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Current Electricity

Electric Current

(1) The time rate of flow of charge through any cross-
AQ dQ
d

i=Lim—=—_. If flow is uniform
At—0 At t

section is called current.

Q

then i= e Current is a scalar quantity. It's S.1. unit is ampere
(A) and C.G.S. unit is emu and is called biof (Bj), or ab ampere.
1A= (1/10) Bi(ab amp.)

(2) Ampere of current means the flow of 6.25 x 1078
electrons/sec through any cross-section of the conductor.

(3) The conventional direction of current is taken to be the

direction of flow of positive charge, ie. field and is opposite to

th o= o ative ch 0 <o )
!
>—> > - Pa—e) Pa—e) -
S — — —
E E

Fig. 19.1

(4) The net charge in a current carrying conductor is zero.

(5) For a given conductor current does not change with

change in cross-sectional area. In the following figure 4 = £ =5

(6) Current due to translatory motion of charge : If n particle

each having a charge g, pass
—0®
through a given area in time fthen i = ntq —Q
Fig. 19.3

If n particles each having a charge g pass per second per
unit area, the current associated with cross-sectional area A is
i =ngA

If there are n particle per unit volume each having a charge
g and moving with velocity v, the current thorough, cross section

Ais i =nqvA

Table : 19.1 Types of current

Alternating current (ac)

Direct current (dc)

()

4

(i) (Pulsating dc) (Constant dc)
R A

i 7l

_____________ e

t >
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Magnitude and direction

both varies with time

ac — [Rectifier| - dc

dc — |Inverter| —» ac

(il) Shows heating effect only

(i) Shows heating effect, chemical effect and magnetic effect of

current

o

(i) It's symbol is

—|

(iii) It's symbol is

(7) Current due to rotatory motion of charge : If a point
charge gis moving in a circle of radius rwith speed v (frequency
v, angular speed @ and time period--7j "then “torresponding
e
current i =qv=3 - 4V _ 9@
=Qv=—=—=— - .-
T 2nr 2=n R

(8) Current carriers : The charged particles whose flow in a
definite direction constitutes the electric current are called
current carriers. In different situation current carriers are

different.

(i) Solids : In solid conductors like metals current carriers
are free electrons.
(ii) Liquids : In liquids current carriers are positive and

negative ions.

(iii) Gases : In gases current carriers are positive ions and

free electrons.

(iv) Semi conductor : In semi conductors current carriers

are holes and free electrons.

Current Density (J)

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.

(1) Current density at point Pis given by J = %ﬁ
W "
— 3> _— ;0 9 ;
«—0O n ’ /" \
dA cosf)
Fig. 19.5

(2) If the cross-sectional area is not normal to the current,
but makes an angle @ with the direction of current then

3=— 3 gi=JdAcoss =T dA = i=[J -dA
dAcosé
(3) If current density J is uniform for a normal cross-

section A then J -
A

(4) Current density J is a vector quantity. It's direction is

same asthatof E . It's S.l. unitis amp/m? and dimension [L72A].
(5) In case of uniform flow of charge through a cross-

section normal toitas i=nqvA = J = % =nqgv.

(6) Current density relates with electric field as

E:UE:E; where o = conductivity and p = resistivity or
P

specific resistance of substance.

Drift Velocity

Drift velocity is the average uniform velocity acquired by
free electrons inside a metal by the application of an electric
field which is responsible for current through it. Drift velocity is
very small it is of the order of 10-4 m/s as compared to thermal
speed (=10°m/s) of el ot L B

perature.




If suppose for a conductor

n = Number of electron per unit volume of the conductor
A = Area of cross-section

/= potential difference across the conductor

E = electric field inside the conductor

/= current, J= current density, p = specific resistance, o=

conductivity (a = ij then current relates with drift velocity as
P

i =neAv 4, we can also write
i J oE E \%

neA ne ne pne plne’

(1) The direction of drift velocity for electron in a metal is

Va

opposite to that of applied electric field (i e. current density J )
vy o< E fe., greater the electric field, larger will be the drift
velocity.
(2) When a steady current flows through a conductor of

non-uniform cross-section drift velocity varies inversely with

. 1
area of cross-section | v, o — v,
Va, A< A
} SO le > de
A A
Fig. 19.7

(3) If diameter (@) of a conductor is doubled, then drift

velocity of glectrons inside it will not change. ,
Voo

L Less - d

ama — 174

] L |

Fig. 19.8

(1) Relaxation time (7) : The time interval between two

successive collisions of electrons with the positive ions in the

il
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lattice is defined as relaxation time

mean_free path :i. With rise in temperature

T= "
r.ms. velocityofelectrons v,

metallic

Vims increases consequently 7 decreases.

(2) Mobility : Drift velocity per unit electric field is called
2

. . v .
mobility of electron ie. u =% . It's unitis ——— .
E volt —sec

Ohm's Law

If the physical conditions of the conductor (length,
temperature, mechanical strain etc.) remains some, then the
current flowing through the conductor is directly proportional to
the potential difference across it's two ends ie. i<V =

V =iR where Ris a proportionality constant, known as electric

resistance.

(1) Ohm'’s law is not a universal law, the substances, which

obey ohm’s law are known as ohmic substance.

(2) Graph between V and /for a metallic conductor is a

straight line as shown. At different temperatures V-/ curves are

differeqs} V]
7'1
1
T2
7 &
i i
(A) Slope of the line (B) Here tan6; > tan6,
v So R > Ry

(3) The device or substances which don’t obey ohm’s law

e.g. gases, crystal rectifiers, thermoionic valve, transistors etc.

are known as non-ohmic or non-linear condluF,o&yngrt e V-i
curve is not linear. e
Static resistance Ry = X = 1
i tané Q $
V—)
Fig. 19.10
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AV 1
Al tang

Dynamic resistance Ry, =

Resistance

(1) The property of substance by virtue of which it
opposes the flow of current through it, is known as the

resistance.

(2) Formula of resistance : For a conductor if /= length
of a conductor A = Area of cross-section of conductor, n =

No. of free electrons per unit volume in conductor, 7z =

relaxation time then resistance of conductor

R sz: m I— where p = resistivity of the material of
A ne?z A

conductor

(3) Unit and dimension : It's S.I. unitis VolZAmp. or Ohm (Q).

8 -
Also 1 ofm — lvolt _ 10"emu ofpotential _ 10° emu of

1Amp 10 ‘emu of current

resistance. It's dimension is [ML*T 2 A7?].

(4) Dependence of resistance : Resistance of a conductor

depends upon the following factors.
(i) Length of the conductor : Resistance of a conductor is

directly proportional to it's length ie. R o« / and inversely

proportional to it's area of cross-section /.e. R o %

(ii) Temperature : For a conductor
Resistance oc temperatur e .
If Ro = resistance of conductor at 0°C
R = resistance of conductor at #C
and a, 5 = temperature co-efficient of resistance

then R, =R,(L+at+ gt?) for £>300°Cand

Rt_RO

R, =Ry(1 +at) for f<300°C or a=
Ry xt

If R~ and R» are the resistances at #°C and £°C

) R l+at

respectively then —- —-reh
R, 1l+at,

The value of « is different at different temperature.
Temperature coefficient of resistance averaged over the

R, -R,
Rl(tZ _tl)

temperature range #°Cto £°Cis given by o = which

gives R» = R1 [1 + a (& — #)]. This formula gives an approximate

value.

Table 19.2 : Variation of resistance of some electrical material

with temperature

Material Temp. coefficient of | Variation of resistance
resistance (o) with temperature rise

Metals Positive Increases

Solid non-metal Zero Independent

Semi-conductor Negative Decreases

Electrolyte Negative Decreases

lonised gases Negative Decreases

Alloys Small positive value Almost constant

Resistivity (p), Conductivity (o) and Conductance (C)
(1) Resistivity : From R =pLA; If /=1m, A= 1 n? then

R = p ie. resistivity is numerically equal to the resistance of a

substance having unit area of cross-section and unit length.

(i) Unit and dimension : It's S.I. unit is ohm x m and

dimension is [ML3T 2 A2]

(ii) It's formula : p =

ne’r
(iii) Resistivity is the intrinsic property of the substance. It

is independent of shape and size of the body (/.e. /and A).

(iv) For different substances their resistivity is also
different e.g. psiver = minimum = 1.6 x 10-8 Q-m and prused

quartz = maximum = 1016 Q-m

Peonductor
(Minimum for silver)

Pinsulator > palloy > Psemi -conductor >

(Maximum for fused quartz)

(v) Resistivity depends on the temperature. For metals

£ = po(L+At) ie. resitivity increases with temperature.

(vi) Resistivity increases with impurity and mechanical

stress.



(vii) Magnetic field increases the resistivity of all metals

except iron, cobalt and nickel.

(viii) Resistivity of certain substances like selenium,
cadmium, sulphides is inversely proportional to intensity of light
falling upon them.

(2) Conductivity : Reciprocal of resistivity is called
conductivity (o) ie a=l with unit mho/m and dimensions

P
ML T3A].
(3) Conductance : Reciprocal of resistance is known as

conductance. C :% It's unit is é or Q-1 or “Siemen”.

i

V—)

Fig. 19.11

Stretching of Wire

If a conducting wire stretches, it's length increases, area of
cross-section decreases so resistance increases but volume

remain constant.

