zafewa (Electrical)

v 1.4.41 & gwiE e

gawEA (Electrician) - qava gfesa st

Feww dg - ReEm s s@wr s (Wheatstone bridge - principle and its

application)

IqA 1 3 U & A A oA faforfaa wRF w A e

* FHT=Y 9y F 3 et # qw fava fagett | wrw ww= @ T 1 vl s
* Fe ®WiW g TRy wt aRnfya, T=er @ (Function) iR Sw=RT @m0

* e WA A FRT AT T T FIAT |

TR qiedt ® 'wE R #F fag (Points of equal
potential in parallel circuits) : em=T at yarfea grft s&
faarae ehft | fvEme 7 8 9 oy yarfRa T el

(Fig 1) ¥ I @ET=T oraT § gfaig R v R a9+ &
zafort &1 SERIEA R @) R ¥ et 1% froermre o 2
worfd a® ¢ A% A a® daw, R fget ¢ 9T d % et
AT & IS 89X o FE 4T gaEred g ent |
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(Fig2) % sigaR 49faig R , R , R R R =aferd & | g=t
&R ,R AR & A F 4w 2 e et c A d F
@H%ﬁ%%ﬂﬂ?@ﬁﬂﬁ@?ﬁlwﬁﬁamzommswohms,
40 ohms, 700hms =¥ 15 ohms #1

Fig 2
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TR qey § g gfaty sgae (Equal resistance
ratio in parallel circuit) : @a™ fawa affrt & s w2
F forr guraw ot & |u gfaeren #t aEr Evs a2 e
afe wfoty uF gAY & "9 FgUd § € 3a9 & 79 2

TRuer R (Fig 3) & & 9X &1 =Terd omar § oy U oY
T 1: 3% gua ¥ 2|

= &Y e amar § off vy 103 % s | €| gate
emf, V STTYAT 3T =Tee ararent § 1 3 & sgara # fawfora
g &1y favare 1

:iv and second :EV
4 4

aror &t fagett C =T D & = % A% # €T yared agr &t
it

C X D & 9 2 1% H a4 T Fad &

Fig 3
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e = /g 99y (The Wheatstone Bridge circuit)

FHTAT qReaet & qAT GfA<re Sgard 1 9=q gfqy qoe
% fordr fobm <t & 2|

(Fig 4) & = wefia 9wy e § afta aefs C gfawry
AT F AR FEaT 2

Fig 4
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lemqﬁﬁaﬁﬁ@a‘m%

qfter g7% C &t Yoy arR & sgfew 3« @afa a% awawmn
ST € 99 % dga® AFar C-D & @ A et AT ger
qTe 78t gar| I§ frfa # 3t qura amarstt # gfay aee
2l

RX: Rlz R4: R3
IfR, =1ohmthen

R4

R3

X

= ford 30 TRIY =T FT ITANT A= Afa<e Rxaﬁrsn?r
FA ¥ T o gar 2 | gfady e o uw due g gfaay
& ST T Tt & | (Fig 4)

Fe " 89 ¥ JE Ao # A wA & o (For

determining the unknown resistance by Wheatstone
Bridge):

* g qEY & AW ATl URT YA ST AT |
* o i wfaerat & W a9 § A e Ared |

8 T F 3 A T & g 1R AR S E @ E ? (How

to find no current flows through the bridge

connection?) TF ATH T ST $ ATEAITAT (TH TFRER
& 39 AT@dT W) & TaTe HT W dohd 3 TohdT & 5 Serawt AT
FEd & T bl ST & | 25 WIEHICfERR g1 qof dwrT foresw
& ATt Aeraatardy of €1

FIATAF DI A UF THTAE T{re Foft Ioh Aeraarardr
B & Aq T HT U GFHT Foil 3T & & AT & | SHE JTHIH
ATt & uh a1fee fa=s &1 o= @ | aud gt & | =i =y
g X aRadt sfater &1 quei o At € | Seraaiard & o
wforter® &t gar @ & Afem e 7o qwer e T 1

Fq & A G e e wfatet A aHr gt & | Fe &
|G ST AT FATAT & gfes & fordr qvrek afaery & atfq @y
@ ST 2|

HAT § el AT FT JTAN A T § G F A B AW
F gAfeaa FLAT e1ar €| oaia 8 FErE g et At
AT wrarett # @+ fawa foag e 2

