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CURRENT ELECTRICITY

Electric current

The electric current I through a conductor is the rate of flow of electric charge through the area. i.e [ =
dq/dt

1. An electric current is due to the drift of:
(a) electrons in a conductor (b) positive and negative ion olyte
(c) electrons and ions in gases in discharge, tubes

2. Electric current is a Scalar quantity. Conventionally, the direction of electric cu
direction of motion of positive charges.

S n'along the

Current density

is the direction of
area perpendicular to

The electric current density ] at a point inside the conductor is a vecor whose directi
flow of positive charge at that point and whose magnitude is the curre
the direction of flow, i.e., J=1/A

When the plane of small area A makes angle 6 with the urrent, then J= Acos6 or
| =JAcos0=1-A
Drift Velocity
It is the average velocity with which charge carfier move in e conductor. For an electron it is given by
eEt eVt
Vg=——o also  vg=—"-—
m mL

Where e = electronic charge, E = ele
between two successive collision), m of electron, V = potential difference across end of conductor
and L = length of conductor. N '

Current [ is also given by: « (Wherg vy is drift velocity of the electrons). Usually, va= 104 m/s.
Ohm’s law

If the physical condi
the current bet
two points, i.

erature, material and dimensions of a conductor remains constant,
n ints in a conductor is proportional to the potential difference between these
IcV or (V/D) =aconstant=R, where R is resistance

1. Th ich obey Ohm's law are called ohmic conductors. For ohmic conductors (metals and
een current and potential difference is a straight line passing through the origin.

e graph between current and potential difference is not a straight line. Diode valve, neon
gas, diode are the examples of non - ohmic conductors. For non - ohmic conductors, dynamic
resistance = (AV/AI)

Resistance and conductance

Resistance R of a given conductor, at a constant temperature, is given by

Rl
A

Nishant Gupta, D-122, Prashant vihar, Rohini, Delhi-85
Contact: 9953168795, 9268789880



Faabo0Enqineers.com

where p is called the specific resistance of the material

landp: 5

1. Interms of material parameters R=—
ne‘t A ne“t

2. Resistance of a conductor depends upon the temperature, nature and dimensions of the material of the
conductor.

3. The specific resistance p of a conductor depends upon the temperature and nature of the material of
the conductor. It is independent of the dimensions of the conductor.

4. The conductance G is the reciprocal of resistance, i.e,, G = 1/R.

Electrical conductivity of a material is defined as the reciprocal of the resistivityfc = 1

6. In MKS system unit of resistance is ohm, unit of specific resistance is ohm
is mho or siemen and unit of conductivity is (ohm - metre)-! or mho/mety€,

Variation of resistance

The variation of resistance with temperature is approximately givenfby the linear relgtion R: = Ry(l + at),
where a is the temperature coefficient of resistance. o has the unit °C-

At temperature t1;, R1 = Ry (I + at1) and at temperature
a=—F1TRs per°C
R1tz_R2t1

= Ro (1 + /aitz). Combining, we get:

o is positive for conductors, negative for semicond s, electrolytes, carbon, mica and India rubber, and
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Resistance of an intrinsic semi uctor decreases when doped with a trivalent or pentavalent
impurity.

5. The specific resistance o
when compared to pu

Resistances in series

of a cell in volt is given by the work done (in joule) to unit charge move from the positive
pole via external circuit to the negative pole and then through the electrolyte to the positive pole.

2. When a cell is being charged, then terminal potential difference V' = E + Ir, and when the cell is being
discharged, then V =E - Ir (where I represents the current and r the internal resistance of the cell).

3. Inan open circuit, i.e, when /=0, V=E.
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4. The internal resistance r of the cell is the resistance of the column of liquid between the two plates of
the cell and it depend on the (a) separation of plates, (b) area of cross-section of the column of liquid
between the plates and (c) nature, temperature and the degree of dissociation of electrolyte between
them. In general internal resistance of cell increases with usage.

5. Acell is called ideal if its internal resistance is zero.
6. A cell is said standard if its EMF and internal resistance do not change with usage.
Combinations of cells

1. Two cells of eem.f. E1 and E>, and internal resistances r; and r, when connected in seri , then
equivalent em.f. E = E7 + E; and equivalent internal resistance r = ry + r.. Howeyér, if the two cells are
connected wrongly then equivalent e.m.f,, E = E7 — E; but the equivalent inter, esistancewillgemain
same, i.e;r=ry+ra.

