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1. Q/BCfl’fc Qll'l’enf NCERT 3.1-3.2

Flow of electric charge through a conductor is called electric current.
If a net charge g passes through any cross-section in time t,

l |=¢g/t ﬂ

If current is not steady, we take the instantaneous current:

I = limy, , AQ/AL = dQ / dt

~ Sl unit: ampere (A). | A =1 C/s
— I ampere: when | coulomb of charge flows through a cross-section

in | second.

~ Smaller units: | mA = 1072 A, | uA =107 A

~ Current is a scalar (it adds algebraically, does not follow vector
addition), though it has a direction.

~ Conventional current flows from + to — (direction of flow of
positive charge), i.e. opposite to the flow of electrons.

< electron flow

conventional current |

Charge is quantised: g = n e, so the number of electrons crossing in

timetisn=1t/]e.

Example: How many electrons pass per second when the current is
| A?
n=I1t/e=0Ux1)/06x10") =628 x 10 electrons
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2. E/ecfm'c C'urrenfs' N C'oua/acfakr NCERT 3.3

- In metals, free electrons carry current. In electrolytes, both +ve
and —ve ions carry it.

- With no electric field, free electrons move randomly with thermal
speeds. Their velocities are in all directions, so the net flow through
any area Is 2ero.

— When a field E is applied, electrons are accelerated opposite to E,
giving a net flow of charge - current.

- To keep the current steady, the field must be maintained, e.q. by a
cell or battery.

3. Cal’reht DehS'ftl/ [S.L. Aroral

Current per unit area of cross-section held normal to the direction of

current.

2 I=1/4

| (A L to current)

vV V VvV V

N\

area A (normal to flow)

> Units A m™2. It is a vector, along the flow of positive charge.
— If the area makes angle O with the normal: | = 7 A cos 8 =7+ A
> In terms of the field (proved in Topic 4): J = ¢ E
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‘ﬁiwlm'g' Law & Recictivity ncerr 24

Ohm's law: At constant temperature and other physical conditions,
the current through a conductor is directly proportional to the
potential difference across its ends.

! Vaxl=>V=IR ﬂ

R = resistance of the conductor. S| unit: ohm, | ohm = | V/A.

Resistance depends on

o ) -

A
A

- R o | (length) — doubling the length doubles R.
> R « I/A (area) — a thicker wire has less resistance.

| T—

p (rho) = ;esistivit; (specific resistance). It depends only on the

material and temperature, not on shape or size. Unit: ohm m.
- Conductance G = I/R, unit siemens (S) or mho. s.. Aroral
~ Conductivity o = 1/p, unit S m™.

Vector form of Ohm's law (3 = oE)

= V=IR=1pl/A>V/I=p0U/A)

- But V /| = E (field along wire) and | | A = T

- ~E=pJ
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hL - J=0E (orE=p])- “

iﬂ’fft af' E/ectronr & Okigin of' ,eerc'stiw’fy NCERT 3.5

random path
of an electron

net drift v, (opposite to E)

Relaxation time (t): average time between two successive
collisions of a free electron. In metals T = 107 s.

Drift velocity (v,): average velocity with which free electrons drift
opposite to the applied field. It is very small, = 1079 m/s.

Expression for drift velocity
— Force on electron: F = —e E = acceleration a = —e E |/ m

= Velocity of ™" electron: v, = u, — (e E / m) t,
- Average over all electrons: average of u; = 0 (random), average of
t =T

|
” vy=—eEtT/m
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Relation between | and v,

\' 4

area A
7

\ E
[ —_—
| -
Vo
\ ¢

electrons drift: v, At

= In time At, electrons move a distance v,At. Volume swept = A v,
At

= No. of electrons = n A v, At (n = free electrons per m?)

= Charge crossing: Ag = n e A vy At = | = Ag/At

I’ l=nehAvy, and JT=nevyv,

Deducing Ohm'’s law & resistivity

> Put v =eEt/minl=nehvel=me*TtA/m)E
> WthE=V/Ll=We*TtA/ml) V=1V Oh's law!)
= Compare with V =1 p | / A:

|

Note: p depends on n (number density) and T (relaxation time).
Temperature changes T and n, so p changes with T (Topic 8).

Mobility (u) wcerr 35,
Magnitude of drift velocity per unit electric field.

L u=lvdl7E=e1:/m - "

Sl unit: m* V! s7!, Practical unit: em? V7! s7!. Mobility is positive for

both electrons and holes.
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Example (NCERT 3.1): A copper wire of area 1.0 x 1077 m? carries
.S A If n = 8.5 x 10°% m™3, find v,
vy=1/eA)=15/(35x10*x16 x107" x107)
v, = LI x 1072 m/s (about | mm/s)

Why does a bulb glow instantly if v, is so small? The electric
field is set up along the whole wire at nearly the speed of light,
so electrons everywhere start drifting at once.

6. [imitaﬁanr 0{ Ohm'e Law NCERT 3.6

Materials that obey Ohm's law are ohmic; others are non-ohwmic.

Deviations:

l. V stops being proportional to | (graph is non-linear), e.g. a

filament at high current.