Suppose for a conducting wire before stretching it's length =
h, area of cross-section = A1, radius = r1, diameter = ¢4, and

I
H 1
resistance R; = p

A
Before stretching After stretching
A b
B P —_— —

Volume remains constant i.e. Ak = Ak

Fig. 19.12

After stretching length = £, area of cross-section = A,

. . . |
radius = r2, diameter = & and resistance =R, = pA—2
2
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Ratio of before and after

2 2 4 4
R_L A (L] (A =] _[92
R, L A I, Ay n d,

2
(1) If length is given then R o I? SR [Ii]
2

resistances stretching

4
(2) If radius is given then R oc ==& [LZ]

r* Ry n

Electrical Conducting Materials For Specific Use

(1) Filament of electric bulb : Is made up of tungsten which

has high resistivity, high melting point.

(2) Element of heating devices (such as heater, geyser or
press) : Is made up of nichrome which has high resistivity and

high melting point.

(3) Resistances of resistance boxes (standard resistances)
: Are made up of alloys (manganin, constantan or nichrome)
these materials have moderate resistivity which is practically
independent of temperature so that the specified value of

resistance does not alter with minor changes in temperature.

(4) Fuse-wire : Is made up of tin-lead alloy (63% tin + 37%
lead). It should have low melting point and high resistivity. It is
used in series as a safety device in an electric circuit and is
designed so as to melt and thereby open the circuit if the current
exceeds a predetermined value due to some fault. The function
of a fuse is independent of its length.

Safe current of fuse wire relates with it's radius as
iocrd?

(5) Thermistors : A thermistor is a heat sensitive resistor
usually prepared from oxides of various metals such as nickel,
copper, cobalt, iron etc. These compounds are also semi-
conductor. For thermistors a is very high which may be positive
or negative. The resistance of thermistors changes very rapidly

with change of temperature.

i

Fig. 19.13
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Thermistors are used to detect small temperature change
and to measure very low temperature.
Colour Coding of Resistance

To know the value of resistance colour code is used. These
code are printed in form of set of rings or strips. By reading the

values of colour bands, we can estimate the value of resistance.

The carbon resistance has normally four coloured rings or

bands “ 7 as shown in following figure.

)ﬁa%)j‘)w D

Fig. 19.14

Colour band A and B : Indicate the first two significant

figures of resistance in oAm.

Band C: Indicates the decimal multiplier /e. the number of

zeros that follows the two significant figures A and B.

Band D : Indicates the tolerance in percent about the
indicated value or in other words it represents the percentage

accuracy of the indicated value.

The tolerance in the case of gold is £ 5% and in silver is £
10%. If only three bands are marked on carbon resistance, then

it indicate a tolerance of 20%.

Table 19.3 : Colour code for carbon resistance

Letters as an Colour Figure Multiplier
aid to memory (A B) ©)

B Black 0 100

B Brown 1 101

R Red 2 102

o Orange 3 103
Y Yellow 4 104
G Green 5 105
B Blue 6 108
74 Violet 7 107
G Grey 8 108
w White 9 100

To remember the sequence of colour code following

sentence should kept in memory.
B B RO Y Great Britain Very Good Wife.
Grouping of Resistance
(1) Series grouping
(i) Same current flows through each resistance but potential

difference distribute%in the ratioRg)f resistaR,ge ie. V<R

MWWy MWW WWV
Z Vs ]
i
L
-
4
Fig. 19.15

(i) Req=R;+R,+R; equivalent resistance is greater

than the maximum value of resistance in the combination.
(i) If n identical resistance are connected in series

Re =NR and potential difference across each resistance

Vi=—
n

(2) Parallel grouping

(i) Same potential difference b ’V\Z/\f

appeared across each resistance A /W v
but current distributes in the |/.?3
reverse ratio of their resistance II|/
Fig. 19.16

.. 1
le. 1o —
R
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(ii) Equivalent resistance is given by :i+i+i
eq Rl RZ R3
R1R2R3

or R, =(R*+R;*+R:Y)  or R, =
e =Ry 2 2) * " R.R, +R,R; +RyR,

Equivalent resistance is smaller than the minimum value of
resistance in the combination.

(iv) If two resistance in parallel
_ RyR,  Multipliction
‘R +R, Addition

(v) Current through any resistance

Pl Resistanceof oppositebranch
Total resistance

Where / = required current (branch current),

i R
/= main current WW
i R, -4 ——
YULR 4R,
b R
MWW
and i, =i Ry i
2 R, + R, Fig. 19.17

(vi) In nidentical resistance are connected in parallel

Req = R and current through each resistance i'= !
n n

The device which converts chemical energy into electrical

energy is known as electric cell. Cell is a source of constant emf

— =

Symbol of cell

ectrolv:

Fig. 19.18

(1) Emf of cell (E) : The potential difference across the
terminals of a cell when it is not supplying any current is called

it's emf.

(2) Potential difference (V) : The voltage across the
terminals of a cell when it is supplying current to external
resistance is called potential difference or terminal voltage.
Potential difference is equal to the product of current and
resistance of that given part ie. V=/R.

(3) Internal resistance (/) : In case of a cell the opposition
of electrolyte to the flow of current through it is called internal
resistance of the cell. The internal resistance of a cell depends
on the distance between electrodes (r« d), area of electrodes [r
o (1/A)] and nature, concentration (r « C) and temperature of

electrolyte [roc (1/ temp.)].
A cell is said to be ideal, if it has zero internal resistance.

Cell in Various Positions

(1) Closed circuit : Cell supplies a constant current in the

R
— WM —————

V=IiR

circuit.

|

|I
Er
Fig. 19.19

(i) Current given by the cell i= E
R+r

(i) Potential difference across the resistance V =iR
(iii) Potential drop inside the cell = ir

(iv) Equation of cell E=V +ir (E> V)
(v) Internal resistance of the cell r = [5 - 1]- R

(vi) Power dissipated in external resistance (load)
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P—Vi—izR—V2 ( E 2 R (i) Maximum current (called short circuit current) flows
R \R+r E
momentarily i, =—
Power delivered will be maximum when R=r so r
2
_E . (i) Potential difference V=0
max 4r

Grouping of Cells

This statement in generalised from is called “maximum

power transfer thegren’.
[ T Lrax = BT
P |
i R=r
R—)
Fig. 19.20
Group of cell is called a battery.
(vii) When the cell is being charged /e. current is given to In series grouping of cell's their emfs are additive or
the cellthen £= V- ir and E< V. subtractive while their internal resistances are always additive. If

(2) Open circuit : When no current is taken from the cell it dissimilar plates of cells are connected together their emf’s are

. . . L added to each other while if their similar plates are connected
is said to be in open circujt,

° © together their emf’s are subtractive.
o] n
|y |y |y 1
| | | |
Eq = E; E
I: Eeq=E1+ B Eeq= E1—- B2 (E1> B2)
o Er Teg=r+n feg=hR+1
Fig. 19.21 Fig. 19.23

(1) Series grouping : In series grouping anode of one cell is

(i) Current through the circuit /=0
connected to cathode of other cell and so on. If 7 identical cells

(i) Potential difference between Aand B, Vas= E are connected in serig'sr |IT:' r /T-‘}r ______ Er
| | | y
(i) Potential difference between Cand D, Vep=0
(3) Short circuit : If two terminals of cell are join together by ! 5
a thick conducting-wire W
R=0 Fig. 19.24

Er (i) Equivalent emf of the combination E., =nE
Fig. 19.22
(ii) Equivalent internal resistance r,, =nr
(iii) Main current = Current from each cell =i = nE
+nr

(iv) Potential difference across external resistance V =iR



(v) Potential difference across each cell V'= v

n
ng Y’
(vi) Power dissipated in the external circuit :( ] .R
R

(vi)  Condition  for

E 2
Prax =N (?]

(viii) This type of combination is used when nr<< R.

maximum  power =nr and

(2) Parallel grouping : In parallel grouping all anodes are
connected at one point and all cathode are connected together

at other point. If nidentical cells gre£onnected in parallel

Fig. 19.25

(i) Equivalent emf Eeq= E

(ii) Equivalent internal resistance R., =r/n

(iii) Main current i=
R+r/n

(iv) potential difference across external resistance = p.d.
across each cell = V=R

(v) Current from each cell i'= 1
n

2
(vi) Power dissipated in the circuit P = E .R
R+r/n

(vii) Condition for R=r/n and

E2
|Dmax =n [E]

(viii) This type of combination is used when nr>> R

max. power is

(3) Mixed Grouping : If nidentical cell’s are connected in

a row and such mrow’s are connected in parallel as shown.

] .
b= o] | 1

Fig. 19.26
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(i) Equivalent emf of the combination E,, =nE

(i) Equivalent internal resistance of the combination

_nr
req_m
(i)  Main  current flowing through the Iload
- nE  mnE
RN mR+nr
m

(iv) Potential difference across load V =iR

(v) Potential difference across each cell V'= v
n

(vi) Current from each cell i'= 1
n

(vii) Condition for maximum power

and P, = (mn)ﬂ

(viii) Total number of cell = mn
Kirchoff's Laws

(1) Kirchoff's first law : This law is also known as junction
rule or current law (KCL). According to it the algebraic sum of

currents meeting at a junction is zero ie. >/=0.

Fig. 19.27

In a circuit, at any junction the sum of the currents
entering the junction must equal the sum of the currents leaving

the junction. iy +i; =i, +1,

(ii) This law is simply a statement of “conservation of

charge'.
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(2) Kirchoff's second law : This law is also known as loop
rule or voltage law (KVL) and according to it “the algebraic sum
of the changes in potential in complete traversal of a mesh

(closed loop) is zero”, i.e. 2 V=0
(i) This law represents “conservation of energy’.

(i) If there are n meshes in a circuit, the number of

independent equations in accordance with loop rule will be (n-1).
(3) Sign convention for the application of Kirchoff's law :

For the application of Kirchoff's laws following sign convention

are to be considered

(i) The change in potential in traversing a resistance in

the direction of current is — /R while in the opposite direction +/R

A R B A R B
MWW ° AW °
—_— -
- iR Fig. 19.28 +iR

(i) The change in potential in traversing an emf source
from negative to positive terminal is +£ while in the opposite

direction — £ irrespective of the direction of current in the circuit.

