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Current Electricity

CURRENT ELECTRICITY

In previous chapters we deal largely with electrostatics that is, with charges at rest. With this chapter
we begin to focus on electric currents, that is, charges in motion.
ELECTRIC CURRENT
Electric charges in motion constitute an electric current. Any medium F@ 5 )_‘
|

having practically free electric charges, free to migrate is a conductor N
of electricity. The electric charge flows from higher potential energy
state to lower potential energy state.

Positive charge flows from higher to lower potential and negative charge flows from lower to higher.
Metals such as gold, silver, copper, aluminium etc. are good conductors.

When charge flows in a conductor from one place to the other, then the rate of flow of charge is
called electric current (1). When there is a transfer of charge from one point to other point in a
conductor, we say that there is an electric current through the area. If the moving charges are positive,
the current is in the direction of motion of charge. If they are negative the current is opposite to the
direction of motion. If a charge AQ crosses an area in time At then the average electric current
through the area, during this time as

AQ . AQ dQ
* Average current | = — * Instantaneous current | = Lim — =—
av At At—0 At dt
. Current is a fundamental quantity with dimension [MP°L°T°A! ]
. Current is a scalar quantity with its SI unit ampere.

Ampere: The current through a conductor is said to be one ampere if one coulomb of charge is
flowing per second through a cross—section of wire.

. The conventional direction of current is the direction of flow of positive charge or applied field. It is
opposite to direction of flow of negatively charged electrons.

1, E, 1, E,
o = e

. The conductor remains uncharged when current flows through it because the charge entering at one
end per second is equal to charge leaving the other end per second.

. For a given conductor current does not change with change in its cross—section because current is
simply rate of flow of charge.

. If there are n particles per unit volume each having a charge g and moving with velocity v then

: . A
current through cross—sectional area A is 1 = 29 ngvA

At
. If a charge g is moving in a circle of radius r with speed v then its time period is T = 2znr/v. The

. V
equivalent current 1= a_4av.

T 2nr
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Behavior of conductor in absence of applied potential difference:
In absence of applied potential difference electrons have random motion. The average displacement
and average velocity is zero. There is no flow of current due to thermal motion of free electrons in
aconductor.
The free electrons present in a conductor gain energy from temperature of surrounding and move
randomly in the conductor.

1 3
The speed gained by virtue of temperature is called as thermal speed of an electron > mv; . = > kt

S

/3kT i
So thermal speed v = m where m is mass of electron

At room temperature T=300 K, v__=10°m/s

total distance travelled
number of collisions
* Reaxation time: The time taken by an electron between two successive collisions is called as

« Mean freepath A : (A\~10A) = A =

total time taken
number of collisions
Behavior of conductor in presence of applied potential difference:
When two ends of a conductors are joined to a battery then one end is at higher potential and
another at lower potential. This produces an electric field inside the conductor from point of higher
to lower potential

relaxation time t : (t~107*s), Relaxation time : ©=

V
E= T where V = emf of the battery, L = length of the conductor.

The field exerts an electric force on free electrons causing acceleration of each electron.

Acceleration of electron g:i L

—eE
m m

DRIFT VELOCITY
Drift velocity is defined as the velocity with which the free

electrons get drifted towards the positive terminal under the W
effect of the applied external electric field. In addition to its p
|
/|
A

thermal velocity, due to acceleration given by applied electric
field, the electronacquires a velocity component ina direction ) —
opposite to the direction of the electric field. The gain in g;‘gg{);:‘?nﬁg’r?gff:r:e;ggr‘gﬁ'd:
velocity due to the applied field is very small and is lost in with superimposed drift

the next collision.

At any given time, an electron has a velocity v, =, +ar,, where 4, = the thermal velocity and
ar, = the velocity acquired by the electron under the influence of the applied electric field.

7, = the time that has elapsed since the last collision. Similarly, the velocities of the other electrons
are V, =0, +4ar,,V, = U, +ar,,..V =0, +arty .

The average velocity of all the free electrons in the conductor is equal to the drift velocity v, of the
free electrons



Current Electricity

VUtV Wy (U 4 8T) (U, +a) 4 (O +8ry) (O + U 44 Ty) +a(’tl+tz+...+rNj

V, =
d N N
Ul+UZ+"'+UN:0 vdzg(rl+rz+...+r,\,j =§T=—£’E
N N ¢ m

Note: Order of drift velocity is 10~* m/s.
Relation between current and drift velocity :
Let n= number density of free electrons and A= area of cross—section of conductor.
Number of free electrons in conductor of length L = nAL, Total charge on these free electrons

AQ =neAL

Va

L J:neAvd

A
Time taken by drifting electrons to cross conductor At = L ~.current I:A_? = neAL(
Vd

CURRENT DENSITY (J)
Current is a macroscopic quantity and deals with the overall rate of flow of charge through a section.
To specify the current with direction in the microscopic level at a point, the term current density is
introduced. Current density at any point inside a conductor is defined as a vector having magnitude
equal to current per unit area surrounding that point. Remember area is normal to the direction of
charge flow (or current passes) through that point.

»  Current density at point P is given by j = ﬂﬁ

dA
Cad

dAcos 6

» [fthe cross—sectional area is not normal to the current, but makes an angle 6 with the direction
dl

dAcos6

e Current density j is a vector quantity. It's direction is same as that of E. It's S.I. unit is
ampere/m? and dimension [L—A].

of current then J =

:dI:JdAcosezj.dA:I:jj.cTA

A

Ex.  The current density at a point is J = (2x10*})Jm 2.

Find the rate of charge flow through a cross sectional area S = (2? + 3])c;m2

Sol.  The rate of flow of charge = current = | :I JdS = =jS=(2x10") []-(Zﬁsj)}do*‘A =6A

Ex. A potential difference applied to the ends of a wire made up of an alloy drives a current through it.
The current density varies as J= 3 + 2r, where r is the distance of the point from the axis. If R be the
radius of the wire, then the total current through any cross section of the wire.

Sol.  Consider a circular strip of radius r and thickness dr

dl = J.dS=(3+2r)(2nrrdr)cos0° = 2 (3r +2r%)dr

R a2 2.\ 3R? 2R? ‘
I=| 2n(3r+2r¢)dr=2 (—+—r3j =2 ( + j i

_[0 n( )d b > 3 i T > 3 units
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RELATION BETWEEN CURRENT DENSITY, CONDUCTIVITY AND ELECTRIC FIELD

Let the number of free electrons per unit volume ina conductor=n ! >
Total number of electrons in dx distance = n (Adx) A
Total charge dQ = n (Adx)e [
dx

Crrntl—d—Q—nAed—X-nA Current densit J—L—n |
urre it dt—evd, urrent density A" ev, I

eE ne’t ne’t

eE
=nel—|t..vy=|— |t o J=| — |E = ivi -
(mj = Vg (mj = ( m J = J = oE, where conductivity o =

o depends only on the material of the conductor and its temperature.
In vector form Jj = cE Ohm'slaw (at microscopic level)

RELATION BETWEEN POTENTIAL DIFFERENCE AND CURRENT (Ohm's Law)

Ex.

Sol.

If the physical conditions of the conductor (length, temperature, mechanical strain etc.) remains
same, then the current flowing through the conductor is directly proportional to the potential difference
across it'stwo endsi.e. | « V = V = IR where R is a proportionality constant, known as electric
resistance. Ohm'slaw (at macroscopic level)

Ohm's law is not a universal law. The substances, which obey ohm's law are known as ohmic.

Graph between V and | for a metallic conductor is a straight line as shown. vi

Slope of the line =tan 6 =¥= R

At different temperatures VI curves are different. ]
Heretan 6, >tan 6, SoR >R, ie. T >T, [

1 ampere of current means the flow of 6.25 x 10'® electrons per second through any cross section
of conductor.

Current is a scalar quantity but current density is a vector quantity.

Order of free electron density in conductors = 10% electrons/m?

Terms Thermal speed Mean free path Relaxation time Drift speed
V; A T v,
Order 10° m/s 10 A 10m/s 10*m/s

If asteady current flows ina metallic conductor of non uniform
cross section. A u(‘
Current density and drift velocity depends on area :

=1, A <A =1J>],E>E, v, >V,
If the temperature of the conductor increases, the amplitude of the vibrations of the positive ions in
the conductor also increase. Due to this, the free electrons collide more frequently with the vibrating
ions and as a result, the average relaxation time decreases.
What will be the number of electron passing through a heater wire in one minute, if it carries a

current of 8 A.

_Ne  yolt_ 8x60 o 102 electrons

| = =
t e 1.6x107¥
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Ex.  Acurrent of 1.34 A exists in a copper wire of cross—section 1.0 mm2. Assuming each copper atom
contributes one free electron. Calculate the drift speed of the free electrons in the wire. The density
of copper is 8990 kg/m? and atomic mass = 63.50.
Sol.  Mass of 1m?® volume of the copper is = 8990 kg = 8990 x 10%g
: 8990x10°
Number of moles in 1m® = =1.4x10°
63.5
Since each mole contains 6 x 10% atoms therefore number of atoms in 1m?
n=(14x 10° x (6 x 10%) =8.4 x 10%®
| =neAv. - v =—— = L3 =10 m/s = 0.1 mm/s (-~ 1 mm? = 10 m?
TR, VT A T Bax10B X 16510 P X0 0 Ms=0.1mms (1 mmt=107m’)
Ex.  Acopper wire of length ‘¢’ and radius ‘r’ is nickel plated till its final radius is 2r. If the resistivity of
the copper and nickel are p_ and p,,, then find the equivalent resistance of wire?
Sol. R= pi' Resistance of copper wire R_ = L 2} o
. - A ' pp Ccu pCu an [ Cu gil
(- A=mnr?) . - .
. : : 1
-+ A, = m(2r)? — mr* = 3nr* = Resistance of Nickel wire R, = Py 32
R.,Ru ; 1
Both wire are connected in parallel. So equivalent resistance R = —<—""—= PeuPri —
Re, +Ryi 3Py +Pni ) T
Ex.  Figure shows a conductor of length ¢ carrying current | and having a circular
cross — section. The radius of cross section varies linearly fromato b.
Assuming that (b —a) << /. Calculate current density at distance x
from left end.
Sol.  Since radius at left end is a and that of right end is b,
Therefore increase in radius over length 7 is (b —a).
y . . b-a . . b-a
Hence rate of increase of radius per unit length = e Increase in radius over lengthx = e X
: . : : : b-a
Since radius at left end is a so radius at distance x, r =a + (/j X
b 2
—a
Area at this particular section A = ntr? = 7{& + (7} X}
H t density J ! |
ence current density J =—=—=
YO TA T w [ x(b—a)T
T a+
¢
RESISTANCE

The resistance of a conductor is the opposition which the conductor offers to the flow of charge.
When a potential difference is applied across a conductor, free electrons get accelerated and collide
with positive ions and their motion is thus opposed. This opposition offered by the ions is called
resistance of the conductor.
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Resistance is the property of a conductor by virtue of which it opposes the flow of current in it.
Unit : ohm, volt/ampere,
Dimenson =M L? T3 A=

Resistance dependson :

* Length of the conductor (R o« /)

. 1
» Area of cross-section of the conductor R « "

« Nature of material of the conductor R = Pt
A t°C —»
e Temperature R =R, (1 + aAt)
Where R, = Resistance at t° C, R,= Resistance at 0° C

At = Change in temperature, o = Temperature coefficient of resistance
*[For metals: o positive *for semiconductors: o negative]

RESISTIVITY

Resistivity : p=RA// if ¢ =1m, A=1m? thenp =R

The specific resistance of a material is equal to the resistance of the wire of a
that material with unit cross — section area and unit length. im
Resistivity dependson (i) Nature of material (ii) Temperature of material p ..o iR=p| *T

does not depend on the size and shape of the material because it is the

characteristic property of the conductor material. tm

Specific use of conducting materials:

The heating element of devices like heater, geyser, press etc are made of michrome because it has
high resistivity and high melting point. It does not react with air and acquires steady state when red
hot at 800°C.

Fusewireis made of tin lead alloy because it has low melting point and low resistivity. The fuse is
used in series, and melts to produce open circuit when current exceeds the safety limit.
Resistances of resistance box are made of manganin or constantan because they have moderate
resistivity and very small temperature coefficient of resistance. The resistivity is nearly independent
of temperature.

The filament of bulb is made up of tungsten because it has low resistivity, high melting point of
3300 K and gives light at 2400 K. The bulb is filled with inert gas because at high temperature it
reacts with air forming oxide.

The connection wiresare made of copper because it has low resistance and resistivity.

KIRCHHOFF'SLAW

There are two laws given by Kirchhoff for determination of potential difference and current in
different branches of any complicated network.

Law of conservation of charge is a consequence of continuity equation

First law (Junction Law or Current Law) )
In an electric circuit, the algebraic sum of the current meeting at any junction "
in the circuit is zero or Sum of the currents entering the Junction is equal
to sum of the current leaving the Junction. Xi=0

L= L=1—1+I= 0= L+ L= L+,

This is based on law of conservation of charge.
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Second law (loop ruleor potential law)

In any closed circuit the algebraic sum of all potential differences and e.m.f. is zero. XE — XIR=0
while moving from negative to positive terminal inside the cell, e.m.f. is taken as positive while
moving in the direction of current in a circuit the potential drop (i.e. IR) across resistance is taken as
positive.

This law is based on law of conservation of energy.

COMBINATION OF RESISTANCE

(i)
(ii)
(iv)

Ex.
Sal.
Ex.

Sol.

Ex.

Sol.

