
9 
• 

... ... ~ -11:11:: -. 

IASOUUO~OOiannsounfl 

ELECTRONIC INSTRUMENT 

1J't1'Jh 

tl.<:::~t. d' d e: 31 31 
l1"\9llJI\9Hl':i II 1J1JI'UlJ'Il' i'lf'llfl"1fi'IUJ'W 1l~ii'll tl~ l flfl 1 'W f1W1fll1"1lltl~l.:J!'Ji'Wii 

m1 :u~l'W'1'1 1 uiiu 'Vj~'~~, i11 1 M'11'111 'j .:Jfi'u i vl~l'Utl.:J1.:J1l':i~iiml:u~, u'l'l l 'W~ .:JH~ 1\l~tnl'l 
~ 0 ~ 

tl1"fi~.:J:JJ1f1'11~tl ill'ff l :JJ1Ht1flm .:Jfl'W ivl~ 1ri 11'11"1 i~ fl.:JU'W~.:Jgt1"~iitl'ltl1111J1J 

~l!~nmuiJmf (Electronic Voltmeter : EVM) it111'11l~iil'hfl11 lJflf1~tl.:J1llf1f11711'1lJlf1 
" 

I'V'l':il ~ iil'r:lllJ~l'W'I'l l 'WiJ'W'V'll'l'ff .:JII"~ii1.:J1l':i'IJ(Jl (J!I':i .:Jfl'W i vJ~ 1 t'Ji'W 1-:J\l':i'IJ(JlCHltutult\1~1(1 
q 'U u u 

'i' t!ao. t! """ t! 
1~'il'j ~ 1i;lVItHVIeJ'j!!1J1J't1'jl'WlHY!VIel'j (Transistor Voltmeter Circuits) 

'l r! ""' r! """ """ r! • .l 'l r! 9.2.1 rJtlYI~HYI8'Ht1J1J8~~UYI81n8tlHU181 (Emitter Follow Voltmeter) 

.<::!. tl tQQ " .. . 1 1 rl ~ d tl 
1-:J 1l ':i'l'l':i l'W 'll'ffll'l tl ':iII 1J1JtllJ \911\91 tl':i 11 tl" "11tl ':i '11':i tl II 1J1JI'l tllJlJ tl'W 1'1 tl"l" f11\9ltl ':i 

(Common Collector) 1l ~ 1~Yl li~'W l1"~iill'!tl{t'V'l':il~ iil'lru'fflJU~~~fi'.:Jif 
q 

..:::::. d. tl e:t. 

1. tllJ'V'llli'I'W'lltl'W'Vj\PI~.:J (High Input Impedance: Zi) 

..:::::. d. " rl ~ 
2. tllJ'V'liii'I'W'llltll\PI'Vj\PI\Pi l (Low Output Impedance : Z0 ) 

3. fl\PI':i l 'IJ(Jl(Jfl':i~ll'ffivl~l'ff.:J (High Current Gain: y =.!E._) 
" I s 

4. fl\PI':il'IJ(Jl(JU':i .:Jfl'W ivl~l~ llJlf1 (Lowest Voltage Gain : A v = V EC < I ) 
Vsc 
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+ 

+ 

VBE 

I R s Vee 

E 
VE Rl11 

~ :uVlul'lu 'liw 11'1'1"1\91~ 1 ~-:JiJ m~ u LY i ~vhrenl'i' '1"1\91 hw 1u :u1n i 'l'l (I ~1u 'UI'ltnl'll'l:JJ'l.Hnl'l m 'l 
' ' ' 

t~tl-:!tU'Wt~:u :iJtl'ltJ{i~~-:J 'l iJ~ 9.1 t~'U1-:!1l'l~'W'Ul'U'\JB-:J t1(ll'i':iJtl9lt!{~H11'lm -:!~'W i~~l E 
~ ~ 

' " . 
~1il~l~fl 9.1 1-:J1l'lVIl.!ll l'W'\Jti -:J t1(ll'i':iJtl'ltJ{ttuu~:iJI'lt\9lB{~tJ(j hnt~{ 1u~tJVi 9.1 rhM'WI'liM 

a. ~.<:::! I 

V cc = 20V , R s + R 111 = 9.3kQ , I 111 =I fs = lmA U(l~'Vl'l 1 'U'lf'fft\9ltl'l:JJfl1 h FE = I 00 

1l-:Jfl1'U 1fl.! 'I'll 

n) thm~tt'ffi~~l 1111 '\J tJ-:J:iJtl'ltJ{trlt~11'lm-:J~'Wi~~1~'W~\9l E= IOV 

V E =E - VBE = 10V - 0.7V=9.3V 

VE 9.3V 
1

111 
= =--= lmA . ... . # 

R 111 + R5 9.3kQ 



. 

Im lmA 
Is , _ , _=lO!lA 

hFE 100 

E lOY 
Ri , _, __ =IMQ ..... # 

Is IMQ 

mf111:J.J~Tu'l'l1'WV'W'Vjl'l Ri trlv 1llu'l'l'nucliml'lv1 

Ri=R5 +Rm=9.3kQ ... . # 
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v]-;mciHn 9.2 'il1m'l'il':i~'I.J~ 9.1 'il'li'i1u1rumm~u~lrJvh I 01 'llfl'liltl'lv1 trlvi'fluH~uhHh 

""""' 0 11i'YI1 

E=SV 

VE = E - VsE = 5V -0.7V = 4.3V 

lm = VE = 4.3V = 0.46mA . .. .. # 
Rm +R 5 9.3kQ 

'illfll'i1fl~l'l~ 9.1 ilt191V{1f1UH~'WLYJVh E= JOV vhiM'm~u'fftvJVh Im=lmA ul'i 

l'i1fl~1'1~ 9.2 trifllf!UH~'Wt'VHh E=SV iltl'lfl{m':i~l'Wfl':i~U'fflvlfh Im=O.SmA ul'i'il~ 
, , , 

~1u !~rwv'l oA6mA rviluu l1'1ut'V'l':i1~m'l~u1vJvh v8 E 'il ~ -n,1M'tnflf11~fi'V'lmfl'il1n 

m':ii'fl i'I~~NI'iv1'1'ilmli'lu H~'W 1vJvh 1'111'1'il':ivill'ltl'lu1vJu~ 1 ~nu{~'~~'I.J~ 9.2 

+Vee 

14 ~ 
R4 

l s1 --.. Rs 

t 
E Rl 

1 R6 

-

L-------------------._------~------~ -VEE 



186 

1'1\l:i~lJI'l l l'le:JfvJ e:J(l hne:Jf'h-.~~,J~ 9.2 'U ll1H1' (Base) 'U t! 'I'Vl:i l'U clf"ff!l'l e:Jf Q1 ~~ 

f1JU:i 'I~'U t vJl41t 1Jtlfl'lllf1 R 1 1'1li111D 'I IIH~'U tvh1h1.J :i::: f1 e:J 1J~1tJ~1~1'U 'Vl l'U R4,R5,R6 
~ 

li:::1.Jf1J II :i 'I ~'U lvJ,1h l1Jflfl' v P hi''ll l i1J fl''Ut!'I'Vl:il'UtJf"ff!l'le:Jf Q2 f11:i~tl1'1li1111J1JUll ::: ~~~ 

m'I~'U1vJl4, vBE :wTvh111'1n~m:i~t1Jiifmm~'U1vJl4,~~~ 1~'1 

1rle:J t~~m'I~'U tvJl4 1 ~'U'\'11'1 (E=OV) li::: 1.J f1JIIH~'U tvJl41 V p=OV l~t! 11i'm::;ufl' 
~ 

tvJl41 Im 'UeJ'IlJII'le:JfliJ'UIJ''UV tu ~~UIIl'I~'UtvJl4 1 VE1 = VE2 = -0.7V t~m'I ~'UtvJ ·fh 

lJII'le:Jf V =VEl - VE2 = OV U(l::;fl':JJlj~ll'U l lJII'le:Jfl1.J1~UH~'UlvJl4 1 E=5V ~ l 'U1tu'l11 

V = V EI-VE2 = (E-VBEI )- VE2 

V = (5V - 0.7V) - (- 0.7V) = 5V 

~1f!ciH~ 9.31'1\l:it1(1\9l'iJ!I'le:Jf~iJI'l!l'leJfvJe:J(lt(ll1eJfl'U~1.J~ 9.2 01'11'\.l~lli' R 2 =R 3 =3.9kQ, 

R4 = 2.7kQ, R s = lkQ, R6 = 2.2kQ !!(!::; R 5 +Rm = lkQ m ::: llfl'tvJl41 Im = I rs = lmA 

"""" 0 1 1i 'Yi l 

at. d' ~ ~~ .:::! 

