
5 foriUUICIOS 
OHMMETER 

'luiJ Vl.fl. 2370 (l'l .fl.l827) vvf1lt"lf:I.Hl'U ltJMl.J (Georg Simon Ohm) ~~~fnni1-:J 

mll.Jffl.J wu ,;' 'j ~'H -:h-:J H 'j -:J~uH~~ m ~ H 'ff i vlvh'lllu -:h "m~ui.T,rlrhli1uifvn:hu Tvu.JVI':i -:J 

' ' 
QJ QJ liJ • .I-~ <!I 'I !II ' !II "' "" "' ?I 'i " liJ !II ftUII'FlVI'U lvtvtll~el!'Hi'l1fl1lf.IVI1'U'YI1'UiN't1" 11-:J'Utlll.Jiu'Ufl~'U'el-:J ttl'Hl.J (Ohms Law) !1 

9) tl ~ f iJ ~ I ~ 
H~~ i'Hl tl'Hl.JI1J'U'H'U 1ti'U'el-:Jfl11l.J\911'U'I'11'U \91-:JHI'l'U 'Ul.Jl 

1m1~iJIVIeJi fimf11v-:Ji1vi'l'ltilm1l.l~1'U'I'11'U 11'1viimi1m~u lvli':1.1 (Ohm : Q) 
~ 

'UVfl111flU11i?l1V-:J i oH'1 VMl.JlJII'lVfi'l'lffltii vl~l'H~mnvi'l'l (Test Lead) 'UV'llJI1'1Vf11'1lll'li u 
~ 

"' liJ ' "' · "' 'i " "" """ • liJ. I. I "1 !II !II liJ • .I -~ (Open Circuit) 'H':i'el 1:1.1 1'1-:J'U'U !'el'Hl.Jl.JI\91V':i11-:J'U1!1JlJ':i~tlfl\91 'lf-:J1'U'Y11-:JI'I1'U !Yfl"lliW ~ 
' 

Vl~nmvun'ff1~mh-:Jn11-:J'U1 1-:J li'I£J'¥i'1tu1vli'l.liJI191Vfiilm-:J'ff~1-:Jiifv-:J~u 3 mh-:Jfiv 

..:9 d . "OJ Q.l 

I . 'UI'I~11'11f1J;iV'U'I'11'11':i'ff'U1~ (PMMC) 

2. II'Hci-:J~1tltvl~1~'li~'UIIU\911\91tl~.fl1tl'l'U (Internal Battery) 

3. 1'111'i'1'U'I'11'UUi'mi1 i~ (Variable Resistor) 

"" ~ c! "" c! 'lf'U~'Uel~ !el't'itltl!flel"j (Type of Ohmmeter) 

1-:J1J':i i vJ~lfl':i~H'ff\91-:i 'l1l ~li'IH ':i 'l~'U ivJ~1~1£J~9fl1~~lJI\91VfH~~l\9lfl':i~H'ffi vJ~1 

~ 1£J~9fHvl.JiJII9ltJf 1l~l11~11'111l.JI'i' l'U'Yll'U 'Utl'll'H~mr u 1 ~\91ll.J'H ~ nm':i fltJ'UV'l1 vli':1.1 m':i 

'ff~l'l 1m.fl.liJti'1Vf~'l'loH'Yi~flflWd'!'Ji'Uil'1..!1W~HD'l 1m.fl.liJ!I'1Vft~'U 3 'lfUI'IflV 

1. lVMl.JlJII'lVfHUUel'Yfl':il.l (Series Ohmmeter) 

'i .. "" .. 
2. !tl'Hl.Jl.JI\91V':iHUU'U'Ul 'U (Shunt Ohmmeter) 

3. ltJMl.JlJI\91VfHUU lUI'I'l'U~l'ellJII'lVf (Potentiometer Ohmmeter) 
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1el'rh.JiJ~VJeJ{U1J1Jell;ft1'UI (Series Ohmmeter) 

1 
o' "" o' ?i ' d "'1 c:l 1 tll'llJllll'ltl'.i\l~tlJ'Wft1'Wl'I'W'l'lltl-n vttllJ (volt-ohm-milliammeter : VOM) l'lfl 

Uf)~Utl'11 m1lJlJtl'lfl11l~ 1th1'lwi'l~fl'l~flll'l~fl~t~fl1'l (Individual Instrument) 1l~'.i1lJfl~ 
Q.l ..:=). r/ ,/~ tl e;!l d I QJ ~.t::lt. r/ fJ} ~ 
f)lJUfl:JJ:JJtl'lfl'.iU"~ 11"1'lllll'lfl'.i!ftlJfl\l'l!'.i fJf111:JJ"I'llJtl'lfl'.i (Multimeter) 1 i'l'.i 'lff'.il'l'I"''W~l'W 

'Ufl'l1 m1JJiJ!I'ltJ1u '.i~ f)fl1J~1 fJ'IJ\91"1\91! i'l g fl'W ~ 1'111 ~tJ 1" u lJI'l!l'lfl ~ 1'11~1tJ 'VIltJ lJl\91 '.i ~ltJ 

(Standard Resistor) u"~l'11~ltJ'VIltJ lllYl'.illJtll (Unknown Resistor : R X) 1l~l'iflYi~l'l A 
' " ' 

um:\11'1 B 9f-n1'll'I:JJI'll'iflfltJm:JJn\.t~'l-:iUYi 5.1 . . " 

E 

I.~------~~-----.~ 
A R x B 

1llf11'l1l'.i 1 m1JJfitl'ltJ1ulJ1Jfl~ ml.l~rhl'il'l'l~'lif 
E fiflUlJI'I!I'lfl~flll:l'ltJ (Internal Battery) ... l1"~ (V) 

.et il .d.d1" 
R 111 i'lfli'l11lJI'lltJ'VIltJ'\J\91"11'1!i'l"fltJ'VI . .. fll'llJ (Q) 

1111 fiflm~UfflYHhfitl'ltJf .. !WlJUU~ (A) 

.c:9 cv 9J .d ~I QJ 'jl o cv 

R 1 i'lfl\9111'lltJ'VIltJlJll'l':i~ltJ"J$-:!!1JtJ\9111'1ltJ'VIltJ 1Jlf)l'lf1'.i~Uft 

"h-Hh (Current Limiting Resistor) ... 1m1lJ (Q) 

R x fifl~1~ltJ'VIltJ~1limlmh ... 1m1:JJ (Q) 

