
6 IOiif~adiJICIOS AC VOLTMETER 

utnh 

..::::. d .:=! .c:::. 

'Yirl'Yil'l (Direction) !Hl~fl11l.Jtl (Frequency) 1911l.Jfi1Ul1tn (Time Period) 'il~l.Jl'l[;llfJ'If'Ufl 

ll~~'jUflg'U (Waveform) 'il~liti'n'fltu~ll\9lf1~ l 'ltl'U lU l'lf'W flg'U l'lilJ (Sine Wave) flg'U 
"' 

'Vi'W!l 'l-! 1lel.:Jflj ~HII!Ifl1J (Fundamental of Alternating Current) 

'j~uutt 'j '~~'~-~I vHh~i ~1 'W:Jfil9lu'j~h1'W J'W'il~tll'Wflg'W t9itf~-:Jtll'Wm '~~'~-~I vHh 
m~lltHl'ti'u (Alternating Current: AC) ~YlrY'YI1'1f11'jlmi'\JtJ'Im~lltl'lvHho~lim'jlU~fJ'U 

" ' ' 
u u~-:JI9l~tJfll1~1~'~l'i 11 -H '111!vlvh lliu t1 'W'fl'Wufi 'il~limunmtl~~mll.J~fl'IVi~wli'Wli 

.; ?I !II 
fl11l.Jtl 50Hz lu'U\9l'U 

m 'I~'U lvlvhm~Utl'tl'tlU'il~lU'Uflg'U '19111'~-:Jflg'U l91U1'W 1 'jtJUl~fJf1ll I l9ilfl~ 

(Cycle) 1flfllflfl'illf1UH~'W'1vlvhmrifl1U 1 (Induced Electromotive Force : Lnduced emf) 

~'fll~'fl'ltl'U tri'fl'\Jfl~1f1~1U1'11l.J'U'fJVil1fl1 'Utl''U ll.Jlll.ill'ITif1fl'jtJ 360° 'YI1'1f1~ (Mechanical 
q "' 

Degree) ~'I ,:f 'U flg'U l9iU '\J 'f) 'I m 'I~ 'U '1 vl VI 1m ~ll tl'tl'tlU ~'I!U 'U fi 1V1 'In i'W '\J tJ '11-J l.J l9iU 
. " 

(Function of Sine Angle) 1flfl'il~.U'UtJ~tlUtlllJl.l'U'fJ'I'\Jflmf11'11UWlfltlUtl''U ll.JU1ill'ITif1lll:i'1 

l'i1 i Mlnflm 'I~'W '1 vl-Yl l ll~~ m ~ lltl' '1 vl-Yl1i1'\Jtu~~~iltmtl '11-Jl.l '19111'ifl'l 
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' 
6.2.2 H'i~~u1vJvh~1'llW~ (Instantaneous Voltage) 

I I I ~ 

u 'J 'l l'l'W! wth~l'Utu ::::fivfil'IJeNm 'l l'l'W! wvhm :::: w;nrci1J'UV'It 1.Jfl i'i 'W t 'li t.Hhnl'l~'W 

1 uu~ -a :::: :IJ 1J 'illnm'JM :IJ'W 'UV'~ 'U\91-a ll'll'l 1t'hl'll'l bY'Wl:IJ ulim ~ n 1 'Wlfl~ V'~ ihl'u\91! wvh 
' ' 

. . . ..... . . . . .. . (6.1) 

lrlv e Atl!l Hl'l'W! wvhi'l'Utu:::: (Instantaneous Voltage) ... 1 l-a\91' (V) 

E 111 Atl!l'J'II'l'WtWVh~'l~\91 (Maximum Voltage) .. . ll-al'f (Volt) 

l!~tl EP (Peak Voltage) 

8 · Atl:IJ:IJ11'l'l'Utl'l'lJI'l];lll'll'lTUl~l'll'lfl1Jbl''Wl:IJ!lll!H~f1 ... tl'li'l'l (Degree) 
" ' 

i = 1111 Sin8 . .......... .. . . (6.2) 

triv fivm :::: w:rhlvhi'l'Utu :::: (Instantaneous Cunent) .. .l ltl:IJ!llJ ~ (Ampere) 

1111 fivm :::: Hbl'lWVh;!'I'Cl'l'l (Maximum Current)) . .. !ltl:IJU1.J~ (Ampere) 

l!~tl I P (Peak Current) 
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~ ~ ljlJ 8 e ~~ ljlJ 8 e 

0 00 ov 7 210° -0.5V 

I 30° 0.5V 8 240° -0.866V 

2 60° 0.866V 9 270° -I .OV 

3 90° l.OV 10 300° -0.866V 

4 120° 0.866V II 330° -0.5V 

5 150° 0.5V 12 360° ov 
6 180° ov 

I I iJ I 

1l'lfll'W 1W '111fl 1m 'I~ 'W l vJvh~1'1J OJ ~ vhnl'l ~'\.! 1:U tl 'IJ \Pl 'B 1\Pli'ITW 1l11J 'W 191 \Pltl1J 'ff'W 1:1-UUJ 1 '11 ~ f1 

1ll'WljlJ 8 = 60 ° 

. 

e = E mSin 8 

e=300V x Sin 60° =300V x 0.866 

e = 259.80V .... . # 

~ 

6.2.3 fl1Uitl (Frequency) Ht1~fll'U!1t11 (Time Period) 

rnu1a (Frequency : f) '11:J.Jltlii'l~l'W1'W~tJ1J'I1~tJ~l'W1'W l'!i 1n'B'IJtJ'If11 'Hnl'l~tl 
flg'Wl'!iU~tJnm 1 iu1Vi l\Pltl~~tlflg'Wl'!iU 1 l'!i1n'Bii'Wl'l1 (Cycle/second) 1l ~ lJfl1llJ~ 

I Q.l at. r/ 
1'Vllf11J 1 1~~1'1'1i (Hertz : Hz) 

"" .d "' .I .,; 1lj o'liJ 91 "' fli11Jt1i.'ll (Time Period : T) '11lJltltl'l~ ~ ti ~ 11'Bl'VHf1\Pl~ufi'B'W !'!i'W 1\Pl 1 ~tl1J'I1':itl 1 

l'!i1n'B~'Ifi11Jnm T fJmhmlluimili (second : s) 
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f=~ 
T 
I 

T=­
f 

~ d \II ~ 
f fltlfl11l.lfl ... !'lHfHl (Cycle) 

"" = o' 'H~tltel":il'l'lf (Hertz : Hz) 

"" = d T fltlfllUIJ];ll . . . TWTVI (second) 

... .. . .. . . .. .. . (6)) 

u~.:~tiru1vHh\!.:~q~ ( EP, E 111 ) ~tJtll~'l~~'UtJ'IU~'I~'WivJvh~ 1~'il1m ~ ~U'tl'1.:JU'I 

(Reference Level) ~'l'il~HW~fl~ 'I i'lftflJ:IUJf)'H~tlfl~ 'l l'lftflMU'UtJWUfl~'W i'lfU~'IU ~ 'I~'W 
q ~ 

i vJvhff .:j'ff~'il~t~'Wth~ i~'il1n'Uw ~ ~'U~J:t1~1'1 Tu ,\9l~nu'ff'W1l.lm.Jm~n~l.ll.l e = 90° 
~ q q 

+E 

-~ -- - - - --- - - ---

Time 
(degrees) 

360 
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e =Em ..... # 

U'l'l~u,rl.Wlf.la~il'~f.lt>~ ( E PP, v pp) flvrh~if11lln~flt~vflf1~ '~ i'lftnCJmn~'l~fl 

tJVflfl~ 'I l'b'lnCJCJ1J'\Jtl'l~tJf1~'\.J l'b'U ~ltJtlfl~'ltJtlfl1l~l'Yllnu 2 rvil'UV'III 'l" '1~'\.J l vJvh"'J:'Ityfl 

... . .. . .. .... . . (6.4) 

0 "' "' 11) 31 "1 • .1-'!l .. 31 
'Yll'UV'IlfltJ1f1'\.J1l~ lflm~utY nn"lltJVf!\l'ltJVfl (Peak to Peak Current : IPP) f11tJ 

... . .. . . . ...... (6.5) 

IIH~U,rl.Wml~f.l ( E av) fltl~ll'il ~tJ'\JV'IUH~'U l vJYll'Utl'lfl~ 'I l'b'lnCJU1f1'\Jtl'l~tJ 
fl~'U l'b'Ufltl'l"~l·Yil'll:j:U 0°-180° UH~'Wi'YIYllm~tJ1l~'l"ilm'l"m~tJ~lllH~'U i'V1Yl1i'1'\Jtu~ 

~~n f1 l'll:u l'i 111 11'11 '~l:Jl.l i 'b'u 'Pi 1'~"1 '\J v'I'\J fl Cl1fll'i 1U1'11l:J'W IIi fl tiu 'i:Y'W 1:uuli m ~ n 1 '\.Jll'l t v'l 

rhllJfl ivJYln~lfll'll:jl.J 0°-180° 

E 
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.. . . . . . . .. .. .. . (6.6) 

trl't'l Eav ft't'l~1U':i.:Jfiu'1vHhm~v'UtJ'lflgu'19iu 

e1 h .... en ft'tJ~1U':i'lflll '1vJYh~1'Utu~~l.Jl..l 8 1~'1 
11 

S1 ' ~SI lqSI• "" 9 Sid ~ "" tllUU'l 11 !'11l.Jlf1'l'il~ !~flll:l~l't'lfl~ !f1l:llflfJ'lf1Ufl'J1l.J'il':i'l 

't'hu 'il~'1~11 8 = 
1800 

=5° 
36 

( ) 
. 9 (6 ) e I + e 2 + ..... + en U'VIll'ffl.Jf11'j 6.1 : e = EmSm 8 !ll'ffl.Jf)l'j .6 : E av = _!.____::__ _ _ ~ 

