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Electric Current

ale of Bow ok cha(ge across amy cross-

Section of a conductor.

!73 = d Z / d + <-instantareouvs

<-current

.Aueraye current J_-Wﬂ = 9 T
S L AR ampere (A)-= ;s ¢ Jocer

Dimensional +formula - A J = i /V’O i il

Direction Convention

Conventional current dfrech'on of et ;

motion of  positive char"ge.
Electron current - opposite to it

&

A4

R o

"'"i?' ; charye cross;nﬁ ared A in time dt

Mote o I is saalar (algeoraic sign tells  direction).
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Current in a Conductor

A metal has a sea of free electrons. They moue
in random directions with thermal speeds

10° m/s ) colh'd{ny with the lattice.
Mo external E -7 no net current  (vectors

of v cancel out on aueraye).

(a) Mo Feld -  random (o) With hed E -7 dift
E >
%
o S Sl g TG SO e, SR

o
<
l
-
v

a::ﬁ. random motion vs. deft in an E Held

Orift Velouty v__d

/ﬁlueraﬂe uelocﬂy aczw'red by ﬁree electrons

in the direction opposite to E.

Typical maﬂnﬁ'uo’e Y s a few mm/s  (slow
»

but bulb 910:»5 :}-;sf'anﬂy becavse Held travels at «c. -
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Drift Veloc:'f':;/ - Den't/aﬁbn

Apply E alony the wire. Force on each free

electron z i e e i

a = e F / ”m < - acceleration
- a"ur.f'nﬁ g‘ge Q{?hf

Kelaxation Time

Aueraﬁe time between two SuccesSsive
collisions of an electron with ions £ i

(T denotes relaxation time ; 1O s )

Drifr Velouty Formula

IF v_i = random uelocﬂy of i-th electron
Just atter a collision : and t__i = time
elapsed since then , then velouty now =
e P s ‘.
Aueraﬁe over all -electrons .0 U = O

<t7 = T (relaxation time)

Ud xR E T / ”m e e | opposite
<-to E
Maﬁnﬂ'ude : v, =i E T Jim

Higher E -7 larger v_d ; higher T -7 larger v_d. j
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Current in terms of Drift \/eloc:'f':/

Setvp
Conductor of cross-section A . Ienﬁfh /&
n = number of free electrons per unit volume.

g = drift uelocﬁy (all electrons same vio.dlh

O © © © §©®O
U_,o" ;

e dr

Fay electrons cross A in Hee  df

Derivation

Volumie 6k slice ine fime gt v ol v od de

Mo. of electrons in slike : n A v_d dt
Charﬂe cros.s'fny in df 8 el A iiididr
A e dz ldbii=in oAy y

...L_ T A v <-the +amous
. d <c-dritt formula

Current den.s:'ﬁ/ 3 R T oA = Pty Sl
oW a Uetor oo T ='nie v_d '(alon‘g W
ST unit of T .‘ A / m 2
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Ohm's Law

At constant physt'ca/ conditions , the current
fhroujh a conductor is d:’recHy proportional

to the potential difference across its ends.

V — I ,? <-R = constant of
< -praporhbnaih‘y

fesistance R
Katio..of.. .V to -I for that conductor.

ST unit y ohm ( Greex capital omega 2,
Lohmy e e o Y R Vi, 2 WL T a0

-

Creo;nefﬂ:cal Formula

For a wire of /enﬂfh L and area A

!

ﬁ — p L / A Z=rho = re.ﬁkhixif’y

<- material property

R depends on : material (rho) i length L

area A -, and temperature 7.

EM'cro.s'copfc form of Ohm's law

J‘ - O— F <-5{9ma = cond‘uch}.ﬂ')‘y
<-sigma = / / rho

(uecf‘or form : wvalid at eve oint in conductor)
./ 8
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Origin of Resistivity
v 7
COmbfn{nﬂ L = neA v__d with vid = eET Lo
2

fl
3
D
N
o]
m
\.l
S
3
N
f
3
~

&

B 82 7 5 / el ] C-mnduchm')"y From

<- free- electron model

f

p o / ( " QZ 7 g ) ‘ <-rho (s material
J c~properfy

Lmportant Observations

\

@ rho Lk (more free electrons,
lower re_s'f'shl/ify). Metals - » /0 25 /m
@ rho B e 4 7T decreases with

rise in temperature for metals -7 rho rises.

@ Drif+ current 1S what carries I 3

the random part of ueloch‘y ﬂtves no  ret How.

quﬂr'fy oo v, / = / m

(v denotes moba?:'fy PASE omit 255V = i -/)
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Limitations of Ohm's Law

Ve = & R holds only for  ohmic materials
(most metals at mbderaf'e D comsh T2,

Mon-ohmic devices show 3 Kinds of deviation

(a) V not proportional to I

V-I curve is non-linear (E‘ﬁ" GaAs).

Slope of V vus I is not constant @ R = dv/dT depends

/

(6) V depends on sign of T

Diode k larﬁe L when Fforward biased ;

ﬁny L when reverse biased.