Ohms 

15k 

Zero ohms 

01 
0 1 00~-tA 

- 1"' 1 o' ~ o' ' " i '"'' ~ "' llJ't'l 5.2 'i:Yifl'fl'IJeJ-3 tl111Jlll~tl"iii"IJ"Utll{fl"J1Jflli'I111J~TW'V11'W lJIU'WI'Ii-311:1''\.l 
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ff1m'l'Utl~fl11lJ~1U'I'11U~U~ 5.2 ll ~lthi'Jut~~~~UHI?ifl1U 'H\Hl1nfl'J ~U{l'l'I'Hh 

i1t~ltl{~fi1l1U~fi1ti'Jut~~~~U~~~1tlfh~~ 5.1 flHHU 1{l'tnl;"lU~i;"l ~fi1 ~~~~if 
.!i 'i "' .d "' ' 9 !VIII !II 

1. llJtl R X =on ~~flnl'H'l~1~'il':i'l'l~~ A Ui;"l~~~ B !!i;"l~!~ltln'fll R I + R m ll'l ~~ 

m~U{l'lvHht~JJ{l'tnl;"l (FSD) 'il~ l~l'l1Ul1U~ on tltJ~1U'U11lJti'Utl~{l'tnl;"l 
" 

.. .. ..... ...... (5.1) 

0 I I 9} 9} C:1 

1'11Ul1U~ oo t1Q~1Wlf1fJlJti'Utl~ff1nl;"l 

3. trlt~~tl R x = fi1t~'1~~~ A l!l;"l~~~ B 'il~iim~u{l'"lrHhi1tl'lt~fll11;"llJ1nl1~tl 

....... . .. . . . .. (5.2) 

~ 0 

lJ I rs =100~-iA , R, + Rm =15kn 'il~f11U1f.Ul11 

.,j d ""' .;,1 "' -~ • II] 
n) llJtl Rx =on t'UJJJJII'ltl':i'lfm~u{l' rvhnt'1'11t':i 

'U) 1'11Ul1U~{l'tnl;"l'Utl~fi1m1JJ~1U'I'11Ufi 0.5FSD, 0.25FSD l!l;"l~ 0.75FSD 

lm = l.
5
Y = 100~-iA (FSD) . .. .. # 

On+I5kn 

'U) ml'l1tm'll~ R x 

'illn{l'JJnn (5.2) 'il~~~ 

.d 
'1'1 0.5FSD 

Im = 0.5x FSD =0.5x JOOI!A = 50~-iA 

E 
R x =--(R 1 +Rm) 

Im 

l.5Y 
R x =---15kQ = 15kn ..... # 

50~-iA 



92 

Vi 0.25FSD 

d 
'11 0.75FSD 

I 111 = 0.25 x FSD = 0.25 x lOO!lA = 25!1A 

E 
Rx =--(R, +R 111 ) 

Im 

1.5V # R x =-- -15H2=45kn ..... 
25!1A 

Im = 0.75 x FSD = 0.75xl00!1A = 75!1A 

E 
R x =--(R, +R 111 ) 

Im 

1.5V # R x =-- -15kn=Skn .... . 
75!1A 

' ~ ~ 

'illf1~1il~1'1Vi 5.1 m:::w:Y'l vHhiJ!I'lil{'il::: llf(lrvh 1 ·n!m:::~i'ut~~n1Jf11':itlll'I'U\Pirl1 
" 

' ~ 
~ ..::9 li1 9) 0 I I 9) ..<:::! ..::::i I 

FSD fltl 50!1A 'If 'I !\PI R x = R in = (R 1 + R m) = 15kn \911lll'I'U'Ifllfl11lJ\911'U'Vll'U'Ul'J(Jf111 

9) d .:S ll] 9) ~ 
fl1llJ\911'U'Vll'Ufi'lf1(11'1fflf1(1 (Half Scale Resistor : R 11 ) 'lf'l'il :i: !\PI R h = Rin 'U'Ultl'l 

(Series Ohmmeter with Zero Adjust) 

1 d' "' d' ·'"" .,j 9 !VIJ!.] !)} 0 9 !)} ., ., 
1'1'\J':i tl'11lJlJll'ltl'Jll1J1JtJ'4fl':ilJtlJ'I1 5.1 llJtl !'If !lJ'Ul'U'"jll(\1'\J :i: 'Vll !'11':i :i: \PI1Jll'J'I\PI'U 

111 • .1 .91 d .,j ., d ?i 9 !)} cl 
!l"l'V'll'UtJ'IlllJI'lll'lt:J':i 1.5V (1\PI(I'I llJtJ(II'l1'1'il':i'Vl~IPI A tw ::: ~IPI B ( R x = on) lu'Ul'111'J 1'11!'\JJJ 

~ 

lJll'ltJ{~!lifi'lm:::llffl'l'lVJl FSD ~'ll'i'tJ'IlJf11'Jtli'1JY;]''UO (Zero Adjust) 1,r1~m ::: llffl'l'l¥J1 

FSD ~'ltilul'llll'11U'I on 'il ::: iJ 2 iUiu 

1. 1 m1JJiJll'lt:J{ll1J1J~tJ~11'1'1u'Vll'UtJ i'1JY;]''UotJ'4 mJJnlJ'IJ\PI(\1 \PI 

2 . 1 tllllJlJl\91 tJ {ll1J 1J ~ tl~ 11'1' l'U 'Vll'U tJi' 1Jfi''U 0'\J'U l'U fl1J'IJ\PI (\1\PI 
" 
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' ' ' 
1. dlo R x =on il'lvm':il:'i'IPI1\Ill':iVi~IPI A ut'l~~IPI B u~1Ll:i11 R Adi li'Wm~l1\l 

m~ufflwvhi'Htl!~:JJff!f)t'JlJ~Yll1M'm~ufflwvhih191t~ftvhnllm~ufflwvht~:wmnt'l ll~l$1 
0 I I ~ 

\911U'\1'W\I OQ t!V'IJ1l:Wti'\Jtl\lff!f1t'l 
"' 

......... .. . ... (5.4) 

2. tdt~ R x == iiPIVnl':ilU\PI1\Ill':i~~\PI A Ut'l~~\PI B ll~l:l-iiJm ~l!fftWYh!'Ht'l~\1 

ltll'ilU'HU\1 = ml~ltJ~t!'\Jt!\lff!nt'l 
"' 