SeriesCombination
e Same current passes through each resistance
* Voltage across each resistance is directly proportional to it's value L,
V.=IR,V,=1IR,,V,= IR, 1
»  Sum of the voltage across resistance is equal to the voltage applied across the circuit.
V=V +V,+V. = IR=IR +IR +IR,= R=R +R,+R Where R = equivalent resistance

Parallel Combination R,
» There is same drop of potential across each resistance. Lo,
e Current in each resistance is inversely proportional to the N Mﬁ?‘
. V \Y/ Vv "1 R
value of resistance. I, =— , I, =—, l3=— [
R, R, R, v

»  Current flowing in the circuit is sum of the currents in individual resistance.

V. V. V. VvV 1 1 1 1
—=—t—+— > —=—+—+—
R R, R, R;, R R, R, R,

=1 +L+1, =
To get maximum resistance, resistance must be connected in series and in series the resultant is
greater than largest individual.
To get minimum resistance, resistance must be connected in parallel and the equivalent resistance of
parallel combination is lower than the value of lowest resistance in the combination.
Ingeneral :
Resistivity of alloys is greater than their metals.
Temperature coefficient of alloys is lower than pure metals.

The resistivity of an insulator (e.g. amber) is greater then the metal by a factor of 10%

The resistance 4 R, 16 R, 64 R ... oo are connected in series. Find their equivalent resistance.
Resultant of the given combination R, =4R+16R +64R + ... c0 = o0
Resistance R, 2R, 4R, 8R...c are connected in parallel. What is their resultant resistance ?

—=—t—t— 4+ 0 =144+t 0| _— -2 SR, =—
Ry, R 2R 4R B8R R 2 4 RllR a5
2

In the given circuit calculate potential difference between the p 1O 8\|/ Y 20
points P and Q.

| A
Applying Kirchhoff's voltage law (KVL) 90

1

12-8=()1+©)1+@)I=1=2A

o . 1
Potential difference between the points P and Q, v, -V, = 9><5 =3 volt
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Ex.  Awire of p_ =10°Q/ mis turned in the form of a circle of diameter 2 m. A piece of same material
is connected in diameter AB. Then find resistance between A and B.

Sol. -+ R=p_ xlength R~
R,=nrx10°Q,R,=2x10°Q,R,= n x 10°Q -
! ! 1 g fA\ 2r B=
= + + b - .
R 7mx10° 2x10° gx107°” R,.=0.88 x 10 ohm.

CELL
Cell convert chemical energy into electrical energy.

ELECTRO MOTIVE FORCE (E. M. F.)
The potential difference across the terminals of a cell when it is not giving any current is called emf
of the cell. The energy given by the cell in the flow of unit charge in the whole circuit (including the
cell) is called the emf of the cell.
* emfdependson: (i) nature of electrolyte (ii) metal of electrodes
» emfdoes not depend on : (i) area of plates (ii) distance between the electrodes
(iii) quantity of electrolyte (iv) size of cell

TERMINAL VOLTAGE (V)
*  When current is drawn through the cell or current is

supplied to cell then, the potential difference across its o |E VN .
terminals called terminal voltage. ---l---_ ----------- i
. . . terminal voltage
*  When | current is drawn from cell, then terminal voltage is
lessthanit'se.m.f. V=E-Ir R
. Terminal Potential Difference: The potential difference between the two electrodes ofa cell in a
closed circuit i.e. when current is being drawn from the cell is called terminal potential difference.
(@ When cell isdischarging : “E r
Current inside the cell is from cathode to anode.
IV I
E
Current I=—= = E=IR+Ir=V+Ir=V=E-Ir . R

When current is drawn from the cell potential difference is less than emf of cell. Greater is the
current drawn from the cell smaller is the terminal voltage. When a large current is drawn from a cell
its terminal voltage is reduced.

(b) When cell ischarging : —
Current inside the cell is from anode to cathode.

V-E
Current I=T:>V:E+Ir

During charging terminal potential difference is greater than emf of cell.
(© When cell isin open circuit :
L E
InopencircuitR=c .. I=——=0 =V =E
R+r

In open circuit terminal potential difference is equal to emf and is the maximum potential difference
which a cell can provide.
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When cdll isshort circuited :

E :E andV=IR=0
R+r r

In short circuit current from cell is maximum and terminal potential difference is zero.
Power transferred toload by cell :

Inshort circuitR=0= 1=

/

E’R dp
P:IZR = = if — = =
(iRE = P=P  if o= 0 =r=R PT \

Power transferred by cell to load is maximum when

E? E? r=R >R
r=RandP_=-—=—
mx 4y 4R

COMBINATION OF CELLS
. Seriescombination

When the cells are connected in series the total e.m.f. of the E, E, E,

) . , WA= == {
series combination is equal to the sum of the e.m.f.'s of r r

2 r3
the individual cells and internal resistance of the cells also [ ) NFiN\ l
A\

come in series.

Equivalent internal resistance r=r +r, +r,+...
Equivalentemf=E=E +E+E + ..

E . nE
Current | =—=— Ifall ncell are identical then | =———
R nr+R

net

nE
elfnr>>R, | = LyS current fromone cell < Ifnr<<R, | = == n x current from one cell
r
Paralle combination
When the cells are connected in parallel, the total e.m.f. of the parallel combination remains equal to

the e.m.f. of a single cell and internal resistance of the cell also come in parallel. If m identical cell

. r .
connected in parallel then total internal resistance of this combination I, = " Total e.m.f. of this

combination = E

. N . E mE
Current in the circuit | = . R
m

;

Ifr<<mR I=E/R = Current from one cell
;

mE
If r>>mR I= — = mx current from one cell AW

Mixed combination

If n cells connected in series and their are m such branches in the circuit then total number of
identical cell in this circuit is nm. The internal resistance of the cells connected inarow = nr. Since
there are such m rows,
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Ex.

Sol.

Ex.

Sol

Ex.

Sol.

10

. ) L. nr
Total internal resistance of the circuit I = o

Total e.m.f. of the circuit = total e.m.f. of the cells
connected in a row
Enet =nkE

. L. E E
Current in the circuit | = —"ret _ _ N

R+ R+E

m
Current in the circuit is maximum when external resistance in the circuit is equal to the total internal

. nr
resistance of the cells R = o

» Atthe time of charging a cell when current is supplied to the cell, the terminal voltage is greater
thanthee.mf. E,V=E +Ir

»  Series combination is useful when internal resistance is less than external resistance of the cell.

» Parallel combination is useful when internal resistance is greater than external resistance of the
cell.

* Power in R (given resistance) is maximum, if its value is equal to net resistance of remaining
circuit.

* Internal resistance of ideal cell =0

» ifexternal resistance is zero than current given by circuit is maximum.

A battery of six cells each of eem.f. 2V and internal resistance 0.5 Q is being charged by D. C.

mains of e.m.f. 220 V by using an external resistance of 10 Q. What will be the charging current.

Net e.m.f of the battery = 12V and total internal resistance = 3Q |_| — _|

Total resistance of the circuit=3+10=13 Q 6 cells 30
. Net em.f. 22012 220v

Charging current | = = =16 A || “vl\s)\?/\v

total resistance 13 I

A battery of six cells each of e.m.f. 2 V and internal resistance 0.5 Q is being charged by D. C.
mains of e.m.f. 220 V by using an external resistance of 10 Q. What is the potential difference
across the battery ?

In case of charging of battery, terminal potential V = E + Ir =12 + 16 x 3 =60 volt.

Four identical cells each of e.m.f. 2V are joined in parallel providing supply of current to external
circuit consisting of two 15Q resistors joined in parallel. The terminal voltage of the equivalent cell
as read by an ideal voltmeter is 1.6V calculate the internal resistance of each cell.

) ) .. r
Total internal resistance of the combination Mg =

E ‘

4 =] b

Total e.m.f. E,=2V E W
15x15 15 _ = —w

] —L

i R = = 7.5Q
Total external resistance 1515 2

. terminal potential 1. 10
Current drawn from equivalent cell | = ¢ al potentia =—A

6
external resistance 7.5 L

E_|[rj:16 E_I[rj:].G —r=75Q < 16V >
4 4




Ex.

Sol.

Ex.

Sol.

Ex.
Sol.

Ex.

Sol.

Ex.

Sol.
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The e.m.f. ofa primary cell is 2 V, when it is shorted then it gives a current of 4 A. Calculate internal
resistance of primary cell.

E i E E 2

I =—— Ifcellisshorted thenR =0, I=— - r=—=—=05Q

r+R r I 4

n rows each containing m cells in series, are joined in parallel. Maximum current is taken from this
combination ina 3 Q resistance. If the total number of cells used is 24 and internal resistance of each
cellis 0.5 Q3 , find the value of m and n.

. mr 3n
Total number of cell mn = 24, For maximum current Y =R =05m=3nm =E= 6n

senx n=24=n=2and mx2=24=m=12

In the given circuit calculate potential difference between A and B.
First applying KVL on left mesh2-31 -21 =0=1 =0.4 amp.
Now applying KVL on right mesh. 4 -51,-31,=0=1,= 0.5 amp.
Potential difference between points A and B
V,-V,=-3x04-4+3x 05=-3.7volt.

In the following circuit diagram, the galvanometer reading is zero. If the internal resistance of cells
are negligible then what is the value of X ?

3 A

AW G
4000 =
[
10V X AV
| .

<

o

1 =0 L= 10
0 400+ X
also potential difference across X is2V = | X =2
10X _2(” [~ 10 j X = 1000
400+X U 400+Xx)7 "7

Each resistance is of 1 Q in the circuit diagram shown in figure. Find out equivalent resistance
between A and B

By symmetric line method R, =(2+1(/2)[|2 = 5 Q

8
.

11
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Ex.

Sol.

Identical resistance of resistance R are connected as in figure then find out net resistance between x
and y.

Given circuit can be modified according to following figures

1 1 3 1 5 2R

=—+—+—=—->R,
R 2R 2R 2R 2R Y5

Xy

HEATING EFFECT OF CURRENT
CAUSE OF HEATING

12

The potential difference applied across the two ends of conductor sets up electric field. Under the
effect of electric field, electrons accelerate and as they move, they collide against the ions and atoms
in the conductor, the energy of electrons transferred to the atoms and ions appears as heat.
Joules'sL aw of Heating

When a current | is made to flow through a passive or ohmic resistance R for time t, heat Q is
produced such that

2

\Y
Q:|2Rt:PXt:V|t:Et

Heat produced in conductor does not depend upon the direction of current.

* Sl unit : joule ;

Practical Units: 1 kilowatt hour (kwWh)

1kWh = 3.6 x 10° joule = 1 unit 1 BTU (British Thermal Unit) = 1055 J

2

V
-Power:P:VI:?:IZR * Sl unit : Watt

The watt—hour meter placed on the premises of every consumer records the electrical energy
consumed.
Seriescombination of resistors(bulbs)

PP
Total power consumed P, =—12—. P,V Y
w=ps Q 9

1

. P )
If n bulbs are identical Pow = o <



FUSE
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1

In series combination of bulbs: Brightness «c Power consumed by bulb oc V oc R oc 5

rated

Bulb of lesser wattage will shine more. For same currentP=1’R P«<R RT=P7
Parallel combination of resistors(bulbs)

Total power consumed P =P, +P, pl’V@

If n bulbs are identical P, = nP

total

|n par allel combination of bulbs ( ), _‘
1
Brightness oc Power consumed by bulb oc | o R ®
Y%

Bulb of greater wattage will shine more.
. . i 1
For same V more power will be consumed in smaller resistance P oc R

Two identical heater coils gives total heat H_, when connected in series and Hp when connected in

parallel than % =4 [In this, it is assumed that supply voltage is same]
S

If a heater boils m kg water in time T, and another heater boils the same water in T,, then both
T1T2
T,+T,

connected in series will boil the same water intime T =T + T, and in parallel T, = [Use
time taken o Resistance]

Instruments based on heating effect of current, works on both A.C. and D.C. Equal value of A.C.
(RMS) and D.C. produces, equal heating effect. That why brightness of bulb is same whether it is
operated by A.C. or same value D.C.

WIRE

The fuse wire for an electric circuit is chosen keeping in view the value of safe current through the
circuit.

mm Fuse |
(3]
L'EL =
£ 8 ¢ 8 &
e} e S 5
o = = = 3 e e
%.E>o$
D:EDULIJ

The fuse wire should have high resistance per unit length and low melting point.

However the melting point of the material of fuse wire should be above the temperature that will be
reached on the passage of the current through the circuit

A fuse wire is made of alloys of lead (Pb) and tin (Sn).

Length of fuse wire is immaterial.

The material of the filament of a heater should have high resistivity and high melting point.

The temperature of the wire increases to such a value at which, the heat produced per second equals

heat lost per second due to radiation from the surface of wire |2 [p_éj =Hx2nr¢ 1Pocr®

r

H = heat lost per second per unit area due to radiation.
13
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.
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An electric heater and an electric bulb are rated 500 W, 220 V and 100 W, 220 V respectively. Both
are connected in series to a 220 V a.c. mains. Calculate power consumed by (i) heater (ii) bulb.

P= iz or R —V—z For heater. Resistance R = (220 =96.8Q
"R p’ ' o500 T
. (220)?
F | t R =———=484 Q
or bulb resistance R, 100 8
V 220

Current in the circuit when both are connected in series | = =0.38A

R_+R, 484+96.8

(i) Power consumed by heater = I’R_ = (0.38)* x 96.8 = 13.98 W
(if) Power consumed by bulb = I’R_=(0.38)* x 484 = 69.89 W
A heater coil is rated 100 W, 200 V. It is cut into two identical parts. Both parts are connected
together in parallel, to the same source of 200 V. Calculate the energy liberated per second in the
new combination.