Vee =+ 12V, VEE = -1 2V 'Vl)l'U"lifl'tl'ltl:i Q1!W::; Q2 'li'U~GJi(lf)eJ'U:JJ hFE = 100 

ll'lrll'U1tu111 

f1) m ::: ufl'tvJl41 I EI , IE2 1rle:J E=OV 

'U) m'I~'UtvJl41 V U(l ::; m ::; ufl'tvll41 ! 111 1rlt! E=O.SV 

1'1) UH~'UtvJl41 V U(l ::; m ::; ufl'tvJl41 I111 1rle:J E= lV 

'1) m ::: !lfl'tvll41 I4 

f1) mm ::: !lfl'tvJl41 I El , I E2 !rltl E=OV 

E = V BE I + V R 2 + V EE 

VR 2 = E- VBEI- V EE = OV - 0.7V- (- 12 V ) = 11.3V 

VR3 -= VR 2 = 11.3V 

VR , 11.3V 
I EI = I E2 = R ,- = 3.9kQ "'2.9mA ... .. # 

'U) mm'I~'UtvJl41 V 1ri e:J E=0.5V 

V El = E-VBEI = 0.5V - 0.7V = -0.2V 

VE2 = Vp - VBE2 = OV - 0.7V = -0.7V 

V=VEI-VE2 =-0.2V- (- 0.7V) = 0.5V .. .. . # 



V 0.5V 1 
lm = =--=O.SmA =-FSD .. .. . # 

R 5 +Rm 1kQ 2 

fi) lflllH~'WlvHh V lll:l~m~u'fflvHh Im trlv E= lV 

VEl = E - VBEI = 1V -0.7V = 0.3V 

VEz = Vp- VsEz = OV -0.7V = -0.7V 

V =VEl- VEz = OJV -(-0.7V) = 1V ..... # 

V IV 
lm = =-=lmA=FSD ..... # 

R 5 +Rm 1kQ 

~) mm~tl'fflvHh 14 ('fflJlJ~ '.h I4 » I sz) 

Vee- VEE 
14 = -~--==--

R4 +Rs +R 6 

1 12V- (-12V) = 4.0?kQ ..... # 
4 

2.7kQ + 1kQ + 2.2kQ 

(Voltmeter Range Changing and Input Resistance) 
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_l,.j I QJ ~ d"" d 
9.3.1 fll'UuiU.IUf.ll't.fJVl'Ufl.:J rJI;l\?13-J&~Hl'l (Voltmeter Range Changing) 

.<:::). QJ .. ld. ... 1 9) Q.l 9) 

1:1\Pl'YIV'WV'W'Vjl'l (Input Attenuator) \Pl~~lJ'YI 9.3 1J~lJ':i~fWU\Pl1fJI9111911'W'Yil'W Ra, Rb, R0 R1 

~~'l'Jf1")ch'W11Pl1l~l:l\PlllH~'WlvJVhii'W'Vjl91 E 1M'd~J'WUH~'WlVHh EB=l V 

. ... ... . ... . .. . (9.1) 

...... .. ...... . (9.2) 

trlv EB ftfl!IN~'Wlvh~l~\Jf11:1\Pl'YIV'W ... V 

:E f1vuH~'WivJ.Yhii'W'Vjl'l ... v 
.df. 9) I Q.l 

R(Range) fiflfi1llJI91l'W'Yil'W'IJV~fJl'W1\Pl . .. Q 
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"""" 0 1fi'Yil 

'illflft:IJfll'j (9.1) 

Vm = V x Range 

1rlt1 V111 fit~uH~'UlVh~l~iJII'ltJf11lll~ . . . V 

v fit~uH~'Uivh~ll'lflfl~mJiJII'lt~f. .v 

Range fit~IIH~'U ivl~l'Utl\lt:h'Ul\01 .. . V 

:J 
i 
E 

l 

50k Rb 
lOV 

5V 

.... .. . . .. . .. .. (9.3) 

E E 
Es= x R1 = x R 1 

R ( Range25 V 1 R a + R b + R c + R 1 

25V 
E 8 = x JOH2=1V .... . # 

150kQ + 50kQ + 40kQ + l OkQ 



"'"" 0 'Jli'fll 

'illfHYlJfll'l' (902) 

rhuifl lOY 

E E 
Es= x R 1 = x R 1 

R(RangelOV) Rb +Rc +Rt 

lOY 
E 8 = x lOkQ = lY 0 0 ooo# 

50kQ + 40kQ + 1 OkQ 

E E 
Es= x R 1 = x R 1 

R (Range5V) Rc + Rt 

5Y 
E 8 = x lOkQ=lY 0000 0# 

40kQ+l0kQ 

E 
E 8 = x R 1 

R (Range) 

E E 
Es= x R 1 = x R 1 

R(Range25V) R a +Rb +R c +R1 

7Y 
E B = X I OkQ = 0028Y 00 .. o# 

150kQ + 50kQ + 40kQ + I OkQ 

7Y 
------x IOkQ = 007Y 00 .. o# 
50kQ+40kQ+ IOkQ 

189 

'illn~1mh~~ 905 ehuifl 25Y "l$lm~~uh1Vh E8=0o28V um:thuifl lOV "l$1 
0 ~ 

m~~u "lvl~1 E8 =007V 1mJ-ti~1HH~'W "lvl~1 E8 'il~\]nilt:Ju1'11'1~'il'l' 1 T1:'ll9i'iit~w{ ~n!u 

1um'l'fil'W1tumm~~u "lvl~1 v ~l'lnfl~mJiitl'lt:J{'il~l'i't:J~ "ll'i'~ll'vhtilJ~l E8 'Ut:J~H~J;~ ~ 

th'Wlf!HJ;~~:iJ!I91tJ{'il~~l'W~ l "l$11'\'ll i 'l' 1 '11'fil'W1tul'i'1flfflJfll'j (903) vn-ti'11i1~ 
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v]-;muH~ 9.61-:J1l~tU~ti'Wchu1~hJ~U~ 9.3 ll1n1vr'W~hf' Ra +Rb +Rc +R 1 =lMQ tt~:::111 

lJVl'Ul~l~'U 250V, lOOV,50V ll~~:::cJl'Wl~~~ll~-:!l'l'Wl'VHh EB=lV 

"""" 0 1 fi 'fll 

R (Range25V) = R a + R b + R c + R 1 = lMQ 

E 
E 8 = x R 1 

R (Range25V) 

E 8 lV 
R1 = -XR (Ran"e250V ) = --xlMQ=4kQ .... . # 

E " 250V 

R (RangeSOV) = R c +R1 

E 
E8 = x R 1 

R ( Range50 V) 

E SOY 
R (1h noe50V) =-XRI = --x 4kQ=200kQ 

'" E 8 IV 

R c = R (RangcSOV) - R 1 = 200kQ- 4kQ = 196kQ ... .. # 

R (Range iOOV) = R b + R c + R 1 

E 
Es = x R 1 

R(RangeiOOV) 

E IOOV 
R(Ranue100V) =-X RI =-- x 4kQ = 400kQ 

"' E8 IV 

R b = R (l~ange i OOV) - R ( R:mge50V ) 

R b = 400kQ -200kQ = 200kn ..... # 

R a =R( Range250V) -R(Rangc iOOV) 

R a = IMQ - 400kQ = 600kQ ..... # 



9.3.2 fl1 la..JI'i'nnnu8'J.n~~ (Input Resistance : Ri) 

'illfi 

Is1 IE 
I B3 "" --= ----"'---

h FE3 h FE! X h FE3 

'illnl'i'Tr.Jth'l~ 9.3 fll'U1Wm~mr'hHh IEI=2.9mA 

~'ml'U9ffftl'leJ{ Q3 fll'UJWm~Ufflvl~l lm 

I = 2
·9mA = 0.29 A 83 IOO x 100 f.l 

~ 

mn'f:l 'il~tll~vurViv'IJmllJI'i'lu'Vll'UV'U'Vjl'l'i~'l'rJwvrnu9fml'leJ{ Q 1, Q3 1~191.:ru 

91 "' fnllJI'll'U'Vll'UeJ'U'Vjl'l Ri '\JeJ'l Ql 

R =~=~=34kQ 
I IBI 29f.lA 

91 "' fnllJI'll'U'Vll'UeJ'U'Vjl'l Ri '\JeJ'l Q3 

Ri =~=~=3.4MQ 
! 83 0.29f.lA 

191 

I 



E 

nl':i t~:JJfl11:JJ.Ji1t.~ 'Vll'W fl'W Vj\91 'l rY11r.'ll'1titl91il { ill~Vl1l~1 ~ fJtlJ~ (J'W 'V1 ':il'W ~'fftl91il { 

Q3 t~'WuuutvJ\91~,:JtD~ 9.4 ur.'l~~~1,:J~':i tD~fJ'Wch'W 1~t~'Wl! uu hnJt~il 'lrYm1:JJ.Ji1'W 'Vll'W 

fl'W '1/j\91 'Uil,:J'VJ mh'W 1~li~1fl,:JVl\91r.'lil~ 

! 
Input 

attenuator 

800kQ 
5V 

IOOkQ 

60kQ 

~ : -4 
FET input 

stage 

IV 

~ -4 
Emitter - fo llower 

voltmeter 

O .., 'l o;l " .., IIJ n,J.'J " n I 
I'J1'W1~ W) f1\911:JJ'il~\91il\lr.'l~m,:J~'W rvrvn EG= IV t'ff:I.Jill!r.'l ~ fl11JJ\911'W'V11'W Rin '1JtJ,:J1JJ;n1J 

.., .., "ln•J .'l 'l ""' " O IIJ " " 'ffl(J11'Jll':i\II'I'W l'n"ll E 'ffl:I.Jl':if:lililf1lliJiJ '111Jfl11:1.J\911'W'Vl1'Wfl1'CJY1 ~~\911lJ\91iJ,:jf11'jllr.'l ~ 'V.Jf1 