T AT HT AT AT & 717 I T@T 47 & 3 D
dg FEATAT &

&le &\ g @ 1.0 ohm & 1.0 M ohm 93 &t #4194 |
S gt 2 | (Fig 5) sfadtes P, Q =¥ S ATft a7 & s+
9T € 9T R 98 o19a gfary & S ame & r 21

Fig 5
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RESISTANCE ARRANGEMENT IN
WHEATSTONE BRIDGE

mﬁwmaﬁmw%=%s’raﬁw%w%

Foit &7 g rfa # AqaT e 978 F; YA & TE1 ghqEH
el gt 2 |

gfate® P T Q IguTd o™ Feardl & | P X Q #t 9al |
gRafda #xa & e afaxre a=t &1 % e 9T & %
AT S 7 &7 Tfaty AR gwis gfady S g fAutRa G
ST &% | (Fig 6)

Fig 6
1000
(- @
100 RATIO —
O ]
s 10
< Q x1® * x1000
1 .
O @:() R
~ ™ o
FRONT VIEW OF WHEATSTONE BRIDGE %
_Q -
R = = multiplied by S.
P

ST & AT A qLAAT & ford 1,10, 100 sr=r@r 1000

@ ST 8|

S af¥edt sy &1 =T goe gfaau & =iy § gt
T ST €1 S & A1 w9 g9 IfAUY SHEAT & GHS
R U 30 & 91 | 1.0 37 & 9999 31 aF T@T A1dT & |

IRV 1 D dg TRIT FT ITAT 1 Tfaeres Rx
T FYA % ford 3 strar & | 7 P = 100 ohm, Q= 1000 ohm
ST S & 1300hm T= &for faam stmar € &g dqferd st star
g o wfae Rxa?ruwa?rmvmﬁl (Fig 7)
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Fig 7
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IeTEwT 2 : &ie & dg a= (Fig 8) A, B, C, D 38 a9 Agferd

g1 & 9

BC DC
zaferd, 1P =15

AMTIQ = I, R,
Iy § I_l_Rx
b P 1, Q
S_Rx
P Q

S 130 x 1000
R, =— - "
R T

R, =1300Q

Fig 8

ELN143919

P,s =500 ohms
Q.. = 250 ohms =T
S,,= 12 ohms.

AD

RDc.E'“T AT T FY
gd

dqa g 9V, =V,
ATV, = V.
LP =1S
#T1Q=1R

§:EandR:EXQ
P P

Q

12

R = x 250 =6 ohms
500
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zafewa (Electrical)

s 1.4.42 & 1.4.43 & wwitea Re=ia

zawivEa (Electrician) - o gaffsa s

wfaeter w¥ areA fafaear &1 wwma (Effect of variation of temperature on resistance)

S 1 3 UG F A § o fwAfortad w1 FA A e
o AR F AR Ta0y F FEw @ i s @ e s

o Pl O F aT AT So* ety & = g gaqE |

qeTd T TRt ATAHE qToHT q¥ AT Fear € oW werd
F AT gIAAT & | T8 THRAT FT 3T PTC 2T NTC o @
RN & FA™ § ST & | T ATTH FT FoA TAE FTHI:
I Frede TaTd H F FT agr AT € |

STEt R U e & it =ra & 9ared & whfa i fafire wfoawy
T TTaIeHdT Fearar & | arT a¥ gfa<re & Fefear e &
o & e # & wWr e

gty 9¥ amqE #1 g (Effect of temperature on
resistance) : gfaxiy % smafars a9 = Teet gamT =T @
TE GTGAT & AT FAY % AT I fadr 73 € | it warert & wfoy
= AT @ aral 9% TRafad g 8 |

firaT o9 et F a1 § g ST & Iuk gfawy |§ o gfe
g & aftd 3o s weTat § a1T gfe 8w wfadty #9 gt
2l

SeF A9 arg afady & e gt § sfaty gwfaa gtar @
I AT U Fed & | NF gaTeTah T FOMeHS T & T
# gf, 1 #t weffid Far 2|

ST AT7 gfe & qared & wfawiy & g gtdt & a7 qoid gaTes
AT ¥ | I I grgeit S| Ty, qrar, vt fiad gendt
% forr Sug 21 (Fig 1)

Fig 1
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ELN144211

Fo fafa argent S g, fnfw et & o am gfe &
T gfaety § gie sraemga &9 sie sfafaa gidr 2|

ST AT g & T AT TTALTer FH ST S 7T ATT UM FOeHE
grar 21 (Fig 2)