2. If n cells of eem.f. E and internal resistance r are connected in series with externa nce R, then

current
| nE
R+nr
3. If m cells, each of em.f. E and internal resistance r are co i with each other and the

4. If n cells each of em.f. E and internal resista
connected in parallel and the combination is

| = nE mnkE
R.M mMR+nr
m
5. Itis useful to connect cells in series when R > igfparallel when R <<r.

6. Itis useful to connect cells in mix ouping when R = r. For maximum current R = nr/m.

7. Inany grouping current is rnal resistance equals external resistance.

Kirchhoffs Current Law
circuit is zero.

an electrical circuit where three or more circuit elements meet.)

tage Law (KVL) : In any closed electrical circuit or mesh, the algebraic sum of all the
es (e.m.fs) and voltage drops in resistors is equal to zero, i.e.,

Sign Convention

While applying Kirchhoff’s voltage law to a closed circuit, algebraic sums are considered. Therefore, it is
very important to assign proper signs to e.m.fs and voltage drops in the closed circuit. The following sign
convention may be followed :

A._“_—'"}'_—‘B A'——'VVVV—‘—'—.B_ 0———‘!—-——-9 C._'"_’_"“W\N\————.
N s Torhw) = aeey ¢ ssmrrnres weraes, NI —» b
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1. In Fig as we go from A to B (i.e.,, negative terminal of cell meet first), the EMF of cell is considered
negative.

2. In Fig as we go from A to B (i.e, against flow of current) the potential drop across resistance is
considered negative.

3. In Fig as we go from C to D (i.e., positive terminal of cell meet first), the EMF of cell is considered
positive.

4. In Fig as we go from C to D (i.e, in direction of flow of current) the potential drop ac
considered positive.

Illustration of Kirchhoff's Laws

1. Consider the circuit shown in fig. The directions in which currents are assum flg

since if wrong direction is chosen, it will be indicated by the negative Yo

sign in the final result.

I__bu

2. The magnitude of current in any branch of the circuit can be fou
by applying Kirchhoff's current law. Thus at point C in Fig the
incoming currents to the junction C are I; and I,. Obviously,
current in branch CF will be I; + L.

3. There are three closed loops in Fig viz, ABCFA, CD
ABCDEFA. Since there are only two unknown quantities (i.e.,
[2), we need only two equations in terms of 11 aifd I,. This dan be ‘achieved by applying Kirchhoffs
voltage law to any two closed loops.

will be given negative sign. The voltage
. Applying Kirchhoff’s voltage, law to the
or E1 = (11 + Iz) R1 (1)
FC, drop [2R; is negative, e.m.f, E; is positive and
drop (I1 + I2)R1 is negative. Therefare, applying Kirchhoffs voltage law to this loop, we get,

- Isz +E,- (Il or Isz + (Il + Iz) R1 = Ez (2)

4. Loop ABCFA: As we go round the loop in or,
drop in branch CF is (I1 + I2)R; and shall
closed loop ABCFA, we have, -Ei+(I1

Wheatstone's bridge
In Wheatstone's brid

Slide Wire Bridge (or Metre Bridge)

It is a sensitive device used for measuring the unknown resistance. Its operation is based on the principle of
Wheatstone bridge.

1. In Fig AC is 1m long wire made of manganin (or constantan) and <|;El -
having uniform area of cross-section. '
R X
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2. The resistance R is a known resistance (resistance box) and X is unknown resistance whose value is to
be determined.

3. A battery E is connected between points A and C through key K; the positive terminal of E being
connected to point A.

4. One end of galvanometer G is connected to point D (junction point of R and X) and the other end is
connected to jockey B which can slide over the wire AC.