" U't~v~ut~~nllm':ifll'H'WIPirh R x ~\lff:Wm':i 

........ . ..... . (5.5) 

E o IIJ. t , 9) d 
l!lf)ff:JJnl':i (5 .5) : lm = ll ~ 'Wll1J'Hlf11fl11:JJ\91l'W'Vll'W'Vl 

Rm +R s +R Adj +Rx 

l'ill!'HU\1~1\1"1 'lltl\lfflf1t'!YlTWtl\ll~V1n'W nll~1t~ch'IVi 5.1 l!t'l~ll~ ltlmnt'lfilml:wl'i'l'W'Vll'W 

l'H~t!'W':ill~ 5.2 
"' 
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' ' 
<V I "'! i tl ~ tl .. l et o i" "' ~ Vl1ij£Jl..:J'YI 5.2 1~'il':i tll'll.Jl.Jl\91tnt;IJVl 5.3 mmm l'I'Uf!~1f!l.J I rs = lmA, R m = 500Q ~~~~ll':i~fi'W 

IIJ •• l-~ >) i >) 0 I IIJ • .I -~ "> o' d i >) I 

!Tfl"ll E = 3V m 11 R 5 + R Actj = 2.5kQ 'il~'fll'W1tummm~mr !l"'l"'ll.Jl\91tl':ill.Jtl l'l'fll 

R x l'Vlltl1J OQ, 500,2500, lkQ, lOkQ, ~~~~ = \911l.J~1~1J 

"'"'' 0 11ifll 

'illfHYl.Jfll':i (5 .5) 

~ d I I 

m I m ll.Jtl R X l.J'fll\911~1 

3V 
lm = 500Q+2.5kQ+OQ = lmA . . .. . # 

.d 
ll.ltl R x =50Q; 

3V 
lm = = 0.98mA . . ... # 

500Q + 2.5kQ + 50Q 
.d 

ll.ltl R x = 250Q; 
3V 

Im = = 0.92mA . . .. . # 
soon+ 2.5kQ + 2son 

.d 
ll.Jtl R x = lkQ; 

3V 
lm = = 0.75mA . .... # 

500Q+2.5kQ+lkQ 
.d 

ll.Jtl R x = IOkQ ; 
3V 

Im = =0.23mA . .... # 
500Q+2.5kQ+IOkQ 

3V 
Im = = OmA . ... . # 

500Q+2.5kQ+ ooQ 

'illnt;lJ~ 5.4 m':i1Ji'1Ji!!'W6iflvl'iv RActi 'll'\..11'\..ltl1J'llf11:'11fl!l'l~tl'\..l~f!l{-ff'u11:'1 

f1':i~!HYt~fl1 I r 'illf1111J\911\91tl~\]f1lloU~l~'\..lm~mYt~fll I Adj 111:'1~ I m l~tll;lf!1~'il':i~~fl A 

1!1:'\~~fl B 'i1~1Jof1J RAdj iMm~U"fft~flllJII'Itl{ll'll:'ll~l.Jff!f)l:ll~tl R x = OQ 

RAuj 

Zero Adj ust 

E 

A B 
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9} ~ "! 9} I I 9} o ~ 9} 

fl11lJ\9ll'W'Yil'Wfllf.Jt'W rHJ Rin =R 1 +R Actj // RITI tll\9ltlfl l R x =Rin UJ;11'Yil!l1 

m~u'tl!vHh1Jtl9ltJ 11'vhn1J ~ 11 ~ 1JlrhmllJI'i'l'W'Yil'W~'IfWl'l'tltnJ;~ : R h = R x = R in 
2 

111n~'ll~ 5.4 mm~u'tl!vHh IT 

ti'1 R Actj // RITI « R 1 'tlllJl'Hl,j'~ RActj // RITI tltlnltJlJl1J~lJlm~u'tllvJVh IT 

" ~11ml,Y'Iu 

. . ... . . .. ... . . . (5 .6) 

. . . . . .. . . .. ... . (5.7) 

Irs = 50~-tA 

n) ~1 R x ~1tJ1ilJ1Jtl9ltJ11~~,·M~filuMu'l 0.5FSD tdtJ E = I.5v 

..:S ~ "31 91 11} -~ .<::::1, c~d 0 • 

'U) !lJtl E = 1.3V UJ;I~'ll~'IJIJ''Wf.l~1f.l R Adj iMm~U'tl !'VlrillJ!\9ltl~'lf\911Ul1'W'I FSD 

11~~~ R Adj ~lil1lJ1'Yhl~ 

fl) trltl E = 1.3V ~filU'YIU'I 0.5FSD ~1 R X 1l~ii~lt'Yh ~~ 
.,. .. 0 

11i'Yil 

t d rl ~ o'01 I 11} !)/ .,s d 
n) '111!'11 R x 'YI1tJl1lJlJ!\9ltl~1~!'11 t~!lJtl E = 1.5V 'YI 0.5FSD 

VITI = IITI R ITI = 25~-tA x 50Q = I.25mY 

I = VITI = 1.25mV = 25 A 
AdJ R AdJ 50Q J.l 

IT = IAdj + I ITI = 25~-tA + 2 5~-tA = 50J.lA 

E 1.5V 
R +R 1 "' -=--=30kQ 

X IT 50J.lA 

R x =(R x +R1 ) -R1 = 30kQ-15kQ = l5kQ .. .. . # 
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I I J. QJ ~ ~ 9) \q -~ -C:ll o' 
'11) '111 R Actj rnhnJUJtl E=l.3VU];l~U'i1Ji;!"iHJ~1(1 R Actj htm~ml' !'vJl"l1lH~tl'i 

" ~1'11HlfU~FSD(Rx = OQ) 

I.3V = 86.67uA 
0 + 15kQ ' 

l Adj =IT - I m(FSD) = 86.67!-lA- 501J.A = 36.671-!A 

V111 = l 111 R 111 = 50!1A x 50Q = 2.5mV 

R _ V111 _ 2.5V 
AdJ - I AdJ - 36.671J.A 

RActj = 68.18Q ..... # 

' ' 
fl) '111~1 R X t:tltl E = 1.3V l;j O.SFSD 

V111 = 1111 R 111 = 25!1 Ax 50Q = 1.25mV 

I . = ~ = 1.25mV = 18.33 A 
AdJ R Adj 68. 18Q !l 

IT = I Adj + I 111 = 18.33!-lA + 25!1A = 43.33!-lA 

E 1.3V 
R . +R 1 = -= 30kQ 

X IT 43.33!-lA 

R x = (R x + R1 ) - R, =30kQ - 15kQ 

R , = 15kQ .. ... # 

" ' 'Uti~I~:JJ:iJt~t11'1~~~mn:nnn" lul'l 1 ulfu'lih'h~TU'VlTU R x Yi~t1~~ A tw::; B 11~1'1 1 111' 