7% faga stTaes, qus | FO, W@, FF AYF AN T
MY ATAHT AG FTaT 9G¥ FTFIF &7 & TATET 2 |
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Fig 2
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TF I & Gty 1 ara unw (0L) (Temperature co-
efficient of resistance (o) of a conductor) : |ET TH

T e R FT 0°C 9% Sfa<ier & ¥ g8l t°C a% ad
fofarT STTaT €1 @uT 3@ AT ) wfeRty R S AT a1 qwrEt
F fordr afote & gfe & o e & et &t &

*  IEE TS gfawy & quTgad |

o A gfa % guTgaE #

* =a® & TS & YA W

wf@ R- R)=R ta. .. (i)
STEt o (TeHT) UF s @ o =mas & wfaty &1 am ons
Fed & |

R, -R
4=Rt-Ro _ 2R

Roxt Roxt

IfR=1Q,t=1°C, then o= AR=R-R,.

3o 9eTe % AT urE Ht A 0°C ara gha & forr wfey siw
st & gfe grr afRwrfua feer s @ €1

e (1) @ 9a et @ & R.= R (1+a) ... (ii)

RIS @17 9% o 1 [RAT &7 d@d g F g W™ am w
gfa<re & arT o & e ™ a9 o9fq (A a<ve am
qfadd & Sfasa gfawe § 8 aret TRad & TR w7
|



w%Ranf%aﬁz;cﬁa:qTqﬁﬁaRlﬂjzgcww - 20% T s TETd | 20°C 9T Few
2 . k .
gfeter R? # aeer TR AT FT ; & P
R,=R (1 +o, t)) T — 5 x 104
R =R(1+at) delEe 100
R2 _ l+ aotz RIGIESE 1010_ 1012 1012
T R, Tragh
1 + aotl Ing—cm' 1015
wfeierswa™ ST Qg utiE LCEY 10
LE1e] 20°C 9% | 20°c 9% a1 S 104
argd Pl e Hew | T[oTi x 104
TR 10
wfergtersar x 108
IETERW ¢ TF &7 FeA 1 25°C 9 iy 55Q 8 A 75°C
TG 2.8 40.3 = . :
9¥ 65Q & | 0°C 9¥ =T & ATT Ui Ad &% |
CIG 6-8 20
R =R, (1+at)
Fra 3000 -7000 -5
© R, =55=R(1+250) ... iR (1)
fer srrar g3 49 (+0.160-0.4)
. R,=65=R(1+750) ... THIET (2)
FAT (IHR) 1.72 39.3
S e 202 27 FHHTIT (2) FF FHFROT 1 & 9T &7 9 AT BT @
A 9.8 65 Rss 65 _ 1+750
T 44 - 48 0.15 Ros 55 1+250
(84% ®TIX;
25% drefr 13 _1+750,
4% ﬁ'ﬁﬂ) 11 1+ 25(10
ALEHLY 95.8 8.9 ey IUwT BT &7 AT &1dT &
AT 108.5 15 13[1 + 250,] = 11[1 + 750,
(60% Cu;25% Fe;
15%Cr) 13 + 3250, =11 + 8250,
et 7.8 54
13-11  =8250,- 3250,
TR 9-15.5 36.7
2 =500¢
e 1.64 38 °
2
e 55 47 a = 500 =0.004 per °C.:

TafRese : TAREA (NSQF @R 5) - 3™ 1.4.42 & 1.4.43 § gwifea fraia
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zafewa (Electrical)

v 1.4.44 & gwityaa e

zawivEa (Electrician) - o gaffsa s

it e wwTR @9 |fee (Series and parallel combination circuit)

S 1 3 UG F A § o fwAfortad w1 FA A e

+ ol qUT Aol AR HAAT F A0 F AT FLAT
o ot AATY T B EA FIAT |

DC af¥wert i sioft awm d=iew &t gomn

#. syoft qRay

TR TR

1 | dicedr 9aet &7 T0T ATAT aleedT & a4a< siar s

T IET & [ 9¥ AT dteedT g9 siar g |

2 | =t gfady g oftey Afa gar @
IAHT AN FoT T & FLE & §
Rt= R1 + R2 + R3+...... ERIE

Fot Sfarer & W &7 faenw sfasn & faw & @
% TYrEY ear & | g gfa<iy a9 @i &
AAAH Tiary & o &9 gar 2|

3 | aftoy & &t v § g @we ey 2|

TE AT # IS qfaeret F wgar g o edt 21

4 | =ftera Sfaeret & = 9t 1 I00 FoA qbn
¥ 0T F FYEY v g

FfRTa Sfaetet § = wqis T AN Fo qih & a@x
BT & | (=oft wfaerer % @)

