
8 
... - . 

IOUUSCIO 
AC BRIDGE 

w9fu~\91~'111au~l91111vHhm~H'ff'ff~1J 1l~'l~11Plrhrr:n:wm~rm11 (Inductance) 
' ~ ~ 

!lr;'l~thml:JJ~ (Capacitance) cJi'lih'I111~'U~l'U:JJ11llfl1'Yl'ff 1~'U1J~\Pl~ 11Pli:Jl1\l 4 ~l'U'UCJ\1 
.<::::! .<:::), rl ?I I <=), .<::1 rid Q.l QJ I rl I ~~ 1 _'i 

ltl9f1J1\91111l~ !u'Ufl1CJ:JJ'I'Hl\Pl'U9f:JJ~1~1111111Jflli!J''UI:l (Null Detector) ~CJ!u'U '111:1\91 1l~UCJ'U 

u Mci\1~1miJuu1 \I~'U '1 vJVlln1~H'ff'ff~u~ml:JJ~~l:JJ~CJ\Ifll';i 1'11~111l~U~li!J''UV'UCJ\Ita9f 

11~\91~ 11 ~ 'l~1i'J 'Uflr;'l111 'Ull!~CJ{i1 '1 uitJi~ t'li'U~CJ\1 '!~CJCJ'ffcJi1:1 h'ff 11'1U1191H'I1'UI'I'I11 ~ 

... 
~ <:1 "" cl 0 0 

'rfW~l'I-Helctf'U'l~Hl (Baste AC Bndge) 

"' ?I "" "' ., "" !ll .,; "" ., '1 ' d '1-- 1 -~ '111CJI1J'UCJ:JJ'I'I!L\Pl'U9f!'li\19fCJ'U (Complex Impedance) I:JJCJ1J11911l'ff:JJ~(;l1J ~ :JJ:JJfl':i ~ H'ff Yf\"41 

'1Mi:1~1'UI'i'1~111l~utiu~a hH1ml:JJ~l\lrYn6ivJVll~~IPl b Hi:'l~~\91 d ~\l!~l:l'U1\1111l'l1:1.ltiJu 

~u~ 802 Hi:1~11~'1~m\l~u'1vJfl,~nl'l'ia:w~IPl b Ur;'l~~\91 d rvhnu 2 'ff:JJfl11 

a 

ac source rv b d 

c 



1'10 

a 

ac source r'\.J b 

1:UJnl'J" (8. 1) . 
(8.2) ' 

L(O, +84) = L (0 2 +83) 

o, + 04 =02 +03 

c 

d 

trltl z4 'H~tl Zx ;;tiV:IJVht\Pl'W'lf11l'Vl'J"l'IJ~l ... Q 

..... . . . . ...... (8.1) 

.. . ... ....... .. (8.2) 

.. ..... . ...... . (8 .3) 

..... . ... . ... . . (8.4) 

.. . . .... . . . .. .. (8 .5) 

...... . .. . ..... (8.6) 

... .. . ... .. .. .. (8 .7) 

. . . . . ... . . .... . (8.8) 

04 'H~tl Ox ;im.j:l.l'llti~V:IJViHIP1'W'lf11l'Vl'J"l'IJ~l .... tl'lfl'l (Degree) 
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' 
Q.l f t::i ,..J d .:::::l .at. rf ... J 9/ I 

VI1B£JH'YI 8.1 1 ·Hl':i~1Ji1 8.1 ltl'li1JHHl1J':i~fHl1J~1tlf11 Z 1 = 200QL 30°, Z2 = 150QL 0° , 

Z3 = 250QL - 40° 11\lrhtnru mrh z4 

24 = Z2Z3 = 150Qx 250Q =IS?.5Q ..... # 
Z1 2oon 

Zx = 187.5QL -70° = (64.13- j176.19)Q ..... # 

"""" 0 11i't11 

w = 2nf = 2x n x !kHz= 6283 .19rad I sec 

XL2 = wL 2 = 6283.19 x (l6.92 x i0-3) = IOOQ 

I I 
Xc3 =~-= =398Q 

wc3 6283 .19 x (0.4 x !0-6 ) 

mrh z 

z1 = R 1 = 400QL0° 

Z2 = R 2 + jX u = 200+ j!OO = 223 .6L26.6 ° 

' 
Z3 = R3 - jX c3 = 300- j398 = 500L- 53° 

z = ZzZ3 = (223 .6L26.6°)(500L-53° ) 

x Z1 400L0° 

Zx = 279.5QL -26.4° = (250.35 - jl24.28)Q 

I I 
C=--= =I.28!JF ..... # 

wX c 6283 .19 x l24.28 
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"" cf ~ I"'~ ""~ ~I "" cf 
'l.J1~'llhJ'UJ'U!'nf.JUfllulCJH!VI'WCU (Capacitance Comparison Bridge) 