2. The relation depends on the sign of V: reversing V changes the

size of I, e.g. a diode.

3. The relation is not unigue: more than one V for the same I, e.q.

GahAs.

,A

(a) Ohmic: straight line

—=

N

(b) Diode: non-linear
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Z. ,eeS’iS'ﬁvity of Variovs Materiale ncerr 2

Type p (ohm m) Examples
Conductors 107 - 107 Ag, Cu, Al
Semiconductors 107> — 10° Si, Ge

Insulators 10" - 10" glass, rubber, mica

- Silver has the least resistivity; copper is used for wires as it is
cheap and a good conductor.

> Alloys (nichrome, manganin, constantan) have high p and low
temperature coefficient = used in heaters and standard resistors.

Colour code of carbon resistors [s... Arora]

Colour  Digit Colour Digit

Black 0 Green S
Brown | Blue 6
Red 2 Violet 7
Orange 3 Grey g
Yellow 4 White 9

Trick: B B ROY of Great Britain had a Very Good Wife.
Tolerance: Gold * $%, Silver = 10%, no band * 20%.

First two bands = digits, 3% = multiplier (power of 10), 4™ =

il

Yellow Orange
Violet Gold

4 7 x10° ohm = S% = 47 k ohm * S%

tolerance.
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8. Temperature Dependence of Resictivity nceer 55

Over a limited range of temperature, for metals:

pr=p 0 +a (T-T)1 ’

o = temperature coefficient of resistivity, unit K™ or °C”'. Similarly,
Ry = R)[1 + a(T — T,)].

pf\ PA OA

- —

— >
0 T O T O
Copper (metal) Nichrome (alloy) Semiconductor

W

- Metals: o is +ve. As T rises, collisions increase = T decreases =
P Increases.

~ Alloys (nichrome, manganin): p high, increases only slightly with
T (very small o).

> Semiconductors: o. is —ve. As T rises, n increases (more carriers)
faster than t falls = p decreases.

— Superconductors [s.. iroral: P becomes zero below a critical

temperature, e.9. mercury below 4.2 K.

Example: A silver wire has R = 2.1 ohm at 27.5 °C and 2.7 ohm
at 100 °C. Find a.
a=CQR,-R)/I[R(T,-T)]I=06/Q.Ix725)=39x10"
oc-l
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q. 6/882‘”000., Enerqy, Power NCERT 3.9

= Charge AQ moves through p.d. V in time At: loss of P.E. = V AQ

=VIAt
= This energy is dissipated as heat in the conductor (Joule heating).

‘ P=VI=FPR-= VZ/R ‘

> Sl unit of power: watt (W). Energy W = P t, commercial unit |

kWh = 3.6 x 10° 7.
> Heat produced H = 1> R t (Joule's law of heating).
Power transwmission

cables, resistance R
<

Power Town

station power P sent at voltage V

= Current in cables | = P/ V = power wasted P, = I° R,

I P =PRIV “

P, « I/V?, so power is transmitted at very high voltage to reduce

losses, then stepped down by transformers.
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10. Combination of Recistors isi suoal

(a) Series combination

R R R
N Al N A2A AR
same |
vV 74 vV
! 2 3 V divides
—_—
e
lli
4

= Same current | through each. V =V, + V, + V,

R, =R +R, +R; ’l

R, is greater than the largest resistance.
(b) Parallel combination

R
!
= VN
!
!
R 2 same V
s | — VVV T I divides
/ l
R;
— AAVAY

= Same V across each. | = |, + 1, + I,
=~ VIR, = VIR, + VIR, + VIR,

[ IR, = IR, + IR, + IR, l

R, is less than the smallest resistance. For two: R, = RiR, / (R, +
R,).
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Example: 2 ohm, 4 ohm and S ohm are joined (a) in series (b)
in parallel. Find R,,.

(@) R,=2+4+S§ =1 ohm (b) I/Rp =1/2 + 1/ + /S = 19/20
= R, = 20119 ohm = 1.0S ohm

11. Cells, EME, Internal Resictance ncerr s

EMF (g): potential difference between the terminals of a cell
when no current is drawn (open circuit). It is the work done by

the cell per unit charge.

Internal resistance (r): resistance offered by the electrolyte and
electrodes of the cell to the flow of current inside it.

i

A - V=g-1Ir

= Current through the circuit: | = € / (R + r)
= Terminal pd. V =1 R =g — | r (cell discharging)

l‘ l=/@R +7r) V=g-Ir n

~ While charging (current forced in): V = ¢ + I r.

— Maximum current (short circuit, R = 0): 1, =€/ r.
> Internal resistance: r = R (e/V = 1). [s.. hrora]
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Example (NCERT 3.1): A car battery has € = 12 V, r = 0.4 ohm.

Maximum current?
lpo = €1/ r=121704=30A

Example (NCERT 3.2): € = 10 V, r = 3 ohm, current 0.5 A. Find

R and terminal voltage.
05=10/(R+3) =>R=17270bm V=IR=0S5x17=885V

712. Qe//s' " S’en‘es and n Pam//e/ NCERT 3.11

(a) Series

m
=
™
L,

=
¢
i

v

:’VAstl—,rhVBC:SZ—,VZ
= VAC=(81+82)"/(V/+72)=8eq—’/req

L Seq=8,+82 feq=r,+f2 J

=g - g, (r,, still adds). For n identical

If one cell is reversed. g,, = g,

cells: €,, = ne, r,, = nr.
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(b) Parallel

£, r
I}
F
-
!