11 

E = EmSin81 + EmSin8 2 + .. ... +E 111 Sin8n 
av 11 

E = E 111 (Sin5 ° +Si11I0 ° + .... +Sinl 80° 22.9£ 111 

av 36 36 

Eav = 0.636£
111 

= 
2

Em .... .. .... .... . (6.7) 
n 

21m 
lav = 0.6361 111 =­

rt 
... .. .......... (6.8) 

'il1f1'ffl..lf11':i (6.7) ~1uHfiuh!Vhm~v ( Eav ) Hl:l ~ 'ffl..lf11':i (6.8) m~H'ff!wvhm~v 
1 ' • 91 

c Iav )Vi~~ 'il1flfl~ '~ '1'1itnl:lu1n'UEJ'liUfl~u !'liu irm~ tilu~1'1JtJ'Im .:Jfiu '1 vlvhm ~ H'fflil ':i '~ 

( Euc ) 'H~'t'lm ~ u'ff!vlvhm~u'fflil':i'l ( Ictc )i~vu':i~l.J1tu~1fl 

6.2.7 H'i.:l~'t-!1\"JvhH'.nl! (Effective Voltage) 

ri 111 -a'~ ~u1 rJ~ 11 'li ~1U'I1 ~ 't'l!~ vn111'ilu -a ~~u1 rJ~ 1U-a~il'Yifi~>HI'I1 ~ 't'l!l -a ~~u1rJ~ 1 

rms (Root Mean Square Voltage: E ,111s ) ft'tJ~111':i'lflll'1'1'1vhm~u'ff'ff~UVi1~'1~~1fJW9f 

i1l:l~:iJtliltJ{t'liu1~~1u':i.:Jfiu'1vlvhm ~ u'ff'ff~u~1~1uu1u'\J ~ t~n11nu nov 
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u -:i \ll'l'W 1 vJ~ 11 ~\ll'Wif f11'W ltulJ1111 n'l'l~\1\ll'Wflll:JJ~ tl'W ~ln~111ntri€l~ 1t1u -:i \ll'l'W 

1vl~lm~utH1'~'1J1'!1'n'IJml:JJI'i'l'W'Vll'Wfl\l~fiTHi1\l vH1'U€l\!Vl~\l\ll'Wml:JJ~fl'W11~lvhn'IJvH1 

'Ufl\lm \ll'l'W 1vl~lm~utrl'l':i '~~~ lt~1'11'n'!Jfl l l:JJ I'i'l'W'Vll'Wfiwvhn'Wlrifl 1 ~mnl'vhn'W 

' 
"'"''"' 11i'Yil 

lriflil tl'Wll -:i \ll'l'W 1 vl~ 1 fl-:i ~U trtr~'IJ!!~~ n -:i ~~~ tr\91 -:i \111, lt!L 'If nufl ll:JJ~ l'W 'Vll'W 

R =In L'Wid~l t i'Wlli11~'1·hi'l1'lfi~Vl~\l\ll'Wml:JJ~tl'W Q (Joule : J) l'vhn'W 

Vl~\1\ll'W Qdc = Vl~\1\ll'W Q ac 

., E2 t E2 t 2 
Vl~\1\ll'W Q=Pt=-= -= E t 

R JQ 

E = {Q;; 
ac Vt ....... .. ..... . (6.9) 

"' "' II) • .I.~ d .!lJ ., '1 "'i 31., 31 '1 "'' ' • .I 
fll':illfl-:il~ 'Hl\111-:i ll"rnl'V11Jfl'Wtl'qjqjltu "li'W 'HI'lll'll'W'Vll'W R 11 ~ :IJ:IJlJ:IJI'll\lll"'tf 

':i~WJl\IU-:i\ll'l'WivJ~l e lli:l~m~UffivJvh i .Yhi'l1'n l~\1'1vJ~ll\l~tl Pav 'U€1\II'lll'i'l'W'Vll'W R 
' ~ 

i'Wl\111-:iil~wvhn'I.Jnl~\1 ivJ~wu~v r R i'W1\111':i '1vl~lm~utr191HI'l\lu 

? ? 
Em 1~1 R E;;, 

Pac =PR =-=-- =-- .. . . ...... . .... (6.10) 
21m 2 2R 

l'l'l-:ildl Vl~\1\ll'WQ ac =P"vt .. . . .. . ....... . (6.11) 

E2 
ll'Vl'W Pac = 2~ !!1:1~ R = JQ i'Wtr:IJfll':i (6.11): Q ac = Pavt 

2 ? 0 

11 ~'1$1 Q _ Emt _ E~1 t _ E~1 t 
ac - ZR - 2(JQ) - -2-

2 

Q = Em t ( ) ac 
2 

. . ...... .. . .... 6.12 
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.; "'1 .. ~ .. 

1J 'I'l 'YI 6 W'll 'H'I\ll lJ !~Hl':i 

li'Vl'Wffllfll':i (6.12) : Oac = E ~1 L'Wffllfll':i (6.9) : Eac =~Oac 
2 t 

E 2 t E 2 E 
t 1¥. PF E ac = = ~: = ~n = Ji =0.707Em ... . . . ... . . .. . . (6.13) 

Eac = Enns = E eff 

·· · · · · ···· . . . .. 6.14) 

( ) 
. _Em ~ _ J2Em ' "' IIJ • .I.!i-l 

\llf1ffl)fl1'j 6.14 . E 11115 - r;; !!~., Enns - - - 'HlfllLt':i'l~'W !YfV'll Em 
v2 2 

Em =J2Enns 

Em = 1.414Enns 
. .... ... .. . ... . (6 .15) 

trlvilvui'l~'W1'llu1M'mllll'i'lu'Vllu R m~tHY1vlVll i ( t) ~1'H~i'Wl'l\ln ~ ·vh'll1' 

tn~nT,i'l1'1'lVllm~f.l P ~'lffllfll':i 

. ..... . .. .. . . . . (6.16) 

m~llffivlfll i ( t) ~~fl~\llfli'l~'Wi'liU~GJfl'lfllUl1~1 0-T \ldllL,rlfl~fh~'li'l'lfll 

m~ llffl'l':i'l P ~'lffllfll':i 

? 
P = I~ms R 

Inns =if . .. . .. .. .. . . . .. (6.17) 

li'Vl'Wffllfll':i (6. I6): P =~ Ji 2 (t)dt L'WfflJfll'j (6.I7): Inns = ~ T ff 
T 0 R 

' 
l'\1-l':il ~ ll 

Irms = 
R 

i(t) = 1111 Cos(wt + <\J) 

2rr 
ul= 2rrf =-

T = 2rr 
(I) 

T 

I TJ.? 
- 1- (t)dt 
T o 

.. . ...... .. ... . (6 .18) 

. . . .. . ... . . ... . (6.19) 

••••• 0 • •• • • •• • • (6.20) 



U'Vl'W'ffl.Jfll ':i (6.1 9): i(t) =I mCos(ffit+ <i>)U t'! ~ 'fflJfll ':i (6.20) :T = 21t 
(J) 

Inns = 

CD r27t / w[ 1 1 ] - Jo -+ - cos(2ffit + 2<1> dt 
21t 2 2 

Inns = 

123 

. ... .. . .. .. .. . . (6.21) 

vl1'WtJ'l!~fJ1fl'W'01f1~'1$i' Inns 1'W'ffl.Jfll'j (6 .21) ~ ~ 'ff1lJ1':it1111U':i'l~'W 'tvJVh Erms 

'1$ln·dJti'Wfl'WflU Inns Ut'l ~ ~ ~ 't$1 Enns rvhnu'ff:JJfll':i (6.14) t'liunu 

m 'l~'W il'lvhm~ U'ff'ffJ:i'U~l\PI$11mtiCJii 1t'll'fiJt~l'eJ{ ~~ !i'J'WU-:i 'l~'W il'lvh E nus 'M~tl 

Eerf fll-:i!~CJ'W 'hi'JuuH~'WivJVh Enns ~~!~CJ'Wm'\'1 1~ E 'M~tl V iiPICJ'tJJI'i'a.:Jiil'i'1M'tJCJ 
::'1 d d\J] 'J} I 9} d. CV 'J) 9J e. d. 

(Subscript) !U'W rms '11-:itl eff f1 !\PIUI'It11lJm'l1tJCJ!!t'11~~'W(JlJ!'IJEJ'W rms 

.d d I d GJ \J] -~ I d I d\J] 'J) 
fll-:i'Vl!-:illfl11!U'WU':i'l\PI'W tl'lrn rms (Root Mean Square) !'l'l-:i1 ~ 11!U'W'f11'Vl !\PI~1f1 

-:ilf1~ 2 '\Jtl'l'fllm~CJ (Mean) n1J:i.:J'fftl'l iiPICJ~ ~ fi1'W1tu~1f1fi~'W~DiCJiu 1 'tCJ~ tnt'l'li1'lfi1U 

1 rT 2 
Eeff = Enns = - Jo v (t)dt 

T 
. . . . . ... .... . .. (6.22) 

nw11Pl '1'¥1Vl1m ~ u'ff'ffi:im~ii!fl~ tl 'l l\PI '1'¥1Vl1m~U'ff'ffi:iu (AC Instruments) '11t'11CJ 

'lfU \PI u t'l ~ u~ t'l ~ 'lfU ~P~iiMJ:i n f11-:i vl 1'l1'W ~!!1'1 n~ N nu i \PI m u '1'11~ nn 1 ~tr1'W! fl ~au ~iJ !1'1 a { 

(Meter Movement) !fl~tl'll\PI '1'¥1Vl1m ~ u'ff'ffi:i'uii~'l;i 
I . w'lii 1t'll'i'iJtl'ltJ{ (AC Voltmeter) '11~tHfl~tl'll\PIUUU!~CJ'lm ~ u'ff'1'¥1Vl1 

(Rectifier Instrument) 

2. !fl~tl'll\PIUU Ufl!~f1 il'l-:i'11Pl'W1 i:JJlJ!I'ItJ{ (Electrodynamometer) 