Theory (i) Introduce a suitable value of R and close the key K,

(ii) Move the jockey on the wire AC to obtain the null point. Let point B be the null poin
Suppose the resistance of portion AB of the wire is P and of portion BC is Q. Let
length BC = (100 - ) cm,

Now Pocl and Qoc(100-1)

According to Wheatstone bridge principle, the relation between four resistance
point is given by;

P_R y o (1001,
Q X I
Since the values of I and R are known, the value of unknown resi e X ca etermined.
Note: The resistance R should be so selected that null point is obt he middle of the wire AC. This

will result in minimum percentage of error in the mea

Potentiometer

ﬁ Rh
m. potential "@Wl
difference (p.d.) between two points of an elgctric circuit. . shows the
potentiometer in its simplest form. AB a long u rm wire is‘connected to a J \B
battery E (driver battery) through an ammeter, and key Ki. The 4 i
t—g
El

current in wire AB can be changed
terminal of the cell whose e.m.f. E; is
A of the wire. The negative

easured is connected to the end
] is connected through a

galvanometer G and key K» jockey Jwhich can slide along the wire AB

and can make contact at i wire. The potentiometer is said to be balanced if there is no
current in the galvang tential gradient across the wire (k = V/I) is constant. Sensitivity of a
potentiometer can b sing potential gradient i.e. by increasing length of wire.

Determination a cell. Fig shows the arrangement for determining the e.m.f. of a cell.

1. First keyKj i néhrbeostat is set at the desired position to obtain a steady current ‘I’ in the wire
AB. N osed and the jockey is moved over the wire AB till the potentiometer is
ba t]). The potential difference across AJ equals E.M.F of cell i.e E=ki

Compariso . of two cells: Fig shows the arrangement for

E Rh g
m.fs E; and E; of two cells with the help of JMF—@—@»—./‘

com
poten e terminals 1 and 3 are closed so that only cell of
em.fE; in the circuit. The jockey is moved on wire till
| ) : _ J 7
galvanometer reads zero (point]1).i.e Ei =Kkl A > ;2 B
................ (1 E,
. . . —1 ’
Now terminals 2 and 3 are closed. This puts the cell of e.m.f. E; in the 3
circuit. In this case null point is obtained at point ], on the ll——-z
potentiometer wire. £
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i.e Ez = klz ................ (2)
and Ei/E; = L/,

Determination of internal resistance of a cell:

Fig shows the arrangement for determining the internal resistance
(r)ofacell ofem.f.E.

The key Kj is closed and current in potentiometer wire AB is
adjusted to a suitable constant value with the help of rheostat.
Keeping key K open, the position of jockey is adjusted till
galvanometer reads zero (point J1).

i.e EM.F.ofcell, E=kly . (1)

Now suitable resistance R is inserted and key K; is closed. Again
the position of the null point is obtained on the potentiometer wire
(point J2). Now the null point corresponds to the p.d. V across the
terminals of the cell. i.e V=Kkb

From (1) and (2) E/V=04L/1

It can be easily calculated r =[111_12 jR
2

Since the values of I, I;, and R are known, t Iu the rnal resistance r of the cell can be
determined.

Heating effect of current

Electrical power P in watt supplied by an ener urc transferring a charge of g coulomb through a
.ork _ Vq VI
time t

onnected’usually in parallel with the mains 1.1 + 1 +i and =L+ 1
R, Ry R, Ry

across all appliances is the same, i.e., V. Total power in parallel P, = P + P2 +

Ps
4. If appliances of same voltage rating but powers Pi, P,, Ps .... are connected in series, then
N 1 1 1 1
the tota er consumed is given by: — = —+ —+—
Ps P P, P
5. Th ersupplied by a battery is maximum when the external resistance R is equal to the internal
resistance r.
2 2
o VIV
" 4R 4r

6. Fuse wire is made from an alloy that has a low melting point but high specific resistance, e.g., usually tin
- lead alloy is used. For a fuse wire I o r3/2 (where r is radius of wire) and is independent of length of
wire.

7

Nishant Gupta, D-122, Prashant vihar, Rohini, Delhi-85
Contact: 9953168795, 9268789880



Faabo0Enqineers.com

Standard resistance coils are made from an alloy that has a high specific resistance but negligibly small
temperature coefficient of resistance, e.g., Manganin or constantan.

The material of the filament of an electric bulb should have a high melting point, hence tungsten is used.