2 2 2
_ s "R- VvV (200)

R R —?— 100 =400 Q

. P

: ) 400
Resistance of half piece = > = 200 Q

400
Resistance of pieces connected in parallel = > = 100Q

V?  200x200
Energy liberated/second P = R = ﬁ =400 W

The power of a heater is 500W at 800°C. What will be its power at 200°C. If a =4 x 10~ per °C?

P—V_2 . P200 — Rsoo _ Ro(1+4><1074><800) — 500x1.32
TR Pm Rap Ry(L+4x10°x200) T 7

=611W

When a battery sends current through a resistance R for time t, the heat produced in the resistor is
Q. When the same battery sends current through another resistance R, for time t, the heat produced
in R, is again Q. Determine the internal resistance of battery.

g e

R, +r R,+r

How much time heater will take to increase the temperature of 100 g water by 50°C if resistance of
heating coil is 484Q and supply voltage is 220V a.c.

. V? 220x 220
Heat given by heater = heat taken by water = ?t =msJAO = VTR

t = (100 x 10®) (4.2 x 10%) (50) = t = 210s
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GALVANOMETER

The instrument used to measure strength of current, by measuring the deflection of the coil due to
torque produced by a magnetic field, is known as galvanometer.

SHUNT

The small resistance connected in parallel to galvanometer coil, in order to control current flowing
through the galvanometer, is known as shunt.

Meritsof shunt

(i) To protect the galvanometer coil from burning.

(i) Any galvanometer can be converted into ammeter of desired range with the help of shunt.
(iif) The range an ammeter can be changed by using shunt resistance of different values.
Demeritsof shunt

Shunt resistance decreases the sensitivity of galvanometer.

CONVERSION OF GALVANOMETER INTO AMMETER

A galvanometer can be converted into an ammeter by connecting low resistance in parallel to its
coil.

. . e R,i
The value of shunt resistance to be connected in parallel to galvanometer coilisgivenby: R¢ = 99
i—Ig
> Py ) >
1 Iy URQ 1
(i-,)Y R,
AN
shunt

Where i = Range of ammeter
ig = Current required for full scale deflection of galvanometer.
R, = Resistance of galvanometer coil.

CONVERSION OF GALVANOMETER INTO VOLTMETER

The galvanometer can be converted into voltmeter by connecting high resistance in series with its coil.

The high resistance to be connected in series with galvanometer coil is given by R :_M_ Rg

lg

The rate of variation of deflection depends upon the magnitude of deflection itself and so the accuracy
of the instrument.

A suspended coil galvanometer can measure currents of the order of 10-° ampere.

Iy is the current for full scale deflection. If the current for a deflection, of one division on the
galvanometer scale is k and N is the total number of divisions on one side of the zero of galvanometer
scale, then | =k x N.

A ballistic galvanometer is a specially designed moving coil galvanometer, used to measure charge
flowing through the circuit for small time intervals.

15
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WHEAT STONE BRIDGE

. The configuration in the adjacent figure is called Wheat Stone Bridge.
. If current in galvanometer is zero (Ig = 0) then bridge is said to be balanced
— _ P R
Vo=V, =>IP=LR&IQ=IS =>_=—
Q S
P R _ )
. If = << thenV_>V_and current will flow from B to D. bt 5 'Y
Q S 8~ Vb
[ &
P_R _ :
. If 6 > S then V, <V, and current will flow from D to B.

METRE BRIDGE

It is based on principle of whetstone bridge. It is used to find
out unknown resistance of wire. AC is 1 m long uniform wire
R.B. is known resistance and S is unknown resistance. A cell
is connected across 1 m long wire and Galvanometer is
connected between Jockey and midpoint D. To find out - T, (1009
unknown resistance we touch jockey from A to C and find |
balance condition. Let balance is at B point on wire.

AB =/cm P=r/

BC =(100- /) cm Q=r(100-7)

where r = resistance per unit length on wire.

R (100-0)

At bal dition : —=
balance condition (100-0) S 7

P R
—_— 3
Q S
POST OFFICE BOX
It is also based on wheat stone bridge. The resistance of 10€2, 1002, and 10002 are often connected
between AB and BC. These are known as ratio arms. Resistance from 1Q to 50002 are connected
between A and D, this is known arm. Unknown resistance is connected between C and D.

E ZPE % ZOE éc—
\‘\‘ E_

K -
s§ [erRnrer]
R b [

\\ D:]
G i AL

K, K,

A cellis connected between A and C with key K, and Galvanometer is connected between B and
D with key K.

16
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Sol.

Ex.

Sol.

Current Electricity

First we select ratio of resistance Q and P. For given value of S we will take value of resistance from

known arm in such a way that Galvanometer show null deflection S =%R. On decreasing the

value of % the sensitivity of the box increases. It is used to find out the breakage in telegraph line

in post and telegraph offices.

* To increase the range of an ammeter a shunt is connected in parallel with the galvanometer.

» To convert an ammeter of range | ampere and resistance R, Q into an ammeter of range nl
ampere, the value of resistance to be connected in parallel will be Rg(n -1)

* To increase the range of a voltmeter a high resistance is connected in series with it.

» To convert a voltmeter of resistance R, Q and range V volt into a voltmeter of range nV volt,
the value of resistance to be connected in series will be (n - 1)Rg.

* Resistance of ideal ammeter is zero & resistance of ideal voltmeter is infinite.

»  The bridge is most sensitive when the resistance in all the four branches of the bridge is of same
order.

Inthe adjoining network of resistors each is of resistance r Q. Find the equivalent resistance between

point A and B

A 100 volt voltmeter whose resistance is 20 kQ is connected in series to a very high resistance R.
When it is joined in a line of 110 volt, it reads 5 volt. What is the magnitude of resistance R ?

110

When voltmeter connected in 110 volt line, Current through the voltmeter | = —————
(20x10° +R)

The potential difference across the voltmeter V = IR,

5 _ 110x20x10°
(20x10° +R)

=20x%x 10°+R=440x%x 10°=> R =420%x 10°Q

17
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Ex.

Sol.

Ex.

Sol

When a shunt of 4Q) is attached to a galvanometer, the deflection reduces to 1/5™. If an additional
shunt of 2Q2 is attached what will be the deflection ?

Initial condition : When shunt of 4Q used le :f|x4 = G=16Q
5 5

4y 5  C
—AWWAW——
S=4Q

4 I
When additional shunt of 2Q2 used I' x 16 = (1 - 1') 3= I'= e

(1) () U]
+—>—@—+ —>—>—@—>—->

"(|—|') 40 G _ "(I by 4 G
—www— = Jo) 4
3 Q
—ww—  win—
2Q

.. it will reduce to LS of the initial deflection
1

A galvanometer having 30 divisions has current sensitivity of 20pA/division. It has a resistance of
25Q.

(i) How will you convert it into an ammeter measuring upto 1 ampere.

(i) How will you convert this ammeter into a voltmeter upto 1 volt.

The current required for full scale deflection l,= 20 pA x 30 = 600 pA =6 x 10~A

(i) To convert it into ammeter, a shunt is required in parallel with it

I.R y
shunt resistance R's = ——— = e — |25=0.015Q
(1-1;) (1-6x10
(i) To convert galvanometer into voltmeter, a high resistance in series with it is required
series resistance R = _X— R, = Wlo“_ 25 =1666.67 — 25 =1641.67 Q
| X

9

POTENTIOMETER

18

Necessity of potentiometer

Practically voltameter has a finite resistance. (ideally it should be o) in other words it draws some
current from the circuit . To overcome this problem potentiometer is used because at the instant of
measurement , it draws no current from the circuit. It means its effective resistance is infinite.
Working principleof potentiometer

Any unknown potential difference is balanced on a known potential difference which is uniformly
distributed over entire length of potentiometer wire. This process is named as zero deflection or null
deflection method.

Potentiometer wire

Made up of alloys of magnin, constantan, Eureka. Specific properties of these alloys are high specific
resistance, negligible temperature co—efficient of resistance (o). Invariability of resistance of
potentiometer wire over a long period.



CIRCUITS OF POTENTIOMETER

primary circuit

Current Electricity

Rh (O-R,)

< L

‘0 -
Twire

E'<E

D

A
secondary circuit J
£ oF

Primary circuit contains constant source of voltage rheostat or Resistance Box
Secondary, Unknown or galvanometer cir cuit
Let p = Resistance per unit length of potentiometer wire

Potential gradient (x) (V/m)

The fall of potential per unit length of potentiometer wire is called potential gradient.

V  current x resitance of potentiometer wire

= L length of potentiometer wire

18

The potential gradient depends only on primary circuit and is independent of secondary circuit.

Applicationsof potentiometer

To measure potential difference across a
resistance.
To find outemfofacell

Comparison of twoemfsE,/ E, °

To find out internal resistance of a primary

cell °

Comparison of two resistance.
To find out an unknown resistance which is
connected in series with the given resistance.

Tofind out currentinagiven circuit
Calibration of an ammeter or to have a check
onreading of (A)

Calibration of a voltmeter or to have a check on
reading of (V)

Tofind out thermocouple emf (e)) (mV or mV)

Different between potentiometer and voltmeter

Potentiomer

Voltmeter

It measures the unknown emf very accurately
While measuring emf it does not draw any current
from the driving source of know emf,

While measuring unknown potential difference
the resistance of potentiometer becomes infinite.
Itis based on zero deflection method.

It has a high sensitivity.

itisused for various applications like measurement
of internal restiance of cell, calibration of ammeter
and voltmeter, measurement of thermo emf,
comparison of emf's etc.

It measures the unknown emf approximately.
While measuring emf it draws some current from
the source of emf.

While measuring unknown potential difference the
resistance of voltmeter is high but finite.

Itis based on deflection method.

Its sensitivity is low.

Itis only used to measured emf or unknown
potential difference.

19
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Ex.  There is a definite potential difference between the two ends of a potentiometer. Two cells are
connected in such a way that first time help each other, and second time they oppose each other.
They are balanced on the potentiometer wire at 120 cmand 60 cm length respectively. Compare the
electromotive force of the cells.
Sol.  Suppose the potential gradient along the potentiometer wire = x and the emf's of the two cells are E
and E,.
When the cells help each other, the resultant emf = (E, + E,)
E, +E,=xx 120 cm...(i)
When the cells oppose each other, the resultant emf = (E, - E.)
E,—E,=xx 60cm ...(ii)

From equation (i) and (ii) E,+E, = 120cm :E:> E,+E,=2(E,-E)=3E,=E= 1= :%

E,—E, 60cm 1 E,

1

COLOUR CODE FOR CARBON RESISTORS

Colour Strip A | StripB Strip C StripD
(Tolerance)
Black 0 0 10°
Brown 1 1 10"
Red 2 2 10°
Orange 3 3 10°
Yellow 4 4 10°*
Green 5 5 10°
Blue 6 6 10° Aid to memory BBROY
Violet 7 7 10’ Great Britain
Grey 8 8 10° Very Good watch of gold & silver
White 9 9 10°
Gold - - 10* +5%
Silver - A 10? +10 %
No colour - - - +20%

Ex.  Draw a colour code for 42 k Q + 10% carbon resistance.

Sol.  According to colour code colour for digit 4 is yellow, for digit 2 it is red, for 3 colour is orange and
10% tolerance is represented by silver colour. So colour code should be yellow, red, orange and
silver.

Ex.  What is resistance of following resistor.

Violet  Gold
| |

T T

t ot
Yellow Brown

Sol.  Number for yellow is 4, Number of violet is 7
Brown colour gives multiplier 10, Gold gives a tolerance of + 5%
So resistance of resistor is 47 x 10 Q + 5% = 470 + 5% Q.

20
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EXERCISE#S-1

Microscophic analysis

1.

2.

3.

4,

A copper wire of length L, and cross section area A carries a current I. If the specific resistance of
copper is p, the electric field in the wireis _

A copper wire carries a current density j ( = current per unit area). Assuming that n = No. of free
electrons per unit volume, e = electronic charge, <v> = average speed due to thermal agitation. The
distance which will be covered by an electron during its displacement | along the wire _
The total momentum of electrons in a straight wire of length ¢ carrying a current | is
(mass of electron = m,, charge of electron =¢ )

Two conductors are made of the same material and have the same length. Conductor A is a solid wire
of diameter 1mm. Conductor B is a hollow tube of outer diameter 2mm and inner diameter 1mm.
Find the ratio of resistance R, to R..

Ohm's law and circuit analysis

5.

6.

(a) Given n resistors each of resistance R, how will you combine them to get the (i) maximum
(i1) minimum effective resistance? What Is the ratio of the maximum to minimum resistance?

(b) Given the resistances of 1Q, 2Q, 3Q2, how will be combine them to get an equivalent resistance of
(1) (11/3) Q (i) (11/5) O (iii) 62 (iv) (6/11) Q ?

(c) Determine the equivalent resistance of networks shown in figures

(b)

In the circuit shown in figure the reading of ammeter is the same with both switches open as with both
closed. Then find the resistance R. (ammeter is ideal)

100Q
— WA —E—
v
MW 300
ANAARA— =
oG 15V
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7.

10.

22

Find the current (in mA) in the wire between points A and B.

1kQ A _2ko
2kQ 1kQ
B
/|
ol
30V

Ifthe switches S,, S, and S, in the figure are arranged such that current through the battery is minimum,
find the voltage across points A and B.

6Q 3Q
—AA—AA—
60 A
AVAY, S p
Sy 1Q AVAY
% 90 < 10 S1Q
24V 3
T |

™

Find the current | & voltage V in the circuit shown.