3. !fl~tl'll\PIUUU'lU~\PI!'M~f1!fl~ti'W~ (Iron-Vane Moving Coil Meter) 

4. !fl~tl'll\PIUUU!'VltJ{t:JJfl'l'l!tlt'l (Th"ermocouple Meter) 

5. !fl~tJ'll\PIUUU't'¥1Vl1'ffGI'I (Electrostatic Meter) 
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a!') t! <=> t! 
!elCJf! 1ilVIlHVIel'l (AC Voltmeter) 

!fl~t~~1V1UUU!~£J~fl'l~Uil'1w.Yh (Rectifier Instrument) 

' ' " 
'1J~J;l1~tfl~enr\liu uu~11-ffu1'm1~ 1 off1~m vn~nuu 1 'l~u! vJvhm~u 'ff\91 1 'It vi ruu 

~ 1Jl CJ'If11':i1~u ':i 'I~'W! vJ-M1m~u ftftJ;]'m~JlCJ'Irh1h.itCJCli11J;JI'liltl'l'fl11~vJl 'fl'llJ1'1 'il':i ~~ f.l'l 

m~U'fflW-M1 (Rectifier Circuit) l~tlllTHU1~!!1JJ;J'IU':i'I~'W !vJ-M1m~UftftJ;]'1Jl~'WUH~'W 
I I I " 

! vJ-M1m~ u'ffl'l':i nb! tHl0u 1'11'1l~J;l1fltfl~'fluVi~rrvhrw'l ~'l'!!u ~'~t~vnwCJii T~l'lilti'ICJ{ 

~ fl 'fl ~1'111-d'l11tfl~ CJ'I1~u u ut~ f.l'l n ':i~ u 'ff! vl-M 1CJ1 '11'1 'il ':i ~~ f.l'l n ':i ~ u 'ffl vJ -M 1'il ~Vi 11 '11fl11lJ! 1 

m~ u 'ffl vJ-M1'1J tl'I!CJCJi l1~1'1iltl'l 'f){~ 1 f1l1~~ l1J;JI'lilti'ICJ 1o'luU'1 off'lJflJ;l'J~!fl~CJ'W ~~~ f.J1fl'W 

1'1'il':it~f.l'lm~u'fflvl-M 1 1uw9iilti'ICJ{l:i 2 1'1'il':ift'fl 

1. 1'1'il':il~IJ'Ifl':i~ll'fflW-M 1fl~'lfl~'W (Half Wave Rectifier : HWR) 

2. 1'1'il':il~f.J'Ifl':i~U'fflW-M 1 t~lJfi~'W (Full Wave Rectifier : FWR) lJ 2 'lflJ~ft'fl 

2.1) 1'1'il'H~f.J'Ifl':i ~ ll'fflvl-M1t~lJfl~'W'IflJ\91 1J~\91~ (Bridge Full Wave 

" 9 ""'1 "~ " 9 'J) ~ d Rectifier) !'WW"ll" 1J;l\91lJ!\91'fl':i'il ~ !'!f'!f'W\91'W 

""' llj • .I -~ <:l .d ~ <:l " <:l . I 
2.2) 1'1'il':il':if.J'Ifl':i ~ ll'ff ll''l'l"l1l\91lJfiJ;l'W'If'W\91!9l"'Wl\910':ill'V11J (Center-Tap 

Transfonner Full Wave Rectifier) 'il ~ 1<ff11U'CJ!tUJ;l'IUH~'Wlvl -M1~lJ 
" ' ' Q.l ' .r::S d 9) ~ .::. 

'U119Wfl'lflJ;ll'l (Center-Tap) 'Vl\911'W'lJ\91J;l'J\91'\':]I'IIJl;JlJ 

1 '1 'il':il~ f.J'Ifl':i ~ U'fflvl-M 1 fl~'lfi~'W'il ~ 1~1fli'fll'l Dl Vl111Ul~l~ IJ'Ifl':i ~ ll'ff lW-M1!~0 

ttl ~ vuu ':i 'I ~'W "l vJ-M1m ~ u fiftJ;]'u 1 '111~ um 'I~'W "l vJ-M 1m~u 1:1'\?l ':i '~ f11 ':i VJ1'1 1'W 'il ~ tj lJ 'il1fl~ 

ll':i 'I~'W !vJ-M lm~l!'ffftJ;]'1Jf1~ 'I 'l"ll"tflJ;JUJfl!.u'llJ11'W1'1'il ':i ft0 vi 'lh'l 0 - T I 2 ,( 0 - n:) 'il ~ Vl11'11 

ll'll'fll'l 0 1 !l'i'i'um 'I~'Wlvl-M1l1J5'ffi?1H (Forward Bias Vo ltage) tn~mnbm~U'fflW-M1 

(Conduct) iim~U'fflvl-Mlm ~ u'ffi'IH ( Ide ) l11J;J U~~ ~I'i'uH ~'WlW-M1tVll'l'V;!I'I (Output 

Voltage : v) l'lflfl~'fllJ 111~1'1 R L ~~wvhn~ vi ~iJCJut.u'l lJ1 
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tdtJU'j .:J~'U ivh~lm~ll'ff'ff~'IJA~ .:J i"lflfl'fH'l1Jl.ij'1'lJ1'1'll 1M'i~ 1t1~ D 1 i~:i'Um .:J ~'U 
ivlvh l'IJlltlffflE'IJ (Reverse Bias Voltage) 11 ~ ithl1m~uffivHh~.:Jtffi1tJu -h ~~ tfl~ D 1 

v 

t~u ffil'l'lfil~ (Switch off) ~.:JU'Um.:J~uivJvhttJ1fi'~l'l~.:J l'Vlltl'IJI!TU6 

+ 

i ---------r ---

T 
~ R v 

~....--------' --~ _____ I__ ___ 0 
T 

2 

T 

' ' v 
m.:J~uivlvhm~tl (Average Voltage: Yav ) Vil'lflA~tllJ 1rHl~U'U1l~l~t~'Um.:J~'U 

lWl~hm~llffl'lH Yctc ll~V.:JtfluuH~uivJvhm~llffl'lH~ 1b.Jt~ti'IJ (Pulsating DC) 

Vi1Jl'jtu1m.:J~'U tvJvhm~llff\91H~\9lflA~tllJ 1'H~~ 'lh.:J 0- T ~.:Jffl.Jfll'j 
I T 

Yctc = Yav = T J v(t)d(t) 
0 

.. ... ...... .. .. (6 .23) 

I T 
ll'YI'U v = YmSinee ll~ ~ T = 2n 1uffl.Jfl1'j (6.20) : Yctc = Yav =- J v( t)d(t) 

T o 

I 2n: 
Yctc =Yav =- JY 111 Sin8d8 

2n 0 

Yctc =~ JSin8d8 + JOde • 
v [n: 2n: ] 
2n 0 n 
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vm [ ]Jl V de = - - Cos8 0 2rc 
v v 

V de = __1!!.. X 2 = __1!!.. 
2rc rc 

vm 
Vde =Yav =-=0.318Vm 

TC 

vm 
Vde =Yav =-=0.31 8V111 =0.45Vnns 

TC 

. . . . . . .. . .. . .. . (6.24) 

. .. . . .. . . . . . . . . (6.25) 

. . .... .. . . . . . . . (6 .26) 

1l ~ tlhr:huH~'U 1vHh v de '1Jtl'l1'11l 'H'5tJ ·m":i ~ l !fflvJVhfl~ 'lfi~'U1l ~ JJ~1tll'U 0.45 

!'nl'Utl'IU':i 'I~'U hJVh Vrms l!~tllJ~ll'Vlltl'IJ 45% '\Jtl'IU':i'I~'U lvJlih Vnns 

Vl1'Utl'll~tJ1tl'U11 ~ 1~~1m~uffhHh Ide fiv 

Im 
Ide = Iav = - =0.318Im =0.451rms 

TC 

6.4.2 orlfl4t~uorlmvm4 (Fonn Factor) 

" 

... . . ... ... ... . (6.27) 

~'IU'U 111fifflJfl1':i (6.14) : Vrms = 0.707V111 Ul.'l~ fflJfll':i (6.7) : Yac = 0.636V111 1l ~ l!1 

" ~lvJ v{lJ!tl1ml'lv {l~~.:~u 

Form Factor = Yrms 
Yav 

Yrms =l.llVa, 

y = V m1S 
av l.ll 

I 
Form Factor=~ 

I av 

_o_.7_0_7v-''=" = I. II 
0.636Vm 

_0_. 7_0_7-'1 m:.;_ = I. I I 
0.6361 Ill 

. . .. . .. . .. . ... . (6.28) 

. . . . . ..... .. ... (6.29) 
"' 

. 
.. . ...... . ..... (6.30) 
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. . . . .. .. . . . ..... (6.31) 

1\11l7i1fJ'Im:::u~'lvHht~lJflg'U'lfU~'IJ1~~1l:::i'*i~ itJ~~1'U1'U 4 ~11~m'h11-w'1~ 

~~ fJ\Im:::u ~1 vJvhmnl1\11'U 1l:::!~lJ!rltlm \lfl'U i vJvhm:::u~~"''IJfl~ \1 i 9f!nfl'IJ1fl!oU1lJ 1ft{) v i 

GJf1\l 0- T I 2 1Jdh1Ml~ ttl~ D 2 Ufl::: D 4 1$i':ium\lfl'U1'1JUtl~l'lH!n~fl1'j'l.bm:::u~ 

ivJl~hil'lfl~h'Utl'lfl~ RL lJH'j\lfl'UivJfl11'lf1flitllJ RL fl~\li'lf!nfl ~tllJ1UHfl'U1vJfl1 
~ "" II] "' " "' 0 0 , "IIJ 'i II] "~ 

m:::u~~fl'I.Jm\1 !9f!f1M'IJ!'ll1lJ1fltl v i '11'1\1 T I 2- T 'Vl1 '11 ~~ !tl~ D1 !!fl::: D3 !~7 '1J 

m \lfl'U 1 vJfl11 'IJUtl~\917 \l!n~fl17thm:::u~1 vJfl11'11fl~1'U i l'lfl~ R L lJUHfl'U 1vJfl1 

l'lf1flitllJ R L ~f)fl~ \1 i'lftnfl1l:::!i!'U'hUHfl'U i vJfl1~\9lf1flitllJ t l'lfl~ R L !n~1l1fl!!7 \lfl'U 

1 vJVl1m :::u ~~~u ~'~~'~~ '11'1ftnflmmtfl:::flu 

V. 
0 

,'' , 
' ' ' ' / ' ' ' ' 

0 T -
2 

i 
1 v. 