A |L_._ B A |L_: B
. | e o | .
— —
- +
E Fig. 19.29 E

(iii) The change in potential in traversing a capacitor from

the negative terminal to the positive terminal is +% while in

opposite direction —%.
C C
e A
a q a
_ = I B
C C
(A) (B)
Fig. 19.30

(iv) The change in voltage in traversing an inductor in the

direction of current is —L% while in opposite direction it is

A R A
dt
_— di Ldi -
E
0y dt dt ®)
Fig. 19.31

Different Measuring Instruments

It is an instrument used to detect

(1) Galvanometer :

small current passing through it by showing deflection.

Galvanometers are of different types e.g moving coil

galvanometer, moving magnet galvanometer, hot wire
galvanometer. In dc circuit usually moving coil galvanometer are

used.

—@— ; where G is the

total internal resistance of the galvanometer.

(i) It's symbol :

(i) Full scale deflection current : The current required for
full scale deflection in a galvanometer is called full scale

deflection current and is represented by /.

(iii) Shunt : The small resistance connected in parallel to
galvanometer coil, in order to control current flowing through the

galvanometer is known as shunt.

Table 19.4 : Merits and demerits of shunt

Merits of shunt Demerits of shunt
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To protect the galvanometer | Shunt resistance decreases (c) To pass nth part of main current (ie. ig :l) through
n
coil from burning the sensitivity of galvanometer. G
the galvanometer, required shunt S = .
It can be used to convert any (n-1)
galvanometer into ammeter of (3) Voltmeter : It is a device used to measure potential
desired range. difference and is always put in parallel with the ‘circuit element’

across which potential diff i be measured.
(2) Ammeter : It is a device used to measure current and
MW

is always connected in series with the ‘element’ through which 5
i i
current is to be measured. W@\, I
L
) v
/
Fig. 19.34
|+
w1
4
Fig. 19.32

(i) The reading of a voltmeter is always lesser than true

value.

(ii) Greater the resistance of voltmeter, more accurate will
(i) The reading of an ammeter is always lesser than
be its reading. A voltmeter is said to be ideal if its resistance is
actual current in the circuit.
infinite, 7e., it draws no current from the circuit element for its
(ii) Smaller the resistance of an ammeter more accurate ,
operation.
will be its reading. An ammeter is said to be ideal if its
) ] (if) Conversion of galvanometer into voltmeter : A
resistance ris zero.
galvanometer may be converted into a voltmeter by connecting

(i) Conversion of galvanometer into ammeter : A

a large resistance R in/yies with me,&@/anometer as shown
. . &/
galvanometer may be converted into an ammeter by connecting in the figure.

Vo= 4G (- 1) ]
a low resistance (called shunt S) in parallel to the galvanometer g

G as shown in figm;’e. MR

4
Fig. 19.35

S e

Ammeter
Fig. 19.33

(a) Equivalent resistance of the combination= G + R

(b) According to ohm’s law V= [y (G + R); which gives

. . . V \Y
(a) Equivalent resistance of the combination = _GGSS Required series resistance R = G ~G= (W - IJG
+

(b) G and S are parallel to each other hence both will (c) If m" part of applied voltage appeared across

have equal potential difference ie. i;G = (i —iy)S ; which gives galvanometer (ie. V, :F) then required series resistance

IS R=(n-1)G.

Required shunt S = —~
(i—ig)
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(4) Wheatstone bridge

: Wheatstone bridge is an
arrangement of four
resistance which can be

used to measure one of

D /K

them in terms of rest. Here =

arms AB and BC are called Fig. 19.36

ratio arm and arms AC and BD are called conjugate arms

(i) Balanced bridge : The bridge is said to be balanced

when deflection in galvanometer is zero /e. no current flows

through the galvanometer or in other words Vs = I/b. In the

balanced condition %: R , on mutually changing the position

of cell and galvanometer this condition will not change.

(ii) Unbalanced bridge :
will flow from Dto Bif Vo> Vs ie (V,
gives PS> RQ.

If the bridge is not balanced current

~Vp) < (V4 — Vi) which

(iii) Applications of wheatstone bridge : Meter bridge, post
office box and Carey Foster bridge are instruments based on
the principle of wheatstone bridge and are used to measure

unknown resistance.

(5) Meter bridge :
wire ACis 100 cm long. Varying the position of tapping point 5,

In case of meter bridge, the resistance

bridge is balanced. If in balanced position of bridge AB=/ BC

_@0o-) , P _R _ o _@00-D_

_ Q
(100 - ) so that = I Q I

)
P lg e

(100-Acm

(D)
\/

< —_—]
/cm

L
E

Fig. 19.37

Potentiometer

Potentiometer is a device mainly used to measure emf of a
given cell and to compare emf’s of cells. It is also used to

measure internal resistance of a given cell.

(1) Circuit diagram : Potentiometer consists of a long
resistive wire AB of length L (about 6m to 10 m long) made up
of mangnine or constantan and a battery of known voltage e
and internal resistance r called supplier battery or driver cell.

Connection of these two forms primary circuit.

One terminal of another cell (whose emf E is to be
measured) is connected at one end of the main circuit and the

other terminal at any point on the resistive wire through a

galvanometer G. Thi s_foqns_th{s ther details
are as foI'f’dW?ry —
A B
Secondary—1>

Fig. 19.38

J = Jockey

K= Key

R = Resistance of potentiometer wire,

p = Specific resistance of potentiometer wire.

R» = Variable resistance which controls the current

through the wire AB

(i) The specific resistance (p) of potentiometer wire must
be high but its temperature coefficient of resistance («) must be
low.

(ii) All higher potential points (terminals) of primary and
secondary circuits must be connected together at point A and all

lower potential points must be connected to point B or jockey.



(i) The value of known potential difference must be
greater than the value of unknown potential difference to be

measured.

(iv) The potential gradient must remain constant. For this
the current in the primary circuit must remain constant and the
jockey must not be slided in contact with the wire.

(v) The diameter of potentiometer wire must be uniform

everywhere.

(2) Potential gradient (x) : Potential difference (or fall in

potential) per unit length of wire is called potential gradient ie.

X =XM where V = iR:[;}R
m

L R+Ry+r
So lezﬂzl_p— e 5
L L A (R+R,+r'L

(i) Potential gradient directly depends upon

(a) The resistance per unit length (R/L) of potentiometer

wire.

(b) The radius of potentiometer wire (ie. Area of cross-

section)

(c) The specific resistance of the material of

potentiometer wire (ie. p)
(d) The current flowing through potentiometer wire (/)
(i) potential gradient indirectly depends upon
(a) The emf of battery in the primary circuit (Ze. €)

(b) The resistance of rheostat in the primary circuit (ie.

Rh)

(3) Working : Suppose jocky is made to touch a point Jon

wire then potential difference between A and Jwill be V = xI
At this length () two potential difference are obtained
(i) Vdue to battery eand

(ii) £due to unknown cell

Fig. 19.39
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If V> E then current will flow in galvanometer circuit in

one direc

If @ E then current will flow in galvanometer circuit in

opposite direction

If V= Ethen no current will flow in galvanometer circuit
this condition to known as null deflection position, length /is

known as balancing length.

In balanced condition E = xI

orE=xl= =Ry | R,
L R+R,+r) L
: X, L |
If Visconstantthen Lo/ = —=—=—=
X, Ly L

(6) Standardization of potentiometer : The process of
determining potential gradient experimentally is known as

standardization of potentiometer.

X

A/%

.
~

—E
—E—

Fig. 19.40

Let the balancing length for the standard emf Eo is 6 then

E
by the principle of potentiometer £ = xb = x = |—°
0
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(7) Sensitivity of potentiometer : A potentiometer is said to

be more sensitive, if it measures a small potential difference

more accurately.

(i) The sensitivity of potentiometer is assessed by its
potential gradient. The sensitivity is inversely proportional to the

potential gradient.
(i) In order to increase the sensitivity of potentiometer

(@) The resistance in primary circuit will have to be

decreased.

(b) The length of potentiometer wire will have to be increased

so that the length may be measured more accuracy.

Table 19.5 : Difference between voltmeter and potentiometer

Voltmeter Potentiometer

It's resistance is high but finite Its resistance is infinite

It draws some current from It does not draw any current from

source of emf the source of unknown emf

The potential difference
measured by it is lesser than

the actual potential difference

The potential difference
measured by it is equal to

actual potential difference

Its sensitivity is low

Its sensitivity is high

It is a versatile instrument

It measures only emf or

potential difference

It is based on deflection

method

It is based on zero deflection

method

Application of Potentiometer

(1) To determine the internal resistance of a primary cell

A r

|—F

AL

_5|

0

R’ ]’ K’

R

Fig. 19.41

(i) Initially in secondary circuit key A’ remains open and
balancing length (4) is obtained. Since cell £is in open circuit

so it's emf balances on length 4 ie. E= xh )]

(ii) Now key K is closed so cell £comes in closed circuit. If
the process of balancing repeated again then potential

difference /balances on length £ ie. V= xk

oo (i)

(iii) By using formula internal resistance r = [5 —1). R’

e

(2) Comparison of emf’s of two cell : Let 4 and £ be the

balancing lengths with the cells £1 and £ respectively then £1 =

xh and £2 = xb :5::—1

E, L g
erf X Wh
i {*)

Fig. 19.42

Let £1 > £ and both are connected in series. If balancing
length is 4 when cell assist each other and it is £ when they

oppose each other as shown then :

i

(B, +Ep)=xl, (B, —E)=xl,
E

N 1+E2:I_1 or Ezllﬂ2
E,-E | E, L-1



(3) Comparison of resistances : Let the balancing length for
resistance Ry (when XY is connected) is 4 and let balancing

length for resistance R + R: (when YZis connected) is 4.

i
J
A r@y B
X Y 7
R R

Lol

Ry

-

—
-~

1

Fig. 19.43

Then iIRi=xhand (Ri+ R)=xb => —==-—=

(4) To determine thermo emf

X
2

=
Il

.