.t:::::l rl ,..,~ .<::i ,.J ~ rlq 9)aJ I ~ ,..I ~ rl 
1J':i~1ltu':iV'!Jt'VlV'!Jfllul"llU\'l'W"ll ~'lf1~fllfll11J~'K':itlfl1ul"lllt\9l'W"ll(Capacitance :C) 

lt~~~lfllUl'li~.W~:uVlu~'WGJf (Capacitive Impedance : Xc) 'K~tlt~mr.h'!J~~~mulclilti91'WCJ5 
9) QJ ,. , ..:::! ...:::::. .d ric:! 

tl'4fn11fll11J\911'W'Vll'W (Series Resistance Capacitance Bridge) ~\l~u'\'1 8.3 tl:U'Wlt~'W"ll'\'1 

u '1J u 11~ tJ¢1 l'W '1J tl ..:~ 'IJ ~ ~ ~~ ~vu fl --n:u-ff:u~u .n nu 1 Jlfl..:~ rl 

. . .. . . . . ... . .. . (8.9) 

. I . I 
- JRJ -- =-JR o --

coC x - coC 3 

R 1 Cx 
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.. .. ... ... . . . .. (8. 10) 

" ~ ~ ~ 'W 1rl'l" 'j'IJ~'P1 ~~11~ ti'IJ!Ylti'IJ'i'11'll1 ·~~'P1tl 1 "~ 1ll~'W tJ ~n'IJ'IJ 'W 1'P111~tlm11J ri'lltl'l 
ll'i'I~'W 1vHh~f1t~'W'lM'·:m'i 

' 
~1f1UV.I'Yl 8.3 \J.:Jti1'W1t\!111rll Xcx ~'i'l11llri 2kHz tdtJ1'1\Jl'IJ~'P1~l'll~ti'IJ!Ylti'IJ'i'll'll1cJil'P1tJ{li 

~ 0 9 ~ 
'fffl11 ~'fflJ~{l ll1f1111'W'P1 ~11 C3 =lOOJ..LF , R 1 =lOkQ, R 2 =50kQ 1!{1~ R3 =lOOkQ 

.,. .. 0 

11i'YI1 

R x 
= R 2 R

3 
= (50 x l0

3
Q)(l00 x !0

3
Q) r. # 

500k., ..... 
R1 IO x l03 Q 

C 
=~C = (IO x l0

3
Q)(IOOx l0-

6
F) = 

20 
# 

X 3 3 1-!F ..... 
R2 50 x 10 Q 

r! r! ""' r! 
1~<U"iHl!ftCJH1tHlU"i~Hl (Maxwell Bridge) 

1'1" 'i Ull n9i't1{1 15 'IJ ~ 'P1~" ~ 'l i'1'P1tl1'i'l11lllrt d tiTW 11 'P1 tl~ 'P1ll 'll {1 .:JlJ 1" 1 fl1'1" 'i 'IJ ~ 'P1 ~ 
,.J-=i d ~ a' i} CJ} .Q d'd I CV 

l1J 'i ti'IJI'Vl ti'IJ fll'll1"1HI'l tl'i \1~11 'YI'W Z 1 'P11tl'i'1111J'P11'W 'V11'\.JU{l~fll'll1'1H'P1tl'i'Vl 'P1 tl'IJ'W 1'\.J fl'W 

E f\..J 
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. 