T I 

1 
+ ' ' ' ' 

--------·-·r ·· -0~-,/-·~;·'---'-T .. 
RL vo 2 

._________... __________ L_ __ 

m\lf!u ivlVllm~vVil'lni'litJlJ 1 Mfl~ R L ~1$11l1fl!!Hfl'U 1vlrl1m ::: u~~~'IJ~\Ii'l~ \1 

19ftnfl'IJ1f1Ufl:::fl'IJ 11:::1 ~'UU 1 \lfl'U i vJfl1m:::u ~1'17 \I~V\1 ith~ ti'IJ~\IfllU 1 \lfl'U i vJ~1m ~fJ1l::: 
t~~1u'lf1\l o - T M7't~ o-2n 11:::iifi1t~'U 2 !'vl1'lltJ\11\11l'J!~tJ\Im:::u~1vJVllfl~\li'lg'U 

" 

Ym 
Vdc =-=0.31 8Vm =0.45Vm1s 

1t 
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~ .. :nfu uH~u hHhm~uffl'lH'UtJ-:n'l'il-s ~~ v'lm~w:r! 'l"lvh~lJfl~'W ~'~~flltllu 2 

tvi l'Ut~'lm '~~u 1 'l"lvhm~uff\91-s 'l 'Utl'l1'1'0-s ~~ v'lm~uff1 'l"lvhfl~ 'lfl~'W'il~ ~~~'lfflJm-s 

2V111 
Yctc =Yav =--

1t 

V de = Yav = 0.636V111 = 0.90V11115 

. ..... . ........ (6.32) 

'il~tliu11uH~u1wvh vcte 'UtJ'l1'l'il'Jt~EJ'lm~uff1wfht~lJfl~'U'ildifiltllu 0.90 

lvl l'Utl'IUH~'WlWVh V.,115 l'l~tl~rlll'l'llflU 90% 'Utl'IU'J'l~'Wt'l"lvh Vnns 

v. 
1 

21 111 
Ide = l av =-

1t 

v 
0 

-
2 

l ctc = l av =0.6361 111 = D.90l rms 

... . .. . ....... . (6.33) 

w9i 1 Tal'fiJtl'ltJ{mJ'll'lllJ fll'J 1 ~1'1'0 'J ~~ EJ'l m~ufft WVll'il ~ttti'l t~tJ mlJu 2 iJ ':i ~ tfl'l'lfl tl 

1. w9i1Tal'fiJtl'ltJ{uuut~EJ'lm~ufftWVllfl~ 'lfl~'W 
""1 ,., .. "' IIJ • .J _!I:i d "' 

2. ltl'li t11:1\9l lJI\9l tl':iUUUI'JEJ'lf1'.i ~ llff !Y'f~lll'llJfli:l'W 

(Half Wave Rectifier AC Voltmeter: HWR AC Voltmeter) 

w9it1l:ll'fiJtl'ltJ{uuut~EJ'lm~ufft'l"lVllfl~'lfl~'W 'il ~ thtl'lttll'l o 1 lJll'itJ tJ'4f1'.i lJ 

flU'UI'li:l11'llfl~tl'W~UUUI'll {iu1i:! (PMM C) !~tJvhm!l~ !!iJl:l'I UH~'W t'l"lfll m~ttffff~U • 

m'l"ll ~ fl~ 'll'!i!fll:lmn lMNl'W tl'lttJI'l o 1 tllu tt-s 'l~'W 1'1"lVl l m~!!ffl'l-s 'lmhlJel'UlM'UI'li:l11'l 
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~ d di d ~ rl d d .. ,~ 
lfl~tl'WVlCJf'li'\JlJlJ I I'l tl :i'il ::;!UE.I'l!U'WII'llJ ftlfl~ (Full Scale Deflection : FSD) l'lllJJJ:i"lJlW'UV'l 

m ::; uffivHh Ide 'YI1vm::;uffivJfh I rs ~i'YI~~TW'\!1'1~11'1 

v . 
I 

Dl 
__.Ide vo 

r ~ Ifs 
T vac'vnns 

1 
T T 

R -
m 2 

i;UJfll'Hll'ltHi flUUU1'l~'i 

'illfltD~ 6.8 ~V'WUH~'W ivHhm::;uffff~U ( Yac, V nns ) iM'1'l'il:i!VCJii1~\0)':iJ!I'lV 1 

'i)::;~'ill:irulmvn ::; trivf1~'~ iCJftnm.nn c v P) ~vh'lM'il'livl'l o 1 'l'll'll'W'ild'im::;uffivlVh I P 

i'YI~~l'W'UI'l~11'ltfl~tl'W~U~ ::; "ll'litJI'l~'l~tfl'Wil'l itJI'lVll'lfJI'llJfl~ (Ideal Diode) il'lEJ'iJ ::; 'lM' 

fl11lJ~l'WVll'W il'li tll'l ( R d) !U'W~'U6'iJ ::; i~fflJfll:i~'lif 

. .. . . ... . ...... (6.34) 

UVlt.!fflJfll) (6.15) : v p = .fiv mlS u~::;{l':JJfll) (6 .27) :I p = ~ lt.! 
0.3I 8 

vP 
fflJfll) (6.34) : R 5 =--R 111 

IP 

.fiv n llS 
Rs =----"=-

. ldc / 0.31 8 

0.45Vrms 
Rm = - Rm 

Ide 

0.45V nns 0.45V nns 
R s = Rm = Rm 

Ide " Irs 

Sac = 0.45(.-
1-)= 0.45Sdc 

Irs 

... ... . ..... .. . (6.35) 

...... .. .. . . . .. (6.36) 
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' 

- 0.45Ynns R 
R s - m 

Ide 

0.45Vnns 

I rs 

R 5 = 0.45S dc x Range- R m 

R 5 =Sac xRange- Rm 

Rin = Rr = RRange =Sac x Range 

R in = Rr = R Range = 0.45Sdc x Range 

~ 

'illfHYlJflT:i (6.38) 'il:::'l11~1mllJl1m:::mnHr1J : sac ~-ru 

Rr 
Sac=-­

Range 

~ ~ Q.l 9) 

l:IHJ R , 'i'ltl\911\911'U'Vll'Ufl'4fl'JlJ (Series Resi stor) 

. . .. .. ... . . . ... (6 .37) 

.. ... . . .... .... (6.38) 

' . ' '' ' . ' ' . '' ' '' ( 6.39) 

"" ~ 'j) 1 .,. 
'111tl\9111'll'U'Vll'U~tu (Multiplier Resistor) . . . tl'l1lJ (Q) 

"" ~ IIJ _ J _~ ' ~ 1 .,. ( ) Y,1115 , Range 'i'ltlllHI'l'U !Y'f!"jl'lHJ\II'Jl'U11'1 . .. 11:'1\91 V 

Sdc ;JflmllJl1m:::U'ff\911\l (DC Sensitivity) ... ltllllJ/l11:'ll?i' (QIV) 

Sac ;lflmllJl1m:::u'ff'ff€l1J (AC Sensi tivity) ... 1mfW111:'ll?i' (Q!V) 

Ide , Irs ;l'Clm:::u'fft~fllt~lJ'fflfll:'l ... lWlJllU5 (A) 

"" 'j) q ' ~ 1 .,. 
Rin, RT , R Range 'i'ltl'i'l1llJI'll'U'Vll'Uflli'J !'U'lltl\II'Jl'U11'1 . .. tl'l1lJ (Q) 

~1el~Nfi 6.2 'il\lfll'U1tu '111~1\9111'i'l'U 'Vll'Ufl'4 fl ~lJ'lJ'Cl\IWCJf l11:'ll?i'iJtl'ltJ{ trltl t11''1JI'll:'l11'1l'i'l~tl'U ~~ 

"''""' 0 11i'fll 

' 
'j) ' ~ ?i 

I fs = lmA , R m = 300Q l'ltl\lfll';j'1JI'Jl(JI'Jl'W11'1lu'U I OV 

0.45V 11115 
R s = - Rm 

I fs 

R
5 

= 0.4S x I ~V - 300Q = 4.2kQ ..... # 
I x Io- -' 
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R 5 = 4.2kQ .... . # 

R m 
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R _ 0.45x lOV 300Q 
m- l x l0- 3 

Q..l I ~ ~ d.c::t g} I Ql s4 d r/ ~ r/ 
Vl1tlr.IN'fl 6.3 'IJI'Hl1~tfHHJ'U'Vll.J Irs = l OOf.LA , R m = 200Q l'I1 '1HJ1EJEJ1'U1~t1J'UW91 i 11:1\91l.J t~HJ '.i 

"' i -·1-!l:i .J ... ?t 0 U1J 1J t'.iEJ'If1'.i~U'ff l"fyj l flHflJ:'I'UtlJ'U lOY, 50V UJ:'I ~ lOOV 1l'lfll'U1tu'l11 

f1) fl11l.J~1'U 'Vll'U tJ'4 f1'.il.JUJ:'I~ fl11iJ~1'U 'V1 1'Ufi1EJ l 'U 'IJtl'IUI'i 1:1 ~ th'U l~ 

'U) fl11l.J i 1f1'.i ~ U'ff'ff"1J'Utl'llJt\91tJ{ 

·~--- v ac' vi111S -----. 