'1~~w11~1'W'Vl 1 'W~'~flm'lmn" R 11 ;'~m~u{1''1vl~ 1iJt~t~11l ~tvhn1J ~ ~11'11~1'W 'Vll 'U 
') 

RActj Rm 
R h = R in = R I + _ __::_ __ 

RActj + R m 

........... .... (5 .8) 
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R Adj 

Zero Adjust 

E 

A B 

'il ~ l$lm~ufflvlvh~..:JmnHYlfl'fl (Half Scale Current : I h) 

E 
Ih= - ... ... ....... . . (5 .9) 

R h 

m~llfflvJvh~.Yh111\n~ FSD 'il~t1:Jum~llfflvlvh':i11J (IT) 'illflll'U\91!\91tli 
E 

] = ]T =21h =~ 

m~UfflvJvh l 2 ~llf'fl~l'W~1$)l'W'VI1'W RAdj 

.. .. ..... .. .... (5.10) 

.. .. .... .. .... . (5.11) 

.............. . (5.12) 

. . .... . .. . . . . .. (5 .13) 

.... · · · ····· . . . (5.14) 
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"'"' 0 1iifll 

0 'l 'j) 0 

nllf'Ufl l1 R h = 2kQ 'il'lfll'U'dU!lfl 

"' 'j) 
f1) 19111911'U'\'11'U R 1 ll'fl~ R Adj 

'U) ~11'111'i'1'W'I'll'U RAdj ldUUH~'UlVJVh'UU'I E 'flfl'fl-.l 10% 
. . 

I .C:::.. .o::t a! I Q.l 3} 9J 

fl) fllfld1lJNI'l'VI'f11fl'IJU'I'i:Hf1'fl'l'l R h = 2kQ llJtlfll\9111911'U'\'11'U R Adj J;!'l~fll'lllJ'\Jtl 'lJ 

.; 
l11 IT '1'1 FSD 

E 3V 
IT =-=--=1.5mA 

Rh 2kr.l 

<!l .I"' "" " 'l "i" 111 R Adj llJtllJ':i'!Jy;fW.lfi11J R Adj ll'f11 l1 fl FSD 

IrsRm IrsRm 
RAd· =--=---

J I Adj IT - I fs 

ImA x 50Q 
RAdj = =lOOn . ... . # 

1.5mA-lmA 

' 
l'VI':i1~11 

RmRAdi 
Rp = Rm // R Adj = . 

Rm +R Atlj 

R = sonx 1 oon = 33 _3n 
P SOn+ lOOn 

R 1 = R h - R p = 2kn - 33 .3n = 1.97kn .. ... # 

'U) 111 R Ad.i 1duuH~'WivH11'1Jt1'1 E 'flfl'fl..:J 10% 

l11 E lfi~l'flfl'fl'l I 0% 

E = 3V - 0.3V = 2.7V 

"' ' l11 IT U'fl~ IAdj l:JJU E fll'fll'l'fl-.l 10% 

E 2.7V 
IT = - =-- =1.35mA 

Rh 2kn 

I Adj = IT - I fs 

I Adj = 1.35mA -lma = 0.35mA 

. _lrsRm = lmA x 50n = I ~ ,.-, # R AdJ - 4-' >< . .. .. 
IAdj 0.35mA 
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d d ~ 
fl ) '111 %Error '1'1 R h = 2kQ I:J.HJ R Adj = 143Q \91llJ'lltJ 'll 

Rh =1.97kQ+37Q=2003.7Q 

Error= X 1 -Xm 2000Q - 2003.7Q 
xt 2ooon 

Error= -0.00185 = -0.185% .... . # 

'i' G ~ .! ' v 
5.4.3 !8't'i3.13J!VI8'ml1118l.jfl'UJ'IH11£1fJl'U1~ (Multirange Series Ohmmeter) 

1tJMllilt191tJ1umw'4 mllffllll':ifllhilu Mmt~thwi~ 1~tlf11':il~ll~11'i'Tw 'l'll'W R 1 

'11tnt1'1~1~'1~U~ 5.6 fl1':itHlfH11J1J'il~fh'I1'W~I'll Rh 'UtJ'Ithui~ x l ntJt.llGJft.!1,r Rh =1Q 

31 9 31 ' "' ' II) "' 9 31.. ' ~ .: ~ ' ..,. II) 31 
111:'11 t11tllt.l1~\91tJ !UfltJ x lO t'\1llfll Rh I'Vlll'llt.l'illf1 xl !Ut.l 10 l'l'll'll'l'il~ ~~ R 11 = lOQ 

Ui:'l~thui~~€,!'1~1-lil~ lU'il~W'ill':illil~l R 11 l'llt.!tJ'II~t11flt.!i~tl~l R 11 l~lJliJu 100 I'Vll , 

• •"' 931 ) lfsRmRh"' ,.,31 
10001'1'11\91llli:'ll~1JU'i:'l~ !'lHYllf115 (5.14 : R, = Rh- I'VltJ'Hlfll\911\9111..1'1'111-I'UtJ'I 

Eb 

Rm 

~---------- vm----------~ 

E 

x l 
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~ t! "" t! 
~~'Hl-ll-l!VJ~'j !!'JJ'l.J"UUlU (Shunt Olunmeter) 

I f I ~ 

U\91 fll'i l ·Hl'W \911-:J'Vil'i Vl111~ l'W 'Vll'W 1ll'V111Ufl 1'U'W l'W flU'U~H11~!fliJV'W 'Vi 1-:J'il1~'W~1'W 'UV-:J 

,.. o' e:.. rf d I Q.l 9) \J] I I d e:,. 

lfJ'H:JJ:JJ!\91Vl!!UU'U'W1'W11.J'VI 5.7 'iJ::;\9ltJ\911\9ll'W'Vll'W l:IJ'VI11UI'll'VI'il~ A u-a::;'il~ B 1~m1J~ 
"' q q 

" 
fl1Hl1-:J 1'W 'UV\11 en.f:JJiitl'lV1'lfu~il 'iJ ::; 'l ~ml' flfl11 uu..:~m ::; mr1 vHh 'l 'W 1-:! 'il1'U'W 1'W 