" fllrf'W 191 'l Mv:wiflHIPlUCJf'lJtl'lH'lJUU~IPl~lJtll~·:.J'W 
1 

ZI=----
1/RI + jwC 1 

u'VIurhv:wVluiPlucM'VJf1fll'lu{l:wm':i (8.7): Z1Z4 = Z2Z3 

I . 
---. -(R , + JXLx)= R zR3 
IIR 1 +JWCJ 

. RzR3 . 
R , + JXLx =~+ JWRzR 3C 1 

. .. . .. ..... . ... (8 .11) 

............... (8.12) 

Q.l I .:::l 0 I d. 0 

Vl16fJH't1 8.4 'il'lfi11.!1W'Yf1 fllfi11:Wt'I11.!£J1U1 

' " ~ r/ rl ~ r/ 1 o 'l 9).<::). d rid I QJ d ~ 
1lJtlH:Wf1CJi1TmlU':il91'il{llJ~'O 191£Jnl'I1'WI91 '11tllJ'I"lHI91'WCJi:Wfl1191'lUfltl C 1 = 0.0 IJ..lF , 

R 1 = 470kQ , R 2 =S. IkQ u-o::; R 3 = IOOkQ 

"""" 0 1li'Yl1 

. " 'Yf1fllfi11:WI'l11-!'VI11.! 

R = R2R3 
X Rl 

(5.1 X 10 3 Q)(l 00 x I 03 Q) 
R, = , 109kQ ..... # 

470 x i0° Q 

• "" 0 

'Yf1fllfl11lJ t'\11.!£J11.! 1 

L, = R 2R3C 1 

L, = (5 .1x i0 3 )(IOO x J03 )(0.0 l x i 0- 6
) 

L, = S.IH ..... # 
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t! "" t! 
&~f.J'U1~Hl (Hay Bridge) 

'lJ~Vl~&mf.l'lJ&fJf.J'lJ~l.!vlfiH~WH (Inductance Comparison Bridge) 

11 ~ f1fll H:: t rdltJ 'U n'U fiuu ~~,JnJ~ tiU t Vi tiUfll'lhclfU\91'\J '1i 1 ~ ti~'U \Pi f1UI'l'U '11~ 

~ tl'l fil':i 1~,:: UllJlt ,j~ ti1Jt Vit~u nu~'U \Pi f)U\91 'U 'liml'l ':i!l'U 1J ~ ~,)t ,j~ ti1Jt Vi tiU ~'U \Pi f)U\91 'U '11 
d .c:::l, I I lf -=\ tf Ql ,..ld ..:9 <f cl ~ cl 

,::t':itlf1tlf1tltll'l111elt.IU':il1l'il (Hay Bridge) ~'l~;u'YI 8.5 1'l,':i,::t'l1lJtl'UUlJf1'1itTt'l"f!U':i~,,:;: 

Ul'lf11'il'ln'Wmvn:: c, U"fl:: R, nu LX U"fl:: ~ l?itJtl'4fi':ilJn'U 

nlM'W ~ 1 M~lJVluf1 'W CJf'IJU'lU 'll'UU~fl,Jiirhl'i'l if 
I j 

Z1 =R 1+-. -=R1---
J roC 1 roC 1 

I .<:::\1. d r/ I <it 

U'l'l'UflltllJ'VlUfl'U'li'I'Jf1fll !'Ul:llJfil':i (8.7) : Z 1Z4 = Z 2 Z 3 

( R, - ro~, }R x + jroL x) =R 2 R 3 

LX jR X • 
R1R x +----+ Jrol xRI = RzR 3 c, roc, 

twm 'l'ltJlJfil, ~ 'ltt"f!::til~'WI'lfll'Vl 

. .... . .. . . . . . .. (8 .13) 

.... . ......... .. (8.14) 
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1Jlfi'fflJfll'.i (8 .14) 1) ~ ~~ 
R x 

Lx = - ?--'-'--

w-RJC I 
... . .. ....... . . (8.15) 

U'Vl 'I.HYlJfll '.i (8 .15) ~~L'Wff:!Jfll '.i (8 .13) 

.. .. .. . . . . . ... . (8 .16) 

U'Vl'W 'ff lJfll '.i (8 .16) ~~L'Wff:!Jfll '.i (8. 15) 

.. . . . . . . . . . . . . . (8. 17) 

(I) = 2Jtf .. ..... ... . . . .. (8 .1 8) 

. 
Vi'1e~~Hn 8.6 1:1~1'l1u1wmr-hmllJl'Htiv1 tll ~~~ ~mllJ~l'W 'Vll 'W'\JtJ~tJu~n~'l'lt)lJViu~u'lf 

R 2 = IOkQ , R3 = lkQ ~~~ ~ w= 3000rad /s 

• 9) 

'111fllfld l lJ\9l l 'W'Vl l 'W 
0 l 

w- R 1R oR -;C j' 
Rx= ?-,·, 

l + w- Rj' Cj' 