""'"' 0 1 1i'fll 

0.45V rms 
R sl = Rm 

I f's 

R _ 0.45x iOV O ,..., ,..., # 
sl - 2 o •• = 44.8b< .. ... 

lOO x l o-6 

0.45 x iOV 
R Range = R IOV =S ac X Range= 

6 
= 45kQ .. .. . # 

l OO x lO-
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_ 0.45 x 50V -(? )-R 52 - _oo~l+ 44.8kQ - 180kQ .. .. . # 
IOOx!0-6 

0.45 x 50V 
R Range = R 50V =Sac X Range = = 225kQ .. . .. # 

" IOO x !0- 6 

0.45Yrms ( ) 
R s3 = Rm + R sl +R s2 

I fs 

0.45 x !OOV ( ) R 53 = 200Q+44.8kQ+ l 80kQ = 225kQ . .... # 
IOO x 10-6 

0.45 x lOOV 
R Ranae = R10ov =S ac X Range = = 450kQ . .... # 

"' !OO x i0- 6 

0.45 0.45 # 
Sac = 0.45S dc =- = = 4.5kQ I V .... . 

I rs lOO x !0-6 

h..t'VI l '~tiBu~w~11C11'i':iJtl9ltJ{'il::;1~il'litJI'lt5v'lm::;ui;YivHh 'lfill'l 3 'Ulll'lv'il::;t~:J.J 

il'lltll'l 0 2 Ofl I 1'11t~tJil.i1M'il'lltJI'l 01 i~f'IJtt:i\ll'll..tivh~li'IJtttlftflt1'1Jtl..!'Utu::;~ 

tt:J\I~'WivHhm::;ttftftt1'1Jf1~\li'lftnC1C1 '1Jilm-At~l:J.Jlt'Vi:Jl ::; ·;h11'11tJI'l o 2 'il ::; i~f'IJtt:J'I~l..! 

i 'IJtWft\9\ :i \lttel ::; ulm::;uftivHh i 11e1~1u i ti~\111:J.JI'l 
(Leakage Current) ~il'lltll'l 0 1 i'I1C1iti~'UI'lel11'l!fl~tl'l..!~ 

:----------------- --: Three-Term in a I 
! 01 ! Rectifier 

.-----~~--~~ 

1 ·-------- ________ __ _ .,! 

v rms ~ R 

l 
m 
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1rlmuCJ'l1 11:11'liJ!I?ltJ1.i~i'uu~ ~~'W i ~Yl1m~mf~~Ufl~ ~ i"'1lfl'tlmm.U1m i191ltl191 

D1 \l~i~i'um~~'Wi~Vl1iUlltlffl'l~~ (Forward Bias Voltage) i191ltl191 D1 ~~t11m ~uff 

i~Vl1~11M'm~uffi~Vl1i'H't1~1'WI'i'1~1'W'VI1'W R sh ll'tl~'U191'tldl91lfl~tl'W~ Rm 'fYJ'Wi191ltl191 

D 2 \l~i~t11m~uffi~vhrtn1~i~i'um~~'Wi~Vl1iuuuffn~u (Reverse Bias Voltage) 

"' "' 9) ' ~ II) • .1."1 ~ "' II) "" 9) 
\l~lJf111lJ\9ll'W'VI1'W~'I (High Resistance) 19ltllJ1m~191'W ml"l1n1~llffff't1Um~ !"11lfl'tl't1Ul'U1 

lJ1~11M'i191ltl191 D2 i~i'UUH~'W i~Vl1 iulltlffl'l~~~~Ulm~uffi~yjl 'UU!~l~f.J'dtl'W i191ltl191 

D1 \1~ !Mum ~~'W i ~Vl1 i Ulltlfffl~u~~ il.lljm~llfft ~Yl1 I '111:1~1'W'UI91'tldl91lfl~tl'W~ 
I 'j} Q.l 'j) 9 9}~ I I QJ 0 9 g) 

fl1~19ltlf111lJ1911'W'VI1'W R sh 'U'Wl'Wf1Uf11llJI'll'W'VI1'W Rm ll'tl~ !'HlJflll'VIlfl'W 'I'll !'11 
' ~ 

m~uffi~Vl1 i'H'tl~l'W i191ltJ191 D1 l~lJ~'Wl~'W 2 rvh 'Uti!~ i~i'um~~'W i~Vl1 iuut~ffl'lH 

l~'Wl'I119JLM'~191~1'11'W (Operating Point) 'U'D~i191l'D191 D1 'D~L'W'Ih~no/'W\91~~ (Linearity) 

-e 

Reverse 
Voltage 

' 

Current 

+- lineari ty 

+e 

Forward 
Voltage 

l1Hl6.10 ml'YlfJw'GifnJtu ::: '\Jt~'li~ 1t~~ 

' ' ' 
v ' <=I "''i "'"" "' "' II) •• 1."1 "' "' 9 9111) 'i "' ' VI'Jei£.1H'YI 6.4 1~\l~ltl"'1 !d'tll'llJll'ltlmUUl~f.l~m~llff !l"ll"llm~fl'tl'W !'11 !191 !'0191 D1 ll'tl~ D2 lJfll 

Rct = 50Q , Rsh 200Q, Irs 200!1A ll'tl~ Rm 200Q fl1'11'W191lM'~l'Wll91ljfil IOY,.1115 

\l~fl1'W1U!'Hl f1) R s 'U) Sac ll'tl~ Sctc 

IT ~ Rs r··------------0;--i 
::>1+-----41------, 

1 
lOY 

rms 

1 

:_ ____ ___ - -------- - ~ 
~!Ill 
I OOJlA 

~ Rm 

200Q 
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"""" 0 1'1i't11 

I = Ym = 100!1A x 200Q = JOO A 
sh R 200Q !1 sh 

IT =Ish +lm =100!1A+ l 00!1A=200!1A 

V de = 0.45 X Y11115 = 0.45 X I OV = 4.5V 

R = V de = 4.5V = 22.5kQ 
T IT 200!-lA 

R R 
RT=R s +Rd+ m sh 

Rm +Rsh 

R -R R RmR sh 
s - T- d-

Rm +R sh 

200Qx200Q 
R 5 = 22.5kQ - 50Q 

200Q+200Q 

R s = 22.35kQ . .... # 

'IJ) '11'1 Sac U~~ Sdc 

Sac = _!__ = ~ = 22 '5kQ = 2.25kQ I V .... . # 
IT Range / RT Range JOY 

I I 
Sctc = - =--=5kQ / V .. ... # 

IT 200!-lA 

S =~= 2.25kQ =5kQ / V .. ... # 
de 0.45 0.45 

w9l11~1'1i1ll'lt~1mJ'IJl~ V.J m ~ u €Yt vh~ li'l~ .Ji'l~'Uu 'IJ'IJ'H'~lmh'U 1191~'l ~i11l~ V.J 

m~mYivHhttl'U "l191tt119l 'lf'UI91 3 'Ill ~.JUff\91-Jl'U~U~ 6.11 lll'U1.J'il 'Ht~9i11~1'fiJll'lt~1'1lt~.J 

Simpson i'U 260 ~.Jltl'Uii'~~lJll'le:J{ 

R9 RD 
750k0 200k0 

R7 

75000 

Three - terminal 
Rectifier 

50~t A 

20000 
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9 31 ' "' ;~, 0 31 
R o = 50Q Ut'l~ t'I1'1Jf.Jlf.Jf.Jl'W1~llJ'W 30V nns Ut'l~ 50V nns 11'lfll'W1W'I11f111l.JI'Il'W'VIl'W 

eJ'4ml.J R 51 Ut'l~ R 52 

th'W l~ V1 = 30V nns 

I = V111 = IOO!JA X200Q = IOO A 
sh R sh 200Q !l 

IT = Ish + lm = IOO!JA + lOO!JA = 200!JA 

RT = 0.45V 1111s = 0.45 x 30V = 6?.SkQ 
IT 200!JA 

R -R +R + RmR sh 
T- sl d 

Rm + R sh 

R sl = RT -(Rd + RmR sh ) 
Rm +Rsh 

R = 67.5kQ-(50Q+ 200Q x 200Q) 
sl 200Q + 200Q 

R 51 = 67.35kQ ... .. # 

thui~ V2 = 50Vnns 

R T = 0.45V nns = 0.45 X SOY = liZ.SkQ 
IT 200!JA 

RmR sh 
RT =R s2 +R sl +Rd +--"'--=-

Rm +R sh 

R s2 = Rr- R sl + Rct +---'-'-'---=-
( 

RmR sh ) 

Rm +R sh 

( 
200Q x 200Q) 

R 52 =112.5kQ- 67.35kQ+50Q+ ZOOQ+ZOOQ 

R 52 =45kQ . ... . # 
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"""' 0 11ifll 

.A .,;., lJ] 1 "' 
trHHl'W'i'llJ R 111 =IOOQ , I rs =lmA It~~ !1'1 tll'llJ Rd =60Q 

30Vnns H~~ JOOVnns 't1'1fll'W1tl!'Hl 

9) ' ~ I I Q.l 

f1) fnllJI'll'W'i'll'W tl'W'Vjl'l'Utl'lttl'l~~Vl'W 1 1'1 

9) I I QJ 

'U) fl1llJ\9ll'W'i'll'Wtl'4f1'JlJH\9l~~Vl'W11'l 

fl) m11J l1m~tt'ff'ff~1J'UV.:Ju~~~~l'W11'l 

m rT 91-:Jt1:lum~tt'ff1vlvh~1M~~'h'WVJmhu11'l 
I = V111 = lmA x JOOQ = lmA 
sh Rsh lOOp 