5Q 70

i
g
0 O.4Q§

T 20V
4Q 8Q

20 10Q

An electrical circuit is shown in the figure. Calculate the potential difference across the resistance of
400 ohm, as will be measured by the voltmeter V of resistance 400 ohm, either by applying Kirchhoff’s
rules or otherwise.

()
V)
400Q
ANV
100Q | 100Q 200Q
“WWAT— MWW
100Q
MW
[\
"0V



Current Electricity

11. Inthe circuit shown in figure potential difference between point A and B is 16V. Find the current
passing through 2Q resistance.

40 9V 1Q 3V 40

20

12.  Anenquiring physics student connects a cell to a circuit and measures the current drawn from the cell
to 1,. When he joins a second identical cell in series with the first, the current becomes I,. When the
cells are connected are in parallel, the current through the circuit is I,. Show that relation between the
currentis 31,1,=21, (I, +1,)

13. For what value of R in circuit, current through 4Q resistance is zero.

R 40
My W
20
4 - — 6V
v 10V
T

14. The potential of certain points in the circuit are maintained at the values indicated. The VVoltmeter and
Ammeter are ideal. Find the potential of the cross junction point in the circuit (at center O) and the
readings of Voltmeter and Ammeter. All cells are ideal.

+15V

100
Voltmeter

5V

+10V o -11V
._f\/\/\/\,_| —
20Q 1oV 10Q 5V
200

@Ammeter

15. Inthe given circuit diagram, the current through the 1Q resistor is given by I amp. Fill 21 in OMR

sheet.
10V 20
—‘\NWW—'l ''''''''''
20
A1 s W |
10v[ 10z 1ov[
20
AT

23
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Joule heating

16. If a cell of constant E.M.F. produces the same amount of the heat during the same time in two
independent resistors R, and R,, when they are separately connected across the terminals of the cell,
one after the another, find the internal resistance of the cell.

17.  The coil of a calorimeter C has a resistance of R, = 60Q. The coil R, is connected to the circuit as
shown in figure. What is the rise in temperature (°C) of 240 grams of water poured into the calorimeter
when it is heated for 7 minutes during which a current flows through the coil and the ammeter shows
3A? The resistance R_= 30Q. [Disregard the resistances of the battery and the ammeter, and the heat
losses and heat capacity of the calorimeter and the resistor and specific heat of water = 4200 J/kg°C]

R

2
AMAMA
YYYYYY

Tl

18. An electric kettle has two windings. When one of them is switched on, the water in the kettle begins
to boil in 15 minutes, and when the other is switched on it takes 30 minutes for water to boil. If the

. S . . . . L. O .
two windings are joined in series and switched on, water in the kettle begin to boil in 2 hr. Assuming

no heat loss to the surrounding fill the value of o in OMR sheet.
19. Find the current through 25V cell & power supplied by 20V cell in the figure shown.

_l1ov ]sv 20V [30V

sy
) e

20. A person decides to use his bath tub water to generate electric power to run a 40 watt bulb. The bath
tub is located at a height of 10 m from the ground & it holds 200 litres of water. If we install a water
driven wheel generator on the ground, at what rate should the water drain from the bath tub to light
bulb? How long can we keep the bulb on, if the bath tub was full initially. The efficiency of generator
is 90%. (g = 10m/s?)

Instruments

21. A part of a circuit is shown in figure. Here reading of ammeter is 5 ampere and voltmeter is 96V &
voltmeter resistance is 480 ohm. Then find the resistance R

AW

©
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22.

23.

24.

25.

206.

Current Electricity

The resistance of the galvanometer G in the circuit is 25Q. The meter deflects full scale for a current
of 10 mA. The meter behaves as an ammeter of three different ranges. The range is 0-10A, if the
terminals O and P are taken; range is 0-1 A between O and Q; range is 0-0.1 A between O and R.
Calculate the resistance R, R, and R,.

©

MWW AW MW
R, R, R,

+ 10A 1A 0.1A

A galvanometer having 50 divisions provided with a variable shunt is used to measure the current as
an ammeter when connected in series with a resistance of 90 © and a battery of internal resistance
10Q. It is observed that when the shunt resistance are 10Q, 50Q, respectively the deflection are
respectively 9 & 30 divisions. What is the resistance of the galvanometer? Further if the full scale
deflection of the galvanometer movement is 300 mA, find the emf of the cell.

Draw the circuit for experimental verification of Ohm's law using a source of variable D.C. voltage,
a main resistance of 100 Q, two galvanometers and two resistances of values 10° Q and 103 Q

respectively. Clearly show the positions of the voltmeter and the ammeter. [[I T-JEE’ 2004]
How a battery is to be connected so that shown rheostat will behave like a potential divider? Also
indicate the points about which output can be taken. [I1T-JEE’ 2003]
[
A—AAAN—B
R

An unknown resistance X is to be determined using resistances R, R, or R.. Their corresponding
null points are A, B and C. Find which of the above will give the most accurate reading and why?
[ T-JEE 2005]

A B C
R=R; or R, or Ry
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27.  Inthe figure shown for which values of R, and R, the balance point for Jockey is at 40 cm from A.
When R, is shunted by a resistance of 10 Q, balance shifts to 50 cm. Find R, and R,. (AB =1 m):

R, Ry

A B

28.  While doing an experiment with potentiometer it was found that the deflection is one sided and two
casses are possible
(i) the deflection decreased while moving from one end A of the wire to the end B;
(i1) the deflection increased. while the jockey was moved towards the end B. Then
(a) Which terminal +or —ve of the cell E,, is connected at X in case (i) and how is E, related to E?
(b) Which terminal of the cell E, is connected at X in case (ii)?

|E \
1 |_('/

E, J)
Xy G

29. Ina potentiometer arrangement, a cell of emf 1.25 V gives a balance point at 35.0 cm length of the
wire. If the cell is replaced by another cell and the balance point shifts to 63.0 cm, what is the emf of
the second cell ?

30. A potentiometer wire AB is 100 cm long and has a total resistance of 10 ohm. If the galvanometer
shows zero deflection at the position C, then find the value of unknown resistance R.

26
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Current Electricity

A battery of emf ¢, = 10 V is connected across a 1 m long uniform wire having resistance 10€/m.
Two cells of emf e, =2V and ¢, = 4V having internal resistances 1Q and 5 respectively are connected
as shown in the figure. Ifa galvanometer shows no deflection at the point P, find the distance of point

P from the point A.

81=2V
S5Q

82:4\]
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EXERCISE#S-2

A long cylinder with uniformly charged surface and cross sectional radius a = 1.0 cm moves with a
constant velocity v = 10 m/s, along its axis. An electric field strength at the surface of the cylinder is
equal to E = 0.9 KV/cm. Find the resulting covection current, that is, the current caused by mechanical
transfer of charge.

A resistance R of thermal coefficient of resistivity = o is connected in parallel with a resistance = 3R,
having thermal coefficient of resistivity = 2. Find the value of o

Relation between current in conductor and time is shown in figure then determine.

(i) Total charge flow through the conductor

(i) Write expression of current in terms of time

(ii) If resistance of conductor is R then total heat dissipated across resistance R is

A long conductor of circular cross-section has radius r and lengh | as shown in the figure. The
conductivity of the material near the axis is o, and increases linearly with the distance from axis and
becomes o, near the surface. Find the resistance of the conductor if the current enters from the one
end and leaves from the other end.

A =
Qa
N——

>
v

(a) The current density across a cylindrical conductor of radius R varies according to the equation
r , , , T ,
J= Jo(l— R) , Where r is the distance from the axis. Thus the current density is a maximum J, at the

axis r = 0 and decreases linearly to zero at the surface r = R. Calculate the current in terms of J, and
the conductor’s cross sectional area is A = tR2.
(b) Suppose that instead the current density is a maximum J, at the surface and decreases linearly to

. r
zero at the axis so that J = Joﬁ . Calculate the current.



10.

Current Electricity

Find the resistor in which maximum heat will be produced.
5Q 5Q
N\ﬁﬁ/\/\
SN
20
1
A

Find the potential difference V, — Vg for the circuit shown in the figure.

v Y v

1Q

A galvanometer (coil resistance 99Q2) is converted into a ammeter using a shunt of 1 @ and connected
as shown in the figure (i). The ammeter reads 3A. The same galvanometer is converted into a voltmeter
by connected a resistance of 101Qin series. This voltmeter is connected as shown in figure (ii). Its

reading is found to be 4/5 of the full scale reading. Find ~ 12v ; i|2V ;
W
(1) internal resistance r of the cell 0
AN

(i1) range of the ammeter and voltmeter

0

ANy

i 2Q)

(i) full scale deflection current of the galvanometer Fig. () Fig. (ii

An accumulator of emf 2 VVolt and negligible internal resistance is connected across a uniform wire of
length 10m and resistance 30Q. The appropriate terminals of a cell of emf 1.5 Volt and internal
resistance 1Q) is connected to one end of the wire, and the other terminal of the cell is connected
through a sensitive galvanometer to a slider on the wire. What length of the wire will be required to
produce zero deflection of the galvanometer ? How will the balancing change (a) when a coil of
resistance 5Q is placed in series with the accumulator, (b) the cell of 1.5 volt is shunted with 5Q
resistor ?

A constant voltage V(= 12V) is applied to a potential divider of resistance R (= 4€2), connected to an
ideal ammeter. A constant resistor r (= 2 ) is connected to the sliding contact of the potential divider
(as shown). Find the minimum current (in A) measured by ammeter.
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EXERCISE # O-1

SINGLE CORRECT TYPE QUESTIONS

Microscopic analysis

1.

30

A wire has a non-uniform cross-section as shown in figure. A steady current flows through it. The
drift speed of electrons at points P and Q is v, and Vo

=)
(A)vp = Vo (B) vp < Vo C) v, > Vo (D) Data insufficient
Two wires each of radius of cross section r but of different materials are connected together end to
end (in series). If the densities of charge carriers in the two wires are in the ratio 1 : 4, the drift velocity
of electrons in the two wires will be in the ratio:
(A)1:2 B)2:1 ©4:1 (D)1:4
An insulating pipe of cross-section area 'A' contains an electrolyte which has two types of ions—
their charges being —e and +2e. A potential difference applied between the ends of the pipe result in
the drifting of the two types of ions, having drift speed = v (—ve ion) and v/4 (+ve ion). Both ions have
the same number per unit volume = n. The current flowing through the pipe is
(A) nev A2 (B) nev A/4 (C) 5nev A/2 (D) 3nev A/2
The current in a metallic conductor is plotted against voltage at two different temperatures T, and T,
Which is correct

Current

Voltage

AT, >T, (B)T,<T, Q)T =T, (D) none

1
A metal rod of length 10 cm and a rectangular cross-section of 1 cm x 5 cm is connected to a battery

across opposite faces. The resistance will be

1
(A) maximum when the battery is connected across 1 cm XE cm faces.
(B) maximum when the battery is connected across 10 cm x 1 cm faces.

1
(C) maximum when the battery is connected across 10 cm x > cm faces.

(D) same irrespective of the three faces.



Current Electricity

Consider a current carrying wire (current | ) inthe shape of a circle. Note that as the current progresses
along the wire, the direction of j (current density) changes in an exact manner, while the current |
remain unaffected. The agent that is essentially responsible for is

(A) source of emf.

(B) electric field produced by charges accumulated on the surface of wire.

(C) the charges just behind a given segment of wire which push them just the right way by repulsion.
(D) the charges ahead.

Two long straight cylindrical conductors with resistivities p, and p, respectively are joined together
as shown infigure. If current | flows through the conductors, the magnitude of the total free charge at
the interface of the two conductors is :-

-p, )1
(A) zer0 @2l il @ allesl

Statement 1 : The drift speed of electrons in metals is small (in the order of a few mm/s) and the
charge of an electron is also very small (= 1.6 x 10-°C), yet we can obtain a large current in a metal.
and

Statement 2: At room temperature, the thermal speed of electron is very high (about 107 times the
drift speed).

(A) Statement—1 is True, Statement-2 is True ; Statement—2 is a correct explanation for Statement-1.
(B) Statement—1 is True, Statement—2 is True ; Statement—2 is not a correct explanation for Statement-1.
(C) Statement-1 is True, Statement-2 is False.

(D) Statement-1 is False, Statement-2 is True.

Ohm's law & circuit analysis

0.

10.

A storage battery is connected to a charger for charging with a voltage of 12.5Volts. The internal
resistance of the storage battery is 1(2. When the charging current is 0.5 A, the emf of the storage
battery is:

(A) 13 Volts (B) 12.5 Volts (C) 12 Volts (D) 11.5 Volts

In the given circuit the current flowing through the resisitance 20 ohms is 0.3 ampere while the
ammetre reads 0.8 ampere. What is the value of R,?

R,
ANN—>-@B>-
15Q
(A) 30 ohms (B) 40 ohms (C) 50 ohms (D) 60 ohms

31



JEE-Physics

11.

12.

13.

14.

15.

16.

32

Resistances R, and R, each 60€2 are connected in series as shown in figure. The Potential difference
between A and B is kept 120 volt. Then what will be the reading of voltmeter connected between the
point C & D if resistance of voltmeter is 120Q.