~l'W 1~~~~~'W~1l~I'J1fl'W 

E 
EG = -X R ( Range) 

Rin 

Ec; 
R(Rang~) =EX Rin 

.. . .. . .. .. .. ... (9.4) 

.. . ... . . .. : .. .. (9.5) 
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~ 'j) 1 Q.l 

R(Range) rHlf111lJI'l1'U'VI1'U'Utl~CJ1'U 1\91 . .. Q 

E fimn~~u!V'Ivhilm'jl'l .. . v 

Eo fiBu';i~~ulvi.Yh~\Jm1\91'VItl'U .. . v 

' ' " 
~1tnh~n 9. 7 i 1~~lJ1\9ltJ{uuutvJ\9liJ'Ufl\9l~~~,jyj 9.4 fll'H'U\91 iM~~U R 1 =I OH2, 

"""' 0 11i't11 

R 2 =5.6kQ R 3 =5.6kQ,R4 = 1.2kQ,Rs =2kQ,R6 =2.7kQ II~~ R s +Rm =lkQ 

m~ufftvh~l Im =lmA ~~ttlum~uffivlvht~lJff1fl~ Vee =+12V, VEE = - 12V ~~~~ 

'VI';i1WJifft\9ltJ{lJ~1 h FE =I 00 tvJ\9llJ~1UH~'U tvJvh Vas = -5V !:)jtl Eo = OV 

1l~fl1'U1W'I11~1 Vp , I s ,I EI , I E2 , Is , I 4 

dt 
!lJtl Eo=OV 

dt 

Ys =Eo- Vas= OV -(-5V) = 5V 

Vp =Vs =5V ..... # 

111 I s !lJtl I s« Is 

VRI =Vs - YEE =5V -(-12V)=I 7V 

VRI 17V 
I s = -=--=1.7mA ..... # 

R1 IOkQ 

VR 2 = Ys - YsE - VEE = 5V -0.7V -(-1 2V) = 16.3V 

VR2 
l EI = 12 =--=2.9mA ... .. # 

5.6kQ 

I E2 =lEI= 2.9mA ..... # 

IE 2.9mA 
Is =-=--=29J.1A .... . # 

hFE 100 

12V- (-12V) 
- ---'----'--- = 4.1mA ..... # 
1.2kQ + 2kQ + 2.7kQ 
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I I I 'J/ 

~-:mUHfl9.8 'il1f11'1·:ro~1'1Vi 9.7 l~v ih:ruuHiii'Whh~1 E=7.5V 1! 1:'1 ~ 191'1 ~1 '\.Jl~ l OY 'il 'l rl1'WTtll'111 

"""' 0 1'1ifl1 

n) m~ u'ff'1vH41 Im 

'U) fi1u'J 'llii'W '1rHh~ihl'1v11~ ~~ 

E 
EG = x (R c +Rct) 

R a +Rb +R c +Rct 

E = ?.5V x (60kQ+40kQ)=0.75V 
G 800kQ +I OOkQ + 60kQ + 40kQ 

Ys = EG - VGs = 0.75V- (-5V) = 5.75V 

VEl = Ys - V8 E = 5.75V - 0.7V = 5.05V 

V E2 = Yp - V 8E = 5V -0.7V = 4.3V 

V =VEl - VE2 = 5.05V - 4.3V = 0.75V 

v 0.75V 
1111 = =--=0.75mA ..... # 

Rs +R 111 lkQ 

'U) mfi111Hiii'W hHh~ili1'1V11~fi1 ~~ 

'il1f1'fflJf11 'j (9.4) 

Y 111 = V x Range 

V 111 = 0.75x tOV =7.5V ..... # 

E E 
EG =--x R ( Ran ~:e) = R R R x R <Range) 

R in - R a + b + c + d 

E E = x R 
G 800kQ + I OOkQ + 60kQ + 40kQ <Range) 

E 
EG =-- x R(Ran<>e) 

IMQ " 

5V 
EG = - - x (100kQ +60kQ + 40kQ) = IV ..... # 

IMQ 

lOY 
EG =--x(60kQ + 40kQ) =IV .. .. . # 

IMQ 

25V 
EG = --x(40kQ)= IV .. ... # 

JMQ . 
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' ' Q.J I .c:t, ... I d. o Gl 9} I QJ 

~11mJH'YI 9.10 'il l f11'J'iJ'j~1J l'l 9.4 f11 11h! ~ !'11 Rin = Ra + R b + Rc + R ct = 2MQ l'JflCJlh!11'l'il~&ll'l 

m..:J~uhHh EG = IV 'il'lfllh!1W111tll R a, R b , Rc , Rct 

'illfl ft lJf11'j (9.5) 
EG 

R (Range) = Ex R in 

IV 
R (Range) = Ex2MQ 

IV 
R (Range5V) =Rb +R c +Rct =-x2MQ=400kQ sv 

R a = R in -R(Range5V) 

R a = 2MQ-400kQ = 1.6MQ .... . # 

thu1~ lOY 111 Rb 

lV 
R (Range!OV) = R c + Rct = - x 2MQ = 200kQ 

lOY 

R b = R (Range5V) -R (Range!OV) 

R b = 400kQ - 200kQ = 200kQ .. . .. # 

a1u1~ 25V 111 R c ,Rd 

IV 
R (Ranue25V) = R ct = - X2MQ= 80kQ . . . .. # 

'" 25V 

R c = R (Range!OV)- R (Range25V) 

R c = 200kQ - 80kQ = 120kQ . . . .. # 

') .!,_ c I 91 ,_ c 
9.3.4 &1tWltUV16'iH'U'U1~~'i'Uf.m.lrt1UJHVlflVIHVI1ti'YI'il'WCJftf!Vl6'i 

(Transistor Difference Amplifier Voltmeter) 

~ 

nuti:JU1-:J'iJ 'j '\JCJlCJf11llJUI'lfll'il'l11~tl'IJl'lfit~ CJfll11 '1 'il'j'IJCJlCJUUU~iJI?ltl?lt:J {fivHiJ&J (Emitter 

c! ~ 1/j •• J.!ll d ~I o1 d 1/j 9J ~ 
Coupled Amplifier) tllt:JUHI'lh! nrvnl'l'lll tUff'Ut:J-:J Q2 tiJUI!JUCJ u&J ::; l'l'UltUft'Ut:J'I Q1 ~~'jU 

~ 

m 'l~h! i~fll~h!'V'i\91 E tnllJUI'lfll'il'I'Ut:J'Im 'l~h! i~fll'j ::; WJl'I'Ul tUffVl'l ft t:J 'I'iJ ::; GfliJ t:J u 1 ,1' 
' ~ 

1-.:J'iJ 'j U&J ::; \]fl'IJCJlCJ i~m 'I~U i~flliJtl'lt:J{ V 19lflfl~t:JlJUU'IJI'l&l11'111lJU !i:JU ilJI'lllJtYI'l ri1 U 

'Ut:J'Im-:J~Ui~fll~h!'Vjl'l E 
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i 
E 

1 

.....--------------o +Vee 

~------------0 -VEE 

lrltl'Ull'IJ'ff'Utl.:J Q1 UCl~ Q2 ~UH~'WtvJvhvhf\'ueyuv (E=OV) 

mu':J .:J~u 1 vJvhl'l nfl~enJ~11'1'1u'Vll'W R4 

VR 4 =OV - VBE - V EE 

mm~u'ff1vlvh rR4 

l EI + IE2 
ICI= Ic "' 2 

'111U':J \I~'W tvJvhl'lf1fl~tl:IJ RLI 

VRu = I CIRLI 

Ru=(R 2 + ~3 ) 
'111H':i.:J~'Wlvlflll'lf1fl~tl:IJ RL2 

VRL2 = l c2 R L2 

R L2 = ( R 5 + R23 ) 

mm \l~u 1vJvhl'lnfl~mJ v c 

Vel= Vee - V RLI 

Ve2 = Vee- VRL 2 

.... . . .... .. .. . (9.6) 

.. . ....... ... . . (9 .7) 

...... .... . .... (9.8) 

... . . .... . . . . . . (9.9) 

. ... .. .. . . .. . . . (9.10) 

...... .. ..... .. (9.11) 



V =VCI-VC2 

l'fl'eJI'I':il'IJtlltiUH~t.I1'!1Jvh'llti'l Ql 

Ay = hFERL 
hie 

1rlt1 Av ~tlfll'l':il'Utlltlm'l~t.l1vJ.Yh 

hFE ~t~fl'ml'llt~lvm~u'ff1vJ.Yh 
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. . . ... . ........ (9.12) 

. .... . ..... .... (9.13) 

,-=t 9) I QJ C:.~ ~~ 

h ie fltlfl11lJI'Ilt.li'llt.l':i~lf11'1'1JliU'fff)U'IJltllJI'III'Itl':i ... Q 

d 
ll.ltl 

L1VsE 
hie=-- == lkQ · 2kQ 

L'1I s 

V=AvE 

V ~tJIIH~t.l 1vJ~ll'lf)fl-:itllJlJII'Itlf .. V 

Av ~tlfll'l':il'Utlltlll':i'l~t.l1vJ~l 

E ~tii!H~t.l1l'J~l~t.I~I'I .. . V 

.. . .. ... . . . ... . (9 .14) 