{
\

L

Cald ice Hot sand

Fig. 19.44

(i) The value of thermo-emf in a thermocouple for ordinary
temperature difference is very low (108 vof). For this the
potential gradient x must be also very low (10~ 1/m). Hence a
high resistance (R) is connected in series with the potentiometer
wire in order to reduce current.

(ii) The potential difference across R must be equal to the

emf of standard cell je. IR=FEo .. i= &

(iii) The small thermo emf produced in the thermocouple e =

x/

il

Current Electricity 1051

(iv) x :ip:% Looe ='—E| where L = length of
potentiometer wire, p = resistance per unit length, /= balancing

length for e

(5) Calibration of ammeter : Checking the correctness of
ammeter readings with the help of potentiometer is called

calibration of ammeter.

(i) In the process of calibration of an ammeter the current
flowing in a circuit is measured by an ammeter and the same
current is also measured with the help of potentiometer. By

comparing both the va;lues, the errors in the ammeter readings
Rl

: WXLi
A% B
=2
] e 3
2

are determined.

10 T 3 ~
—A\WW
AT
+] /,\K°
|' \/
Fig. 19.45

(i) For the calibration of an ammeter, 1 Q standard
resistance coil is specifically used in the secondary circuit of the
potentiometer, because the potential difference across 1 Q is

equal to the current flowing through it .e. V=

(iii) If the balancing length for the emf Eo is b then Eo = xb

E
:>x:I_0

0

(Process of standardisation)

(iv) Let i' current flows through 1Q resistance giving

potential difference as V'=1i'(1)=xl, where A is the balancing

S . E
length. So error can be found as Ai=i-i'=i—xl, = |—|—0>< I,
0

(6) Calibration of voltmeter

(i) Practical voltmeters are not ideal, because these do not

have infinite resistance. The error of such practical voltmeter
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can be found by comparing the voltmeter reading with

calculated value of p.d. by potentiometer.

(ii) If & is balancing length for £o the emf of standard cell by

connecting 1 and 2 of bi-directional key, then x = Eol b.

(iii) The balancing length 4 for unknown potential difference
I/ is given by (by closing 2 and 3) V'=xl; =(E, /Iy, .
+= e .)/(1

4+

Ifﬂ1

AL

Fig. 19.46

If the voltmeter reading is V'then the error will be (V- V)

which may be +ve, — ve or zero.

T Tips & Tricks

& Human body, though has a large resistance of the order of
KQ (say 10 AQ), is very sensitive to minute currents even as
low as a few mA. Electrocution, excites and disorders the
nervous system of the body and hence one fails to control the

activity of the body.

& dc flows uniformly throughout the cross-section of
conductor while ac mainly flows through the outer surface

area of the conductor. This is known as skin effect.

& It is worth noting that electric field inside a charged

conductor is zero, but it is non zero inside a current carrying

conductor and is given by E:¥ where I/ = potential

difference across the conductor and / = length of the

/ zorrent=>carrying

conductor is zero.

£ For a given conductor JA =/ = constant so that J oc%

Le., J1Ar = J2Az; this is called equation of continuity

& The drift velocity of electrons is small because of the

frequent collisions suffered by electrons.

£ The small value of drift velocity produces a large amount
of electric current, due to the presence of extremely large

number of free electrons in a conductor.

The propagation of current is almost at the speed of light
and involves electromagnetic process. It is due to this reason

that the electric bulb glows immediately when switch is on.

£ In the absence of electric field, the paths of electrons
between successive collisions are straight line while in
presence of electric field the paths are generally curved.

N xd

& Free electron density in a metal is given by n= n

where AMa = Avogadro number, x = number of free electrons
per atom, d = density of metal and A = Atomic weight of

metal.

&5 In the absence of radiation loss, the time in which a fuse will

melt does not depends on it's length but varies with radius as
tocr?.
& |If length () and mass (m) of a conducting wire is given

IZ
then R oc —.
m

& Macroscopic form of Ohm’s law is R:Vf, while it’s
i



microscopic form is J = ¢ E.

& After stretching if length increases by n times then

resistance will increase by /2 times ie. R, =n?R, . Similarly

if radius be reduced to l times then area of cross-section
n

1 .. . . ,
decreases — times so the resistance becomes r# times /.e.
n

R, =n*R,.
&5 After stretching if length of a conductor increases by x%

then resistance will increases by 2x % (valid only if x< 10%)

& Decoration of lightning in festivals is an example of
series grouping whereas all household appliances connected
in parallel grouping.

& Using n conductors of equal resistance, the number of

possible combinations is 27~ 1.

& If the resistance of n conductors are totally different, then

the number of possible combinations will be 27.

& If nidentical resistances are first connected in series and

then in parallel, the ratio of the equivalent resistance is given

&5 |If a wire of resistance R, cut in n equal parts and then

these parts are collected to form a bundle then equivalent

. N . R
resistance of combination will be —-
n

& If equivalent resistance of /1 and A: in series and

parallel be Rs and R respectively then

R, :%[Rs +4/R2 —4R5Rp} and R, :%[Rs ~R? —4R5Rp} :

&5 If a skeleton cube is made with 12 equal resistance each

having resistance R then the net resistance across

H, G
E :
: F
D/'- ---------------
/l// C
A B

=]
UNIVERSAL
SELF SCORER
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The longest diagonal (£C or AG) = % R

The diagonal of face (e.g. AC, ED, ....) - % R

A side (e.g. AB, BC.....) = 17—2 R

& Resistance of a conducting body is not unique but

depends on it's length and area of cross-section /e. how the

potential difference is applied. See the foIIowinf-W
7 c’

4 /
t

/. ; )
’( g f — ‘—)f

Length = a Length = b

Area of cross-section = bx ¢ Area of cross-section = ax ¢

a b
Resistance R = p Resistance R = p
bxc axc

£ Some standard results for equivalent resistance

Ri R>
| A -
MWW MWW
Rs R

_ RiR2(Rs + Ry) +(Ry + Ry)R3Rs + Rs(Ry + Ry)(Ry + Ry)
Rs(R; + R, + R; + R, + (R + R3)(R, + Ry)

Ri R>

AW AW
R R
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_ 2RjR; +R3(R; +R,)

R.. =
Ae 2R; +R, +R,
R R R R
A
Rs R X
B
R R R R

1 1 1/2
Rap :E(Rl +Ry) + E[(Rl + Rz)z +4R;(Ry + Rz)]

R R R R

R R R —®

1 R
Rag =—=Ry|1+ [1+4| =%
AB 2 1 (RlJ

£ It is a common misconception that “current in the circuit
will be maximum when power consumed by the load is

maximum.”

Actually current i=E/R+r) is maximum (= £/r) when R =
min = 0 with P_ =(E/r)>x0=0min. while power consumed
by the load £2RI(R + r)? is maximum (= £4/4r) when R= rand
i=(E/2r=mx(=E/r).

& Emf is independent of the resistance of the circuit and
depends upon the nature of electrolyte of the cell while
potential difference depends upon the resistance between the
two points of the circuit and current flowing through the

circuit.

& Whenever a cell or battery is present in a branch there

must be some resistance (internal or external or both)

present in that branch. In practical situation it always happen
because we can never have an ideal cell or battery with zero

resistance.

& In series grouping of identical cells. If one cell is wrongly
connected then it will cancel out the effect of two cells e.g. If
in the combination of nidentical cells (each having emf £ and
internal resistance r) if x cell are wrongly connected then

equivalent emf E,=(M-2x)E and equivalent internal

resistance r, =nr.

£ Graphical view of open circuit and closed circuit of a cell.

%l

Vinax =E, i=0

Imax=E/r; V=0 /'ﬁ

&5 If nidentical cells are connected in a loop in order, then

emf between any two points is zero.

& In parallel grouping of two identical cell having no

internal resistall;‘u,ce =
AWV AW
F, Fl,
1t 1t
F I L 1 LE
Eq =E Eeq =0

% When two cell's of different emf and no internal

resistance are connected in parallel then equivalent emf is




indeterminate, note that connecting a wire with a cell with no
resistance is equivalent to short circuiting. Therefore the total

current that will be flowing will be infinity.

& In the parallel combination of non-identical cell's if they

are connected with reversed polarity as shown then

. h Ev,n
equivalent emf [+
|
! k2 E,
E - En —En
= h+1, WW
R

& Wheatstone bridge is most sensitive if all the arms of

bridge have equal resistances ie. P=Q=R =85

& If the temperature of the conductor placed in the right
gap of metre bridge is increased, then the balancing length

decreases and the jockey moves towards left.

& In Wheatstone bridge to avoid inductive effects the
battery key should be pressed first and the galvanometer key

afterwards.

& The measurement of resistance by Wheatstone bridge is

not affected by the internal resistance of the cell.

& In case of zero deflection in the galvanometer current
flows in the primary circuit of the potentiometer, not in the

galvanometer circuit.

&5 A potentiometer can act as an ideal voltmeter.

T Ordinary Thinking

Objective Questions

Electric Conduction, Ohm's Law and Resistance

o

UNIVERSAL
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Current of 4.8 amperes is flowing through a conductor.