() Multi-valved V For same I

Gas dt'.fcha»:ge tube ', f'hyrfsfor ; same V. can

ive two different I valves.
7

2 (a) Ohmic & (6] Mon-ohmic
o 5

F{'g, ohmic vs non-ohmic V-L behaviour
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[esistivity of Materials
Materials are classified by rho

(/) Conductors ( metals )

Many +Free electrons low fés(sﬁu# 3
Y I i

rho 107 to 10° ohm . m
Examples : silver , copper alominiom
ﬂo!o’ , fron.

(2) Semiconductors

fnfermed:'afe = Few charﬂe carriers
rho 10 1o 02 ohm .

Examples : silicon , germanivm.

rho. decreases with rising T (opposite of metals)
; A PP

(3) ZInsvlators

VEV‘/ Few Free carriers huﬁe rho
rho 0’ to /O

/o
ohm . m

Examples : glass , rubber wood , teflon.

Quick wmparf.con

:rht':acU =l % /O'y ohm m

rhoS‘. VAR /03 ohm m (pure)

rh 10”7 ohm m

(6]
glass
(span of 25 orders of maﬂnl'fude vl
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Temperature Dependence of rho

Over a small range

- - < - a.-‘pha = T - c,og-pcyc
p po [ d + Q ( T TO ) j <-of f‘ES:khlﬂ?\/ (/K

Sign of alpha

AMetals : alpha 72 O ( rho rises with T )
feason : T decreases % VEs e R S rises.
Semiconductors / insulators : alpha < O

eason 2 more carriers excted at h{ghér %
A//oy.s’ (nkhrorne i manyanfn ; constantan)

have very small alpha -7 used as std resistors.

Metal alpha 7 O Semi - cond. - alpha < O
rho rho

}-’:"9. rho - T curves +or metal & semiconductor
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’ Kesistors in Series

End-to-end o the same current L Hows

throu ﬁh euvery resistor.

7E
E
E %
] [ | ===
| B ) | |

N/

t":ry three resistors in  Series with cell E

Tof';ll potential drop

V.=V, + V¥, fuM
T e e
S LG R R
R& X + /.t RF + . | <-R_s 7 any singk
= <-R in the chain

Two 'ezual R in Series -7 2o A

Use - when we want a faryer R from ﬂfuen ones,
or to share V (pofenh’a/ ﬁﬁ dfi/fder).

If one X burns / opens -7 entire chain stops.
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Resistors in Parallel

/
potential difference V s the same across each.

m

e 5

F.'ﬁ, three resistors in parallel

Total current - - .

J..Z.L/')"'J-Z‘f‘-.!-g

= VIR + V/R, + V/R,

//

//ﬁpz///?,-k//ﬂ’z-f-///?g-/-

Two ezua! R in parallel -7 I
Use . when we want a smaller R, OR to share £

(current divider).

I?C oneg branch DPen_g =7 of—hers sHll  work ’qne
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Electrical Enerq-! & Power

When charﬂe 9 mouves fhrouyh pof‘enh}z! drop vV ;
work done = 2\/ S EE sf"eady current L Hows for
Girme T, then 9 e e PR

W= LT

Power d:'ss:}:aféd

e S e

< - between s leads

Us:'nﬁ e F R we get two more vsetul Forms

e [
P IZ V4 <-Joule heating

<£-in resistor

y!

P — \/2 / ﬁ <-usetul when V

<-is fixed (mains)

Units of Energy

ST unit of energy - Jovle 7). L
Commercial unit 2 Kilowatt - hour («A/h).
L i = 000 Wox 3600 s = 36 x /0 &

Power transmission

Send power as high Vo low & to xul b @ R loss

in transmission lines. Step ‘vup at source. .
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EMF & ZInternal Kesistance

”

E/MF"(E)

Work done by the Source m.dnw;-y unit  positive

charﬂe around the complete circuit -

ezual.s open-circuit PD across cell terminals.

Internal [Resistance r

/?esisf'ance of the elecfrolyf‘e / cell material

to its own current. Depends on size £ IS,

[ ]
temperature.
A5
|E i
e =
! r ! V4
“E,Jr?{r} """""""" 2

Fs'ﬂ. cell of EMF E | intermal , load R ‘e
Terminal Voltage V
V I e <-V < E when
= <-I Hows out

Also B )R ) -7\/Z_Eﬁ./(ﬁ+

Scanned with CamScanner




l Date : Page :

Cells in S en'é.::

Two cells (E—/., /) and (E2 , r2) connected  so
that + of one Jo:'ns - -of the other (a:ﬂf'ng).

|

':{7 two cells m'(.fr'nﬁ in Serigs
L ]

Equivalent cell  ( aiding 7

E. = E + E <-EMFs add

<-internal r add too

IF one cell is reversed (opposing)

E€9 = £, 5

r_eg stll = r/ + r2 ; use when  higher EMF needed.
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Cells in Para llel/

»
Two cells (E/, rt) and (E2, r2) connected so  that
their 4+ terminals ane»\joined f‘oyef‘her and = #

Fig. two cells in parallel with load R

E zw'va lent cell

< -internal r

‘//r?,z//‘rjf—'/"/ r. !