JT =I sh +1 111 = ImA + lmA=2mA 
9) .<:::!o I I Ql 

f1) 'H lfl1llJ\9ll'W 'i'll'W tl'W 'Vjl'l'Utl'l tt\91 ~~ Vl'W 11'1 

~l'W11'l 30V 11115 

.:,.,1~"" I OOV u "" Yl nns 

.:,.,1~"' I OOV u "' Yl rms 

0.45 x 30V 
---- = 6.75kQ ..... # 

2m A 

0.45V,1115 0.45 x I OOV 
Rin(IOOV)=RT(IOO V)= = =22.5kQ ..... # 

IT 2m A 

R =6.75kQ- ( 60Q+ IOOQ x iOOQ) 
sl IOOQ + IOOQ 

R, 1 =6.64kl.'2 .... . # 

R o = 22.5kQ- (60Q + IOOQ x JOOQ) 
s_ I oon + 1 oon 

R s2 = 22.39kQ .. ... # 

fl) fl111Jl1m~U'ff'ff~1J'Utl'IH~~ ~ ~l'W11'l 

S ac = RT(30VJ = 6.75kQ = ?.?.Sn I V ..... # 
' Range 30V 
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(Bridge Full Wave Rectifier AC Voltmeter: Bridge FWR AC Voltmeter) 

m"JI~ EJ\lm~u~1 vJVI1fl~ \lfl~uvh 'l M'm1:w 11m~~~~~~urvhnu 45% 'llt~\lml:w 11 

"" g/ II] ., .;. ,J d ' 'l g/ d II] _'!j d m~u~I'I'J\ll'l'lt~'lt~ml:w nm~~~~~~UI'I'l:JJ'IJ'UIU'U 2 I'Vll 'il~ 'lf1\l'il'JI'W\lm~u~ tvll"'1!\91:JJ 

~~'U'lflJ~U~~~ (Bridge Full Wave Rectifier) 'l'Uitl9it1~1'i'iJ!I'Itl1 \Pl\lJ'Ufi11:JJ11m~u~ 
~~U'il~I~:IJI~'U 90% '\Jtl\lfi11:JJ11m~U~I'IH 

v. + 
' 

'il1f1?;tl~ 6.1 o nwvh\l1'U'Ut1\l1\l'il'J'il::::miJt~unm\l'il"JI~EJ'lm::::uff'1vlVI1!~:JJfi~'U 

'[,1''[~11'1ttl~I~'U 11'1t tli'I'V11\l~I'I:IJfl~'il ~ 111ff:IJf11"J'I11fi1 1:1J~1'U'Vl1'Utl '4f1'J:IJ 1~1'l\lif 

VP = l p(R 5 +R 111 )= l pR s + l pRm 

VP - lpRm VP 
R 5 = --R 111 • •• •••••• •••• • • (6.40) 

I P I P 

U'Vl'U~:IJf11"J (6.14): VP = fi.yrms U~::::~:JJf11"J (6.8): l p = ~ 'l'U~:IJf11"J 
0.636 

vr 
(6.40) :R 5 = --R 111 

l p 

R - fi.vn11S 
s -

Ide I 0.636 
R = 0.90Yrms 

m Ide 
Rm 

0.90V nns R _ 0.90V nns 
Rs = m- Rm 

Ide I fs 
.. ...... .. . ... . (6.41) 



138 

Sac = 0.9J_I )= 0.90Sdc vl Irs 

0.90V rrns R 0.90V rrns 
R s = m Rm 

Ide I fs 

R 5 =0.90SdcxRange-Rm 

R 5 =SacXRange-Rm 

R in = RT = R Range =Sac xRange 

Rin = RT = R Range= 0.90Sdc x Range 

R T 
Sac= -. -­

Range 

. . ... .. . .. . . . .. (6.42) 

. .... . . . .. . . . . . (6.43) 

. . . . .. ....... . . (6.44) 

... .. . .. . .. ..... (6.45) 

':J.:J'il'H~ fJ.:~m~uff!vl.Yh~llfi~'W 'l'Ww9n Ta~ih191u{ 'i!d h 'lM'm1lJ 1 '"lm ~ uffffl;)''U 

t~llt~'W 90% 'IJU.:Jmlll t':Jm ~ ttff\91H'UU.:J~9i1 Ta~lJt\?lu{ 

1 
I Ovrms 

1 R 111 =soon 



"""' 0 11ifll 

"' lf 'Hl 

' 

R,n = 0.90 x lOY 500Q = 8.5kQ . . ... # 
lmA 

0.90kQ 
Rin =Sac x Range = --- x !OY = 9kQ . .. .. # 

y 

Sac = 0.90 = 0.90 = 0.9kQ / Y . . . . # 
Irs lmA 

RT 9kQ 
Sac =--=--=0.9kQ / Y . . .. . # 

Range lOY 
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vl'Jtlfh:rf1 6.8 1 ·Hl 'HtJ~b€ll'fiJtl'ltJ{!tUUl~:JJfi~'W'b"W~U11'1~ fi11:JJI'i'1'W'Y11'W '1 Ulltlff\?l'j '1'\JtJ'I 

"""' 0 1fi't11 

'1~ ltJI'l D 1_4 l'vlltlU 50Q rl1lf'WI'ltMth!..r1~t1'J'W lOY !t€1~ 30Y ~'lrl1'W1tulf1 
31 

f1) fi11:JJI'l1'W'Vl1'WtJ1im:JJ R sl It€!~ R s2 

'll) m1:JJ 'bm~ttfffftlU!tt'l~m~ttffl'lH 

common 

31 
n) mm1:JJI'l1'W'Vl1'WtJ1im:JJ 

111 R s l £h'Wll'l Y1 = 1 OY nn s 

I = Ym = lmA x 500Q =lmA 
sh R 500Q sh 

IT =I sh +l m =lmA+lmA=2mA 

Ydc =0.9Yrms =0.9 x l0Ym1s =9Y 

Rm 
500Q 
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Yctc 9V 
Rr = - =-- = 4.5kQ 

Ir 2m.A 

R -R -(?R + R mR sh J sl - T - d 
Rm +R sh 

R = 4.5kQ-((2 x 50Q)+ SOOQ x SOOQ) 
sl SOOQ + SOOQ 

R 51 = 4.15kQ . .. .. # 

'111 R 52 Ell'Wl\91 V2 = 30Vm1s 

V de = 0.9Vrms = 0.9 X 30V11115 = 27V 

R r = Yctc = 27V = 13.5kQ 
l r 2mA 

R s2 =R r - R sl +2Rct +-~~-
( 

RmR sh J 
Rm + R sh 

R 5~ = 13.5kQ - 4.15kQ + (2x 50Q)+----
( 

500Q x 500Q) 
- 500Q + 500Q 

R 52 = 9kQ . ... . # 

I I 
Scl<.:( IOV) = - =-- = 500Q / V . ... . # 

l r 2mA 

Sac(IOV) = 0.90Sdc = 0.90x 500Q / V = 450Q / V . . ... # 

RT 4.5kQ # 
Sac( IOV) =--= - -=450Q / V . . ... 

Range IOV 

I I 
Sdc(30V) = - = -- = 500Q I V . .... # 

IT 2m A 

_ 9 S _ 0.90_ 0.90 _ OQ / 1 # 
Sac(30V ) - 0. 0 de - -- - - -- 45 • \ . . . .. 

IT 2mA 

_ RT _ 13.5kQ _ OO / V # Sac(30V ) - - - - --- 45 ·- .. ... 
Range 30V 
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(HalfBridge Full Wave Rectifier AC Voltmeter) 

"'i "'"" "' d \Ji • .l -~ oj "" "" "" "'" 9 'j}\q i !el'b' l~l'lll!l'lel'H!UU!'HJ'lm ::; uff !Y'I'!"j l !l'lllfi~'U'lf'UI'lU'il'l'ill'lel'l !'If !1'1 ell'l 2 l'i'li'U 

mn11'lluu~~::;f1~ '~ t 'll'tn~'IJeJ'lm -:J~u i vl~1m ::; unn~u il'lv~u 'i -:J~u i vl~ll'lnfl~ eJll'IJeJ'l 
'J) . • ' ' 

il'l ieJI'l~'lffeJ'll'i'l'il::;rvh ilu 1.4V u~tl'ltJ~l "h.Ju~lm 'l~'UI'lntdeJll'IJeJ'l'IJI'l't'lll'l tfl~eJ'Wli'il::; 

il.itfi'W 100 mV ~'ltfl'WI'I119J1M'trleJil'lUH~'U ivJ~1m::;Uffff~Ufll~l"']'il::;ll11M'ntn~nw11'1 

I 
v rms 

1 

(Nonlinear) ' " \Ji !'l'l'i1::;l1fld1lll'l1'W'V11'W !UlWffl'lH 

9) 9) 9) I ~ 0 

u~::; 0 4 elelf1U~lU'Vl'WI'lltJfld1lJI'l1'U'Vll'W R 3 u~::; R 4 flll'll"'] nl 'i'Vll'l l'U'IJ el'll'l'iiH::; 

t~v-:Jm::;uni vl~lm ::;unn~ut~llflg'WmiJeJ'Wt~llu~Hil'lteJI'lfl~ 'l.t'll'tfi~~ ::; 1 l'llu~::;trleJ 
'111 iui~nt'i 'l~'W i vl~1m::;unn~uri 1~1"1 'iJ::;l111 M'mn~m'iil'ltflut~'lt~umn~uu~ ::; 'il ::;li 
U'i ::; ft'Vlllll l'l'l1 'W m'i il'l~n-:l 1u uut~ tJ'l m ::; u n i vJ Vl1fl~ 'I fl g'W .Jl ltJ 

i.U.Jfl1'Hll'Hlfln!I'IJU1'l'll':i 



142 

0.90V 'il1fHYlJf1T:i (6.41 ) : R
5 

= nns 
I de 

. . .. . . . . .. .... . (6.45) 

. 
~1mh:rn 6.9 'il'lflTU 1Tl! '111~ 1~ TU 'Vll'\.Hl'4 fl':ilJ'Utl'lltl; t1~\9i':iJ!I'ltl {mJUI~ E.l'l m ~ ~~ ff l vJ vh'lfU 1'1 

.... 0 

1li't11 

0.90Vnns 
R 5 = -(R m + R4 ) 