The number of electrons per second will be  [CPMT 1986]
(@) 3x10% (b) 7.68x10%
(c) 7.68x10% (d) 3x10%

When the current i is flowing through a conductor, the
drift velocity is v. If 2i current is flowed through the
same metal but having double the area of cross-section,
then the drift velocity will be

(@) v/4 (b) v/2

(c) v (d) 4v

When current flows through a conductor, then the order of

drift velocity of electrons will be [CPMT 1986]

(@) 10°m/sec (b) 102 cm/sec

(c) 10*cm/sec (d) 10 cm/sec

Every atom makes one free electron in copper. If 1.1
ampere current is flowing in the wire of copper having 1
mm diameter, then the drift velocity (approx.) will be
(Density of copper =9x10°kgm= and atomic weight =
63)

[CPMT 1989]

(@) 0.3mm/sec (b) 0.1mm/sec

(c) 0.2mm/sec (d) 0.2cm/sec
Which one is not the correct statement [NCERT 1978]
(@) lvoltxlcoulomb=1 joule

(b) 1lvoltxlampere =1 joule/second

(c) lvoltxlwatt=1H.P.

(d) Watt-hour can be expressed in eV/

If a 0.1 % increase in length due to stretching, the

percentage increase in its resistance will be
[MNR 1990; MP PMT 1996; UPSEAT 1999; MP PMT 2000]
(a) 0.2% (b) 2%

© 1% (d) 0.1%
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7. The specific resistance of manganin is 50x107% ohmxm .

The resistance of a cube of length 50 cm will be
(a) 107° ohm (b) 2.5x107° ohm

(c) 107% ohm (d) 5x10™* ohm



The resistivity of iron is1x10~7 ohm —m. The resistance of a iron

wire of particular length and thickness is 1 oAm. If the length and
the diameter of wire both are doubled, then the resistivity in

ohm—m will be [CPMT 1983; DPMT 1999]
@ 1x1077 (b) 2x1077
() 4x1077 d) 8x107'
The temperature coefficient of resistance for a wire s

0.00125/°C . At 300K its resistance is 1 ofim. The temperature at
which the resistance becomes 2 ohm is

[T 1980; MP PET 2002; KCET 2003;
MP PMT 2001; Orissa JEE 2002]

(@) ns4 K (b) moo K
() 1400 K d) m27 k
When the length and area of cross-section both are doubled, then its
resistance [MP PET 1989]

(@) Will become half

(c) Will remain the same

(b) Will be doubled
(d) Will become four times

The resistance of a wire is 20 ohms. It is so stretched that the length
becomes three times, then the new resistance of the wire will be

(@) 6.67 ohms (b) 60.0 ohms
(c) 120 ohms (d) 180.0 ohms
The resistivity of a wire [MP PMT 1984; DPMT 1982]
(@) Increases with the length of the wire

(b) Decreases with the area of cross-section

(c) Decreases with the length and increases with the cross-section
of wire

(d) None of the above statement is correct

Ohni's law is true

(@) For metallic conductors at low temperature

(b) For metallic conductors at high temperature

(c) For electrolytes when current passes through them
(d) For diode when current flows

The example for non-ohmic resistance is [MP PMT 1978]
(@) Copper wire
(c) Diode

(b) Carbon resistance
(d) Tungston wire

Drift velocity V; varies with the intensity of electric field as per the

relation [CPMT 1981; BVP 2003]
(@) vy xcE (b) vq o< t
(c) v, =constant d) vy o E?

On increasing the temperature of a conductor, its resistance
increases because [CPMT 1982]
(@) Relaxation time decreases

(b) Mass of the electrons increases

(c) Electron density decreases

(d) None of the above

In a conductor 4 coulombs of charge flows for 2 seconds. The value

of electric current will be [CPMT 1984]

(@) 4 volts (b) 4 amperes

(d) 2 volts

(c) 2 amperes

20.

2L

22,

23.

24.

25.

26.

27.
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The specific resistance of a wire is o, its volume is 3 m? and its
resistance is 3 ofims, then its length will be

[CPMT 1984]

3
@ = ®) —
p Jp

1 1
© =3 @ Py
P 3
62.5x10™ electrons per second are flowing through a wire of
area of cross-section 0.1M? , the value of current flowing will be
(@ 1A (b) o1 A
() 10A (d) omA
A piece of wire of resistance 4 ohms is bent through 180° at its
mid point and the two halves are twisted together, then the

resistance is [CPMT 1971]
(@) 8 ohms (b) 1 0hm
(c) 2 ohms (d) 5 ohms

When a[?m';f,%,lofgﬁgrﬁnium wire of finite length is drawn through a
series of dies to reduce its diameter to half its original value, its
resistance will become

[NCERT 1974; ATIMS 1997; MH CET 2000; UPSEAT 2001;
CBSE PMT 2002]

(@) Two times (b) Four times

(c) Eight times (d) Sixteen times
A wire 100CM long and 2.0 MM diameter has a resistance of 0.7
ohm, the electrical resistivity of the material is

(@) 4.4x10°ohmxm (b) 2.2x10°°ohmxm
0.22x10°ohm xm

A certain wire has a resistance R . The resistance of another wire

() 1.1x10°ohmxm ()

identical with the first except having twice its diameter is
(@ 2R (b) 0.25R

(¢ 4R (d) 0.5R
In hydrogen atom, the electron makes 6.6 x10% revolutions per

-10

second around the nucleus in an orbit of radius 0.5x107"m . It

is equivalent to a current nearly

@@ 14 (b) 1mA
() 1pA d 1.6x107°A

A wire of length 5M and radius 1MM has a resistance of 1 oAm.
What length of the wire of the same material at the same
temperature and of radius 2MM  will also have a resistance of 1

ohm
(a) 125m (b) 25m
() 1om (d) zom

When there is an electric current through a conducting wire along
its length, then an electric field must exist

(@) Outside the wire but normal to it

(b) Outside the wire but parallel to it

(c) Inside the wire but parallel to it

(d) Inside the wire but normal to it

Through a semiconductor, an electric current is due to drift of
(a) Free electrons

(b) Free electrons and holes

—

c) Positive and negative ions

)
d) Protons

—
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29.

30.

31

32.

33.

35.

36.

37.

38.

In an electrolyte 3.2 x 10 bivalent positive ions drift to the right
per second while 3.6 x 10 monovalent negative ions drift to the
left per second. Then the current is

(@) 1.6 amp to the left (b) 1.6 amp to the right
(d) 0.45 amp to the left

A metallic block has no potential difference applied across it, then

() 0.45 amp to the right

the mean velocity of free electrons is T = absolute temperature of

the block)

(@) Proportional to T

(b) Proportional to \/?

(c) Zero

(d) Finite but independent of temperature

The specific resistance of all metals is most affected by

(b) Pressure

(d) Applied magnetic field

(@) Temperature

(c) Degree of illumination
The positive temperature coefficient of resistance is for
(a) Carbon
(¢) Copper
The fact that the conductance of some metals rises to infinity at
some temperature below a few Kelvin is called

(b) Germanium

(d) An electrolyte

(@) Thermal conductivity (b) Optical conductivity

() Magnetic conductivity (d) Superconductivity

Dimensions of a block are 1cmx1cmx100cm. If specific

resistance of its material is 3 x10~" ohm —m , then the resistance
between the opposite rectangular faces is

[MP PET 1993]
(@) 3x107°ohm (b) 3x107ohm
() 3x107°ohm (d) 3x10~°ohm
In the above question, the resistance between the square faces is
(@) 3x107°ohm (b) 3x107ohm
() 3x107°ohm (d) 3x10~°ohm

There is a current of 20 amperes in a copper wire of 107° square
metre area of cross-section. If the number of free electrons per cubic

metre is 10%° , then the drift velocity is
() 125x10~°m/sec (b) 12.5x107%m/sec
(6) 1.25x107°m/sec (d) 1.25x10™*m/sec

The electric intensity E, current density | and specific resistance

Kk are related to each other by the relation
[DPMT 2001]

@ E=jlk (b)
(© E=k/j ()

E = jk
k=jE
The resistance of a wire of uniform diameter d and length L is

R. The
diameter 2d and length 4L will be

resistance of another wire of the same material but

[CPMT 1984; MP PET 2002]
(@ 2R ) R
() R/2 (dy R/4
There is a current of 1.344 amp in a copper wire whose area of
cross-section normal to the length of the wire is 1mm 2 If the

number of free electrons per cm?® is 8.4x10% , then the drift

velocity would be [CPMT 1990]

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

(a) romm/sec (b) 1om/sec

() oamm/sec (d) o.ormm /sec

It is easier to start a car engine on a hot day than on a cold day.
This is because the internal resistance of the car battery
(a) Decreases with rise in temperature
(b) Increases with rise in temperature
(c) Decreases with a fall in temperature
(d) Does not change with a change in temperature
5 amperes of current is passed through a metallic conductor. The
charge flowing in one minute in coulombs will be

[MP PET 1984]
@ s
(c) 12
Two wires of the same material are given. The first wire is twice as

long as the second and has twice the diameter of the second. The
resistance of the first will be

(b) 12
(d) 300

[MP PMT 1993]
(b) Half of the second

(d) Four times of the second

(@) Twice of the second

(c) Equal to the second

An electric wire is connected across a cell of em.f. E. The current |
is measured by an ammeter of resistance R. According to ohm's law

@ E=I%R (b) E=IR

(¢ E=RI/I d E=I/R

The resistances of a wire at temperatures t°C and 0°C are
related by [MP PMT 1993]
(@ R;=Ry@+at) b) R, =Ryd—at)

) R,=RZ@A+at) d) R, =RZ@1-at)

An electric wire of length ‘7 and area of cross-section @ has a
resistance R ohms. Another wire of the same material having same

length AMP FRL 1983 oss-section 4 has a resistance of

(a) 4R (b) R4

(¢) Rh6 (d) 1R

For which of the following the resistance decreases on increasing the
temperature [MP PET 1993]
(@) Copper (b) Tungsten

(¢) Germanium (d) Aluminium
If n,e,7 and m respectively represent the density, charge relaxation
time and mass of the electron, then the resistance of a wire of

length | and area of cross-section A will be

[CPMT 1992]
ml mz2A
(a) 2 b 2
ne‘zA ne“l
2 2
ne“zA ne“A
d
© 2ml @ 2md
The relaxation time in conductors [DPMT 2003)]

(@) Increases with the increase of temperature
(b) Decreases with the increase of temperature
(c) 1t does not depend on temperature

(d) All of sudden changes at 400 K

Which of the following statement is correct

(a) Liquids obey fully the ohm's law

(b) Liquids obey partially the oAm's law

(c) There is no relation between current and p.d. for liquids



49.