Q..l f ci ria. rl I 9) .<::!/. rl d 
Vl1flf.IH'YI 9.11 l T~l'llJII'Itl':iiiUU1'1~':i'IJtl l tlfl11lJIII'If)\911'1~1ti'Yl':ilWli'ffll'ltl':i lt.lt'I.J'Yl 9.5 

0 ~ gJ 

nllft.l~l'\1 R2 =R 5 =4.7kQ, R 3 =500Q,R 4 =3.3kQ, Vcc =+15V, VEE =-15V 

~'lfil'W1flllflm :::u'ff1l'J~l I c Ul:'l :::UH ~t.l1l'J~l Yc lrltlll':i'l~t.l1l'J~ l ~t.l~l'l E=OV 

"'"' 0 Tlifll 

E = VBE +(lEI+ I E2 )R4 +VEE 

I I 
E-VBE -VEE __ OV-0.7V-(-15V) __ 

4
_
331

nA 
El + E2 = R

4 3.3kQ 

4.33mA 
I El = I El = = 2.1 7mA 

2 

I CI =IC2 == I E =2.17mA .. .. . # 
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VRLI = VRLz = 2. 17mA( 4.7kQ + SO~Q) 
V RLI = V RL2 = 10.7V 

V CI = V C2 = V CC - V RL 

Yc1 =Vc2 =15V - 10.7V=4.3V ..... # 

. 
Q.J I .:::( Q.l I d !J} 0 9 g} .t::::l, Cf'..::t 

Vl1flt.IN'¥1 9.12 111fWl1tl t11 \l'l'l 9.11 tl1 f11 'H 'W ~ t'H'I'l':i l 'W9i'ffl\9ltl 'H J h FE = 80, hie = 1.5kQ , 

"""' 0 1 1i'Yil 

Im = r rs = 1 OO!!A l vl 1tl'!Jm ~ u1:Y'lvlvht~ :IJ1;1'lnt'l R 111 = 1.2kQ 11\ltl l 'Wltu'Hl~ l fll'l':i l 'IJtlltJ 

uH~'W'lvlvh Av m\I~'W 'lvl-M 1 v 1w~ R8 ~vh1~m~u1:Y'lvl-M ll~lJ1:Ytnt'llrlmiH~'W'lvl-M, 

V'W'Vj\91 E=10mV 

'111 Ay, V 

hFE 
h FERL 

A v = --= ----'-----L 
h ie hie 

A v 80( 4. 7kQ + 250Q) = 264 . ... . # 
1.5kQ 

V = A vE=264 x JOmV =2.64V . ... . # 

Y = l 111 (R 5 +R 111 ) 

v 
Rs =- - Rm 

1m 

R
5 

= 
2

·
64

V - 1.2kQ = 25 .2kQ . . ... # 
. I 001-! A 

(FET Difference Amplifier Voltmeter) 

11-a l'l:iJ l\91 v {u 'IJ 'IJ 1\1 1!':i 'U tJ1tJfl11lJII\91 fl~ H Jl 1 ti l 'l'l l'l 11 ~ iJ fl 11lJJl l'W m'W V'W Vl\91 1:1' ~ q ~ 

lJ l fl 1\11l ':i ~'W~ l'W~\I~U~ 9.6 1I ~ lJ'U~"fl1~'H1J'W~tltlQ':i ~ 'H'll\I'IJ1 1~':i'W (Drain) 'Utl\ll'l'll'l lW::: 

iJv'Wm\I~'W 'l'l'l-M1 V'W'Vj\9Il~1\11I':i!U~tJt..ll:h'W1~~\Il'JflV1'Wl\91 1I~t'l \91llH~'W 'lvl-M1 EG = 1 v 

R zero 11 ~ l ~tJf 'IJII ':i \I~'W l 'I'J-M1:iJ I\9ItJ{ Ivi ltl'UtJ'W 61rl tl tJ\1 'll.JiJ!l ':i \I~'W l 'l'l-M l V'W 'Vj\91 iJ tl'WisUllJl 

ff1'W f11':iU i''IJ U~ \I (Calibration) Jl1t1 1'l.l !'l'l'W ~1 'U:iJ!I9l tJ{Hli i''IJ 1~m~ ll1:Yl 'l'l-M11~mnn-a 
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+Voo 

1 
IV 

6M 

2.1 M 

E 0.6M 

90k 

IV 

6M 

2. 1M 

E 0.6M 

2 10k 

90k 

' . 1"' 'i ·~ " ' " •. 1 •• 1 'i " 1U'YI 9. 7 I 1"~l.J!~fl'il!1J1J1'l'il':i'IJtl1tlfld 1l.J l!~fl~1'lWW!l'1~l!1J1J'lf"O'ffl'1"0" I "!1"0':i .. 



" I .d ~ o' "> o' I 9} o.l I ~~ 
~lJ'Vl 9.7 ~ ·:H1\91l..Jl\91tl'Hl1J1J"d\l'il~'IJCJ1CJ'fl1ll..JU\ll f11911'll'l "dtll ~~\911'HJ1'l 'il ~l 1Jl..!I!1J1J 

'litlftWm'l hnt~{ (Source Follower) Ut'l~~tJ~ 9.8 l'imWI'ln1J'Vl~ll..!9fmlilt~1t~l..!"d'l'il~'U CJ lCJ 

0.5V 

Range switch 

9M 

E 900k 

lOOk 

(Operational Amplifier DC Voltmeter) 

(Op-Amp Voltage Follower DC Voltmeter) 

~l~'llj m ~~~bY l vJvh ttJl\ll'l'jl'll '11t'll..Jl f1 'VW~'il ~ iJtJl..! 1 1r'IJI'l1:111'11114l..!lj m~tlftl vJvht~l..Jftlf11:l 

!${ m 'l~l..! !vJvh~l..!'l'j\91 E iJt~l..!toU11'l'il~ttJ ~CJl..!Vll..! ll'l1:11'l'Vlt!l..!t~1.!m 'l~l..! !vJ.yj l ~l..!'l'j\91 E8 

" u~1iJt~u 111''ll l l..!tJl..!~l..!nt~1~'l Hi'tt~ 'l~l..! !vJ.yj l wll'i''l',!lil v 0 tvh n11m 'l~l..! !vJ.yj , ~ l..! 'l',!\91 E8 

Yo=EB= I 111 (R 5 + R 111 ) .... .... . .. ... . (9.15) 
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Input 

attenuator 
- - ___...f...- Meter ___,J ----...--voltage follower ~ C -----,...., 

circuit 

+Vee 

(Op-Amp Amplifier DC Voltmeter) 

l1~1'1iltl'lt~1uum-:~'il:i 'UI'Jli'Jtlt~1.JumJil 'il~~l'lttlu 1-:J'il:i'UI'Jl!'J!! :i -:~~u 1-rl.Yh 1lim1u 

tl'li:Y (Noninverting Amplifier) ~-:~~tJ~ 9.10 'il~1:Yl:IJl:it1'JI'l!!1-:I~'W 1l'lvh~l~l'l1~ tdmtH 
" ~u l'l'l.Yh~u~\91 E tln~t~ut'li'nn'il~tln'llvlviM'~~lmn~uu~~ l~m 'l~Plu l'l'lvhtml'f~l'l 