! 'H~ V'W fl'W flU fl11 'U E.llmh'W l~'IJ fJ \1 lW:JJlJl\91 v{ 1.J fl~ ulJ 1'il::; 'l ~1 m.f:JJlJll'lfJ 11~1111~ 1'W 'VI1'W ~ 

ljfi 1~ 1'1 'U ::;lifl11:JJ-a ::; tv V~u-a::; Ull 'W Ehfl111 m.f:JJ lJ l\91 v{u U U fJ '4 fl):JJ~ \1 'l ~'l 'W '11' V\llJ UU~ fl11 

tflmhu 'l 'Hi)j:JJ1flfl11 'l 'W\11'W~1 1 tJ 

A 

s B 

' . 1"' 1 .. ~ .. 
lU'YI 5.7 tlHlJlJll'ltl 'HlU1J'IJ1HW 

l rf ...::::- r/ 0 I g) C! QJ 

l:Hfl(l'U'fl\1 l 'fl'H:JJ:JJ!\9l'fl1 U UU'U'W 1'W fl1 1 fll'H'W ~r:Hflm1lfl113J\911'W 'VI1'W 'il ::; :JJ -a fllltu ::; 

\91HnwU'1:JJnu 1m.f:JJiitl'l'fl1mJuv'4m:JJ trl'fllli'fl R, Vi'il11tu1mmn-a 1~111..:~if 
1. trl'fl~'fl R, = on 1~vm1trl'l1\l'il1~~~'~ A !!1:1 ::; ~1'1 B .Yh'l1rililim::;w;r1vH~1 

. ' 
"' ' 1 ::'I "" . 1 ~ <I 'JJ 2. !:JJ'fl\9l'fl R X = ooQ l~(Jfll)!U\91 1\I'iJ) 'VI~~ A !W ::; ~~ B 'i)::;lJ)UtJ''WV~1(J R Adj 

.d 'l 'J) 111 •• 1 -~ "" ~ d "" Ill 'J) 0 ' ' 'J) "' 
!'VW 'Hm::; u'ff n'H'Il:IJ!I'l'fl) !'H-atl'l:JJ'ff!fl-a'il\1 l~\91 1!l'H'W -:J ooQ 'fl~~ 1'W'U 1 1:JJV'U 'fl-:J'ff!fl-au-a ::; 

ml'ilm::; !!'ffl W~1t~:JJmna ~~~\l'ff:JJfl11 

E 
l m = I rs =---­

R Adj + R m 
... .. . ... . ... ~ .(5.15) 



"'"" 0 11i'fll 

E 
R Ad" =--R 

• J Irs m 

I = ITR x 
m R x +Rm 

" mm~utr1vHh IT 1~~~i1 

E(Rm +R x) 
IT=--~~-~--

R ActjCRm +R x) +RmR x 

U'l'l'UtrlJnl'j (5.18) 1utrlJm'j (5.17) 

ERx 
Im=----~----

R AdjR m + R x (R Adj + R m) 

o I !II 

m"J"nn'lttmnnt~'ll8~fllfi1UJI'Iltt'flltt 

"' .. 'J) lJtl'ltJ'j\PI'dt.JtrlJfm (5.19) 
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...... . ..... . . . (5.16) 

..... .. ..... ... (5.17) 

. . .. . . ... .. .. . . (5.18) 

....... . ....... (5.19) 

2. uti~mm1vvm~u 10 ri1u1M't~umm'l'lJV~thm~utr1vJvhiJtl'lv{ 

3. ihfi1 R x ~1~nTt1u~P~fil Hmi'1u~~film~ utr1vJvhlJtl'l v{~t'l,u1tu 1~ih 1tJ 

t~vw:nn~'il~ 1~~1m1lJI'i'1'U'I'11'U'lJV ~ R x u~~rhm~utr1 vJvhlJtl'lv{v~1 umn~t~v1nu 

9) q ~ d I I QJ 0 

u~~ E = 1.sv m t'K R x lJfllt'l'11f1'lJ I on, 50Q, I oon, 500Q u~~ 1 kQ 'il~fll'U1tu'l11 

"' 'J) f1) 1'111'11'U'I'11'U R Adj 

'll) m~utr1vJvhlJtl'lvfl'l1lJrh R x ~nmu~P~1M' 

"' 'J) f1) '111\9ld\911'U'I'11'U R Adj 

E 'il1f1t1'lJn1'j (5.16) : R Actj =--Rm 
I fs 

R Adj =~-lkQ = 14kQ . . ... # 
I0011A 
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'U) mm~u'ffivlvhiJt~ra11llf1'ffl.Jf11':i (5.19): Im = ER x 
RActjRm + Rx (RAd.i + Rm) 

I = 1.5V x iOn = l.06 A . .... # 
m (lSknxrkn)+lOn(lSkn+lkn) 

11 

I = 1.5V x 50n = 4.75 A .. ... # 
m (!Sknxrkn)+SOn(ISkn+lkn) l1 

I= 1.5V x lOOn = 9.04 A ..... # 
m (lSknxlkn)+lOOn(ISkn+lkn) l1 

"" tl.JtJ R x =soon 
I = l.SV x SOOn = 32_60 A ..... # 

m lSkn x ikn+SOOn(lSkn+Ikn) 
11 

l.SV x Jkn = 48.39 A ..... # 
(15kn x ikn)+lkn(15H2+1kn) 

11 

I d QJ 9) d QJ 9) 0 9) d 0 QJ ll1 -~ I 

l'ltlt'Wtl.:Jf1'WI'lll.J ~Hl.:Jf11':i 1~H.Jl.JI'l11'll'W'Vll'W Rs 'Vll'H'Wl'V11llf1~m ~ u'ff tvlrnttr:t~l'ltlt1'4f1'Jl.J 
I t I iJ nu R Adj ·rh11'HU1Yiui'Ui!!'WV~.:J~'l.Hi 5.8 f11':i'eHlf1tt'Um~~1!1':i'illl~.:Jii 

....... . . . . . . . . (5.20) 

..... . .... . .... (5.21) 

" 
R x I 0 i~'ffl.Jf11':i~.:Ji'J 

. . . . . .... ... .. . (5 .22) 
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E 

A B 

0 

-•"' "i ~ ~ ~ 0 ~ lUYI 5o8 tfl'11lJlJ!\Ilfl'ii!'U'U'IJ'\.11'\.1'11~1flfl1'\.1111 

<v ' d 0 g) ~ d.::s 
l'rJOUH't15.6 m.'H'Wflh!'ll~H'11fllrHHl'W'Y11J R 111 =2kQ, I rs =50J.1A, R z =R s +R Adj = 28kQ 

"""' 0 1fifll 

1M'th'Wlf1 Rx l ~rllfl111J~l'W'I11'W~\Ifl!.'ll ·Hl'lfl!.'ll'l'llfl'IJ 1 OQ HtHlflll'lJ'lJ 1t~M1.1ill191tJ{U'lJ'lJ 

'll'Wl'W'H!.'llmhu1f1':iU~ 5.8 
"' 

R h =R in =R sh //(Rm +R z ) 

R sh(Rm +R z ) R shRm +R shR z 
R h = = ---"'"---"-'------'"-'---..:::... 