50.

51.

52.

53.

54.

55.

56.

57.

(d) None of the above

A certain piece of silver of given mass is to be made like a wire. 58.

Which of the following combination of length (L) and the area of

cross-sectional (A) will lead to the smallest resistance [MP PMT 1995; CBSE PMT 1997]

(@ Land A
(b) 2Land A2
() Lzand2 A

(d) Any of the above, because volume of silver remains same >
The resistance of a wire is10C2. Its length is increased by 10% by
stretching. The new resistance will now be
[CPMT 2000; Pb PET 2004]
(@) 120 (b) 1.2Q
() 13Q d) 11Q
Resistance of tungsten wire at 150°C is 133Q). Its resistance 6o
temperature coefficient is 0.0045/°C . The resistance of this wire
at 500°C will be [DPMT 2004]
(a) 180Q (b) 225Q
() 258Q d) 317Q 61
A metal wire of specific resistance 64x10°ohm—cm and
length 198 crm has a resistance of 7 ofm, the radius of the wire will
be [MP PET 1994]
(@) 24cm (b) 0.24 cm 62.
(¢) 0.024 cm (d) 24 cm
A copper wire of length 1 m and radius 1 mm is joined in series with
an iron wire of length 2 m and radius 3 mm and a current is passed
through the wires. The ratio of the current density in the copper
and iron wires is
[MP PMT 1994] 63.
(a) 18:1 (b) 9:1
() 6:1 (d) 2:3
For a metallic wire, the ratio V /i (V = the applied potential
difference, 7 = current flowing) is  [MP PMT 1994; BVP 2003]
(@) Independent of temperature
(b) 1Increases as the temperature rises
(c) Decreases as the temperature rises
(d) Increases or decreases as temperature rises, depending upon
the metal
The resistance of a wire is R. If the length of the wire is doubled by
stretching, then the new resistance will be 64.
[Roorkee 1992; AFMC 1995; KCET 1993; AMU (Med.) 1999;
CBSE PMT 1999; MP PET 2001; UPSEAT 2001]
(@) 2R (b) 4R
R
() R @ 7
Which of the following has a negative temperature coefficient 65.
(@ c (b) Fe
() Mn d) Ag

The reciprocal of resistance is [AFMC 1995]

(a) Conductance (b) Resistivity
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(c) Voltage (d) None of the above
A solenoid is at potential difference 60 V and current flows through
it is 15 ampere, then the resistance of coil will be
[AFMC 1995]
(@) 4Q (b)y 8Q
() 0.25Q d) 2Q
All of the following statements are true except

[Manipal MEE 1995]

(@) Conductance is the reciprocal of resistance and is measured in

Siemens

(b) Ohm's law is not applicable at very low and very high
temperatures

(c) Ohmis law is applicable to semiconductors

(d) Ohmis law is not applicable to electron tubes, discharge tubes
and electrolytes

A potential difference of V'is applied at the ends of a copper wire of
length /and diameter d. On doubling only d, drift velocity

(b) Becomes half

(d) Becomes one fourth

(@) Becomes two times

(c) Does not change

If the resistance of a conductor is 5 2 at 50C and 7 {2 at 100°C then
the mean temperature coefficient of resistance of the material is
(a) 0.008/C (b) 0.006/C
(¢) 0.004/C (d) o.001rC
The resistance of a discharge tube is

[AFMC 1996; CBSE PMT 1999]
(@) Ohmic (b)
() Both (a) and (b) (d) Zero

Non-ohmic

We are able to obtain fairly large currents in a conductor because
(@) The electron drift speed is usually very large
(b) The number density of free electrons is very high and this can

compensate for the low values of the electron drift speed and

the very small magnitude of the electron charge

(c) The number density of free electrons as well as the electron
drift speeds are very large and these compensate for the very

small magnitude of the electron charge

(d) The very small magnitude of the electron charge has to be
divided by the still smaller product of the number density and

drift speed to get the electric current

A platinum resistance thermometer has a resistance of 50Q at

20°C . When dipped in a liquid the resistance becomes 76.8 Q).

The temperature coefficient of resistance for platinum is

a=3.92x107/°C . The temperature of the liquid is

(a) 100°C (b) 137°C
() 167°C (d) 200°C
[AFMC 1995]

In a wire of circular cross-section with radius r; free electrons travel
with a drift velocity V when a current 7 flows through the wire.
What is the current in another wire of half the radius and of the

same material when the drift velocity is 2V

[MP PET 1997]
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(@) 27 (b) 7
() 1/2 d) 1/4
66. The resistivity of a wire depends on its [MP PMT/PET 1998]

67.

68.

69.

70.

7.

72.

73.

(@) Length
(c) Shape

(b) Area of cross-section
(d) Material
The conductivity of a superconductor is
[Similar to KCET 1993; MP PMT/PET 1998]
(@) Infinite (b) Very large

(¢) Very small (d) Zero

In a neon discharge tube 2.9x10™ Ne* ions move to the right
each second while 1.2x10™ electrons move to the left per second.
Electron charge is 1.6 x107°C . The current in the discharge tube

(@) 1A towards right
(c) 0.66 A towards left

(b) 0.66 A towards right
(d) Zero

A steady current flows in a metallic conductor of non-uniform cross-
section. The quantity/ quantities constant along the length of the

conductor is/are
[KCET 1994, IIT 1997 Cancelled; CBSE PMT 2001]
) Current, electric field and drift speed
b

a
c) Current and drift speed

=

(
(b) Drift speed only

(

(d) Current only

The resistivity of alloys = Ry, ; the resistivity of constituent metals

Rmetar - Then, usually
(a) Ralloy = Rietal

(b) Ralloy < Rmetal

[KCET 1994]

(c) There is no simple relation between Ryjjoy and Rpery

(d) Ralloy > Rmetal

Two wires A and B of same material and same mass have radius

2rand r. If resistance of wire Ais 34 (), then resistance of B will be

(@) 5440 (b) 2720

© 68Q d 170

Two rods of same material and length have their electric resistance
in ratio 1:2. When both rods are dipped in water, the correct
statement will be [RPMT 1997]
(a) A has more loss of weight

(b) B has more loss of weight

(c) Both have same loss of weight

(d) Loss of weight will be in the ratio 1: 2

20 yA  current flows for 30 seconds in a wire, transfer of charge

will be [RPMT 1997]
@ 2x107*C (b) 4x107*C
) 6x107*C d) 8x107*C

74.

75-

76.

77.

78.

79.

80.

81.

82.

83.

o, and 0, are the electrical conductivities of Ge and Na

respectively. If these substances are heated, then

(a) Both oy and o, increase
(b) oy increases and 0, decreases
(¢) oy decreases and o, increases

(d) Both o; and o, decrease

1.6 mA current is flowing in conducting wire then the number of

electrons flowing per secondis  [RPMT 1999]
(@) 1o (b) 10
(c) 10 (d) 10

A current /is passing through a wire having two sections P and Q
of uniform diameters d and d/2 respectively. If the mean drift
velocity b pleetepiay in sections P and Q is denoted by v and v
respectively, then [Roorkee 1999

1
(@ v=v (b) s
() ‘(:%‘ﬂ d v=2v

If an electric current is passed through a nerve of a man, then man
(@) Begins to laugh

(b) Begins to weep

(c) s excited

(d) Becomes insensitive to pain

The resistance of a coil is 4.2 Q at 1000 C and the temperature
coefficient of resistance of its material is 0.004/ C. Its resistance at

0 Cis [KCET 1999]
(a) 65Q b) 50
() 3Q2 (d) 4Q

Masses of three wires of copper are in the ratio of 1: 3 : 5 and their

lengths are in the ratio of 5:3:1. The ratio of their electrical

resistances are [AFMC 2000]

(@ 1:3:5 (b) 5:3:1

() 1:15:125 (d) 125:15:1
Conduqteiky igggases in the order of [AFMC 2000]
(@) Al Ag Cu (b) Al Cu Ag
() Cu Al Ag (d) Ag Cu Al

A uniform wire of resistance R is uniformly compressed along its
length, until its radius becomes 7 times the original radius. Now
resistance of the wire becomes

[KCET 2000]

R R
@) Yy (b) -z
R
(c) " d) nR

The resistance of a conductor is 5 ohAm at 50 C and 6 ohm at 100-C.

Its resistance at 0'Cis [KCET 2000]

(@) 1 ohm
() 3 ohm

(b) 2 ohm
(d) 4 ohm

If an electron revolves in the path of a circle of radius of 0.5 x 10~
m at frequency of 5 x 10" cycles/s the electric current in the circle is
(Charge of an electron = 1.6 x 10" C)

[EAMCET 2000]



84.