q 'U 'lJ q 

' " 
Yo l'lntl'imJ R3 ~~~~ R4 l!H~'Wll'lvh VR3 'il~\]f1~tl'Wf1J:luiM't~t~1.J!!tJ:JJiJVi'IJl~'W!1tl{~-:~ 

~~~~~~H~'Wll'lvh~'W~\91 E 'il~ltl'Wm'l~'Wll'lVlll'lf1fl'it~:JJ~ R3 ~1!'J 

.. ... . .. . . .. . . . (9.16) 

(
R4 I 

Yo= E R;""+l) ...... . .. .. ... . (9 .17) 
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"'"' 0 1fi'Yil 

E 

1 

Noninverti ng 

amplifier 

+Vee 

' 
Meter __ ..., • .,...:,.f-
circuit 

Rm 

.. .. . .......... (9.18) 

. .. . . .. . . ... . .. (9 .19) 

~I • d o 9 31 liL.I -!ll "" .t , ~ II) _!lj d 
E=20mV tu'Wfll~'l't!~'Vl'Vll 1'11m:::u1:Y !l"ll"ll:JJll?ltl':i Im= IOOj..tA tmnum::;ul:Y rrhn tl'lll 

mm1 t1'1t~tJ'l.Juv:willlm:::tt1:Ytl"lVl 1 V'W'Vj l'llUV1:Y I8=0.2j..LA m'l ::; R111= 10kQ 'il'lfl1'W1tu'l11 

fll'Utl'l R3 Ubi::: R4 

' 9 31 
l'V'l':i 1:::11 I4» IB !'11 l 4=l OOOlB 

14 = I OOO x 0.2)..l A 

14 = 0.2mA 

Yo= l
111

R 111 = I OO)..l A X IOkQ = IV 

R, = ~ = 20m v = I oon # 
0 1

4 
0.2mA ·· ··· 

Yo- E IV -20mV 
R4 =-- = =4 9kQ . . ... # 

14 0.2mA 
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(Voltage to Current Converter Op-Amp DC Voltmeter) 

\1lf11'l'il':it1l~ 9.10 Ul'll~m~MlfWH'I'l'Wl'W R4 'il:;r111M'm:;mrivJVJ, Im rvhnu 

m:;mriwVJ, IR3 ~'~1ldi~1mnw:h Ia v~l'lmn 

............... (9.20) 

+Vee 

E 

1 
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'i r! "" rf"'> ~ "" r! 
!O't'illll!VIO'Hlmn'YI":iel'I-Hlil (Electronic Ohmmeter) 

~ .; "" .;.,. "' "" r! 9.5.1 lfl'MaJ:t-HVIfl'Hl!tlfl'YI'Hl'Wmm'U'U fl~fl'UJ (Series Electronic Ohmmeter) 

1 eJli' :wihllleJ{ilt~ n'l'l 'J" eJU n-ffu 'U 'U eJ'4 m:w 'il ~~flu d 1'W '11~'11 'W!'fl~eJ'IlJeJl~ 

ilt~ nmeJumrl'1wu~ 9.12 'il~ii s eh u1~¥ieJ Rx 1MQ, Rx 100kQ, Rx 1kQ, Rx lOOQ tw~ . "' 

Rx 1 on u~l:'l ~ ehul'~'il~ii~1~ l 'W'I'l l 'W:JJllll'J"'IT l 'W'I.h ~ ~ l c.hu l'191~\lt1ni1eJu~1mt 'j '11'1u 1 'l'Jvh ., "' 
~ I CV 'j} 1IJ I I o'&::>. ~~~ 

E8 = 1.5V 1mJ ~I91 A 111:'1~~ 191 B !D'W~ 191 \lltl\l11\lll'W'I'l l 'W t:JJ 'I'l 'J"l'U'fll Rx Ul:'l~ 111:'1\ll:JJ!\lltl'J"\ll\1 

~ l 'Wll91 l.SV li9111HI'1'Wt'l'Jvh E ~\ll f1 'fl~fl:JJ Rx 

Es 

I .S V 

R 1 = lkQ 

IOOQ 

JOQ 

Range 
switch 

(Scale Marking of Ohmmeter) 

A 

R, 

B 

+ 
Electronic 

E voltmeter 

( 1.5 y Ran!!t ) 

trlm'l'illl'J5!~tlf1~tlfl'U~l'Wll91 Rx I kQ ~\lli~1~1 'W'I'll'W1h ~ ~l~l'Wll91¥ieJ R 1 = I H2 

'il ~ Vl'il l 'J"ti!Tff!f11:'l'f11 1 'JJ~l'W'I'll'W 'illfl!l'J" \II'1'W hlvh E ~\llf1'fl~tl'JJ Rx 191\ltl 

1. trltl R, = ooQ 1191EHDI911\I'il'J"~~I91 A !!1:'1~~191 B ~l'W ll91 l.SV 'lJtl-.1 1 11:'ll'fil!i'leJ{ 

" " 'il ~ ll91 m\II'1'Wt'l'Jvh E = E 8 = I .SV vhlM!~'lJ~!~mHf11:'11'1-.lU'WI'llU'H'IJ\I'lJtl\l ooQ 'il ~ tl~~l'W . 
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~ 
Ql Q.l 0 I I 3/ 3/ ~ 

E = E B = OV ~~'W'W\lllU'M'W~ OQ tl~~lW!flt'JlJtl'lJtl~'ff!fl'fl 

3. trlt~ R x = ~11~'1 li ~VlHHUllllfll tH~'WlVHhlllflfl'SfllJ E 'lJ'W Rx ~~'ffl.lf11':i 

...... . .. ..... . (9.21) 

111 Rx ll lfl 'fflJ f11 ';j (9.21) 

E =( Es )x Rx 
Rl +R x 

E Rx 

Es Rl +R x 

-EB -- R l +R x Rl _..:__.:.:._ =-+ 1 
E R x R x 

R =_&___ 
X ~-~ 

. ............ . . (9.22) 

E 

. 
9.5.3 fl1111~llA't1l'\.AO~flt!Htnmt (Half Scale Resistance : R1) 

~th'W1~ Rx 1kQ ~l'i'll'i'l 'W'Vl l 'W1.h~~ l ~l'W1~ R 1 = lkQ 'fnllJI')'l'W'Vll'W~'lfWm 

'ff!fl€l~~wvh n'lJ R x = R 1 = lkQ 1$i'uH~'W hHhlllnfl~tJl.lfit~ 

E=( Es ) x R =( l.SV ) x lkQ=0.75V 
R I + R X X I kQ + I kQ 

l.l] -~ ~ t/ .:1 I _d el 9) ~ 
UH~'W tl'Jrn E = 0.75V lJI\lltlH~'lffllfl~ fl €ll'l'ff!fl€lll~im1J'W'fflfl€l 1 i'WYll'Wtl'l 

t~t'Jltl'W'I'Jfl1h'W1~t1'1~1 R x tvh n'lJ~l~ll'i'l 'W'Vl l 'Wlh~~l~l'W1~ut1'l'il ~ i$i'uH~'W ivJfl1 

E=0.75V iltllltJ{'O~;~ l ~'lfl];ll~'ff!fl'fll11ljfl'Wtl'W~'IYlliM'I'J fl ~ l 'W1~ ioM'fflf)];l 1 ~llJtl'W 
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. 
~1flUH~ 9.14 1m.ftJlJ!flt~f~tfin'VlnliJmrtt1l1lt~ '4mll ~tJ~ 9.12 u'lml'11tt11 tl.:Jmmt'1lt~ ·Hh 

" .dJ12 o d 
fl11llfll'U'V11'U'Vl -, - , - 'Utl'lftl!\9llJ(;'!'!fH1 

3 2 3 

'il1fHYllnl':i (9.22) 

.d 1 IIJ " 'V1 -FSD 'il~ ~~ 
3 

.d 1 "' " 'V1 - FSD 'il~ l~ 
2 

.d ? IIJ " 'V1 ::_ FSD 'il ~ ~~ 
3 

E=Es 

Es 
E=-

3 

R = R, =~ 
x E 8 x 3 2 
---1 

Es 

R x =0.5R, .. .. . # 

E =~ 
2 

R - R, 
, -E

8
x 2 

- - -1 
Es 

R,= 1R 1 .. ... # 

E = 2Es 
3 

R =--R--'-' -
' E 8 x 3 

--- - 1 
2E 8 

R x = 2R 1 .... . # 

u1nl'i'1miHVi 9.14 u~1-1lril R x ~l'l1mru 11'1'1 tJn111'U ~1'11tmtl'l~Hn1:1u ~ 1191'1'1-:J~'!J 
d .d ~I G1l <;" I ~ y 

'V1 9 .13 9i'l!u'U~!n1:1H1l1l1:1tlf1 (Logarithmic Scale) ~~l'J~!n~'l.i1'1'V11l'J'il ~ 'l1l'J11llllf1 ~huu 

m':i ~Tu ~1 'l 11'lil'l11l.Jtl n~ tJ'lmnJ u 'il ~~ tJ'ltl ci'l u 'lf1'l 'l n-a'~ 1 ~'l f11:11'l ~m1:1 
" " 
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'l .J ""' """' '" ""' .J 9.5.4 ~el'tU.JlHYlel'Hl!'t1fl'fi'Hll!fUJ!!U'U'lll!ll! (Shunt Electronic Ohmmeter) 