(A) 48V (B) 24V (C) 40V (D) None
In the circuit shown in the figure, the current through :

30 20 20
oV 802
2Q
(A) the 3Q resistor is 0.50 A (B) the 3Q resistor is 0.25 A
(C) 4 Q3 resistor is 0.50 A (D) the 4Q) resistor is 0.25 A

A simple circuit contains an ideal battery and a resistance R. If a second resistor is placed in parallel
with the first,
(A) the potential across R will decrease
(B) the current through R will decreased
(C) the current delivered by the battery will increase
(D) the power dissipated by R will increased.
The equivalent resistance of a group of resistances is R. If another resistance is connected in parallel
to the group , its new equivalent becomes R, & if it is connected in series to the group , its new
equivalent becomes R, we have :
(AR, >R (B)R, <R C)R,>R (D)R, <R
An energy source will supply a constant current into the load, if its internal resistance is-

[AIEEE - 2005]
(A) equal to the resistance of the load (B) very large as compared to the load resistance
(C) zero (D) non-zero but less than the resistance of the load
When a current of 4 A flows within a battery from its positive to negative terminal, the potential
difference across the battery is 12 volts. The potential difference across the battery is 9 volts when a
current of 2 A flows within it from its negative to its positive terminal. The internal resistance and the
e.m.f. of the battery are :-
(A)0.1Q,4V (B) 0.2 Q2, 5V (©) 050,10V (D) 0.7 Q, 10V
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Two resistances of equal magnitude R and having temperature coefficient o, and o, respectively are
connected in parallel. The temperature coefficient of the parallel combination is, approximately
o, o —a o, +a
172 (C) 1 2 (D) 1 2
o +a, 2 2

(A) 2(a, +a,) (B)

Under what condition current passing through the resistance R can be increased by short circuiting
the battery of emf E,. The internal resistances of the two batteries are r, and r, respectively.

S E,
F—~AANM——] F=ANA

R
VAAAA

(A E,,>E; (R+r1) (B)Er,>E,(R+r1) (C)E,-,>E, (R+r1,) (D)E;r,>E,(R+T1)

A battery consists of a variable number n of identical cells having internal resistance connected in
series. The terminals of the battery are short circuited and the current I measured. Which one of the
graph below shows the relationship between | and n?

(A) £ i (B) = i €)= { (D) = (afi
0 n (e} n O n ob——>sn 0 n

In previous problem, if the cell had been connected in parallel (instead of in series) which of the
above graphs would have shown the relationship between total current | and n?

(A) = i (mfi (€)= { (D) = Eﬁi
(6] n (6] n (0] n (0] n 6] n

In the figure shown, battery 1 has emf = 6 V and internal resistance = 1 Q. Battery 2 has emf =2V and
internal resistance = 3 Q. The wires have negligible resistance. What is the potential difference across
the terminals of battery 2 ?

-------------------

(A 4V (B)15V ©)5Vv (D)0.5V

The battery in the diagram is to be charged by the generator G. The generator has a terminal voltage
of 120 volts when the charging current is10 amperes. The battery has an emf of 100 volts and an
internal resistance of 1 ohm. In order to charge the battery at 10 amperes charging current, the resistance
R should be set at :-

100V,1Q

(A)0.1Q (B)0.5Q (C)1.0Q (D)5.0Q
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In the diagram resistance between any two junctions is R. Equivalent resistance across terminals A
and B is :-

11R 18R 7R 11R
(A) —~ B) 71 © 17 D) =g
A Wheatstone's bridge is balanced with a resistance of 625 Q in the third arm, where P, Q and S are
in the 15t, 2"d and 4t arm respectively. If P and Q are interchanged, the resistance in the third arm has
to be increased by 51Q to secure balance. The unknown resistance in the fourth arm is :-

625Q

(A) 625 Q (B) 650 © (C)676 © (D) 600 ©

One end of a Nichrome wire of length 2L and cross-sectional area A is attatched to an end of another
Nichrome wire of length L and cross-sectional area 2A. If the free end of the longer wire is at an
electric potential of 8.0 volts, and the free end of the shorter wire is at an electric potential of 1.0 volt,
the potential at the junction of the two wires is equal to :-

(A) 24V (B)3.2V (C)4a5V (D)5.6 V

In the circuit shown in figure reading of voltmeter is V', when only S, is closed, reading of voltmeter
is V, when only S, is closed. The reading of voltmeter is V; when both S, and S, are closed then

I
1TE

(A V,>V, >V, (B)V,;>V,>V, C)Vy;>V, >V, (D)V,>V,>V,

A battery of emf E and internal resistance r is connected across a resistance R. Resistance R can be
adjusted to any value greater than or equal to zero. A graph is plotted between the current (i) passing
through the resistance and potential difference (V) across it. Select the correct alternative.

(A) internal resistance of battery is 5Q (volt\)]

(B) emf of the battery is 20V 10

(C) maximum current which can be taken from the battery is 4A
(D) V-i graph can never be a straight line as shown in figure.

i

2 (ampere)



Current Electricity

28. In the circuit, the galvanometer G shows zero deflection. If the batteries A and B have negligible
internal resistance, the value of the resistor R will be- [AIEEE - 2005]

()
~ |av
‘ R AT

12v'|' B

(A) 200 Q (B) 100 © (C)500 & (D) 1000 Q
29. Inthe figure shown the current through 2Q2 resistor is [11 T-JEE 2005 (Scr)
lﬂ 10Q
5Q
20V
wl ]
(A)2A (B)OA (C)4A (D)6 A

30. Acylindrical solid of length 1m and radius 1 mis connected across a source of emf 10V and negligible
internal resistance shown in figure. The resistivity of the rod as a function of x (x measured from left
end) is given by p = bx [where b is a positive constant]. Find the electric field (in SI unit) at point P
at a distance 10 cm from left end.

) 10cm
| —p®
P

Yr—

Im

|
["10v

(A)1 (B)2 (€)3 (D) 4
31. Ifthe wire has resistivity p and cross sectional area A, the equivalent resistance between P and Q is :-

P /2 [y

!
/@/2{ }K/Z

'H/_J'H/_J
22 Q
1 2pl 1
® J5a &) Y2 © 5 © %
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32. The equivalent resistance between the terminal points A and B in the network shown in figure is :-

vive
R R R
R R
A R R R B
R
R AW

7R SR 7R SR
O B) 5 © () 5,

33. Anelectric bell has a resistance of 5Q2 and requires a current of 0.25 A to work it. Assuming that the
resistance of the bell wire is 1Q per 15m and that the bell push is 90m distance from the bell. How
many cells each of emf 1.4V and internal resistance 2Q, will be required to work the circuit-

(A3 (B)4 (©)5 (D) Can't be determined

34. Acircuit is arranged as shown. Then, the current from A to B is

100 A 150
—AAAMA AAM
10V= §1og T3V
B
(A) +500 mA (B) +250 mA (C) =250 mA (D) =500 mA

Joule heating

35. Power generated across a uniform wire connected across a supply is H. If the wire is cut into n equal
parts and all the parts are connected in parallel across the same supply, the total power generated in
the wire is

g H
(A 2 (B) *H (C) nH ()

36.  When electric bulbs of same power, but different marked voltage are connected in series across the
power line, their brightness will be :
(A) proportional to their marked voltage
(B) inversely proportional to their marked voltage
(C) proportional to the square of their marked voltage
(D) inversely proportional to the square of their marked voltage

37. Two bulbs rated (25 W —220V) and (100W — 220V) are connected in series to a 440 V line. Which
one is likely to fuse?

(A) 25 W bulb (B) 100 W bulb (C) both bulbs (D) none
38. Rate of dissipation of Joule’s heat in resistance per unit volume is (symbols have usual meaning)
(A)cE (B)olJ (CO)JE (D) None
39. Ifthe length of the filament of a heater is reduced by 10%, the power of the heater will
(A) increase by about 9% (B) increase by about 11%
(C) increase by about 19% (D) decrease by about 10%
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Two bulbs one of 200 volts, 60 watts & the other of 200 volts, 100 watts are connected in series to a
200 volt supply. The power consumed will be

(A) 37.5 watt (B) 160 watt (C) 62.5 watt (D) 110 watt

In the figure shown the power generated in y is maximum wheny = 5Q. Then R is :-

y
J

10V; R
20
(A)20 (B)6 Q2 (C)50 (D)3Q
Arrange the order of power dissipated in the given circuits, if the same current is passing through all
circuits and each resistor is 'r' [l T-JEE’ 2003 (Scr)]

A= AN N B
(1) *7X /

(A P,>P,>P,>P (B)P,>P,>P,>P, (C)P,>P,>P,>P, (D)P,>P,>P,>P,
Arigid container with thermally insulated walls contains a coil of resistance 100 Q, carrying current

(2) A AA—N—AA— B

1 A. Change in internal energy after 5 min will be [ T-JEE 2005]
(A) zero (B) 10 kJ (C) 20 kJ (D) 30 kJ
The value of the resistance R in the circuit shown below so that electric bulb consumes the rated
POWEer is :-

6V=IO.SQ
(A) 4 ohm (B) 6 ohm (C) 8 ohm (D) 10 ohm

A variable load R is connected to a voltage source of internal resistance r. Then choose the
INCORRECT statement out of the following :-

(A) If R =r, maximum power is transferred to the load

(B) If current is maximum, power transfer to load is also maximum

(C) If R <<, the voltage source supplied a fixed current to the load

(D) Power supplied to load is minimum if load is either too low or too high
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46.

The variation of current (1) and voltage (V) is as shown in figure A. The variation of power P with
current | is best shown by which of the following graph

Fig. A 1

P P p P
(A) i (B) f © (D)
[ [ I I

| nstruments

47.

48.

49.

50.
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A galvanometer has a resistance of 20Q2 and reads full-scale when 0.2 V is applied across it. To
convert it into a 10 A ammeter, the galvanometer coil should have a

(A) 0.01Q resistor connected across it (B) 0.02Q2 resistor connected across it

(C) 200€2 resistor connected in serieswith it (D) 2000 Q resistor connected in series with it

A galvanometer coil has a resistance 90 Q and full scale deflection current 10 mA. A 910C2 resistance
is connected in series with the galvanometer to make a voltmeter. If the least count of the voltmeter is
0.1V, the number of divisions on its scale is

(A) 90 (B)91 (C) 100 (D) none

Which of the following wiring diagrams could be used to experimentally determine R using ohm's
law ? Assume an ideal voltmeter and an ideal ammeter.

A
(A) (B) ©) @ (D)

When an ammeter of negligible internal resistance is inserted in series with circuit it reads 1A. When
the voltmeter of very large resistance is connected across X it reads 1VV. When the point A and B are
shorted by a conducting wire, the voltmeter measures 10 V across the battery. The internal resistance
of the battery is equal to :-

A B
(A) zero (B)0.5Q (C)0.2Q (D)0.10Q

By error, a student places moving-coil voltmeter V (nearly ideal) in series with the resistance in a
circuit in order to read the current, as shown. The voltmeter reading will be

|I
E=12V,1r=2Q

40

(A) 0 (B) 4V (C) 6V (D) 12V
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In the circuit shown the readings of ammeter and voltmeter are 4A and 20V respectively. The meters
are non ideal, thenR is :

R
T
O,
(A) 5Q (B) less than 50 (C) greaterthan5Q (D) between 4Q2 & 5Q
In a balanced wheat stone bridge, current in the galvanometer is zero. It remains zero when:
[1] battery emf is increased
[2] all resistances are increased by 10 ohms
[3] all resistances are made five times
[4] the battery and the galvanometer are interchanged
(A) only [1] is correct (B) [1], [2] and [3] are correct
(C) [1], [3] and [4] are correct (D) [1] and [3] are correct
The figure shows a metre-bridge circuit, with AB =100 cm, X = 12Q and R = 18Q, and the jockey

J in the position of balance. If R is now made 82, through what distance will J have to be moved to
obtain balance?

]
B

e
T

I DN =R e

A TJ

(A)10cm (B) 20 cm (C)30cm (D) 40 cm

In ametre bridge experiment, null point is obtained at 20 cm from one end of the wire when resistance

X is balanced against another resistance Y. If X <Y, then where will be the new position of the null

point from the same end, if one decides to balance a resistance of 4X against Y? [AIEEE - 2004]

(A)50 cm (B) 80 cm (C)40cm (D) 70 cm

Aresistance Ris to be measured using a meter bridge. Student chooses the standard resistance Sto be

100€2. He finds the null point at |, =2.9 cm. He is told to attempt to improve the accuracy.

Which of the following is a useful way?

(A) He should measure |, more accurately.

(B) He should change Sto 10002 and repeat the experiment.

(C) He should change Sto 3Q and repeat the experiment.

(D) He should give up hope of a more accurate measurement with a meter bridge.

In the given circuit, no current is passing through the galvanometer. If the cross-sectional diameter of

AB is doubled then for null point of galvanometer the value of AC would [IIT-JEE’ 2003 (Scr)]

(A) x (B) x/2 (C) 2x (D) None
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For the post office box arrangement to determine the value of unknown resistance, the unknown
resistance should be connected between [[IT-JEE’ 2004 (Scr)]

C00000000

AL P
m
Be'e €eC,

(A)Band C (B)Cand D (C)Aand D (D) B, and C,

A potentiometer wire has length 10 m and resistance 10Q2. It is connected to a battery of EMF 11 volt
and internal resistance 1 (2, then the potential gradient in the wire is :-

(A) 10 VIm (B) 1VIm (©)0.1V/m (D) none

A 6V battery of negligible internal resistance is connected across a uniform wire of length 1 m. The
positive terminal of another battery of emf 4V and internal resistance 1 € is joined to the point A as
shown in figure. The ammeter shows zero deflection when the jockey touches the wire at the point C.
The AC is equal to :-

6V
| 1
| |

IS

4V, 1Q

(A)2/3m (B) 1/3m (C)3/5m (D)1/2m
In the given potentiometer circuit length of the wire AB is 3 m and resistance is R = 4.5 Q. The
length AC for no deflection in galvanometer is :-

E=5V 1=0.5Q

e

E,=3v T

(A)2m (B) 1.8 m (C) dependentonr, (D) none of these

The length of a potentiometer wire is /. A cell of emf E is balanced at a length ¢/3 from the positive
end of the wire. If the length of the wire is increased by ¢/2. At what distance will the same cell give
a balance point.