I fs 

R
5 

= 0.90x lOOV (5H2 + IOQ) = 895H2.. .. . # 
IOO x i0- 6 A 

ct "" t! ct IJLJ_~ 
mcumn.J~HVIel'iH1J1J!'UHfl'i~H'tl nn-n (Rectifier AC Ammeter) 

f11':i'11'lm ~ll ff l vJvh¢1 1E.IItl;lltllJUII'ltl f11 U'UI~ E.l'l m~ll ff l vJvh 'il ~ '! ~'YI~tlll '!J~'I 

m~ur:r'1vJvh (Current Transformer) !V:t~!~lJm'I~'U '1vJ.Yhv'U'Vjl'l '1'!Jihrw 'l1Y1 '1'il 'H~ V'I 

m~ur:r'1vJvh ~~~ ~ 'il ~ ~l'lm ~ llffl vJvhV'U'Vjl'liV:t~ iM'Ill'l~11'llfigti'U~ PMMC 11'1~1 fl f1Vl'YI~..:J 

Current 

Transformer 

. . . .... . .. . . .. . (6 .46) 



EP fimtH~'U hJVh'IJ I'l€111'11l~lUJ lJ ... l:J€1~ (V) 

E 5 fifl m'I~'UhH41 l'J~fl t;) lJ .. . 11€1~ (V) 

I5 ftflf1':i ~U'ff lvlVl1'1ll'l€ldl'liJ~ :JJ t;)lJ .. .tW :JJUiJ ~ (A) 

IP fimn~ U'fflvlVl1'1ll'l€111'll'J~ flt;)lJ . . . Ufl:JJ UiJ ~ (A) 

N P fttl~l'U 1'U~fl1J'IJI'l€111'liJ~llt;)lJ . . . ~fl1J 

143 

1!1fli'tl~ 6.14 1'11€11'1 RL 1l ~ fi'fl.:Jttl'U~1fi'1'U'I'11'U~l:i~1UlJWJ1 (Precision Resistor) 

l?ieJ'IJ'U1'Utl1J'IJI'l't'l 11'll'J~fllJUtW ~ l:im ~u'ffivHh IL ilf't'IN1'U~'I1l~ ttl'Ut"h'Ulf~'l'lltJ'Im ~ u'ff 
\1] -~ I CV ~ t/ d. !l) ..:::to t/ ..::!! I 1 0 0 <v rvhn Is fl1'U11'l'UtJ'ItWlllltl'ltJ~1l~tiJ't'lfl'UI'l1fl'ff1191 'lH't'ltJfl\911llfl1'1JtJ'I lf€11'1 RL fl11911'1'lfl'U 

lf~fl~ ni1l11~ '11l ~ t iJ~flwh'W i'l'lm:JJ ~l'lulliJ (Taps) 'IJ fl'l'lll'l't'l'JI'liJ ~lllJU 

5 x I OOmA = 250 A 
2000 J..l 

I fs =I av = I rms =_Is_ = 250J..!A = 225 .2J..!A ... .. # 
1.11 1.11 1.11 

' QJ ' ~ d .<::;), <I ... td. d. . 

Vl1flfJH't1 6.11 W'lfUfllllltl'lmiu'Yl 6.14 lJ I P = 250mA , I rs = lmA , R m = 1700.Q 
0 9 !ll 
flllf'UI'l !'11 

"""' 0 11ifl1 

'l !liiiJ 1 """" 0 ' N s = 500 , N p = 4 , R s = 20k.Q 'lill'l fll'lU1J1J'lf€lfltJ'U 1l'lfi1'U1Wlflfl1 R L 

I = ~ = lmA = 1.57mA 
m 0.636 0.636 

m m 'I ~'U ivlVll'ff'l'ffl'l'lltJ'I'Ill'lml'l'Yl~flfl:iJ 
'U q q cu 

E m= l m(R s + R 111 )+ 2VF 

E m = 1.57mA (20kl:2 + 1700.Q) + 1.4V = 35.5V 
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E s = (0.707Vm )= 0(707 x 35.5V)= 25. 1V 

mm~mrtvJVh Inns 'UtJ'Iiltl'ltJ{ulflvltJ{l.luvlml'ltJ{ 

I 1111s = 1.1 II av = 1. 11 X lmA = l.llmA 

mm~uJ:Y1vJvh Inns 'UtJ'I'UI'It'l11'1~l'W'I'J~tliJil 

I= IPNP =250mAx4 = 2mA 
s Ns 500 

mm~Ui:YlvJvh IL Ut'l~ RL 

l L =Is - l.llmA=0.89mA 

RL =~ = 25. 1V = 28.2kQ . . ... # 
I L 0.89mA 

WCJfUtJl.liJtl'ltJ{tt1J1J Uflt'll.l~tltl'I.J~'I'ftJ~ 6.15 u~VhHWtt·djtl'I.Jfl'W nmnJ'amJt'l'l 

m~u"ff1 vlvh 11'1vil'lll'lt11191 U'ii l.l.nilll l1u m1'a.:~t'li'l n1JJ:Ylv 1 vlvh vh 111'tt11'1m~ mtiv1ll1l~ 
., 'U 

TRIGGER 

(PUSH TO 

OPEN COREJ 

SCALE 

CURRENT CARRYING 

SPLIT-CORE 

~RANSFORMER 

- ------ - - \ 
\ METER CASE 

,/ 
l._---.-\**.bbW~_.J ~ 

I 
I 
I 

RECTIFIERS 

: METER MOVEMENT 
I I 
I I 

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

m~u'ffl vHh l 'H~ 'l'W'UI?l~1~'Vl~CJ.rdj hwm~u'ffl vlvhu~~~~'W -ff~ri1'Wfl'Um~u'ffi vlvh~ 
q "' 

'U~~1~1.J~lJ lJil u~~u 1 i tJ~t~'W 'l M'1-:~ 'il'J ~~ CJ'I m~u m Vim tJ ~ CJ'W m ~ u ff'ff~'Utfl'W m ~ll 'ffl'l'J-:~ 

~tl'W 'l ,r'U~~1~lf1~tl'W~ 

1 ~t11.J n~trc1'1m1 1~ m~ u 'ffi vlvhil ~ ll t~-:~l'it~ut~lJ:iltl'lt~ 1m~ m mi'IJ 1 'H~~ li'11'~fi, 

m~U ff l vl vh~ 'l'l u'tl'1'il~ljeJ''W 191 'J ltllW~ llJ ff~ ~1fl 'l 'W fn'J D 5u~ ~'I 'l ~Uf1~lJ~tltl'W lJl\91 tJ { 

QJ lil .... , l -~ r/ ~ rl d. I ~ <)" f1' ~ t/ ~ rl 
1~m~uff tTfrllU'Vl'W Ufl~lJ'We:Je:J'WlJtl'leJ'J'il~lJ 3 'ff1'Wfle:J te:J'HlJlJtl'le:J'J ue:JlJlJtl'le:Jm~ ~ 

11~1'i'iltl'le:J{ 'il~li'ffil'l'lft 1.J ~CJ'Wfh'W1~mllt~'Wiltl'm1~1 i 1.J 

Conductor in which current 
is being measured Rectifiers 

opening core 

\ 

...... 
Range switch for current 

ranges position."Y" used for 
measuring voltage 

...... ...... ...... ...... ...... 

Moving-coil 
movement 

\ 

Multipliers 

'..._ Binding post for voltage 
"'a 0 ranges 

~ ~~ dQ d 
j).H;lfll'H'YitlVI\I~HmclH1tWI:J.J!\?I~ 'J (Loading Effect of AC Voltmeter) 

II] "' "''1 """ " "' II] • .1 -'!l .. d! cl fl11lJ nm~U'ff'ff~'IJ'Utl'lltl"'l! 1~1'llJll'ltJ 'JU 'IJ'IJ l'J CJ'Im ~U'ff! Tfrllfi'J 'lf1~'WU~~~\9llJ 

fi~'W'il ~Ue:J CJWhmllJ i 1m~uffm 'I'Ue:J-:J~9l11~19i'iltl'le:J{ ~-:~J'W l'l~tn'J 1 'H ~ ~'Ue:J-:JttJ9l11~1'1 
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vl'1mh~~ 6.12 iJ tl'lt~ 11~'UI'l~11'ltfl~t~u~iJm~tt~ivl vh!~'IJmn~ 1ool-LA 

'il 'l fil'W 1tl! '111 

" !t~ ~l'l·Hll'Wll'l lOY 

n) fll!t'J''II'l'Wivlvh VR2 ~11'1~1()~~11~1'i'iJtl'leJ{ tdt~~ll'l'lf~t~~l'l A !W~ !OI'lfl1fl11lJ 

Nl'l'VITI11'l'il1f)f11'jll'\t'Vll i 'j 

'U) fll!t'J''I~'Wivlvh VR 2 ~ll'l~1CJ!tl~l1~\9i'iJtl'le:J{mJU HWR !t~~ FWR tdt~~ll'l'lf~t~~l'l 
B !t~~!OI'lfl 1fl11'1J~I'l'VITI11'l'il1f1f11 'jll'\t'l'h i'J' 

lOk~ ~ ... ---------------------------------------., 
' ' ' ' ' ' ' ' ' ' 

R, 
~ 

lOkQ 

'- l::Ai 

( 
E ) VR 2( dc) = VR2(ac) = R 

1 
+ Rz X R2 

( 
20V ) VR "(dc) = VR "('tc) = x iOkQ = IOV 

- - ' I OkQ + IOkQ 

'111 V R2 ll'l~1(J~~l1~1'i'iJtl'ld 
I I 

Sctc =-=-- = I OkQ / V 
Irs IOOJ..IA 

!OkQ 
Rin = Sctc x Range= --x i OV = IOOkQ v 

Ectc 
VR2= x Ri11 // Ro 

Rin // Rz+ RI -

V 1 = 
20

V x i OOkQ //! OkQ 
R_ IOOkQ //! OkQ + IOkQ 

VR2 = 9.52V .... . # 

Error 
IOV -9.52V 
----=0.048= 4.8% .... . # 

I OV 



"' !li ""1 "'""' .. 'H1 VRz 1~~1tlteJCJi 1fll'l:JJ!I'lel'H!1J1J HWR 

Shwr = 0.45Sdc = 0.45 X 1 OV = 4.5kQ I V 

4.5kQ 
R in =Shwr x Range=-- x lOV =45kQ v 

Eac 
VR2 = x R z // Rin 

Rin // R 2 +R 1 . 