Current Electricity ASSIGNMENT

1A copper wire of length 2 m and area of cross-
section 1.7 x 10°® m? has a resistance of 2 x 10 ohm.
The resistivity of copper is

(@) 1.7 x 10® ohm-metre (b) 1.9 x 10® ohm-metre
(c) 2.1 x 107 ohm-metre (d) 2.3 x 10" ohm-metre

4A resistance of 6 ohm is connected in series with
another resistance of 4 ohm across a battery of 20 V.
The p.d. across the 6 ohm resistor is

(a) 3V (b)6v  (c)9Vv (d)12Vv
3Three conductors draw respectively currents of 1
A, 2 A and 4 A when connected in turn across a
battery. If they are connected in series across the
same battery, the current drawn will be

@27A (b)3T7TA

©47A (d)5/7A

2In the given circuit, the 720
p.d. across the 7.2 Q

resistor is

(@ 3.0V (b)3.6V

(c)4.2V (d) 4.8V

3The resistance of a wire is R.
uniformly so that its length,is do

resistance now becomes
@2R (b) R/2 (d)R/4

3Five identical
resistances

©) 7140 (d) 8/7 Q
resistance of n identical resistors

co aralled is x. If the resistors are
conn eries, the equivalent resistance would
be

(a) nx (b) n’x (c) x/n (d) x/n?

1The resistance of a wire is R. It is cut into four
equal parts and all the parts are bundled together
side by side. The resistance of the bundle is

@R/16  (RB  (c)R/4 (d) R

9.

10.

A
connected in a ne 14,
as shown. Th
resistance d
between i

. 1Each of the resistances in

16.

3Five identical

resistors, each of . |
value 1100Q. are 99y - § $ $ 3
connected to a 73 T 3T
220 V battery as R
shown. The ~
reading of the idea isy
@15 A /5 (c) 3/ A (d)4/5A
1A cell hag\an e hen short circuited, it
gives a cur internal resistance of the
celhi
@ (©)45Q (d1/450Q

‘3n

sQ 40

A— L. B
2Q 6Q
58

battery of 6 V is connected to the terminals of a 3
m long wire of uniform thickness and resistance 100Q2
The difference of potential between two points
separated by 50 cm on the wire is

@10V (15V (c)20V  (d)30V

. 3A primary cell has an emf of 1.5V. When a 5 Q

resistor is connected across it, the current is 0.2 A.
The internal resistance of the cell is

@050 (b) 1252 (c)25Q (d)3.0Q
2Five cells, each of emf E and internal resistance r, are
connected in series. If, by mistake, one of the cells is
connected wrongly, the egivalent emf and internal
resistance of the combination are

(@ 5E,5r  (b) 3E,5r (c)5E, 3r

(d) 3E, 3r

the network shown is
equal to R. The resistance
between the terminals A
and B is

@R (b) 5R
() 3R (d)6R
2The temperature at which the resistance of a copper

wire would be double its value at 0°C is (temperature
coefficient of resistance of Cu = 3.9 x 107 /°C)

(a) 128°C  (b) 256°C  (c)512°C  (d) 740°C
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17.

18.

19.

20.

21.

22.

23.

24.

3Two identical cells send the same current through a
2 Q resistor, whether connected in series or in
parallel. The internal resistance of each cell is
@05Q 150 ()20 (d)250Q
4Two cells, having emfs E; and E,, (E; > E,), when
placed in series produce null deflection at a distance
of 204 cm in a potentiometer. When placed in
opposition, they produce null deflection at a distance
of36cm. IfE, =14V, E; is

(@ 14V (b) 10V (c)4.2V dz2v

4In the given circuit the 40V’

resistance of the =

voltmeter is 800 Q. Its 4003 v 1200
reading is o

@8V (b) 16 V

(c)24V (d)32v

1For a cell, the graph
between the potential
difference (V) across 2o
the terminals of the 15
cell and the current (I) 10
drawn from the cell is g5
shown in the figure.

V (volts)

The emf and the 1 2 3 4 s
internal resistance of 1 (amperes)
the cell are

(@) 2V, 0.5Q (b) 2V, 0.4 Q

(c) >2V,05Q (d) none

3In the given circuit, as

the sliding contact C is

moved from A to B,

(@) the readings of both
the ammeter and the
voltmeter remain con

the readings of

(b)

(d) both charge and energy

3Three 4 Q resistors are connected in the form of an
equilateral triangle. Total resistance between any
two corners is

@8Q b)3/8Q2 (c)83Q (d)4/3Q
2Sensitivity of a potentiometer can be increased by

25.