i .? ~ 'J"q d .::::::,_ 11 Q.l ... I.e::::! ... 1 'J) QJ 91 
! tl'l1llllt\9ltl'HH"fl'VI':itl'W fHY!l1J1J'U'W 1'\.l~,:j~lJ'VI 9.14 'il~ll':i ~ fltl1J~1CJ\911\911'W'VI l'W 

lll\9l':i~l'W~iirht~CJ,:j\91H (Precision Resistor) R1 tW~ R2 ~tlt1'4fl':illtl'W'ild1a'Wttmi,:j~1CJ 
' " 

tt':i,:jf1'Wlw-M l f1-:jl1 (Regurator) 6V ~~"~1~11mi'iltl'1t:J11'1-:j~l'Wl~ 1.5V 1~m,:jf1'Wi'I<'I-M1 E 

\9lflf1'it!ll R x ~,:j~t:J'U'Wl'Wtl1J R2 ~~CJ R x ~tltl1J~~ A~~"~ B 

+ 

Regurator 
6V 

Rz < 
1.33kQ 

" I lf)!)} Q.l .<:;S 

\9lflfl':itlll R 2 ~~ E = l.SV ~,:j'W 

A 

B 

EB 
E= x R ? 

Rl + R z -

E 

E = 6y x 1.33kQ 
4kQ+l.33kQ 

E = 1.5V 

I 

+0 
Electronic 

voltmeter 

(l .SV Range) 

- <;> 
I 



2 . trlu R , = OQ l~V~~1 ~'il'J~~\91 A UJ;J~ B l1J;J \9l'lJ t\lleJ{'ild~uH\9l't..tlW~ l 
~ 

Q.l QJ \1) g) o I I 9) 'j) .::!,:i 

E =OV ~ -:J'W'W R X = OQ t ~ \lllUl!WI OQ tl~~ l 'W 951VlJ eJ 'Utl~bYtnJ;J 

3. trlu R x = ~ll~'l 'il ~~'il l 'Jru l 'il lfl t 1J;JI'liitllluH~ u'J -:J I'1'W 1vJ~ l E lllflfi~U tJ 

R 2 II R x ij~l t'Vlll'JI'1-:!brtl f11'J 

. .. . .. . .... . .. . (9 .23) 

~ ~ 1 I 'j} _.J 
lJt\lleJ'JttlJlJ'U'Wl'W !~Vfllfld l lJ\ll l'W 'Vll'Wf1-:JfWll -:Jbrtf11:1 R h = R X = R I II R 2 

l'W~tl~ 9.14 'il ~ l~ Rh =R , = R1 II R 2 =4kQ I/1.33kQ = IkQ 1'1-:JJ'W'il ~ l~l~'\.l 
chu-1~ R x 11<n fi1u1rulfl~lm -:JI'1u 1vJV11 E ~lllnfl~utJ R 2 11 R , \1 ~ 1~rvil nlJ o .7sv 

\llflbYlJfll'j (9 .23) 
6V 

E= x l.33kQ I/l kQ 
4kQ + 1.33kQ II I kQ 

E =0.75V 

.:::9 ~I I <j) .J ~I I QJ 

R x = JkQ 'il-:Jlu'Wfllfl1llJ\lll'W'Vll'Wfl-:Jfl1:11-:Jbrtf11:1tW ~ R x = JkQ = R 1 II R 2 'il ~ tu'WV 1'W1~ 

1 ., "" ., 
R X lkQ 'Utl-:! ttllflJlJt\lleJ'J 

'ill f1 lf~flfmi'1-:Jf1~ 1 1tilut~lJlf~tl1:1\ll~ lfld l lJ~l'W'Vl l 'W'Utl-:J R 1 , R 2 lMl~1-! 10 I.'Vll 

!li ll)!li . ,; ~ "" ll) !li • "' 9' 1 "' "" ., !li 
!!1:11 till R , = R 1 II R 2 \llllJfll'Vl ! 'V'llJlf'Jtll:'l~\1 ~ t\l1Vl'W1~ tlflJ'Utl-:J !tl lflJlJ l\9ltl';i\9lllJ\lleJ-:Jf11 ':i 

I d ~ I g./ d I <j) liJ g} I 

l'l5'WllJtll'V'llJfl l fldllJ\lll'W'Vll1..! R 1 , R 2 tlfl 10 t'Vl l U1:1 1 'il ~ t~fll R 1 = 40kQ , R 2 = 13.3 01d.2 
~ 

fl l 'W1 ru lfl~ l ~l'W 1~ h n i'Uu-:J 1 u r!tJ il tlllu {1~1'1-:J il 

R x =9.9kQ z IOkQ 

E= 
6

V x J3.30kQ I/I OkQ = 0.75V 
..J.OkQ + 13.30kQ Ill OkQ 

' ' I CV ~ I Q.l I QJ 

l'Vllf)lJ I OkQ 95-:Jt'Vll f)lJ fll R X 1-!'W ltl -:! 
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'\ t! "" . ... .. "" t! "" <:I t! 
9.5. 7 !~'t'll!a.UV!~ 'HHtHl't1'Hl 'W fHYH'U'UiU'Wtl'i (Linear Electronic Ohmmeter) 

1'1\l':i~U~ 9.15 'Yl':il 'WcJfi:l'!l'ltJ{ Ql \l ~ YJl 'l l 'W!~'W1'1\l':ifl':i ~!!i:Y 'lvJihfl'l~ (Constant 

o !ii "' !ii 1 ~I • 
Current Circuit) ~flflll1'W\PlmVI'ldl'll'W'Vll'W Rb R2 !lfl ~ RE !l'lV R1 !!(! ~ R2 !IJ'W1'1'il ':i!!'U'I 

m '~~'W i vJ .Yh iJi'fi1 5. ?v l'l flfl~tl:IJ R 1 ~lv111''1ll tul:l''Uu.:J'Vl':il'W9fml'lu1 i Jlm '~ ~'W i vJ vh~ 
""' ""' .. "' liJ gJ liJ •• 1.3/ ""'""' .. 

'Ultl:IJI'l !l'ltl':ifltl VE =VRI -VBE =5.7V-0.7V=5V \1~ ll'lfl':i ~ !!i:l' lY'IY'lltl:IJI'l!l'ltl':i 

v 5V 111 I d. I d 0 r/ C!o rl ~ I Ql Ql Ql 

I E "" l c =__.£_ =- !l1(l~l'W R x :I.Jfllfi'I'Vl !!(l ~ 'W l l1(1\9l:IJ!I'ltl ':i \91'1Vl'W11'15V 1\Pl!!H\Pl'W 
RE RE 

ivJvhl'lnfi~U:IJ R x ~'~\l~~filfi.:J~Jl1v 

+ 

Regurator 

15V 

R2 9.3V 

1 

+ 
Electroni c 

voltmeter 

(5VRange) 

B 

!ii 1 "'""' "'"' "' liJ •• I -~ liJ !ii ' liJ !ii .;_ "' liJ !ii m !T(;II'l:IJ!I'l tJ ':i 11'l!!HI'l'W tnnl R x !1'1 3V vu:l..l !1'1 R x = 3kQ 'W'WfltJ'il ~ !l'l1:l'!fl (l 

" !!':i'I~'Wi'\'J~ 1 OV ~'I 5V Yilt~'W1:l'!fl(lfldl:IJI'i'l'W'Vll'W!!UUiil'wv{ OQ ~'I 5kQ ~'IU'W i'IUl 

1'111'i'l'W'Vll'W:I.Jll'l':i~l'W R E l1(11V'")fll:I.Jlvll!~'W~l'Wl\Pl 1Ji'm:IJI?i'U.:Jfll':i 



g]1~dH~ 9.15 'il~l'lTW1tu'l11flll'111'i'l'W'I'll'W R x 'Uti ~ im1JJiJt\9ltJ{mJ1J'IJ'Wl'W~~?;U~ 9.14 trit~l'~ 
ll':i~~'Wt'VJVh VRx = 5V W;lTI'h'l11'm~U'fftvlvh Ic = IOOJlA,!OmA 

R = YR.x 
x Ic 

SV 
R x =--=SOHL ... # 

JOOJ1A 

SV 
R x =--=SOOQ .... . # 

SOmA 

'l r! "" r! -1 _rfl 
Hl't'il.ll.I!VIel'iH1J1Hlel1JHell.llJ ( Op-Amp Ohmmeter) 

+V 

e. Q.l 9) 'J} d. Qt::::. di 
'l"l'ill':itu11~'il':i1~1'11 1 JJ\91 1 'W'I'1 1 'W~1V'I'lf:lEJ~l'l'l1'W'W (Thevenin Theorem) t'l"ltl'111 

1~'il':itViV1Jt'Vhm1ii 'WVi~~ au~ ~ b 

. . ...... . ...... (9 .24) 
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'11l~lf111lll'i'TW'Vll'ULYitJurVh'UtJ\IL'VllU'U Vy11 ~~\Pl A um~ B 11Pltif11':i~IP11\11l':i~ 
Ul'lci\l~ltl +V 

.... ... . ..... .. (9.25) 

1. Lrlu Rx =on 11PltJt1'1Pl1\11J':i~~\Pl X u~~ x' vhiMm\II'1'Uirlrhfl'U'Yj\9l'Utl'l 

UtJDUUlllh~u OV \01.:~Jul"i1Ul'IU\I OQ ~\lu~Jll'U~lCJ'IJU\I'fflf1~ 
2. Lrltl R X = ooQ 11PlmUIP11\11J':i~~fl X u~~ x' vhiM'm \I~'U irJfjlfl'U'Yj\91'\Jtl\1 

~ ~ 

tltlDUU:Uilrvhnu VTh lJLI'ltJ11l~~~h~:umn~ 101\IU'UI"ilLLl'IU'I ooQ ~'lu~Jll'U'IJ11'1Jtl\l'fflf)~ 

QJ ' ~ !/ <=::~. r/Q.J d c:t S) 