85.

86.

87.

88.

89.

90.

9

92,

(@) 0.4 mA
() 12 mA

(b) 0.8 mA
d) 1.6 mA

Equal potentials are applied on an iron and copper wire of same
length. In order to have the same current flow in the two wires, the
ratio r (iron)/r (copper) of their radii must be (Given that specific

resistance of iron = 1.0 %107 ohm—-m and specific resistance of
copper = 1.7 10 ohm-m)

[MP PMT 2000]
(@) About 1.2
(c) About 3.6

(b) About 2.4
(d) About 4.8

An electron (charge = 1.6 x 10" coulomb) is moving in a circle of
radius 5.1 x 10'm at a frequency of 6.8 x 10° revolutions/sec. The
equivalent current is approximately

[MP PET 2000]
(@) 5.1x107% amp (b) 6.8x107° amp
() 1.1x107° amp d) 2.2x107° amp

A rod of a certain metal is 1.0 m long and 0.6 cm in diameter. lts

resistance is 3.0 x 107> ohm. Another disc made of the same
metal is 2.0 c¢m in diameter and 1.0 mm thick. What is the

resistance between the round faces of the disc

@) 135x 107% ohm (b) 270 x 107" ohm

() 4.05x 107° ohm (d) 810x 107 ohm

At what temperature will the resistance of a copper wire become
three times its value at 00C (Temperature coefficient of resistance
for copper = 4 x 10° per-C)

[MP PET 2000]
(@) 400C (b) 450C
(d) s50C

An electron revolves 6 x 10° times/sec in circular loop. The current
[MNR 1995; UPSEAT 2000]

(¢) 500C

in the loop is
(@) 0.96 mA (b) 0.96 u A
(c) 288 A (d) None of these

The charge of an electron is 1.6 x 10© C. How many electrons strike
the screen of a cathode ray tube each second when the beam
current is 16 mA [AMU (Med.) 2000]

(@) 10 (b) 10
(c) 10- (d) 10
If potential V =100+£0.5Volt and current 1=10+£0.2 amp

are given to us. Then what will be the value of resistance

(@) 10+0.7ohm (b) 5+2o0hm

(¢) 0.1+0.20hm (d) None of these

A nichrome wire 50 cm long and one square millimetre cross-
section carries a current of 44 when connected to a 2V battery.
The resistivity of nichrome wire in ohm metre is

[EAMCET 2001]
@ 1x107° (b) 4x 1077
() 3x 107 d) 2x1077

If an observer is moving with respect to a stationary electron, then
he observes [DCE 2001]

(b) Only electric field
(d) None of the above

(@) Only magnetic field
() Both (a) and (b)

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.
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Calculate the amount of charge flowing in 2 minutes in a wire of

resistance 10 ) when a potential difference of 20 V is applied
between its ends [Kerala (Engg.) 2001]

(@ 1zoC (b) 240 C
() 20C d) 4cC

If a wire of resistance R is melted and recasted to half of its length,
then the new resistance of the wire will be

[KCET (Med.) 2001]
(a) Ria (b) Rz
() R (d) 2R
The drift velocity does not depend upon
(b) Length of the wire
(d) Magnitude of the current

[BHU 2001]
(@) Cross-section of the wire

(c) Number of free electrons

There is a current of 40 ampere in a wire of 10°m? area of

cross-section. 1f the number of free electron per m? is 10%,
then the drift velocity will be [Pb. PMT 2001]

@) 125x 103 ms (b) 2.50x 107 mss

(c) 25.0 x 1073 s (d) 250 x 1073 s
At To erature, copper has free electron density of
Wiy PEFESGR]

8.4 x10°" per m”. The copper conductor has a cross-section of
10° m7 and carries a current of 5.4 A. The electron drift velocity in

copper is [UPSEAT 2002]
(@) 400 m/s (b) 0.4 m/s
() 0.4 mmy/s (d) 72 mss

The resistance of a 5 cm long wire is 10 Q. It is uniformly stretched
so that its length becomes 20 cm. The resistance of the wire is

(@) 160 Q (b) 80Q
() 40Q (d) 20Q
The resistance of an incandescent lamp is [KCET 2002]
(a) Greater when switched off

(

b)
(c) Greater when switched on
d)

(

In the figure a carbon resistor has bands of different colours on its
body as mentioned in the figure. The value of the resistance is

Smaller when switched on

The same whether it is switched off or switched on

Silver
(@) 22 4kQ /
ot =) J ) ) ) (-
(c) 56 &Q l l \REd
(d) 91kQ White Brown

By increasing the temperature, the specific resistance of a conductor
and a semiconductor [AIEEE 2002]
(@) Increases for both

(b) Decreases for both

(c) Increases, decreases

(d) Decreases, increases

Which of the following is vector quantity

(b) Current

(d) Power

[AFMC 2002]
(a) Current density

() Wattless current
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103.

104.

105.

106.

107.

108.

109.

no.

m.

Masses of 3 wires of same metal are in the ratio 1: 2 : 3 and their

lengths are in the ratio 3 : 2 : 1. The electrical resistances are in

ratio [CPMT 2002]
(@ 1:4:9 (b) 9:4:1
() 1:2:3 (d) 27:6:

A current of 1 mA is flowing through a copper wire. How many
electrons will pass a given point in one second

[e=1.6 x 10~ Coulomb] [RPMT 2000; MP PMT 2002]

(@) 6.25x 10%° (b) 6.25x 10%°

() 625x 10% d) 6.25x 10°

The drift velocity of free electrons in a conductor is ‘v when a
current ‘7 is flowing in it. If both the radius and current are
doubled, then drift velocity will be[BHU 2002]

v
@ v (b) 7

v v
(c) 7 (d) 3

A wire of radius r has resistance R. If it is stretched to a radius of

r
— , 1ts resistance becomes

[BHU 2002]
9R 16R
= by —=

@ 75 ® =
81R 256R
- d) =

© 256 @ g

The resistance of a conductor increases with
[CBSE PMT 2002]
(@) Increase in length
(b) 1Increase in temperature
(c) Decrease in cross—sectional area

(d) Al of these

A copper wire has a square cross-section, 2.0 mm on a side. It
carries a current of 8 A and the density of free electrons is

8x10% m~=. The drift speed of electrons is equal to
[AMU (Med.) 2002]
(@) 0.56 x 1073 ms (b) 0.56 x 1072 ms

(d) 312x 1072 ms

Two wires of same material have length L and 2L and cross—
sectional areas 44 and A respectively. The ratio of their specific
[MHCET 2002]

() 312 x 107 ms

resistance would be
(@ 1:2 (b) 8:1
() 1:8 d) 1:1
When a current flows through a conductor its temperature

[MHCET 2002]
a) May increase or decrease

(
(b
(
(

Remains same

=

c) Decreases

d) Increases

What length of the wire of specific resistance 48 x108Qm is

needed to make a resistance of 4.2 Q (diameter of wire = 0.4

mm)

[CBSE PMT 2000; Pb. PMT 2002]
(@ 41m (b) 31 m
() 2am d) 11m

n2.

n3.

n4.

n5.

1é.

nz.

n8.

1o.

120.

121.

A strip of copper and another of germanium are cooled from room
temperature to 80 K. The resistance of [AIEEE 2003]

(@) Each of these increases

(b) Each of these decreases

(c) Copper strip increases and that of germanium decreases
(d) Copper strip decreases and that of germanium increases

The length of a given cylindrical wire is increased by 100 %. Due to
the consequent decrease in diameter the change in the resistance of

the wire will be [AIEEE 2003]

(a) 300 % (b) 200 %
(c) 100 % (d) 50 %

Express which of the following setups can be used to verify Ohm’s
law [NTJEE (Screening) 2003]

We havetwo wires A and B of same mass“afid same material. The
diameter of the wire A is half of that B If the resistance of wire A
is 24 ohm then the resistance of wire B will be

(@) 12 Ohm (b) 3.0 Ohm

(c) 1.5 Ohm (d) None of the above

In a hydrogen discharge tube it is observed that through a given
cross-section 3.13x10%° electrons are moving from right to left

and 3.12x10% protons are moving from left to right. What is the
electric current in the discharge tube and what is its direction

(@) 1mA towards right (b) 1ImA towards left

() 2mA towards left (d) 2mA towards right

A steady current 7 is flowing through a conductor of uniform cross-
section. Any segment of the conductor has

[MP PET 1996]
a

b

C

=

Zero charge

=

Only positive charge

~

Only negative charge

(
(
(
(d) Charge proportional to current 7
The length of the wire is doubled. Its conductance will be

[Kerala PMT 2004]
(@) Unchanged (b) Halved
(¢) Quadrupled (d) 1/4 of the original value
A source of em.f. £=15 Vand having negligible internal resistance
is connected to a variable resistance so that the current in the

circuit increases with time as 7= 1.2 £+ 3. Then, the total charge that
will flow in first five second will be

(@ 10C (b) 20 C

() 30C (d) 40 C

The new resistance of wire of R (), whose radius is reduced half, is [) & K CET
(a) 16 R (b) 3R

() 2R (d) R

A resistance R is stretched to four times its length. lts new
resistance will be [1SM Dhanbad 1994; UPSEAT 2003]

(@ 4R (b) 64 R



122.

123.

124.

125.

126.

127.

128.

129.