20 / / 4y
(A) 3 (B) 5 ©) 5 (D) 3
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Two cells of emf’s approximately 5V and 10V are to be accurately compared using a potentiometer

of length 400cm.

(A) The battery that runs the potentiometer should have voltage of 8V.

(B) The battery of potentiometer can have a voltage of 15V and Radjusted so that the potential drop
across the wire slightly exceeds 10V.

(C) The first portion of 50 cm of wire itself should have a potential drop of 10V.

(D) Potentiometer is usually used for comparing resistances and not voltages.

In the given potentiometer circuit, the resistance of the potentiometer wire AB is R,. C is a cell of

internal resistance r. The galvanometer G does not give zero deflection for any position of the jockey

J. Which of the following cannot be a reason for this ?

— b
A i B
w—Q@)
G
(A)r>R0 (B)R>>RO
(C) emf of C>emf of D (D) The negative terminal of C is connected to A.
A resistor has a color code of green, blue; brown and silver. What is its resistance?
(A)56 Q 5% (B) 560 Q £+ 10% (C) 560 Q + 5% (D) 5600 Q £+ 10%

In a galvanometer, the deflection becomes one half when the galvanometer is shunted by a 20Q
resistor. The galvanometer resistance is

20€2

/2

©)
i iR \2/Rg

(A)5Q (B) 1022 (C) 4002 (D) 20Q

MULTIPLE CORRECT TYPE QUESTIONS
A metallic conductor of irregular cross-section is as shown in the figure. A constant potential difference
is applied across the ends (1) and (2). Then :

(A) the current at the cross-section P equals the current at the cross-section Q

(B) the electric field intensity at P is less than that at Q.

(C) the rate of heat generated per unit time at Q is greater than that at P

(D) the number of electrons crossing per unit area of cross-section at P is less than that at Q.

A current passes through an ohmic conductor of nonuniform cross section. Which of the following
guantities are independent of the cross-section?

(A) the charge crossing in a given time interval.

(B) drift speed

(C) current density

(D) free-electron density
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A battery is of emf E is being charged from a charger such that positive terminal of the battery is
connected to terminal A of charger and negative terminal of the battery is connected to terminal B of
charger. The internal resistance of the battery isr.

(A) Potential difference across points A and B must be more than E.

(B) A must be at higher potential than B

(C) In battery, current flows from positive terminal to the negative terminal

(D) No current flows through battery

Two identical fuses are rated at 10A. If they are joined

(A) in parallel, the combination acts as a fuse of rating 20A

(B) in parallel, the combination acts as a fuse of rating 5A

(C) in series, the combination acts as a fuse of rating 10A.

(D) in series, the combination acts as a fuse of rating 20A.

A micrometer has a resistance of 100Q2 and a full scale range of 50pA. It can be used as a voltmeter
or a higher range ammeter provided a resistance is added to it. Pick the correct range and resistance
combination(s).

(A) 50 V range with 10 kQ resistance in series.

(B) 10 V range with 200 kQ resistance in series.

(C) 5 mA range with 1 Q resistance in parallel.

(D) 10 mA range with 1 kQ resistance in parallel.

Mark out the correct options.

(A) An ammeter should have small resistance. (B) An ammeter should have large resistance.

(C) A voltmeter should have small resistance. (D) A voltmeter should have large resistance.

In a meter bridge the point D is a neutral point as shown in figure.

R S
T 13 0 1] T
2 Ge—Jioo=1 ¢
D
[Fr |
II—(-)

(A) The meter bridge can have no other neutral point for this set of resistances.

(B) When the jockey contacts a point on meter wire left of D, current flows to B from the wire
through galvanometer.

(C) When the jockey contacts a point on the meter wire to the right of D, current flows from B to the
wire through galvanometer.

(D) When Ris increased, the neutral point shifts to left.
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MATRIX MATCH TYPE QUESTION
74. Electrons are emitted by a hot filament and are accelerated by an electric field as shown in figure. The
two stops at the left ensure that the electron beam has a uniform cross-section. Match the entries of
column-I with column-11 as electron move from Ato B :

«—E
g A B
Column-I Column-I1
(A) Speed of an electron (P) Inreases
(B) Number of free electrons per unit volume (Q) Decreases
(C) Current density (R) Remains same
(D) Electric potential (S) any of the above is possible

75. Inthe potentiometer arrangement shown in figure, null point is obtained at length /.

E, R
—||—MMN—
AJ
i
1 Ez
Column-| Column-I1

(A) IfE, isincreased (P) ¢ should increase
(B) IfRisincreased (Q) 7 should decrease
(C) IfE, isincreased (R) ¢ should remain the same to

again get the null point
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EXERCISE (O-2)

SINGLE CORRECT TYPE QUESTIONS
1.  Which of the following quantities do not change when an ohmic resistor connected to a battery is
heated due to the current?
(A) drift speed (B) resistivity
(C) resistance (D) number of free electrons
2. Consider an infinte ladder network shown in figure. A voltage V is applied between the points A and
B. This applied value of voltage is halved after each section.

R, R, R, Ry Ry
A —AAAA~AANANA——AAAA —AAANA ——AAAN —r-nneeee
RQ% Rz§ Rz% Rz§ R, é
B
(A)RJ/R,=1 (B) R,/R, = 1/2 (C)R/R,=2 (D) R/R, =3

3. Awire of length L and 3 identical cells of negligible internal resistances are connected in series. Due
to the current, the temperature of the wire is raised by AT in time t. N number of similar cells is now
connected in series with a wire of the same material and cross section but of length 2L. The temperature
of the wire is raised by the same amount AT in the same time t. The value of N is :

(A) 4 (B)6 (©)8 (D)9

4. Inthe circuit shown, what is the potential difference V,,?

Q
2Q
2v av. 3Q
10 20 1V
P
(A) + 3V (B) + 2V (C)-2v (D) none

5. Acircular portion is cut of a disc of thickness t, its resistivity is p and radii of disc are aand b (b > a).
A potential difference is maintained between outer and inner cylindrical surfaces of the disc. What is
resistance of the disc ?

P (P
(A) 2nt In(aj
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The wire shown in figure has a uniform cross-section A.

x=0

X=L
Resistivity of the material of wire is given by P =Po . A potential difference V is applied

L+X
across the wire :-

L
(A) Resistance of wire is p;\ In (2) (B) Current density is variable inside the wire
2V \%
(C) Electric fieldat x =0 is (In 2).L (D) Electric field at x =L is —(In 2) L

A circuit is comprised of eight identical batteries and a resistor R = 0.8Q. Each battery has an emf of
1.0 V and internal resistance of 0.2Q2. The voltage difference across any of the battery is

(A) 0.5V (B) 1.0V Qov (D)2V
An ammeter A of finite resistance, and a resistor R are joined in series to an
ideal cell C. A potentiometer P is joined in parallel to R. The ammeter reading
is 1, and the potentiometer reading is V,. P is now replaced by a voltmeter of (a) W
finite resistance. The ammeter reading now is | and the voltmeter reading is *
V.
A 1>1, V<V, (B)I>1, V=V, ©)1=1, V<V, (D) 1<, V=V,
The sensitivity of post—office box for determination of resistance of 52 is maximum when, P and Q
bothare
A)1OQ (B)10Q (C)100 & (D) 1000 Q@

MULTIPLE CORRECT TYPE QUESTIONS
A battery ofemf 10 volt and internal resistance 2C2 is connected to an external resistance 82 as shown
in the figure :-

Wi

(A) Work done due to conservative electric field while a unit positive charge passes through battery
from Q to P (along the arrow) is 8 Joule.

(B) Work done due to conservative electric field while a unit positive charge passes through battery
from Q to P (along the arrow) is — 8 Joule.

(C) Work done due to conservative electric field while a unit positive charge passes through 8 along
the arrow is -8 Joule.

(D) Work done due to non conservative electric field while a unit positive charge moves from Q to P
(along the arrow) is 10 Joule.
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The value of the resistance R in figure is adjusted such that power dissipated in the 2Q) resistor is

maximum. Under this condition Y

(AAR=0

(B) R=80Q IZ\I % 20
(C) power dissipated in the 2 Q resistor is 72 W. T

(D) power dissipated in the 2 Q resistor is 8 W.

In the circuit shown E, F, G and H are cells of e.m.f. 2V, 1V, 3V and 1V respectively and their
internal resistances are 2Q, 1Q, 3Q2 and 1Q respectively.

C e

D ANV B

P
G . H

(A) Vp-Vg=-2/13V

(B) Vp—-Vg=2/13V

(C) Vs = 21/13 V = potential difference across G.

(D) V,, =19/13 V = potential difference across H.

Figure shows the net power dissipated in R versus the current in a simple circuit shown.

N

/ \ I(A) e

0 2 4 56 8 10

(A) The internal resistance of battery is 0.2Q2  (B) The emf of battery is 2V

(C) R at which power is 5W is 2.5 Q (D) Ati=2A, poweris 3.2 W

In a potentiometer wire experiment the emf of a battery in the primary circuit is 20V and its internal
resistance is 5Q. There is a resistance box in series with the battery and the potentiometer wire, whose
resistance can be varied from 120Q to 170Q. Resistance of the potentiometer wire is 75Q. The
following potential differences can be measured using this potentiometer.

(A) 5V (B) 6V (C) v (D) 8v
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EXERCISE-IM

Statement-1: The temperature dependence of resistance is usually given as R = Ry(1+aAt). The

resistance of a wire changes from 100Q to 150Q2 when its temperature is increased from 27°C to

227°C. This implies that oo = 2.5 x 10-3/°C.

Statement-2 : R = Ry(1 + aAt) is valid only when the change in the temperature AT is small and

AR = (R -Rp) <<R,. [AIEEE-2009]

(1) Statement-1 istrue, Statement-2 is true; Statement—2 is not the correct explanation of Statement—1

(2) Statement-1 is false, Statement-2 is true

(3) Statement-1 is true, Statement-2 is false

(4) Statement-1istrue, Statement-2 is true; Statement—2 is the correct explanation of Statement-1

Two conductors have the same resistance at 0°C but their temperature coefficients of resistance are oy

and o,. The respective temperature coefficients of their series and parallel combinations are nearly :
[AIEEE-2010]

o, +o, o,+a, o, + 0, o, +0o, o +o. . %2
(1) 2 ) 2 (2) ) al + az (3) al + a21 2 (4) 1 2 0(1 + OLZ
If a wire is stretched to make it 0.1 % longer its resistance will :- [AIEEE-2011]

(1) decrease by 0.2% (2) decrease by 0.05% (3) increase by 0.05% (4) increase by 0.2%

If400 Q of resistance is made by adding four 100 Q2 resistance of tolerance 5%, then the tolerance of
the combination is : [AIEEE - 2011]
(1) 20% (2) 5% (3) 10% (4) 15%

The current in the primary circuit of a potentiometer is 0.2 A. The specific resistance and cross-
section of the potentiometer wire are 4 x 10-7 ohm metre and 8 x 10-7 m? respectively. The potential

gradient will be equal to :- [AIEEE - 2011]
(1)0.2V/m (2) 1VIm (3)0.5V/m (4)0.1V/m

Two electric bulbs marked 25W-220 V and 100 W-220 V are connected in series to a 440 V supply.
Which of the bulbs will fuse ? [AIEEE - 2012]
(1) Neither (2) Both (3) 100 W 4)25W

The supply voltage to aroomis 120V. The resistance of the lead wires is 6Q2. A 60 W bulb is already
switched on. What is the decrease of voltage across the bulb, when a 240 W heater is switched on in
parallel to the bulb? [JEE-M ain2013]
(1) zero Volt (2) 2.9 Volt (3) 13.3 Volt (4) 10.04 Volt
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This question has Statement | and Statement 11. Of the four choice given after the Statements, choose
the one that best describes the two Statements. [JEE-Main 2013]
Statement-I : Higher the range, greater is the resistance of ammeter.

Statement-II : To increase the range of ammeter, additional shunt needs to be used across it.

(1) Statement-1 is true, Statement-I1 is true, Statement-11 is the cor r ect explanation of Statement-I
(2) Statement-1 is true, Statement-I1 is true, Statement-11 is not the correct explanation of Statement-1.

(3) Statement-1 is true, Statement-I1 is false.

(4) Statement-1 is false, Statement-11 is true.