~18t.ll~'t'l 9.161Ul'I:IJ:IJL\9lel':ifi\I~D'VI 9.17 'Ufl~1fll11J'Ullfl11ll\9ll'U'VIl'UfllCJi'U R 111 = 2kQ m~mr 
II) • .1."1 d ~ ~ ' ~ .. 
!Yil'lll\9lll"t1'Lf1~ I rs = 50f.l A ~ l'lfllfl1l:IJ\9ll'U'VIl'Uf1\l f1~l'l"t1'Lf1~ R h = I OOQ 

\l'lfll'U1Wl'llfl1 

f1) U"J\I\01'UlWfh Yo ~ FSD U~~ 0.5FSD 

., ~ 

'U) \9l1\9ll'U'Vll'U R 1 , R2 

fl) U':i .:~1'1'W i rJfjl v 

'1) U':i'I\01'WlWij1 YTh U~~~1Jl1'U'VIl'U RTh 



+Y 

f1) m Y0 Vi FSD 

Y 0 = l r5R 111 = 50~-tA x 2kQ = I OOmY . . . .. # 

...; 
mY0 'Vl O.SFSD 

Yo =O.S l rsRm = (0.5 x 50~-tA) x ~H2=50mY . . ... # 

'\J)lfl R 1 , R2 

'il ~ i~ 

l'l"'"l 1 ~ '";ll R 1 = R 2 

R 
1 
I I R o = R 1 R 2 = ( R 1 ) 

2 
= I OO!J 

- R I + R 2 ~R I 

R 1 = R 2 = ~ x I 00£2 = ~OOQ .. ... # 

1'1) 111 v 

'il1f1 
y 

v,.11 = x R 2 
R l + R2 

V = YTh ( R I + R 2 ) 

Ro 

V 
= I OOmY(~OOQ + 200!:1) = 'l OO 1 # - m\ . .... 

200!:1 

'I) 111 YTh lW~ R Th 

t~B'I'il1mth.J 1'1'il"l"JJVI'l"l1'\JtJ1CHt"l 'll'l\J i vH1wvhn'lJ 1 

v,.11 = Vo = IOOm V .. .. . # 

RTh = R 1 II R2 = ~OOQ I/200Q = I OOQ . . .. . # 
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(Multi-Range Op-Amp Ohmmeter) 

trl fJ~ fJ '~ fll'.i '1'11ttl u1 milJiJtl'lfJ 1u 1J1J '11 ~ 1 mhu11'1ua 1ll~ Vi lll'.iW1ll1nl'l1u '11 l1 '~ fi 1 

fl11lJ~1hi'V11hl~'lnm'lfftn~ Rh ~'1~11~ 9.18 ttlu1m1lJiJtl'lfJ1~1l'.i~nfJ1J~1V~lhlll'l 

R X 1 , R x 10 , R x 100 

+V 

' 
'i tHi 9. 1 81v1'ilJ:Ut~v{vvtluv1lilmJ1J'IHnmhwl'~ 
" 

' ~ 

lllf11'1ll'.i'.i'lJ.yj 9. 18 filll'.iWlUI'i~~tll hlll'li~~'liJ 
"' 

I Q.l ~ 0 9 g/ I gJ 

Vll-.111'1 R x l Cllf11'11hl1'1!'11 R1 =R 2 =20Q '111'i'll RT11 =R 1 // R 2 = 10Q ll ~ \?lfJ'l 
~ I I I 

111' R x = 1on ~'l'l'l1111'iltl'1fJ1;-vin'lnm'lfftn~'1~mn~'UfJ'ImllJI'i'lu'Vllhln'ln~l'lfftn~ 

ttlh! R 11 = lOQ 

I QJ g/ 0 9 !lJ 1 I I 1 I 

l'.l l l-.111'1 R x i 0Cilfl1'11hll'l!'11 R 1 =R 2 =200Q '1111'11 RTh =R 1 // R2 = I OOQ ll~ 

~fJ'l111' Rx = IOOQ ~'1'1'1111i'iJtl91fJ{~~~'lf)~l'lfftf)~i~mn~'UfJ'Ifl1l:IJ~1hi'Vllhl~'lf)m'l 
~ d ' ?i ' ' "' "" 'fftf)m lJhl R h = I OOQ ll~t'Hhl1ltu hl 10 t'Vll'UfJ'll'.l l hl11'1 R x I flfJ I OQ x I 0 

Vlhlll'l R x 100th'11'11hll'l111' RT =R 2 =2kQ '111fll RTh =RT I! Ri =lkQ ll~ 

~fJ'l111' R x = JkQ ~'l'l'l1111'iJtl'1fJ1~~~'ln~1'lfftn~i~mn~'UfJ'Ifl1l:IJ~lhi'Vllhl~'ln~l'l 
.::'1 ~ I ?I I I Ql C! 

'fftf)~tuhl R h = lkQ ll~t'Hhl11tuhl 100 t'Vll'\JfJ'll'.l1hl11'1 R x I flU I OQ x I 00 



""~ c! ""' c!""'.,;; """' c! • ~f1Cif! 1~~'<lJ~VIf1":if1~Qfl't1":if1'Wfl~ (AC Electromc Voltmeter : AC EVM) 

"'"'"" d "" "'i "'"" .. "' , .. 1.~ 9 . 1"' ~lf1\?l'lftJI(;IflV1';itl'UfHY 1(;1191lJII91tlmUU1.:J~":i'Utlltll91llJH":i.:J\?l'U l'fl"ll !'Ut1J 1~ 9.9 ~ :; 

l11 1~'Wit!~i 1(;1\9l'iJ tl91 t!f$)1tlf11":i~tl l\91 i t!l'lt!'W mlJnU'lll'lml'llilJ'W~.:J":iU~ 9. 19 ~:;t~'Wtt~CJl . . " 

i1(;119i'lJII91tJfHUUI~ti.:Jm :; HJ:YlvJ~lfl~.:Jfl~'W trlm'1t~'WHH~'WlvJ~lm :;H1:1'1:1'~U E ~ :;vhW 

C
1 

~lJli'Wl~n'W (Block) '1li1ti'HH~'WlvJ~lm:;u1:1'191-:i.:JNl'WI~llJl HH~'WtvJ1~1m:;HJ:Y 

'ff~U E ~:;~f1(;1\?l~tJ'W(;I.:JI~'W!t":i.:J~'WlvJ~lV'W~191 E8 1Jvu1ti't~tJUHtl:IJ~~.:JHH~'WlvJ~l 
~ 

tt~ll'i'~191'Ut!.:Jt!t!UHt!JJ~~:;iJ~ll'vllnuu ":i .:J~'W '1 vJ~lV'W ~191 E 8 f11":i~\911-3~ ":i t'!f'W{'j~:;iJtltym 

~lN\?l'Vl(;ll\?l~lf1UH~'WlvJ~l VF 'Utl.:Jll'l it~I'II'Vl-:ildlUH~'WlvJ~l V 0 ~191f1fl~tllJlJI191tJ { 
~ :; iJ~ll'l'hnu E 8 - V F = E 8 - 0.7V lJ1 E 8 < 0.7V ~:; lll'ffllJl":itl'J\?lUH~'W~l~l"l t$JI(;Itl 

Voltage 
Coupling Attenuator follower Rectifier Meter 

j''"'"I, ~·~------~·*~·~------+-V--~·~·------~·~~-----~·~ 

E 

1 
. .If;~--

·Eil 

Input 

.y 

rt. Es-VF 

Output 
waveform 

f1T:i1Jv.:Jn'W '1li1 ti'tnl'l~lN\?l'Vlm\?l~lnm .:J~'W '1 vJ~, v F 11n'1 'UJi' 1tlf11'j lhv~\91~ f) 

'ffltl~tyty lUI f11'jll t1 'W f1~ m lf11tlll'i' ~191 'U tl-3 tlt!U Ht!JJ~ IU~ ti'W m~ tl~'U 111 fl h \91 (Cathode l 

'U ~N l\91 it~I'I~.:JtU~ 9.20 ~ :; '1Jlm.:J~'W '1vJ~1 V 0 = E 8 191f1fl~tllJ~lJII91tJ{~:;iJmllJ~f1~f.l~ 
'illf1f1WJI'l~.:JI~tlf1ln~'il'jl~ti.:Jm:;ua'1vJ~ l~lJfldllJ I~ti.:JI91":i.:J (Precision Rectifier) ~.:I!fi\91 

ll'il :; iJ c 2. c 3. c 4 ~tlfl~tllJ~1Jll'W~l'W'Utl.:I1-:l~'j(;l\?l'Vlfl'WI~fl'lf\?li 'IH.l 1ti'~tytyltll V'W ~191 ~~ 
~ 

1 li'NI'IIVitJ'WI~ tlf1llfl1Ulclitl91flf'lfl'll'litl (Compensation Capacitor) 



ci 

r c2 

E c3 

1 c4 

- -

Precision Rectifier 

+V 

·--~~--
·Ea -V 
Input 

waveform 

Precision rectifier 
amplifier 

+V 

-V 

re Es 
Output 

waveform 

rL AvEp 

Output 
.__ ______ ____. waveform 
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} R , +Rm 



+V Meter 

l'iv'UI'll:lll'l'VI:IfWtt'Vl'W R 2 trlvu 'J -.JI?lu 1 vHhilu 'V;!I'lflf-:~ t'litnmnn E P \]m'Jvut.u'lm'il :;;'l'l l 

i1Xtl'lltJI'ltJ1fum-:~l'lu!vJvh!u51:1'1'1H~-:~lim :;; ul:l't'I'Jvh I p 'lmH~l'W R, '\) :;; !J{ I r =~ 
- R ; 

E -£\.:;--o--1~-------1 
cl 

M eter 
current 



"'"' 0 1fi'Yil 
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1 ·-Hl':i 'nJ~ 9.23 1~'W1t19it1~1'fi111'1t1f1~t1-!!m~u~1vHht~ lJI'l~'W ll'U'U'U~~~ 1~v~ 