R sh +Rm +R z R sh +Rm +R z 

RhR m +RhR z 
R sh = -'-'-'-''------"---=-

Rm+R z -Rh 

(IOQ x 2kQ)+(IOQ x 28kQ) 
0
,. 

R - -1 •• 
shl- 2kQ + 28kQ-JOQ -

R 11 2 =10R 111 =lOx lOQ=lOOQ 

R = (100Q x 2kQ)+(IOOQ x 28kQ) = lOOQ .... . # 
511 2 2kQ + 28kQ -1 OOQ 

rhu1f1 Rx lOO m R sh3 

R11 3 =10R 11 2 =lO x lOOQ=lkQ 

R = (lkQ x 2kQ)+(lkQ x 28kQ) = lkQ .. .. . # 
shJ 2kQ + 28kQ -lkQ 
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gJ QJ gJ I QJ 

fl) !:1111'1 R x = 20Q l'l1£Jf.lllJ1~ Rx l 

g./ Q.l 'j) I QJ 

'll) !:1111'1 R x = 200Q l'l1£J£JllJ1Pl Rx l 0 

gJ QJ gJ I Q.l 

fl) !:1111'1 R x = 2kQ 1'11£J£J1lJ11'1 Rx lOO 

R x l R shl 

E 1.5V 
sl IOQ 

R, 
B 

20Q 

Rpl =(R 111 +R 2 ) // Rshl = (2kQ +28kQ) // IOQ = IOQ 

E 
Ep 1 = x RP1 

R pi + R X 

I.SV 
Ep1 = x !OQ =O.SV 

IOQ + 20Q 

0.5V 
2kQ + 28kQ = 16.66f.I A .. ... # 

~ Ql gJ I Q.l 

'll) '1·11 1111 !:I.Hl11'l R x =200Q 1'11eW1lJ11'1 Rx !O 

E 1.5V IOOQ 

A 200Q 
13 



R pl = (R 111 +R z) // R shl =(2H2+2kQ) /1100Q=IOOQ 

E 
EP1 = x RP1 

Rpl +Rx 

E = 1.5V x IOOQ = O.SV 
pi IOOQ + 200Q 

O.SV 

2
kQ + 2SkQ = 16.66t.tA . ... . # 

R x !OO Rsh3 

E l.SV 
sl JkQ 

A 

R x . 

2kQ 8 

Rpl = (R 111 + Rz) II Rshl = (2kQ+ 2kQ) II I OOQ = I OOQ 

E 
EP1 = x RP1 

Rpl + R x 

E = I.SV x IOOQ = O.SV 
pi IOOQ + 200Q 

Epl 
I =--'--
m Rm +R z 

O.SV # ----= 16.66J..1A ..... 
2kQ+28kQ 
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'il1nl'i1mh"~ s.7 m~tl1:r1vlvhih~t~1rvhnu 16.66!-lA 'I'Jmhtr1~'1'1mvml :I..r:h'il~ 

rll'I'I'U~fh 20Q H~l'l l !!'l'ltJ'i 33.32% 'Utl'ifll!~:JJ"fftnl:'l : ( 16
·
6611

A x i 00% = 33.32% ) tiu 
50J..1A 

" "' ~tltlll'i'lril'U1~ Rx l iJt~tl{'il~'lf.yjfi l 20Q !!~1~W~1V I 'il ~th'Ufill'i1~1'U 'Vll'U 1~'Vl'n'Ufl1 
" " ' 1~ 2on t1'11'i'lehu1~ Rx l o ilt~t~1'il~'lf'Yirh 20n u~1~ru'f1'1v 1 o 'il~-ehurhl'i11'i'1'U'V1 1 'U 

1~'Vl ·nmhM 200n !!l:'l~tll;'lrilui~ RxlOO ilt~tl{'il~~~fil 20Q !!~1fltu~1V 100 'il ~ 
"' 

~1ufi11'111'i'1u'V11u 1~'Vl'J1ufi 11~ zkn 'illn~" n~11 'il ~tliu 11'1'Jnri1u1~~ww 1iJ ~'il~ 1 ~ 

"fftnl:'lt~v111:wnu 1~ 
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~ r! "" r! ~-1 ""~ "" r! • &el'lUJtHVIel"iH'U'U &lJ!'Yil!'lf &eltHVIel"i (PotentiOmeter Ohmmeter) 

~ . 
~ ,.1.1::! d I QJ iJ Q.l QJ 3J 

1~'il'J'\AI'UF1-J'?;u'11 5.9 lJ R m l'lt:lt:l'4n'JlJf1'1J R Adj U~1lJl'IJ'Ul'Uf1'1J\911\9ll'U'I11'UlJl\9l'J~TW 

(Standard Resistor : R 5 ) trlmi1Pl1~'il'J~~\Pl A ll~~~\Pl B U~1Ul'IJ R Adj 1,rm~ui1'!vlfl1 
d II)~' "' IIJ_J_'l ' d ' "' 

!\9llJff!f1~'il~ !\Pll'll R x = 0.!.1 U~~!l'J~I'l'U ll"4l"41\9lf1fl'Jt:llJ'I1 Rm !W~ RAdj 'il~!'l1lf1'1J 

U'IJI'ltl'lfl~~~mi1flu tim~'il'J 11~191'iitl9lt:J{ 

~ 
I 
m 

R s 

~ 
E 

I.h 
I s 

W'v • A R B 
X 

I .=:1 g) 

l'\AI'Jl~11 (R 111 + R Adj) » R 5 !l~~f11'J'I1 (R 111 + R Adj) II R s fl1llJ\9ll'U'I1TU'J1lJ'IJt:l~ 