26.

27.

28.

30.

31.

32.

(@) increasing the emf of the cell

(b) increasing the length of the wire
(c) decreasing the length of the wire
(d) none of the above,

3Carbon resistors used in electronic circuits are
marked for their resistance values and tolerance by a
colour scheme. A given resistor has colour scheme
brown, black, green and gold. Its valug,in ohms is

(a) 3.2 x 10° +5%
(c) 1.0 x 10° +5%

copper wire, the drift v
the same potential di
copper wire of
diameter, the drift
@2v
The drift
proportion

(@)

n parallel to a constant voltage
r dissipated in them have the ratio

(b)1:1 ©2:1 (d1:4
ollowing ia  sa
if the heat
ed in the 10
m resistor is 10
cal/s, the heat o5
evolved in the 4
ohm resistor is approximately
(@) 4calls (b)5cal/s (c)10cal/s (d) 20 cal/s

A housewife uses a 100 W bulb 8 hours a day, and an

electric heater of 300 W for 4 hours a day. The total

cost for the month of June at the rate of 50 poise per

unit will be

(@ Rs20 (b) Rs25 (c)Rs30 (d)Rs30.50

If two bulbs of 25 W and 100 W, rated at 220 V. are

connected in series across a 440 supply

(@) 100 W bulb will fuse

(b) 25 W bulb will fuse

(c) none will fuse

(d) both will fuse

3You are given a resistance coil and a battery. In

which of the following cases is largest amount of heat

generated ?

(@) When the coil is connected to the battery directly

(b) When the coil is divided into two equal parts and
both the parts are connected to the battery in
parallel

(c) When the coil is divided into four equal parts and
all the four parts are connected to the battery in
parallel
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33.

34.

35.

36.

37.

38.

(d) When only half the coil is connected to the
battery

A 100 W, 220 V bulb is operated on a 110 V line.

The power consumed is

(@25W (b)50W (c)75W (d)9ow

Two bulbs which consume powers P; and P, are

connected in series. The power consumed by the

combination is

(a) P+ P, (b) (P1P)™

(C) P1P2/P1 + P2 (d) 2P1P2/P1 + Pz

A 24 V battery of internal resistance 4Q is

connected to a variable resistor. The rate of heat

production in the resistor is maximum when the

current in the circuit is

@2A (b)3A ©4A (d)6A

The neutral temperature of a thermocouple is 275°C

and the temperature of inversion is 600°C. The

temperature of the cold junction is

(@) -50°C  (b) -25°C (c)25°C  (d) 50°C

The thermo emf of a copper-constant couple is 40

pV per degree. The smallest temperature difference

that can be detected with this couple and a

galvanometer of 100Q resistance capable of

measuring the min. current of 1 pA is

(@) 1°C (b) 1.5°C (c)2°C (d)2.5°C

Which is independent of the temperature of the ¢

junction?

(@) inversion temperature

(b) neutral temperature

(c) both inversion and neutral tempera

t2. The neutral temperature
m value of emf are

(b) 400°C. 2 mV
(d) 200°C, 1 mV

43.

44,

deposited in 30 s is m grams. If the current-time graph
is as shown in the figure, the electrochemical
equivalent of copper, in g/C, is

@01m (b)o.em  (c)m/2 (dm

If 1 A of current is passed through CuSQO, solution for
10 s, the number of copper atoms deposited at the
cathode will be about
(a) 1.6 x 10%°

(c) 3.1x 10"

(b) 8 x 10
(d) 6.2 x 10,

A current of 1.5 A flows through
The thickness of copper d i
surface of area 50 cm? in
= 9000 kg/m?; e.c.e of
(@) 1.3x10™m
(c)2.6x10*m

1
ik
(@}
@
(@}
o
O
©
QD
©
(@]

41. A current of 1 A flowing for 25 min through a silver
voltameter deposits 1.5 g of silver. The
electrochemical equivalent of silver is
(a) 0.001 g/C (b) 0.01¢g/C
(c)0.1¢g/C (d) 0.06 g/C

42. In a copper
voltameter, the mass é
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