B# / ﬂB
] 2
E,r
ZIZ
L
Ilf

—

I2

= Rearranging: V = g, — I r,, where

4 n+r, “ n+r,

Or: €,./r., = &fr) + €5/ry, vy, = Ur) + 1y,

(c) Mixed grouping rs.. arora
n cells in series in each row, m such rows in parallel (total mn cells),

external R:
=
L n e . . N

V | = | is maximum when R = nr | m

R + nrim

73. /(IOI’CAAO‘F? ,Qu/es' NCERT 3.12

Junction rule (KCL): At any junction, the sum of currents
entering = the sum of currents leaving. (Conservation of charge)
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I+ =1+
! 2 3 4

/ /
I\ /
o
/ \ (Z I = 0 at a junction)
/ /
2 4

Loop rule (KVL): The algebraic sum of changes in potential around

any closed loop is zero. (Conservation of energy)

Sigh convention

— Across a resistor, going along the current: change = — IR; against
the current: + IR,

— Across a cell from — to +: change = + €; from + to —: — €.

Example: Find the current in each branch.

—_— ! a / —

2 ohm 2 ohm
1+, 2 ohm

6VT TQV

= Junction a: 1; =1, + 1,

= Left loop: 6 — 21, — 2(l, + 1,) =0 = 41, + 21, = 6
= Right loop: 6 — 21, = 2(1, +1,) =0 = 2I, + 4l, = §
= Solving: I, = 4/3 A, 1, = I3 A 1; =53 A
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14. M/Aeats'tone 8”'44‘6 NCERT 3.13

I =0
9

at balance

Four resistances P, @, R, S with a galvanometer between B and D and
a cell between A and C. Bridge is balanced when |, = 0.

Balance condition (using Kirchhoff)

= |, =0 = current |, in P and @, current |, in R and S

-~ Loop ABDA: —I\,P + I,R =0 = I|,P = I,R

. Loop BCDB: —1,Q + 1,S = 0 = 1, = 1,S

- Dividing the two equations:

- Used to find an unknown resistance: S = R @ / P.
— Bridge is most sensitive when all four resistances are of the same

order.
- Balance is not affected by interchanging the cell and the

galvanometer.
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75. Meter Bl’l.dqe [S.L. Arora]

A practical Wheatstone bridge: a uniform wire AC of length | m
stretched on a scale; the jockey J slides on it.

X (unknown) B R (known)
AMA- ——AW
J* | 100 - )
}}— e o

= At balance point 7 (length | from A): P « |, @ « (100 — 1)
= X/R=1/000-1)

|f X=RI1/Q00-1)

- Specific resistance of the wire: p = X T r* /L (r = radius, L =

length of wire X).
— Balance point should be near the middle to reduce end errors.

Example: With R = 3 ohm in the right gap, balance is at 40 cm.

Find X.
X=3x40/60 =2 ohm
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16- Pote’lflbmetel’ [S.L. Aroral

Principle: When a steady current flows through a wire of uniform
area, the p.d. across any length is proportional to that length: V «
| = V = k), where k = potential gradient (V/m).

(a) Comparing EMFs of two cells

driver cell
l [— o o-
K
f balancing length | y
A B
A
J (ockey)
e /¢,
| 1 féL
I 1

4

= Cell €, balances at |: €, = k |,; cell €, balances at |,: €, = k |,

r e le, =)/, m

(b) Intemal_resistance of a cell

driver cell
| L
=
A B
15
g r J
| @
It 2/
R
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= K, open: € = k1. K, closed (R in circuit): V ="k I,
= r=2R (S/V - ’)

|

r=R{-1,)1/), "

draws some current.

g
Why better than a voltmeter? At balance no current is drawn
from the cell, so it measures the true EMF. A voltmeter always

Example: Open-circuit balance 76.3 cm; with R = 9.5 ohm,
balance 64.8 cm. Find r.
r=195 x (76.3 - 64.8)/64.8 = 9.5 x 11.5/64.8 = 1.7 ohm

172. Formula. Sheet — Quick Revicion

Current

Drift

Current density
Resistance
Mobility
Temperature
Power
Transmission loss
Series [ Parallel
Cell

Cells in parallel
Wheatstone
Meter bridge

Potentiometer

| = g/t = dQ/dt, n = It/e
v, = eET/m, | = nehv,

J = I/A = nev, = OE

R = pl/A, p = m/(ne’t)

W = v,/E = et/m

Pr = poll + a(T = Ty)]
P=Vl=1R=V[R

P, = PRV

R, = 2R, IR, = ZI/R

| =¢/(R+r),V=¢-Ir
€, = (g, + £0)/(r) + 1)
P/Q = R/s

X =R /000 - 1)

gfle, = I/, r = RA, = 1,)/,
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