(3 x l 03 ) 2 (2x 103 )( l Ox 103 )( I x l o- 6 
)
2 

R,= ,, ,, 6' 
1+(3x i O·' n 2x l 0° )- (l x i O- l-

R X = 4.86kQ .. .. . # 

mfi 1m llJ m i'int'h 
L - R 2R 3C I 

X - "') ") '1 

l + w-R j' Cj' 

L _ (10x l 03 )( 1x !03 )( 1x l 0- 6
) 

x - 1+ (3x l03 )2 (2x l 03 )2 (1 x l 0-c' )2 

L x = 270mH ..... # 
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nuu1V~~ (Wein Bridge) 

.:::t. 11' .::!! d I .:::::). " .<:::::1. rl ~I 
l1'WUH11l'H''Hl!'H.Ifl11 l1'WU':ifHltJtJ{I''ll~!~!~tl~ (Wein Bridge Oscillator) 1l~l1J'W 

1\11l~~H11'1'111'fld11J~ Ll'lf.I!!'U'W RC t~l.jm:U~t~11:unwi'uu'U'W RC 'IJ'W1'W~\Iv:uVlul'lu'lf 

ttl'Yl~1Ufll tl 1 1l!~'W!!'IJ'W RC 'el'WfnlJ'H'~'el!!'U'W RC 'IJ'W1'WRH1 
' 

a 

E rv 

d 

~ 

mruv:uflui'I'W'111tl'Y1~ 1U~1!~'W!!'IJ'W RC 'U'W1'W '111~1 R3 !!~~ C3 !$1~\IU 

............ . .. (8.19) 

.. ... . ..... ... . (8 .20) 

~ 

mruu:uflui'I'W'111tl'Yl~1U~ 1 !~ 'W!!'IJ'W RC 'ell.jfnlJ '111~1 R4 !!~~ C4 !$1~\IU 

. ... . . .. . . .. ... (8.2 1) 

. . . .. .. ..... . . . (8.22) 

.... ........... (8 .23) 
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"""' 0 11i'fll 

1 
f=--

2rc.JRC 

.d 
R z = 25k.Q , R4 = 3. Jk.Q , C4 = 5.2f.!F !t~~fnl:IJ\1 f = 2.5kHz 

ro = 2rcf = 2rc(2.5 x l 0 3 ) = 15.17 x l 0 3 rad I sec 

. ... . .. . . . . . . . . (8.24) 



. 
":!! I v <:t 

H1J1Jwfl'l1Vl't'l 8 

6V 

!kHz 

2. 1l ·:JflT\.J1W'\11~ 1 Zx 'Utl~~ '!J \9l1mh~~ 1 1rlt11J~~~'tllJ~~ flTI1'\.J~ 111' Z 1 = 400QL 0°, 

Z2 = 300QL -40°, Z3 = IOOQL- 20° 

6V 

E 

I kHz 

4. 1l ~ til'\.J1W'\11~1 R, um~ ex !rltJu~~~'tllJ~~'IJtl~1~1l'.i'li'tJ~ 3 fll'I1'\.J~111' zl = 2kQL0°' 

Z2 =1.5kQL0°, Z3 = lkD.L -50° 

179 
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6V 

E l\.; 

!kHz 

o , d c::::.d' v.d o 9 Y 
6 . 'il'lfll'Wltll111fll R , W~'l~ L, !lJtlU'i~'il'illJ~('I'IJtl'll'l'il'i'UtlVl 5 f11'H'W~ !'H Z 1 = 153.8QL -75° , 

Z2 = !00QL 0°, Z3 = JkQL0 ° 

I kHz 

8. 'il'lfll'Wdtu111fll R , !W~ L, !rltlU~I'l~'il:JJ~('I'\Jtl'll'l'il'ioUtl~ 7 fll'H'W~ 111' Z 1 = l. SkQL- 50° , 

R 2 = 200QL0° , R 3 = 200QL0° 



6V 

E rv 
1kHz 

181 

a 

d 

' .Jt. ~ rl 3} d 0 9 3} 

10. 'il~ft1'U1Wl11f11 R3 !nl~ C3 !lJtJ'IJ';i~'il'fflJ~l:l'IJ'eN1~'il1'1Jti'VI 9 f11'Yilm !'11 Z 1 = 100kQL0°, 

Z 2 = 25kQL0° !!1:1~ Z 4 = l.OSkQL- 17.7° 