Ina large building, there are 15 bulbs of 40 W, 5 bulbs of 100 W, 5 fans of 80 W and 1 heater of 1kW.
The voltage of the electric mains is 220 V. The minimum capacity of the main fuse of the building
will be : [JEE-Main 2014]
1) 12A 2 14A (3) 8A 4 10A

When 5V potential difference is applied across a wire of length 0.1 m, the drift speed of electrons is
2.5 x 10~4 ms—1. If the electron density in the wire is 8 x 1028 m3, the resistivity of the material is

closeto :- [JEE-Main 2015]
(1) 1.6 x 105 Qm (2) 1.6 x10°Qm (3) 1.6 x 108 QOm (4) 1.6 x 107 QOm
In the circuit shown, the current in the 1 resistor is :- [JEE-Main 2015]
(1) 0.13 A, fromQto P 6V p 20

(2) 0.13 A, fromPto Q
(3)1.3A,fromPto Q

(4) 0A 30 Q 30

A galvanometer having a coil resistance of 1002 gives a full scale deflection, when a current of
1 mA is passed through it. The value of the resistance, which can convert this galvanometer into
ammeter giving a full scale deflection for a current of 10A, is :- [JEE-Main 2016]

(1) 3Q (2)0.01Q (3) 22 (4)0.10

A 500 resistance is connected to a battery of 5V. A galvanometer of resistance 100 Q isto be used
as an ammeter to measure current through the resistance, for this a resistance r is connected to the
galvanometer. Which of the following connections should be employed if the measured current is
within 1% of the current without the ammeter in the circuit ? [JEE-Mains (Online) 2016]

(1) ry = 1Q in series with galvanometer (2) ry=0.5 Q) in parallel with the galvanometer

(3) ry=0.5 Q in series with the galvanometer ~ (4) r, = 1 Q in parallel with galvanometer

In the circuit shown, the resistance r is a variable resistance. If for r = f R, the heat generation inr is
maximum then the value of fis : [JEE-Mains (Online) 2016]

10 9V
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The resistance of an electrical toaster has a temperature dependence givenby R(T) =R, [1 + o(T - Ty)]
in its range of operation. At T, = 300 K, R =100 Q and at T = 500 K, R = 120 Q. The toaster is
connected to a voltage source at 200 V and its temperature is raised at a constant rate from 300 to
500K in 30s. The total work done in raising the temperature is :- [JEE-Mains (Online) 2016]

15 5 2
(1) 4000 33 (2) 300 (3)4001n < (4)2001n 3

A galvanometer has a 50 division scale. Battery has no internal resistance. It is found that there is
deflection of 40 divisions when R = 2400 Q. Deflection becomes 20 divisions when resistance taken

from resistance box is 4900 Q.Then we can conclude : [JEE-Mains (Online) 2016]
(1) Resistance of galvanometer is 200 Q. |—'\/\I§\fv—|
)

(2) Resistance required on R.B.for a deflection of 10 divisions is 9800 Q. ©

(3) Full scale deflection current is 2 mA.

—~
~

Il
(4) Current sensitivity of galvanometer is 20 pA/division. 2\|/

Which of the following statements is false ? [JEE-Main 2017]

(1) A rheostat can be used as a potential divider

(2) Kirchhoff's second law represents energy conservation

(3) Wheatstone bridge is the most sensitive when all the four resistances are of the same order of
magnitude.

(4) In a balanced wheatstone bridge if the cell and the galvanometer are exchanged, the null point is
disturbed.

When a current of 5 mA is passed through a galvanometer having a coil of resistance 15 Q, it shows

full scale deflection. The value of the resistance to be put in series with the galvanometer to convert it

into to voltmeter ofrange0- 10V is :- [JEE-Main 2017]
(1) 2.535x 10°Q (2) 4.005 x 10°Q (3) 1.985 x 10° Q) (4)2.045x 10°Q
In the above circuit the current in each resistance is :- [JEE-Main 2017]
2V I2V I2V
—— |
2V 2V 2V
(1)05A (2)0A 1A (4)0.25A

In a potentiometer experiment, it is found that no current passes through the galvanometer when the
terminals of the cell are connected across 52 cm of the potentiometer wire. If the cell is shunted by
a resistance of 5 Q2, a balance is found when the cell is connected across 40 cm of the wire. Find the
internal resistance of the cell. [JEE-Main 2018]

1) 150 )20 (3)25Q 4) 10
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On interchanging the resistances, the balance point of a meter bridge shifts to the left by
10 cm. The resistance of their series combination is 1 kQ. How much was the resistance on the left
slot before interchanging the resistances ? [JEE-Main 2018]
(1) 505 kQ (2) 550 kQ (3) 910 kQ (4) 990 kQ

Two batteries with e.m.f 12 V and 13 V are connected in parallel across a load resistor of
10 Q. The internal resistances of the two batteries are 1 Q and 2 Q respectively. The voltage across

the load lies between. [JEE-Main 2018]
(1) 11.5 V and 11.6 V (2) 11.4 V and 11.5 V
(3) 11.7Vand 11.8 V (4) 116 Vand 11.7V
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EXERCISE - JA

For the circuit shown in the figure [11 T-JEE 2009]

| 4

24V|

(A) the current | through the battery is 7.5 mA

(B) the potential difference across R, is 18V

(C) ratio of powers dissipated in R, and R, is 3

(D) if R, and R, are interchanged, magnitude of the power dissipated in R, will decrease by a factor
of9

Incandescent bulbs are designed by keeping in mind that the resistance of their filament increases

with the increase in temperature. If at room temperature, 100 W, 60 W and 40 W bulbs have filament

resistance R, R, and R, , respectively, the relation between these resistances is [I1 T-JEE 2010]
1 1 N 1
(A) R - Ro Re (B) Ri = Ry ¥ Ry
1 . 1 . 1
(C) Ry > Ry > Ry (D) Riw Re Rupo
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3. To verify Ohm’s law, a student is provided with a test resistor R_, a high resistance R, a small
resistance R, two identical galvanometers G, and G,, and a variable voltage source V. The correct

circuit to carry out the experiment is :— [ T-JEE 2010]
R, R,
AVl‘vAﬁvAvAv @—’WﬁM— AVAVAVAVAVAV @—’Wﬁ/\/\v—
(A) (B)
== ==
w W

AAAAAA
vvvvvv

AAAAAA
vvvvvv

(©) (D)

4.  Consider a thinsquare sheet of side L and thickness t, made of a material of resistivity p. The resistance

between two opposite faces, shown by the shaded areas in the figure is [ T-JEE 2010]
i
tt
-
(A) directly proportional to L (B) directly proportional to t
(C) independent of L (D) independent of t

5. When two identical batteries of internal resistance 12 each are connected in series across a resistor R,
the rate of heat produced in R is J.. When the same batteries are connected in parallel across R, the

rate is J,. IfJ, = 2.25 J, then the value of R in Q2 is [ T-JEE 2010]
6.  Two batteries of different emfs and different internal resistances are connected as shown. The voltage
across AB in volts is [ T-JEE 2011]
)\ 10
——WWW—
AO— —OB
_| |_iWWW_
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A meter bridge is set-up as shown, to determine an unknown resistance ‘X’ using a standard 10 ohm
resistor. The galvanometer shows null point when tapping-key is at 52 cm mark. The end-corrections
are 1 cmand 2 cm respectively for the ends A and B. The determined value of “X’ is

[l T-JEE 2011]

[ o] [© Q <3 N (6] o
A @ B
(A) 10.2 ohm (B) 10.6 ohm (C) 10.8 ohm (D) 11.1 ohm
For the resistance network shown in the figure, choose the correct option(s). [l T-JEE 2012]
20
40
(A) the current through PQ is zero (B) I,=3A

(C) The potential at S is less than that at Q (D) I,=2A

Heater of an electric kettle is made of a wire of length L and diameter d. It takes 4 minutes to raise the
temperature of 0.5 kg water by 40 K. This heater is replaced by a new heater having two wires of the
same material, each of length L and diameter 2d. The way these wires are connected is given in the
options. How much time in minutes will it take to raise the temperature of the same amount of water
by 40 K ? [JEE Advanced 2014]
(A) 4 if wires are in parallel (B) 2 if wires are in series

(C) 1 if wires are in series (D) 0.5 if wires are in parallel

Two ideal batteries of emf V, and V, and three resistances R, R, and R, are connected as shown in
the figure. The current in resistance R, would be zero if :- [JEE Advanced 2014]

R,
Y
=V,
R,
L
(A)V,=V,andR =R, =R, (B)V,=V,and R, = 2R, =R,
(C)V,=2V,and 2R, = 2R, =R, (D) 2V, =V, and 2R, =R, =R,
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A galvanometer gives full scale deflection with 0.006 A current. By connecting it to a 4990 Q resistance,

. . 2n . .
it can be converted into a voltmeter of range 0 - 30 V. If connected to a ZTSJQ resistance, it becomes

an ammeter of range 0 - 1.5 A. The value of n is :- [JEE Advanced 2014]
During an experiment with a metre bridge, the galvanometer shows a null point when the jockey is
pressed at 40.0 cm using a standard resistance of 902, as shown in the figure. The least count of the

scale used in the metre bridge is 1mm. The unknown resistance is :- [JEE Advanced 2014]
I
R 90Q2
[e=%
40.0 cm
(A)60+0.150 (B) 135 £ 0.56 Q (C)60+£0.25Q (D) 135+ 0.23 Q

In an aluminum (Al) bar of square cross section, a square hole is drilled and is filled with iron (Fe) as
shown in the figure. The electrical resistivities of Al and Fe are 2.7 x 10° Q m and
1.0 x 107'Qm, respectively. The electrical resistance between the two faces P and Q of the composite
bar is : [JEE Advanced-2015]

2475 1875 1875 2475
0 ——Q —uQ 0
(A) “gg & (B) =54 1 ©) g B) g ™
In the following circuit, the current through the resistor R (= 2Q2) is | Amperes. The value of | is

[JEE Advanced-2015]

R(=20) o
....... -
60 2Q
403
6.5V T 00
120 40
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An infinite line charge of uniform electric charge density A lies along the axis of an electrically
conducting infinite cylindrical shell of radius R. At time t = 0, the space inside the cylinder is filled
with a material of permittivity € and electrical conductivity . The electrical conduction in the material
follows Ohm's law. Which one of the following graphs best describes the subsequent variation of the
magnitude of current density j(t) at any point in the material? [JEE Advanced-2016]

i i

(A) (B)

0.0) ! 0.0)

>t

i i

(©) (D)

0.0) ! 0.0) y

An incandescent bulb has a thin filament of tungsten that is heated to high temperature by passing an
electric current. The hot filament emits black-body radiation. The filament is observed to break up at
random locations after a sufficiently long time of operation due to non-uniform evaporation of tungsten
from the filament. If the bulb is powered at constant voltage, which of the following statement(s)
is(are) true? [JEE Advanced-2016]

(A) The temperature distribution over the filament is uniform
(B) The resistance over small sections of the filament decreases with time

(C) The filament emits more light at higher band of frequencies before it breaks up

(D) The filament consumes less electrical power towards the end of the life of the bulb

Consider two identical galvanometers and two identical resistors with resistance R. If the internal

resistance of the galvanometers R . < R/2, which of the following statement(s) about any one of the

galvanometers is(are) true ?

(A) The maximum voltage range is obtained when all the components are connected in series

(B) The maximum voltage range is obtained when the two resistors and one galvanometer are connected
in series, and the second galvanometer is connected in parallel to the first galvanometer

(C) The maximum current range is obtained when all the components are connected in parallel

(D) The maximum current range is obtained when the two galvanometers are connected in series and
the combination is connected in parallel with both the resistors.
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Paragraph for QuestionsNo. 18 and 19

Consider an evacuated cylindrical chamber of height h having rigid conducting plates at the ends and
an insulating curved surface as shown in the figure. A number of spherical balls made of a light
weight and soft material and coated with a conducting material are placed on the bottom plate. The
balls have a radius r <<h. Now a high voltage source (HV) is connected across the conducting plates
such that the bottom plate is at +V and the top plate at —V,. Due to their conducting surface, the balls
will get charged, will become equipotential with the plate and are repelled by it. The balls will eventually
collide with the top plate, where the coefficient of restitution can be taken to be zero due to the soft
nature of the material of the balls. The electric field in the chamber can be considered to be that of a
parallel plate capacitor. Assume that there are no collision between the balls and the interaction between
them is negligible. (Ignore gravity) [JEE Advanced-2016]

N\
B

|
1]
T
<

+

ST 3o
oooooooooo
oooooooo

Which of the following statements is correct ?

(A) The balls will bounce back to the bottom plate carrying the opposite charge they went up with
(B) the balls will execute simple harmonic motion between the two plates

(C) The balls will bounce back to the bottom plate carrying the same charge they went up with
(D) The balls will stick to the top plate and remain there

The average current in the steady state registered by the ammeter in the circuit will be :

(A) Proportional to V2 (B) Proportional to V,?

(C) Proportional to the potential V/, (D) Zero
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CURRENT ELECTRICITY

(CBSE Previous Y ear'sQuestions)

1.  Explain how does the resistivity of a conductor depend upon (i) number density ‘n’ of free electrons,
and (ii) relaxation time “A’. [2; CBSE-2004]
2. Two cellsofemf 1.5V and 2 V and internal resistance 1 ohm and 2 ohm respectively are connected
in parallel to pass a current in the same direction through an external resistance of 5 ohm.
(i) Draw the circuit diagram.
(i) Using Kirchhoff’s laws, calculate the current through each branch of the circuit and potential
difference across the 5 ohm resistor. [3; CBSE-2005]
3. Youare given ‘n’ resistors, each of resistance ‘r’. These are first connected to get minimum possible
resistance. In the second case, these are again connected differently to get maximum possible resistance.
Compute the ratio between the minimum and maximum values of resistance so obtained.
[2; CBSE-2006]
4.  Draw a circuit diagram using a metre bridge and write the necessary mathematical relation used to
determinethevalueofanunknownresistance. Whycannotsuchanarrangementbeusedformeasuring very
low resistances? [2; CBSE-2006]
5. Which one of the two, an ammeter or a millianuneter, has a higher resistance and why?
[2; CBSE-2006]
6.  The given figure shows a network of resistances R, R,, R, and R,.

Using Kirchhoff’s laws, establish the balance condition for the network. [2; CBSE-2007]
7. The plot of the variation of potential difference across a combination of three identical cells in series,
versus current is as shown below. What is the emf of each, cell [1; CBSE-2008]
\Y
6V
O : : T /i
v
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Prove that the current density of a metallic conductor is directly proportional to the drift speed of
electrons. [3; CBSE-2008]
A number of identical cells, n each of emf E, internal resistance r connected in series are charged by
a.d.c source ofemfE’, using a resistor R. (i) Draw the circuit arrangement. (ii) Deduce the expressions
for (a) the charging current and (b) the potential difference across the combination of the cells.

