11~1 'U'I'l1'U 

i'ml1n 'il'lfi1u1wm 

" 'l "" .. fl) f111l.J\911'U'I'll'Ufl11'J 'U'Utl'llltll.Jl.Jl\91tl'i 

'U) fl 1 fl'i~ll'fftvJf4Tff'l'ffl'l~lltll.Jlll\91tJ{'ild'l'l i~ 
... q 

11. i'Wfl1'ill'lfl'i ~ll'ffivJf41'lM'i~fi1f111l.J\) fl ~tl'l'il1f1f11'ill'll'l'll fl'U 95% 'il~~tJ'I'lM'fi1 RTh 'Utl'l 

1'1'il'i~~tl'lfl1'ill'll~'U ~ l'vl1'1Jtl'lfl1 R in 'Uel'llltll.Jlll\91tJ{ 



do Gt31S'9J 99.1\1]3/ QJ g) ~ o' t aJ 

12. 1llfl1'1 1l ":i'VIf1111'U~ !'11tllfltl'lf11":i !'11 !~ %Error 1Jlf)f11":i1~~1!'J lltllJlJ!\9ltl":i !'VIlf)'IJ 5% 

n) 11~~tl'l Hut~:uiJtl'ltll~fl11lJ~1'W'V11'Wm!'J1urvh l ":i 

2kQ 
E 

R. 
Ill 

~ 2kQ 
5V 

13. 1l'ltl1'U1W111thm~ufflvHh~iml ~1'WI'i1~1'U'VI1'U R 6 trlt~i~~1!'JUtl:UiJtl9ltl{~ij 

tl11:U~1'U'VI1'Uf11!'Ji'W 2kQ 

n) 1l ~ e:hurhm~un-ivJvhi~rvhi-:i 
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'\J) ll1~tl'ltn-:ii'~m~un-ivJvh1u'li't~ n) 1M'ijfi1m1:U\Jf1~tl'l111nm-:i1~ ~~ 99% 11~~tl'li~ 

!!tllJiJ!I9ltl{~m1lJ~1'U'VI1'Uf11!'Ji'WI'Vh l ":i 

lOkQ 5kQ 5kQ 
E 

lOY 

14. U11~'1~1!'JUH1Pi'uir1Vh 12V, 25A ilt~u1M'hm~l'i1'Hlf'l 1l'ltl1'U1UJm ~uffivJVl1'\Jtl'11ml~ 

trlt~1~~1!'JUtl:UiJt,w{~ijm1:u~1'U'Vl1'Uf11!'Ji'U n) 0.120 '\J) o.52Q tl) 0.0020 

15. UtllJiJ!,HJflvJfllm~Uffl'l":i'lij PMMC 1.2kQ, lOO!!A FSD 
' Ql QJ 9) t/ QJ 

\91 tl '\J 'U 1'U f)'IJ \9l1fl1 'U 'VIl'U tll":i fl 'U 