" 

~~ 1a~ D1, D4 1l ~'l$li''Um-:J~uhlVh'l'Ufl'~l'1':i-!I'IJW~~m-!I~'Whh~lB'W'Vjl'11'l~'llCJi1n~mn 

\lm'Jau1.u'1mu~~ D2 , D3 1l~'l$li''Um-:J~uhlVh'l'Ufl'~l'1':i-:J'UW~~m'l~u'll'lvhBu'Vj l'11'l~'l 

lCJi1fl~~'U\]f1ilau1.u'llJ 111 ~ 'l$\m ~ ll~"ll'lvht:~~tl Iav = 0.636Ip 

'lYl'W':iU~ 9.24 wCJi11~1'fiJ11'1tlf~1~tl-!lm~u~'ll'l-}h~lJI'l~'WU'U'UI'l~'l'U~~~1~t111 ~ 
" 

I I !)} I 

"ll'lvhilaui,r1-!11l':i1~ti-:Jm~ll~'1l'l-Mlll'U'UI'l~ -:JI'li'iu uan111nu c 1, c 2 iiHrwanum~ll~ 

! l'l-Mlm ~ll ~\91':i -!11llf1i'111'1tl {ll~ ~ 1 ,r m ~ ll ~! l'l-Mlm~ll ~~rl'U ~h'W! u! ${ 

Output 
transistor 

Meter 
current 

m 

ll'l-M11~lJ~1f1~ I fs = lmA 1W~I'l11lJ$jl'W'I'll'W.flltli'W'U~~1~ R 111 = 1.2kQ 11-!lfll'W1Tl.!lfl 
' .d 0 q !V "' ~ "' "" _9j "' II] _9j f1) fl1 R 3 'l'l'l'll !'YH'UlJ 'lH\91lJ'i:Hf1~1lJtl1Jtl'WH':i-!I~'W t'i"ll"'l I OOmY(rms) 

'U) m~u~"ll'l-M1m~tl lav 11~lr·mrvh"l':i1rlailaum-:J~'Wll'l-Ml 50mY(rms) 

lav = Irs =0.3 18lp 

i rs lmA 
lp =-- = --=3.14mA 

0.318 0.318 
E,.1115 =0.707Ep 

E 
Erms IOOYrms 

p = - -= = 141.4mY 
0.707 0.707 

R , =~ = 141.4mV = 4 " # 0 s.,,.,, , 
l p 3.14mA 



,j 
'U) '111 Iav !lJtl E = 50V11115 

' ~I v "" 
U1J1JHfl'H~'t1 9 

E = E m,s = 50Vnns = 70.7mV 
p 0. 707 0. 707 

l p =~ = 70.7mV =1.57mA 
R3 45Q 

l av =0.318lp =0.3 18 x l.57mA 

I 
l av =0.5mA= - FSD . . . .. # 

2 

~ ' 
'l " "" " "' "" "" " . . 1 'l " "' . 1"' 0 9" ' 1. 1\lll'J l1GI\91lJ!\?Itl'J 'V'I'W~ 1W!'IJ'IJtllJ\91!\?Itl'Jl"ltJGitGI!1tl'JIPI\I~ll'Vl 9.1 fn'M'W\91 !'111'11 V cc = 12V. 

R 111 = lkQ, I r.s = 2mA 'Vl'J1'UcJiff!l'ltJ{~fi 1 h FE = 80 ll\lfl1'W1tu'111fi1 R , ~Vhl-H'm~ U"ffll'lVh 

4 . !!'J \I~'Wt'\'lvhvm~\91 E = 3.5V i1t~'Wl'l1'1\lll'JGII'I'Vltl'W~\I~D~ 9.4 ll'lfl1'W1W'l11!!'J\I~'W l'l'lvh E<; 

'\Jtl'l!ll'iGI ~ ~1'\..1 l \91 

a:, 1f'd. _9-i I 

R 4 = 1.5kQ, R 5 = 500Q, R 6 = 3.3kQ, R 111 + R, = 20kQ lJ!\91tl 'J lJ I f.s = 50f.!A !! GI ~ lltl'Wfl1 

!!'J\I~'Wt'\'lvh ± IO V 'Vl'J1'UcJi"ff!l'ltJ {~ h FE =80 t'\'l\91~U'J\I~'Wl'\'l-M 1 VGs =-3V ll\lfl1'W1Wl11 

fi1 Vpi 5 , 12 , 13 !W~ 14 t:Umt'J\I~'Wt'l'l-M1V 'W'Vj\91 E = OV 

E = IVJV !! GI ~ 4V 
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<)' o'~ rl I 'l "' l ..d .::s "'I ~ I Q.l .,f 
7. ! Tfl\lllll\'l'tl"W1J1J1'l'il'J'lJ(Jl(Jfl1l lJH\ll fl\91l'l 'W ~ lJ'Vl 9.5 llf;l 1J f1'JUI\lll'l""]l'l'l'W R 1 = R 1 = 15kQ. 

Ru =RL2 =3 .9kQ,RE = 3.3kQ, R s = 33kQ U"fl~ Rm = 750Q m~trfl'lvHh I rs =50J1A 

~ ti 'WUH~'W tvJVh ±12V 'il 'l fll'W 1UI 'I11 ':i~ ~UU':i 'l~'W'lJtl 'l 'Vl':il'WcJiml'l tl{trltl E = OV 

do'l !V d Q d'd d 
E '1'1'1'11 '111'1JlJlll\lltl':il1JCJ'll1J'Wtl'llJ'fflf1"fl 

10. 11-al'i':iJtl'lt~1Hvv1Juv:u~t~u1-:J'il':i'llmvlllmrurw'ffm:u~1J~ 9.1 o m~u'fflvlVh~u'Vjl'ltmY'ff 

I 8 =300nA 'l~:iJtl'ltl{iJm ~ U'fflVHh I rs =50J1-A, R 111 =lOOkQ 'il'lrll'W1U1'111~1'1Jtl'l R 3,R 4 ~ 

vh 'l,rt~:ulitl'lt11it~:U'fftn-atrlti~ti'WU':i 'l~'W lvlVh~'W'Vj\91 300m V 

"" """ IIJ • .J .~ ~ !II 0 
llll'ltl ':i :Um~ u'ff !Y'Il'lltl'l:Umna Irs = 37.5J1A, R 111 = 900Q ua~m R 3 = 80kQ 'il'lfll'W1rum 

ll':i'l~'Wl~~l~'W'Vjl'l~Vh'l,r FSD Ha~ 0.5FSD 

E =IV 

d I d 
'1'1 25% u-a ~ 75% 'lltl'lflltl'l:U'ff!f1a 

14. 'il'lftlmrumtlJv{tc}}ul'i''llv-:Jm':it~CJ'ltU'W'llti-:J:iJt191t11'lu1-:J'il':i~lJ~ 9.12 Gl'ffi191'1f~vl'111'i'lu'Vll'W 

lll\?l ':i5l l'W IOOkQ tta ~ R x = 166kQ 

R x = 300Q 

16. 1'111'i'l'W'Vll'W 16.67kQ ~f)H'Vl'W~l R E i'W1'l'il':i 1mf:u:iJtl'lti{HUU~ti1CJ{~1J~ 9. 15 'il'lfll'W1U1'111 

~11'111'i'l'W'Vll'W~tlfl'JI'I trlti11 -al'i':iJtl'l tl {~l'W~ll~ 3 .9V 
"' 



1 -'"" -'9 ~ _I fl ~l "' I'L .I -~ .J ,j _l.d 9~"" -'"' 
17. ~ 1 ~ \ll l..J!\9lfJ'J ~ 'b'fJfJU!!fJl..J U !U'W1-31l'J!'JCJ ·:!n'J~!!1:1 !l"'l"'li'IHI'l'El'W\ll l l..JtU 'YI 9.20 ~'b'l..J!\9lfJ'Jl..Jf1'J~!!1:'( 

1W~l !~l..J1:l! fl 'El Irs = SOO~A,Rm = 450Q ~mll'W1 t:U 111!!'J -:J ~'W1W~l Enns ~ 'l'h'brt~l..J iJ!I'l fJ {~ 

18. ~1.Jmru~H1tn -:J 'il'J~t! 17 1,ru1l..Jl~t! hnJt~tn-:J'il'JI'lll..lt1.J~ 9.22 1,r R 3 = R s 'il-:Jrll'W1rum 

rll!!'J -3~'1..1 1w~l~'W 'Vj l'l E nns rll l'VIll~vh1,rlf)l'l fll'J!riCJ-:J!'U'W!~l..J1:l!fl~ 

.:::1 '1" d' .::::. cr'Gj .d .:::! ,/QJ ~ 
19. W95 n~l'll..J!I'lt!'J ~'W1-:J1l'Jt1.J'V19 . 21 l..J~1.Jmrul'l-:J'W R 1 =22kn, R 2 = 2.25kQ, R 3 =6.8kQ ~~~ ~ 

~ "" ""' 1/j,.l-~ ~ 0 ' 

tl1 R 5 + Rm = lkQ l..J!\llfJ'Jl..Jf1'J~!!1:1 !l"'l"'l!\lll..J1:l!fl~ Irs = 300~A 11-:JI'll'W1t:U'VIll'll Erms 'lJfJ-3 
' ~ 

m -:J~'W 1w~l~'W'Vj191Yivh l,r!~l..JiJ!I'lfJ{~~l 0.5FSD 

20. t1'Ell'i'iltll1t!{'l ~t!t!1.Jtwl..Jil~tn-:J'il'J t~CJ-:Jm~u1:11 'l"l~lt~l..JI'l~'WI'Ill..l1-:J'il'Jt1.J~ 9.23 li'1'l ~iltl'lt! { 
"' llj - .I -~ ~ .J ... ~ 
l..Jfl'J ~ !W !l"'l"'l!l'll..J'ff!fl~ Irs =500!1A, R 111 =460Q !W~ R 3 =450Q 95-:J!'VIl..JfJ'W'lJfJ 17 !!~ ~ 18 

'il-:Jflltnt:U 111~1 RMS 'lJfJ-:J!!'J -:J~'W 1w~l~'W'Vjl'l~l11l ,r!~l..Jil!l'lfJ{~t~l..J'ff!fl~ 