[3; CBSE-2008]
A potentiometer wire of length 1m is connected to a drive cell of emf 3V as shown in the figure.
When a cell of 1.5V emf is used in the secondaiy circuit, the balance point is found to be 60cm. On
replacing this cell and using a cell of unknown emf, the balance point shifts to 80cm

3V

A B
1.5V
— ~®—\IEI—'

(i) Calculate unknown emf of the cell.
(i) Explain with reason, whether the circuit works, if the drive cell is replaced with a cell emf 1V.
(i) Does the high resistance R, used in the secondary circuit affect the balance point ? Justify your

answer. [3; CBSE-2008]
A cell of emf “E” and internal resistance ‘r’ is connected across a variable resistor ‘R’. Plot a graph
showing the variation of terminal potential *\/* with Resistance R. [2; CBSE-2009]

Derive an expression for drift velocity of the free electrons ina conductor in terms of relaxation time.
[2; CBSE-2009]
The figure shows experimental set up of a bridge. When the two unknown resistances X and Y are
inserted, the null point D is obtained 40 cm from the end A. when a resistance of 10 is connected in
series with X, the null point shifts by 10 cm. find the position of the null point when the 10 resistance
is instead connected in series with resistance “Y’. Determine the values of the resistances X and Y.
[3; CBSE-2009]

X Y

™ ™

A D C
| , |

{)
\/

I
Write any two factors on which internal resistance of a cell depends. The reading on a high resistance
voltmeter, whena cell is connected across it, it 2.2 V. When the terminals of the cell are also connected

to a resistance of 52 as shown in the figure, the voltmeter reading.drops to 1.8 V. Find the internal
resistance of the cell. [3; CBSE-2010]
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15.  State Kirchhoff’s rules. Use these rules to write the expressions for the currents | , I, and 1, in the
circuit diagram shown. [3; CBSE-2010]

E,=2Vr, =40

—>—||—‘mmr—>—

E,=1Vr,=3Q

—>—|I—WNM—>—

E,=4Vr, =30

—>—||—WNM—>—

16. Inthe given circuit, assuming point A to be at zero potential, use Kirchhofi’s rules to determine the
potential at point B. [2; CBSE-2011]

2V
1A p2A I )

17. Inthe meter bridge experiment, balance point was observed at J withAJ = 1.
(1) The values of R and X were doubled and then interchanged. What would be the new position of
balance point ?
(i1) If the galvanometer and battery are interchanged at the balance position, how will balance point
get affected ? [2; CBSE-2011]

AAAAAAAAAAAA
vvvvvvvvvvvv

>
us]

18. Two heating elements of resistance R, and R, when operated at a constant supply of voltage, V,

consume powers P, and P, respectively. Deduce the expressions for the power of their combination

when they are, in turn, connected in (i) series and (ii) parallel across the same voltage supply.
[3; CBSE-2011]
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Calculate the value of the resistance R in the circuit shown in the figure so that the current in the
circuit is 0.2A. What would be the potential difference between points B and E? [3; CBSE-2012]

8V B 50
| 0.2:6\ """"
s 10Q =
150 3003 £10Q
3V | ...... O;ZA
"I':E" < E D

Define relaxation time of the free electrons drifting in a conductor. How is it related to the drift
velocity of free electrons? Use this relation to deduce the expression for the electrical resistivity of the
material. [3; .CBSE-2012]
Two identical cells, each of emf E, having negligible internal resistance, are connected in parallel
with each other across an external resistance R. What is the current through this resistance ?
[CBSE-2013]

Explain the term “drift velocity’ of electrons in a conductor. Hence obtain the expression for the
current through a conductor in terms of’drift velocity’.

OR
Describe briefly, with the help of a circuit diagram, how a potentiometer is used to detennine the
internal resistance of a cell. [CBSE-2013]
Define the current sensitivity of a galvanometer. Write its S. |. unit. Figure shows two circuits each
having a galvanometer and a battery of 3V. When the galvanometers in each arrangement do not

show any deflection, obtain the ratio R./R.. [CBSE-2013]
4/9‘:“:/ R, 120
©) 30v
60Q2

Estimate the average drift speed of conduction electrons in a copper wire of cross-sectional area
2.5 x 10~ m? carrying a current of 1.8 A. Assume the density of conduction electrons to be 9 x 10%
m-3, [CBSE-2014]
A cell of emf “‘E’ and internal resistance ‘r’ is connected across a variable resistor ‘R’. Plot a graph
showing variation of terminal voltage “V’ of the cell versus the current’I’. Using the plot, show how
the emf of the cell and its internal resistance can be determined. [CBSE-2014]
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A resistance of RQ draws current from a potentiometer as shown in the figure. The potentiometer has
a total resistance R Q. A voltage V is supplied to the potentiometer. Derive an expression for the
voltage across R when the sliding contact is in the middle of the potentiometer. [CBSE-2014]

V — | graph for a metallic wire at two different termperatures T, and T, is as shown in the figure.
Which of the two temperatures is higher and why ? [1; CBSE-2015]

4
T,
J :

A variable resistor R is connected across a cell of emf € and internal resistance r as shown in the figure.
Draw a plot showing the variation of (i) terminal voltage V and (ii) the current I, as a function of R.
[2; CBSE-2015]

A potential difference V is applied across a conductor of length L and diameter D. How is the drift
velocity, vd, of charge carriers in the conductor affected when (i) V is halved, (ii) L is doubled and
(i1i) D is halved ? Justify your answer in each case. [3; CBSE-2015]
Define mobility of a charge carrier. What is its relation with relaxation time ? [1; CBSE-2016]
When 5V potential difference is applied across a wire of length 0.1m, the drift speed of electrons is
2.5 x 10~ ml/s. If the electron density in the wire is 8 x 10%® m3, calculate the resistivity of the material
of wire. [2; CBSE-2016]
Two identical cells of emf 1.5 V each joined in parallel supply energy to an external circuit consisting
of two resistances of 7€ each joined in parallel. A very high resistance voltmeter reads the terminal
voltage of cells to be 1.4 V. Calculate the internal resistance of each cell. [3; CBSE-2016]
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Nichrome and copper wires of same length and same radius are connected in series. Current | is
passed through them. Which wire gets heated up more ? Justify your answer. [CBSE-2017]
(a) The potential difference applied across a given resistor is altered so that the heat produced per
second increases by a factor of 9. By what factor does the applied potential difference change ?

(b) In the figure shown, an ammeter A and a resistor of 4 Q2 are connected to the terminals of the
source. The emf of the source is 12 V having an internal resistance of 2 Q2. Calculate the voltmeter
and ammeter readings. [CBSE-2017]

0\
7,

||
12VI['20

®

W
R=40Q

(@) Write the principle of working of a metre bridge.
(b) In a metre bridge, the balance point is found at a distance I, with resistance R and S as shown
in the figure. [CBSE-2017]

€>
A—1 B

{—()
An unknown resistance X is now connected in parallel to the resistance S and the balance point
is found at a distance |,. Obtain a formula for X in terms of |, I, and S.

Two electric bulbs P and Q have their resistance in the ratio of 1 : 2. They are connected in series
across a battery. Find the ratio of the power dissipation in these bulbs. [CBSE-2018]
A 10V cell of negligible internal resistance is connected in parallel across a battery of emf 200 V and
internal resistance 38Q2 as shown in the figure. Find the value of current in the circuit.[ CBSE-2018]
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In a potentiometer arrangement for determining the emf of a cell, the balance point of the cell in open
circuit is 350 cm. When a resistance of 9Q is used in the external circuit of the cell, the balance point
shifts to 300 cm. Determine the internal resistance of the cell.
(a) Define the term ‘conductivity' of a metallic wire. Write its SI unit. [CBSE-2018]
(b) Using the concept of free electrons in a conductor, derive the expression for the conductivity of a
wire in terms of number density and relaxation time. Hence obtain the relation between current density
and the applied electric field E.
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ANSWER KEY

EXERCISE-S1

1. Ans. Ip/A 2.Ans. S=enl<v>/j 3. Ans.p=Im_l/e 4 Ans3:1
5.Ans. (a) (i) inseries, (i allin parallel: n2,
(b) (i) Join 1Q, 2Q) in paralld and the combination in serieswith 3Q,
(i) parallel combination of 2Q and 3Q in serieswith 1 Q,
(iii) all in series, (iv) all in parallel.
(© () (16/3) Q, (i) 5R.
6. Ans.600QQ 7. Ans.7.5mA 8. Ans. 1V 9.Ans. | =25A,V =35Volts

4 1 1
10. Ans.20/3V 11. Ans.35A 13. Ans.1Q 14.Ans. x = gv, 12§V, EA
15. Ans.5 16. Ans. \/R;R, 17.Ans.25 18. Ans. 3 19. Ans. 12A, -20W

20. Ans.4/9 kg/sec., 450 sec 21. Ans.200hm 22. Ans.R, = 0.0278Q2, R, = 0.25Q2, R, = 2.5Q

Pt N Voltmeter

e AMIMeter

23. Ans.233.3Q, 144V 24. Ans.

10°0}

25. Ans.Battery should be connected across A and B. Out put can be taken across the terminals
Aand Cor Band C

26. Ans. Thisistruefor r =r; So R, given most accuratevalue  27. Ans. % Q,5Q

28. Ans. (a) +ve, E,>E (b) -ve 29. Ans.2.25V 30. Ans.4ohm 31. Ans.46.67 cm

EXERCISE -S2

7 - E ; Ei t iy =I (1—i\ Rtoig
1.Ans. 5 x 107 A 2. Ans o = 1 3. Ans. (i) 5 lobo (i) oL toJ (iii) 3
2
4.Ans L _ Tffl (26, +6,) 5.Ans. (a) JA/3; (b) 2J A/3  6.Ans 4Q
R 3
7. Ans —%v 8. Ans. (i) 1.01Q (i) 0-5 A, 0-10V, (ii) 0.05 A

9. Ans. 7.5m, 8.75m, 6.25m 10. Ans.2
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EXERCISE - O-1

1. Ans. (C) 2. Ans. (C) 3. Ans. (D) 4. Ans. (B) 5.Ans. (A) 6. Ans. (B)
7.Ans. (C) 8. Ans. (B) 9.Ans. (C) 10. Ans.(D) 11. Ans.(A) 12. Ans.(D)
13. Ans.(C) 14. Ans.(B,C) 15. Ans.(B) 16. Ans. (C) 17. Ans.(D) 18. Ans.(B)
19. Ans.(D) 20. Ans.(A) 21. Ans.(C) 22. Ans.(C) 23. Ans.(D) 24. Ans.(B)
25. Ans.(A) 26. Ans.(A) 27. Ans.(A) 28. Ans.(B) 29. Ans.(B) 30. Ans (B)
31. Ans.(A) 32. Ans.(A) 33. Ans.(C) 34. Ans.(B) 35. Ans.(B) 36. Ans.(C)
37. Ans.(A) 38. Ans.(C) 39. Ans.(B) 40. Ans.(A) 41. Ans.(D) 42. Ans.(A)
43. Ans.(D) 44. Ans.(B) 45. Ans.(B) 46. Ans.(B) 47. Ans.(B) 48. Ans.(C)
49. Ans.(B) 50. Ans.(C) 51. Ans.(D) 52. Ans.(C) 53. Ans.(C) 54. Ans.(B)
55. Ans.(A) 56. Ans.(C) 57. Ans.(A) 58. Ans.(C) 59. Ans.(B) 60. Ans.(A)
61. Ans.(D) 62. Ans.(B) 63. Ans.(B) 64. Ans.(A) 65. Ans. (B) 66. Ans.(D)
MULTIPLE CORRECT TYPE QUESTIONS
67. Ans.(A,B,C,D) 68. Ans.(A,D) 69. Ans.(A,B,C) 70. Ans.(A,C)
71. Ans.(B,C) 72. Ans.(A,D) 73. Ans.(A,B,C)
MATRIX MATCH TYPE QUESTION

74. Ans. A-P; B-Q; C-R; D-P 75. Ans.A-Q; B-P; C-P

EXERCISE - O-2

SINGLE CORRECT TYPE QUESTIONS
1. Ans. (D) 2. Ans. (B) 3. Ans. (B) 4. Ans. (B) 5.Ans. (A) 6. Ans. (A)
7. Ans. (C) 8. Ans. (A) 9. Ans. (A)
MULTIPLE CORRECT TYPE QUESTIONS

10. Ans.(B,D) 11. Ans.(A,C) 12. Ans.(A,C,D)13. Ans.(A, B,D) 14. Ans.(A,B,C)

EXERCISE - IM
1. Ans. (2) 2. Ans. (1) 3. Ans. (4) 4. Ans. (2) 5.Ans. (4) 6. Ans. (4)
7.Ans. (4) 8. Ans. (4) 9.Ans. (1) 10. Ans.(2) 11. Ans.(1) 12. Ans.(2)
13. Ans.(2) 14. Ans.(3) 15. Ans.(2) 16. Ans.(4) 17. Ans.(4) 18. Ans.(3)
19. Ans.(2) 20. Ans.(1) 21. Ans.(2) 22. Ans.(1)

EXERCISE - JA

1. Ans (A, D) 2. Ans. (D) 3. Ans. (C) 4. Ans. (C)
5.Ans. 4 6. Ans. 5 7. Ans. (B) 8.Ans. (A,B,C, D)
9. Ans. (B,D) 10. Ans. (A,B,D) 11. Ans.5 12. Ans. (C)
13. Ans. (B) 14. Ans. 1 15. Ans. (A) 16. Ans. (C,D)
17. Ans. (B,C) 18. Ans. (A) 19. Ans. (B)
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