‘<-add in parallel

Use parallel when need !arye b ) Or bawup

In case one cell fails.

Egual cells - E 'eg = E AT PR R PRIGRSY o) cells).
2 z ' A

1ed with (
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KirchhotF s anchbn. . fule (KCL]

Statement

A{gebraic sum of currents meehb‘g at any

JUn(f‘lbn (}aode) in a cireoit 1S 2ero.

Sum I.' == Sum I: ‘\ Eoor . Som & = 0

i out < - with S{?n convention

Based on conservation of charye ; no charﬁe

piles up at any \juncﬁon n 5f'ead~/ state.

A
- L
—> @ —
I/ A I3
. =
=2
;19 o o e T et 2 T at the junction

Sign convention

Currents enf’en‘n‘g the Juncffbn = +
Currents !eaw‘nﬁ the \juncf‘:bn -7 -
Choose any direction For unknown I £ the

answer comes negative ; frue direction is opposite.
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KirchhotF's Loop Rule (KVL)

Statement

/‘l{gebrat'c sum of changes in potential around

any closed loop in a networA IS Zero.

S = = Ly &2, ﬁ <-EMFs balance
<-IR drops

Sa.{ed on conServation of eneryy s an electron

refurm}oy fo f'he. 3ame point has same PE.

Sign conventions
@ Choose ;2 loop direction (CN or CCN

@ Cross a resistor in direction

of L ? drop SR A Aﬁﬂfns’f‘ WA S +I £

R) Cross a cell From - to +
ﬂm'n +E . From + fto 2380k -E

=

E/ : E2
L e B el &

r/ e/ 2

;9.' si'nﬂg‘e-!oop crewit apply S B= Soma B0
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Wheatstone B n'djg

Construction

L esisiors P Q@ R, 5 in @ diamond.
&

Cell of EMF E between corners A and=C >}

/

9aluanomefer (» between corners Boand D.

Fig. Wheatstone network ABCD with G across BD

|
- Balance condition

| 2 )0

Rilois

fl
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Wheatstone Bﬂ'dqe - Derivation

Balanced condition

At balance ,9aluanomerer reads zero current.
s \/5, =

(B]

I

Let I/ HHow f'h‘rouyh arm P ( and Q ),
I2 How fhrOUﬁh arm R Eoand 'S ).

Loop A B-D : (K)

Loop B°C D (L)
Leg = e k)

/ 2

Divide () by Gi)

V4 / < < - Wheatstone

<-balance condition

74

¥

Use of the bridge

@ Mea.wre an unAinown resi.fi;'ance
with three Unown ones (one variable).
@ Bﬂ'dye IS most sensitive when all
four arms are of comparable resistance.

If P/Q ?= FR/S , a current Fows through G.

/7
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. Worked Example : KCL & KVL

Problem : In the loop below find current L.
e £ = 10V Bl =9V nk = re =il ohm
R = 9 ohm . Cells aid each other.

=

E/ E2
s e, R

r/ r i

=

th loop for the worked example

Solution (KVL clocKwise)
Combe BMES e L0 L W e R 5 [ ;

e U S el R B e
L L~ 0 o e = T

Power d:'sft}.taafed A

B ope (7/30 o E

Terminal V. across (E/ + g e = O CTABNI)
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Worked Example : WHheatstone

Problern : In a balanced Wheat'stone bn'dﬁe ;
L = /O ohm , A = 20 obm , R = /§ ochm

Find the unknown resistance N

Solution
Balance condition ’ PP R 0 B P

TR R e R

&
//2 2/5‘/5.
A S Y

Cross-check at junction

A L/ Hoiws in P-QiarmepwdZ  in P-S arm

L e e o Lo T, (e

e et B )

AT =gy 20 =z0 0,
Tt 2Rt A G Censistent L

Tip : how to recognise balance

Galvanometer shows zero deflection on. closing K2

@a!vanofwefer Key) atrer K7 (cell v(ey)-.

If not balanced . aqsusf' the wvariable resistance

until the ﬂaiuanomef’er reads exactly  zero.
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SUrnmar:/ - Key Formulae

Definitions

w4 3 n A
6 T="NE T L im (drift velocity)

o= Hoes v, o my = v, / E

Material

= 0L / A ¥ A ®

O = ) m I = Ll T

p m
pzpo[/+o_(7"7'o)]

Combinations

Series oA f('}‘ + /(’2 +

s

Parallel = /iR = LK + U8+

°P0wer
e S e ey e Do) D

Cells
Termf'na/ \/ .' V = E = J': r

S B = Sum o E f v = Som v
?Z EZ

Parallel Eez/rez = Sum (E/r) 2 //rf?, = wSum (1/)r)

KirchhotF & Wheafsf'one
Sm b = O (KcL) o Som E = Som I KLKVL) i P/Q =