SJoft T IReAT A =T (Formation of series parallel
circuit)

freR g & 9wy FEer geft gae ok @ @ Rk
H F9 & 9 U gfawre 9oft § T @ qura ¥ |9 9 2|
Suft gATe Ty F & Aifors e aet yefia & = €
uF # gfote® R, &R R, sfaety s § q@fem & @i
IE FATA @A a18 | OF gfoerg R, & Soft 7 sfrer mw 2|
(Fig 1)

Fig 1

‘ PARALLEL BRANCHES OF CIRCUIT

R{=10Q

5Q 10Q
= | —{/——1—
EQUIVALENT CIRCUIT

‘ SERIES BRANCH OF CIRCUIT

_(R1 X Ry
Ry =

+ Ry —— 5+10=15Q

(R1+ Ry

ELN144211

39 TFX R1 ¥ R2 gAY Hea fAmfo #3d € @i R3 =vft
AT IRTT F UF S0 wew giar | it St s
qfRwer &7 Fof TfAre FHTA ST RO F UF G aRIT 7
T FF F1q AT AT qFaT 21 /W F foF R @R R
AT AWT 5Q wfare (10991%‘&%%?1‘{&)%@&:1%
=fa far s aFar 2 |

39 qaw 10Q Wity (R) & @™ & 5Q qfadg & g
aRwe % a¥ET G| gEET A et auEeE & g

gfadiyr 15 0w gnml
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u et iforss sioft oY =ree (Fig 2) # wefi &t % 2
et Aiferd €7 & T 7RIy # 5t qEE | AfET et
HEUF A G Iy Sl #H F & (R X R ) 30 St A9Tm=a¥
WWWWHWW%%’&Q@% R =T R &
AR F T 20 A TR F ger P A A9 59
Sfaier &t 20 9 Ft 10 AT & AT AL § IS, F94GT T8
6.67 T\ BRI |

Fig 2

| PARALLEL BRANCHES OF CIRCUIT |

R1=10Q EQUIVALENT CIRCUIT
|

10Q

L F
T
|

Ry=10Q R3=10Q

| SERIES BRANCH OF CIRCUIT |

R4 X (R + R

R; =
R1 +(R2 + Ryg) 30

ELN144212

gt &1 g\ (Combination circuits)

Suft guTa gumEeE afy sfee gdia gar €1 afd e
% g g% & & afRay & Soft X srar quraw et |
fawifora #T 3| 9% a9 1 8 Fd a9 TAF B guF
T H g & | TAF GUS H TF Tfaerer grer afq =i w3
St A aft afaren &1 atr aue W & aeEe 87| uw
faotw gve #1 aftrfod wfody ow wfagy a9 & g &



sfereatfoa Y| go TRaul #t 8T dieedr A gfaey |
FA & ford g TRy a e |

IgTEon: (Fig 3) & 1A affford gfa<iy sma &<

Fig 3 .
L+ —o0—]
Ry=30Q R,=1Q
Rg=2Q
56V Rq=20
R,=40Q
R8=5Q ©
- 1o 1 g
H G F E z
gt (PROCEDURE)

J.&ﬁ?&ﬂ$ﬁﬁﬁ

R.=R,+R,
R =2+4

a

R, =6 ohms.

2 U& g TRTY dRfEa (Draw) &¥ (Fig 4)
3 R, #¥ R,.. % #ate ¢ (Fig 4)

=R +
R,=R,*R,
R,=3+3
R,=6 ohms.
Fig 4
9 B C D
L+ { } {
R =3Q Ry=10Q
56V |:|R3= 20
Ra=6Q
Rg=50 T
- —
| S|
H G F E
:
EQUIVALENT CIRCUITOF FIG3. R ANDR 7 §
ARE REPLACED WITH ONE RESISTOR (R OF6 Q %
w

Fig 5
A Ri=83Q
HTC —
56V
L- L 1
| |
H Rg=5Q © F
EQUIVALENT CIRCUIT TO FIG 3. R4AND Rg §
ARE REPLACED WITH ONE RESISTOR (RbDFG Q ;
z
w
6 g TRy sfaa & (Fig 6)
Fig 6
=30 =1Q
A F{1 3 B R2 1 c
L+ 2
T O | |
56V R3=2Q R.=30Q
= J_Q |
| |
H Rg=5Q G F
©
=
EQUIVALENT CIRCUIT TO FIG 3, R4q RS, RG, R7 §
ARE REPLACED WITH ONE RESISTANCE (R )OF 3Q. é