I QJ I j} d C::: QJ 0 I g) ..:::2 

1~'il'J'IJ'Ul'U 'il~!'l1lf)'IJ R s l'llf11llJ\9ll'U'I11'U R s h\'il~!U'U\911f11'11'U\Plfllf11llJ\9ll'U'I11'U f)~ 
~ . . 

n~l~Il'!f1~'1Jt:l~ 1m1lJiitl9ltJ{ ~~uuti1mfi:u~l R , tllu I 0 l'vhmn~t~lJ'IJtJ~iitl'lfl{'il~~l'U 

~llfi' 10 t'Vill'i'1fl 'il~!M'Ull~l R 5 'il~flTI1'UIPlm~Uil'lvlfllt~lJ{l'!f1~U~~~1UH~'Wlvlfll 

'1Jt:l~U'IJ\9l!\9lt:l~!rlmi1Pl1~'il'J~~\Pl A 1!~~~\PlB l'W'I11~U5'!J~trlt:l'Ufllflfh'Ul\Pl!lJ'U I 0 t'Vi1U~1 

~1 R 5 fll'il'il~ tJJ!~lJ!lJ'U I 0 t'Vi1'illf1~1 R 5 '1Jfl~Eh'Ul\Pl~l!~lJ!'\AI'J1 ~ll11lJ llU'IJ\9l!\9lt:l~~~l 

mllJI'i'lumumEJ 1 ul'i'1fl 



2.875k 

Movable 
contace 

9kQ 900Q 

" 

37.51-!A 

90Q lOQ 

+ Rx 

m~1~1'U'\Jtl~u~~~~Tw1~ i$l~ .. :l'w 

~1'W1~ R x I fi~ R x lk 11dht1J~!I'ltl~ .flli:Jl'U 1.5V 

R s(Rxl) = IOQ 

R s(RxlO) = 90Q+ IOQ = IOOQ 

R s( RxiOOl = 900Q+90Q+ IOQ = I,OOOQ = lkQ 

R s(Rxlkl = 9kQ + 900Q + 90Q +I OQ =I O,OOOQ =I OkQ 

R s(RxiOkl = 9kQ+900Q+90Q+ IOQ = IO,OOOQ = IOkQ 
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EI 14n RAdj 

• I 
~ 1111 1.5V ------+ 9.99kn 2.875kn 

Iy 
37.5f.!A 

R, R s IOn R m 

3.82kn 

ivHh FSD 37.5f!A fld 1 lll'lTWVll'W'lli'H1 1~ R 111 3.82kQ 1'111'11'WV1l'W1H'UIJ''WV 5kQ D1 

' " ' 
Ill" 'I~'W ivHh'llt~'lli1JI'lll'ltl~'l.Jn~'il~l'l'lfi 1 H~ 2.875kQ R 1 = 9kn + 9oon + 90n = 9.99kn 

G'j~Q.I I QJ 9) d. .d.:! 99JClJ I Q.l Q.l 9) 

!'b'f1UVJf1!'l1'W11'1CJm1'W R x 1 Okn ~~~ ~ tlf1'Jll'lrHJ 1sv !'b'f11J!'J1'W1~ R x 1 okn 1'111'11'WV11'W 

illm11Jfi1~t1~~1 + 1w~~1 - l'V'll"1~l'H'\9fJ11m1tJiJtl'lt11t~'Wri1'W'Yifi'l'lltl'llJ~~iJtl'ltJ1~'1 
l'lt~'l 'l~IY1!'J11'1~ 1llfl1JlltJlliltl'ltJ1u~ ~ t1~1'liJtl'ltJ1 

.d 
n) '111 Jill tlltl R , =on 

1.5V 
IT = = 62.5 16mA 

J4n + [1 on //(9 .99kn + 2.87skn +3 82knl] 

'il1n'Y!i:'l n ml" 'lJ t~ '~1'~ 'il 'j u u'! n 'j ~ u IY i l'l~1 

I - 6? 6 JOn m- _.51 mAx-----
1 on+ 16.68skn 

Jill = 37.5~tA ... .. # 

d 
I rs = 1111 =37.5f.!A VI On ..... # 

.d 
'11) '111 1111 llltl R, = 24n 

I 1.5V 31 ?-
T = = ·-:l4mA 

24n+ J4n + (1 on 11 16.685kQJ 
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lOQ 
1 =31.254mAx-----

m 10Q+l 6.685kQ 

Im = 18.72flA ... .. # 

"'~ "'J,' Irs .d ?1 ' & 
u- ! ro 1111 =-=18.72J..LA 'V1 24Q 1u'Ufl1fl'lfl!;ll·HHflJ;t . .... # 

2 

OJ """" r! lHWl'lUVJ~'j (Multimeter) 

lJJ;t~~~\91~{ fi~ ~~\91~{mun'I.J'j~ff-:Jfl~~H~:J.J~t\91~{ l1J;tl'i'~t\91~{~w~ 1m1:J.J~t\91~{ 

~~'j1:J.Jnu~-:~~1~~1-:~l!J;t~~t191~{iu'~'~~'~~i!EJ:J.J'l~'lu11'~-:~'I.Jau~m'j~-:J~'I.J~ s.12 ~'~~~u 
'U~-:Ju1fi'Vl Simpson Electric '1~'UI'lJ;l11'1lfi~~'U~\911{-ff'u1J;t~f111lJ~1'U'V11'U'U\91J;l11'1 2kQ 

m~uffivlvht~:J.Jff1flJ;t so11A ~ml:J.Jl1m~uff\91'j-:J 20H2N 'luri1u'U~-:~1m1:J.J~t191~{'il~~ 
' "' "' 3 Ell'U11'1fl~ Rx l , Rx lOO, UJ;t~ Rx lOk 



110 

R x !OO 

Rx l 

+ 

' ' 

2kQ 

50lJ.A 

ll .5Q 1.1 38kQ 21.85kQ 

R x !Ok R x l R x !Ok 

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

9} I QJ I Ql d. I 'J} I Ql 

fl11l.JI'l1'U'Vl1'U:I.Jll'l':i~1'Ut'Vl1f1'1J ll .SQ V1'U1f1 Rx l 00 l.Jfllfl11l.JI'l1'U'Vl1'Ul.Jll'l':i~ 1 'Ut'Vl1f1'1J 