y = 
20

V x JOkQ // 45kQ 
R2 45kQ//l OkQ + 1 OkQ 

VR2 =9V ..... # 

m~1m1:JJ ~~l'lm~tdu1~¢l1mu9i11al9i'iltl'lu1uuu HWR 

Error=X,-Xm 10V-9V 0.1=10% ..... # 
X 1 !OV 

m vR 2 tdu1~¢l1mu9i11al9i'iltl'lu1uuu FWR 

Sfwr =0.9Sctc =0.9 x !OV=9kQ / V 

9kQ 
Rin =Shwr x Range=-- x !OV=9kQ 

v 
Eac 

VR2 = xR ? // Rin 
Rin // R z + R, -

y = 
20

V x !OkQ // 90kQ 
R2 90kQ // !OkQ+I0kQ 

VR2 =9.47V .. .. . # 

X -X 
Error= 1 111 

x, 
I OV- 9.47V = 0.053 = 5.3% ..... # 

IOV 
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1. lJ!I'lU{uuu PMMC i'jm~UfflVHht~:umna 1 rnA fi11:JJ¢lTW'VIl'Wll1£Ji'w 500Q ii'i'WmCJi 

t1al9i'iltl'lu1uuu HWR 'il'lfil'W1tu'H1 

n) l'I11:JJ! 1m~Uffl'l'J 'l!t.a~m1:u! 1m~uffffi:lu 
!li ' "' 'U) 1'11l:JJI'll'W'VIl'Wel'4f1':i:JJ'UtJ'liJl'\..!1~ 30V 
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2. wC\}l:~ J;ll'filt\91tJ{U'l.J1J t~tJ-.lm~u'fftvJ vh rl:~ fi ~'W 'U ~ J;111'1 tflg tl1-J ~ tt1J 1J PMMC iJmllJ~l'W'Vll'W 

fll tJ l'W R
111 

JOOQ m~u'fftvJ vh Irs lmA fldllJ~l'W'Vll'W R 511 JOOQ fld llJ~l 'W'Vl l 'Wt1J lW1:'Y 

\91~-.1 Rct 400Q Ell'Wll'l IOYrms 11 \l ~l'W"dtllltl 

" n ) fld l lJ\91l 'W 'Vll 'W tl "4 f1'i lJ R s 

'U) fld1lJ t1m~u'GY'GY i:l1J Sac 

"' '1 "' ""' o' d lli • .l .~ .J .,j d 
3. W"lfnJ;l\91lJl\91tl1ll1J1Jl~tJ-.lf1'i ~ U'ff~l"ll"' 1 fl~\lfiJ;l'W lJ R 111 =100Q R ct = 50Q I r5 = 100J.lA 

'Vll'W 

Ell'Wll'ltlJ'W 25V, SOY ,150V 11\lt9itJ'U1\111~~fflJ\]nU '\JtJ\IiJt~ltl ftW~ 11\1~1'W1tll '111 

n) mllJ~l'W'Vll'W~l~'\JtJlmhu11'1 

'U) fldllJ~l 'W'Vl l 'WflltJl'W'Utl-.lU~J;l ~ Ell'W ll'l 

fl) fld l lJ t1f1'i ~ lll:'Y\91~\IUJ;l ~ f1'i ~ UffffJ:1'1J 

flltJl'Wllo ~mllJ~l'W'Vll'WoJf'Wvl250Q m~ ttfftvJ~ lt~mnn!;l lmA 11\l~l'Wdrultl 

n) mllJt1m~ tll:Y\91~\Itt!;l ~m ~w:mi:l1J 

'U) fld llJ I'i'l'W'Vll'W tl 'Wf1'ilJ'U-eJ\Icil'W l l'l 20V t lo ~ SOY 
q rms rms 

v, 

5. fll11'WI'Il11'tl'll-eJ I'I lJ Rct = 300Q 'il\l~l 'Wd tll ltl 

n) m1lJt1m~uff ffi:l1Jl!J;l ~ f1'i ~ llff\91H 

<V " 'U) \911 \91l'W'Vll'W "Cl "4f1'ilJ 

fl) fldllJ I'i'l'W'Vll'UflltJl'W'U"Cl\IU~J;l ~ cil'U l l'l 
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1 
20Vrms 

l 
250Q 

~ ~ 0 

0 3 , 0 4 ~1CJfl11:1J\911'\.J'I'll'W R 3 = R 4 = 50Q 'il-:Jfll'W1Wlfl 

~ I I Q.l 

fl) fl11:1J\9ll'W'I'11'Wtl'4 m:JJ'Utl -:JU\9l~~CJ1'\.J1~ 

'U) fl11:JJI'i'1'W'I'11'\.Jfl1CJ1'W'Utl-:JU~~ ~ ~1'Wl~ 

.;\ ., IIJ • .I -!M d ,~?1 "'1 "'"" o' d 7 . lfl:itl-:J1~ tl"l'Vl111UU PMMC :lJ R 111 = 900Q , 751..tA FSO 'IHu'Witl"'l 1~\?l:IJI\?ltl 'HIUUI';iCJ-:J 

m~u1;Y1 vJ~ 1ft~ -:Jflg'W 1~ 1 tl~'lfiJ~O]fiifltJ'WlJm~ul;Y1 vJ~ 11U Utli;Y\9l';i -:J 80J1A ~l'i1Ulftl-:Jf;Yifl~ 

0. 25 FSD 'il-:Jfl1'W1Wlfl 

' ~ 
fl) fl1fl11:1J\911'\.J'I'11'\.J'U'W1'\.J R sh 

~ 

'U) fl11:1J\911'\.J'I'11'Wtl'4m:IJ R 5 

8. ltJCJi11~1'fiJII9ltJ{1oH'U~~1~!flgtl'W~UUU PMMC lJ R 111 = 1200Q m~u~;Y1vJ~1 500J1A FSD 

1~mj't~uti~-:Jm -:J~'W "lvJ~1ii N s = 7000, N P = 1 o u~~ 1'11'1~'il';ii~CJ-:Jm ~ Lt~;Ytvl~11~1~ 1t~~ 
.<::::to .<::::t.Q I 0 I !l) d I Q .:::). 

'lf'W~"'IMtl'W l'ltl R s = 150kQ 'il~fl1'W1Wlflfllfl11:1J\911'\.J'I'11'W'U'W1'W'I'l\9ltl'U~~1~'1'JI'lCl.fJ:IJ'Utl-:J 

lfjj'tlllti~-:J 1 vl~1 

9. ltJCJi11 ~1'fiJII9ltJ{1'!1''U~~1~1flgtl'W~UUU PMMC lJ FS0=200J1A , R 111 =900Q flllf'W~1'!1' 

lfjj't~uti~-:JU';i~~'W tvJ~1fl N s = 600, N P = 5 R 5 = 270kQ 'U~~1~'1'J ~Cl .fJlJ ~tlfl1 1:JJ I'i'1'W'I'1 1'W 

'U'Wl'W1'11'ii~1 R L = 98.m 1-:J'il')I~CJ-:Jm ~u~;Ytvl~1Ht~ 1t~~'lfi"l~wt~')JJ'WI'UCJ:JJ ii vF = o.3V 

'il~fl1'W 1W '111~ 1 m~u 1;Y l vJ~ 1~'U~ ~ 1~ ~ 1'\.J tJ iY:IJ.IllJ'Utl~ lfjj't!U tJ M U ';i -:J~ 'W 1 vJ ~1 ., " 



" " .<::lo rl Q..l d. Q.l I Q.l 0 

'Uti ·UJl\9ltl'j'VJ ·HHl~:IJ l fs = 1 00~-tA , R 111 = 1.5kQ H~~l'l~fll'\.n~ 1 OV ll~fll'U1t\!'111 

" n) w~11~~lJll'ltl{~~~tl~l!~Vl 'Wt'hm ~~'W !vh~h !~rvh !'j 

'U) ~1m1:w~~'V'lm~l!lf1f1W1~rvh!'j 

fl) ~lf111:1Jflf)l'l'tl~ll1f1f11'jl~l'Yll l'j 
" 

l.rJ -~ I 9) ..::51 t/a. rl ~ o 
11. l~H'j~~'U tvlYnl'lf1mti:IJ R 2 = 22kQ ~1fJW'lf 1~\9l:IJI\9ltl'j 2lmtl~ ll~fll'U1U!'I11 

f1) lJll'ltl{ A Vl'W~ltl'j ~~'U tvlfl l l~I'Vll l'jllllJ Sac = I OkQ I V i~~l'Wl~ 200V lJ~l 
9) .<::.1 I 9) QJ I 111 

fi11:1J\If1\9ltl~ 2% of FSD tl~~:1Jfllfi11:1J\If1\9ltl~ll1f1f11'j1~l'Y11 ! 'j 
" " 

g} .:::! I g) Q.l I li1 
fi11:1Jtlf1\9ltl~ 1.5% of FSD lW ~:IJ fllf111:1J\If1\9ltl~ll1f1f11 'j1~l'Y11 t'j 

" " 

" ""1 ria. rl d. Q.l d. 
12 . W'li 1~\91:1Jl\9ltllU'lJ 'lJ FWR 'IJ~~1~ :IJ 1111 = I 00!-IA \91~ Range 150V :IJ Limiting Error ±3% of 

FSD u111.J1~m~~'Wtvll'l1 vR 2 = 68kQ Mfl1'W1rum~1UH~'W1vll41~Tty~~:iJll'lt11v1'Wl~ 