7R aﬁRcméﬁmﬁaﬁTww&waﬁRdaﬁm% |

4 uF g IRy SRfEd X (Fig 5)

5 R, #¥ R, F &A1 F2 | A T TR T H AT H
e "% & | (Fig 5)

RaXRb ~ 6)(6

R = =
¢ R +R 6+6
a b

:§:30hms

12

R,=R,+R
c
R,=1+3 R, =4ohms.
8 uF g afRwy sfad & (Fig 7)
Fig 7
L A Ry=3Q B c
T (I
56V R,=20 R, =4Q
Lo L | —
H —_ G F
R8=SQ
EQUIVALENT CIRCUITTOFIG 3,R 2, R4! qu RG, R., E
ARE REPLACED WITH ONE RESISTANCE (Rd) OF 4Q). %
9 R &R R R &dts #7 |
3 D
R xR
2x4
R -—3 d_
e R_+R 2+4
3 d
:ﬁzi =1 1/3 ohms.
6 3
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10 % g 9y sfad < (Fig 8)
Fig 8 A
A —— B
L+ T) 1
56V Re=2 0

]

B PR

H Rg=5Q G

EQUIVALENT CIRCUITINFIG3, Ry R3 R, R5 Rg ANDR 7 ARE REPLACED

4

3Q.

ELN144418

WITH ONE RESISTANCE (Re) EQUAL TO
11 R R ¥R T oW #< |
1, e 8
R=R,+R +R,

1
R[:3+1§ +5

1
R =9 3 ohms.

q‘-ﬁﬂﬂfﬂ#ﬂﬁﬁﬂﬁﬁa9lohms%l
3

I (Application)

s fAftre gfoty am 9= & forg siofy o gfRwert &1 s
T ST |haT & ST TSI § STl 781 @ AN ateedT fa¥TeTs
qfRwat & s far S awar 1

Fieear fawe= (Voltage divider)

afe fdt &1 ooy & s wr X diedd s ¢ ar
I8 TF dleedT faurrs fAfda &% a%ar €| awaa & uF dicear
favors o Soft gaTa oy & afal 3o a9 2|

TF dicedm a9 gfadiy o e (33 famr e 7
o ST @war | (Fig 9) & &1+ & & ua ateedr fasets gy &
ot a¥ 10V 9aw &t a1 F¥= Fwferd 15Q % i wfa<teswt &
fafia 21

Fig 9 L
O J_ O + 30V

o}
+ 20V
R,=15Q
B
/%O + 10V
REFERENCE POINT

R,=15Q

R1=15§2

E=30V

O TA O oV
I

VOLTAGE VALUES ARE GIVEN FOR VOLTAGE DROP TESTS
TAKEN ACROSS RESISTORS FROM A TO B ( 10V),

B TO C (+10V) AND B TO D (+20V). NOTE THAT

THE CIRCUIT IS GROUNDED AT REFERENCE POINT B.

ELN144219

dAfFT 98 & o wfady (wR) aftafaa fFar sS@r & &
qfads gt €| (Fig 10) @t Sfates & Fo i<y &1 9aq7
= & 9T T Fteear T € | uE gHTaY TR #§ sfacreret
m@@:wﬁﬁa(Req)ﬁwaﬂﬁ%ﬁlﬁwwmmﬁ:

r
eq N

R

€q

15
? = 7.5 ohms.

15 ¥ & 39 Afaera®l # god Sy aieedl fawes &
= F 9rr & 7.5 ohms 2| g7 gfa<ty aRads & & @eq
af¥ay § T @7 afRadT 4T  n ?

w7 v2 o afaty &0 g oY g § gfe gt © gafod Wi
gfte® & affford # & aRay § a7 gha enft | ateear
forvmetes afRer &t AT & "W 9T AW A SR B gl Al
FT & AT ava® €| (Fig 10) &7 3Tea &¢a giAfead
X i o Fieear favwrsrs @1 wef wwer form 1

Fig 10
L+
O O 30V
J_D
15Q
C F? 18V
§ 15Q LOAD RESISTOR
DROPS RESISTANCE
T TO75Q
BJ_ O 6V
150 15Q
LOAD
Ta
O O oV
Il
THREE 15 OHMS RESISTORS AND ONE 15 OHM LOAD <
RESISTOR SERVE AS A VOLTAGE DIVIDER THAT ROUTES E
DIFFERENT VOLTAGES TO DIFFERENT PARTS OF THE CIRCUIT. %
w
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