1149.5Q (i$1111f1 11.5Q+l 1.38Q=ll49.5Q) 11~tliu ·:hiifi 11h~mru 100 lvl1'1Jtl'l£hu1f1 

Rx l u~Vl'Ulfl Rx l Ok lJA1fl1 1 l.J~1'U'Vl 1 'U:I.lll'l':ii 1 'Uivl1n'lJ 22,999.5Q (l$1111f1 Il.SQ+ 

11.38Q+21 ,850Q=22,999.5Q) 1t'Vl'U~1l~I~'U I 0,000 lvl1'1Jtl'IV1'Ulf1 Rx l ;;tl 115,000Q 

~'lifi'YI':i1~1rltllflfl11l.J~ l 'U'Vll'U ll5,000Q l~l.JlJII'ltl{hii~ ~'I f11:'l1'11:Yif11:'l"i:Y11'11\9l:I.Jl111f1 . 
fl11l.J~ l'U 'Vl1'Ufi1V1 u 1'11l':ilJA1~ 'llll:'l~llfi'l 'IJ$11vf11':il~l.Jil ':i 'I~'U 1'Wvh'llti'IV1'Ulf1 Rx I Ok 

I~'U 7.5V $11v 
IOkQ 

2kQ 

50!1A 

11 5Q 1.138kQ 2 1.85kQ 

+ 
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2kQ 

50jlA 

11.5Q 1.138kQ 21.85kQ 

2kQ 

50!-tA 

IJ.SQ 1.1 38kQ 21.85kQ 

22,999.5Q 117,700Q 

+ 
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d,QI ~ 0 I g) .dQI 
t l'4m :IJ R 1 = 30kQ 'U~r:11~:1J\W:JI'll'W'Vll'W'UiHW R 2 = SOQ \l\lfll'W1ill'l11fll'fnl:IJ\ill'W'Vll'W'Vld~ 

H\ n) ~ OFSD 'U) ~ 0.25FSD fl) ~ o.5FSD \1) ~ 0.75FSD 

..e., d'.d Q.l 9) 9 9) 0 I 

R 111 = lOOQ , I rs = 75!-LA :IJII'HJ"J:IJ\911\lll'W'Vll'W'U'Wl'W R 2 = 300Q !'11 E = SV \l\lfll'W1ill111fl1 

'fnl:IJ~l'W'Vll'W~l~t#l f1) ~ O%FSD 'U) ~ 25%FSD fl) ~ 50%FSD \1) ~ 75%FSD 

\1 ) lfi 100%FSD 

3. le:n-fllli tl'le:J{uuuoumll1llf1oUtl I ~lllH~'W'hHh E r:1~r:1\1111~tl 2.5V 1l::;u i'urru 6¢(1£J R ? 1M 
q "' -

~ ..::;::, d'd 0 

l'U:IJ:IJII'l ti "J'lf FSD 1l \l fll 'W1ill 'l11 

n) 'fn l :IJ~l'W'Vll'W~11mJ 

'U ) fl1 l :IJ~l'W'Vll 'W ~ l~t#l~ 0.5FSD 11r:1 ::; 0.75FSD 

l rl a. d' 0 9 9) dt dt::i 
4. ! tlll:IJ:IJll'l tJ"J llUU0 '4 f1UJf11'11'W~ ! '11'U~r:11~ l flr:1tJ'W'Vl:IJ R 111 =I OOQ , 11;; = I OOpA !W::; E = 4.5V 

\l\ltJtJf1llUU1MtlJ'W f1 ) ~l'Wl~ R x I k 'U) ~l'Wl~ R x I OOk 

'Ill ---;. Rm 

vm 

I Adj 
R Adj ---;. 

IT i Zero Adjust 

R , 

'I .. '1/1/v .. 
R , 
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i c' ~ " ,:9 d~ ~ 
5. t t1 '11 lJlJl\9lti 'Hl1J1Jtl'4mtJ'IJI'll:l11'1lrHHJ'Wl1lJ R m = 50Q , I fs = lmA ll l:l ~ E = 3V \9ltl 'l f11 1" 

vv nu1J1J 1 M'i1tl'lv1 ~1u ~1~'lnm'l~ml:lrvhn1J 2kn 'il'lrll'W 1ru m 

"' 9) 
fl ) \911\911'Wl11'W R Adj lll:l~ R 1 

'U) ~1~'l~fl'Utl'l\9J11'i'1'Wl11'W R Adj ~lm'll'i'WtvJvh'llV'l E 1:11'11:1'1 10% 

cl d d' ' Q dt d Q cte% d 
fl) !Ut11 l'li'W 191 fllf111tJ r!l'l~ml'lttJtll 'UtJtJtl'lm'lHI'ltJ~lfll:l 

Rm 
~ 

Im 

RActj 

J:lh 
Rl 

'M 
R 

X 

) o' Q rl G) 9) .:! d..::s 
6. ttl'l1tltlll'ltlm1J1Jt1'4mtJ t'I1'1JI'll:l11'llfll:lti'Wl1tl R 01 = lOOQ, Ifs = lmA lll:l ~ R 2 = R 1 + R 2 

. 0 I I 'j} dl 

fl) 'il'lfll'W1tu '111fl1 R z lll:l~fllfl11tl\911'Wl11'W fl'lfll:ll'l~1f11:l 

'll) 'il'll~t'.I'W~lfll:l'IJV'l1m1tJiJtl'lv1 

) cl Q rl 9} .G::t 0 ' lj} J. ~ 
7. ttl'l1tltlll'lti 'Hl1JUt1'4mtJm PMMC lJ Irs = 50J..!A 'il'lfll'W1tu'l11fllfl11lJ\911'Wl11'Wltltll'UlJ 
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,. " = " 9) 'l 9/q 9) .... 9) d, 
8. ~ tl'Y!:J.J:J.Jl~Hl 'Hl1J1Jtl'4m:J.J '1Hl 7 ~ 11 ~'ll' PMMC 'Vl:IJ Irs = lmA ll "El ~f11 l:IJ\911 'W 'V11 'W f) ..:J f)"fll ·Hl'lfHl 

6kQ Gltn ..:J~'WivHh'lltJ..:J E "El\PI"El..:Jl'Yl~tl 5V trttJ11Pl R x = 6kn lJ II'ItJ {'il ~ Vl'Wrll'1$lrvh '1-:i 

1 rl ~ rl G) $1 ..::9 d d 
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