() R/4 (d) 16 R
What is the resistance of a carbon resistance which has bands of
colours brown, black and brown [DCE 1999]
(a) 100 Q2 (b) 1000 Q2

(c) 10Q @ 1Q

The lead wires should have [Pb. PMT 2000]

(@) Larger diameter and low resistance
(b) Smaller diameter and high resistance
(c) Smaller diameter and low resistance
(d) Larger diameter and high resistance
The alloys constantan and manganin are used to make standard
resistance due to they have
[MH CET 2000; NCERT 1990]
a) Low resistivity
b) High resistivity
c) Low temperature coefficient of resistance
d) Both (b) and (c)
When a potential difference is applied across the ends of a linear
metallic conductor [MP PET 1997]

(@) The free electrons are accelerated continuously from the lower
potential end to the higher potential end of the conductor

Py

(b) The free electrons are accelerated continuously from the higher
potential end to the lower potential end of the conductor

(c) The free electrons acquire a constant drift velocity from the
lower potential end to the higher potential end of the
conductor

(d) The free electrons are set in motion from their position of rest
The electric resistance of a certain wire of iron is R. If its length and
radius are both doubled, then [CBSE PMT 2004]

(@) The resistance will be doubled and the specific resistance will

be halved

(b) The resistance will be halved and the specific resistance will

remain unchanged

(c) The resistance will be halved and the specific resistance will be

doubled

(d) The resistance and the specific resistance, will both remain

unchanged

A wire of diameter 0.02 metre contains 10" free electrons per cubic
metre. For an electrical current of 100 A, the drift velocity of the free

electrons in the wire is nearly
[UPSEAT 2004]

(@) 1x10" m/s (b) 5 x10" m/s

() 2x10" mfs (d) 8 x10 m/s

The following four wires are made of the same material and are at
the same temperature. Which one of them has highest electrical
resistance [UPSEAT 2004]
(@) Length = 50 cm, diameter = 0.5 mm

(b) Length =100 cm, diameter = 1 mm

(c) Length = 200 cm, diameter = 2 mm

(d) Length = 300 cm, diameter = 3 mm

The colour sequence in a carbon resistor is red, brown, orange and

silver. The resistance of the resistor is
[DCE 2004]

(@) 21 x10 £10% (b) 23x10t10

130.

131

132.

133.
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il

(c) 21x10 % 5% (d) 12 x10 % 5%

A thick wire is stretched so that its length become two times.
Assuming that there is no change in its density, then what is the
ratio of change in resistance of wire to the initial resistance of wire
(@) 2:1 (b) 4
() 3:1 d 1:4
The length of the resistance wire is increased by 10%. What is the
corresponding change in the resistance of wire

[MH CET 2004]
(a) 10% (b) 25%
(c) 21% (d) 9%

The electric field E current density / and conductivity & of a

conductor are related as [Kerala PMT 2005]

(@ o=E/]j b) o=jlE

(¢ o=jE (d) o=1/jE

Two wires that are made up of two different materials whose
specific resistance are in the ratio 2 : 3, length 3 : 4 and area 4 : 5.
[Kerala PMT 2005]

(@ 6:5 (b) 6:8
() 5:8 (d) 1:2

The ratio of their resistances is

Grouping of Resistances

The potential difference between points A and B of adjoining

figure is [CPMT 1991]
2
@ EV 5Q 5Q
o A ANV MWW B
(b) gV v
5Q % SQ§
© v
3 50Q 5Q c
d 2V D MWW MWW

Two resistors of resistance R; and R, having R; >R, are

connected in parallel. For equivalent resistance R, the correct
[CPMT 1978; KCET (Med.) 2000]

R, <R<R,
R <R;

statement is
(@ R>R; +R, (b)
() R, <R<(R;+R)) (d)

A wire of resistance R is divided in 10 equal parts. These parts are
connected in parallel, the equivalent resistance of such connection

will be [CPMT 1973, 91]
(a) o.01 R (b) 01 R
() 10R (d) 10 R

The current in the adjoining circuit will be

[T 1983; CPMT 1991, 92; MH CET 2002;
Pb. PMT 2005; Kerala PMT 2004]

@) 1 ampere
Q) —
45

1
b) —ampere
(6) Soamp
30Q0
(c) iampere
10
3002
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1
d) =ampere
() 5 amp

5. There are 8 equal resistances R. Two are connected in parallel, such
four groups are connected in series, the total resistance of the
system will be [MP PMT 1987]

(@ R/z2 (b) 2R
() 4R d) 8R

6. Three resistances of one ofim each are connected in parallel. Such
connection is again connected with 2/3 Q) resistor in series. The
resultant resistance will be [MP PMT 1985]

5 3

@ ZQ (b) SQ
3 2
2

(e 1Q d) —Q
3

7. The lowest resistance which can be obtained by connecting 10

resistors each of 1110 ohm is
[MP PMT 1984; EAMCET 1994]
(@) 1/250Q (b) 1/200Q
() 1/100Q2 (d)y 1/10Q
8. The reading of the ammeter as per figure shown is
1
(a) E A 20
MWW
3
® A 20 2V
4 —W— —()—
1 2Q2
€ ZA AW
2Q
d) 2A AW

9. Three resistors each of 2 ofim are connected together in a triangular

shape. The resistance between any two vertices will be

[CPMT 1983; MP PET 1990; MP PMT 1993; DCE 2004]
(@) 4/3 ohm (b) 3/4 ohm
(¢) 3 ohm (d) 6 ohm

10. There are N similar conductors each of resistance R . The resultant
resistance comes out to be X when connected in parallel. If they are
connected in series, the resistance comes out to be
(@ x/n? (b) n?x
() x/n (d) nx

. Equivalent resistance between A and B will be [CPMT 1981]

3Q 3Q
(@) 2 ohm
(b) 18 ohm
() 6 ohm 3 30
(d) 3.6 ohm A AN
A
12. A wire has a resistance of?’% ohm. 1t is ben%Qin the form of

equilateral triangle. The effective resistance between any two corners

of the triangle is
(@) 9 ohms (b) 12 ohms

() 6 ohms (d) 8/3 ohms

20.

21.

The effective resistance between the points A and B in the figure

is [MPPET 1994]

3Q 30
@) 5Q

6Q

b) 20 A AN c
() 3Q

3Q 3Q
d) 4Q .

Three resistances of magnitude 2, 3 and 5 oAm are connected in
parallel to a battery of 10 volts and of negligible resistance. The

potential difference across 3 Q) resistance will be

(@) 2 volts (b) 3 volts

(c) 5 volts (d) 10 volts

A current of 2 A flows in a system of conductors as shown. The

potential difference (V, —Vg) will be[CPMT 1975, 76]

A

(@) +2V 2Q 3Q
2A
(b) +1V
D C

() Y 30 20
d) -2V B
Referring to the figure below, the effective resistance of the network
is [NCERT 1973, 75]
(@) =2r
(b) 4r
(¢) 101
(d)y 5r/2
Two resistances are joined in parallel whose resultant is — ohm.

One of the resistance wire is broken and the effective resistance
becomes 2. Then the resistance in oAm of the wire that got

broken was
[DPMT 2004]

@ 35 (b) 2

(c) 6/5 (d) 3

Given three equal resistors, how many different combination of all
[NCERT 1970]

[CPMT 1976; DPMT 1982]

the three resistors can be made
(@) Six (b) Five

(c) Four (d) Three

Lamps used for household lighting are connected in

(b) Parallel

(d) None of the above

The equivalent resistance of resistors connected in series is always [CPMT 1984;

(a) Series

(c) Mixed circuit

(a) Equal to the mean of component resistors

(b) Less than the lowest of component resistors

(c) In between the lowest and the highest of component resistors
(d) Equal to sum of component resistors

A cell of negligible resistance and e.m.f. 2 volts is connected to series
combination of 2, 3 and 5 oAm. The potential difference in volts
between the terminals of 3 ohm resistance will be

(a) 06 () 23
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22.

23.

24.

25.

26.

27.

28.

(€ 3 (d) 6

Four wires of equal length and of resistances 10 ofims each are
connected in the form of a square. The equivalent resistance
between two opposite corners of the square is

[NCERT 1977]

(a) 10 ohm (b) 400hm

() 2o00hm (d) 10/40hm

Two resistors are connected (a) in series (b) in parallel. The
equivalent resistance in the two cases are 90hm and 20hm
respectively. Then the resistances of the component resistors are

(@) 20hm and 70hm (b) 30hm and 60hm

(¢) 30hm and 9ohm (d) sohm and 40hm

Resistors of 1, 2, 3 ohm are connected in the form of a triangle. If a
1.5 volt cell of negligible internal resistance is connected across 3

ohm resistor, the current flowing through this resistance will be
(@) 0.25 amp (b) 0.5 amp
() 1.0 amp (d) 15 amp

Resistances of 6 ohm each are connected in the manner shown in
adjoining figure. With the current 0.5 ampere as shown in figure,

the potential difference Vp — Vg is

6Q) 6Q) 6Q) [CPMT 1989]

P /_A:gv_\
AWV 2
05 A
\—’\%}v—/ oR
@ 36V OB

(d) 72V

(¢) 30V

The equivalent resistance of the arrangement of resistances shown in
adjoining figure between the points A and Bis

[CPMT 1990; BVP 2003]

8Q)
—WW—
(@) 6 ohm O 200
—WW MWW
(b) 8 ohm 160
() 16 ohm 4 B
9Q "
—WW— 6Q)
d) 24 oh
() 24 ohm 180 AW
In the network of resistors shoWn in the adjoining figure, the

equivalent resistance between A and Bis

(@) 54 ohm
() 36 ohm

(b) 18 ohm
(d) 9 ohm

A wire is broken in four equal parts. A packet is formed by keeping
the four wires together. The resistance of the packet in comparison
to the resistance of the wire will be

[MP PET 1985; AFMC 2005]

(@) Equal (b) One fourth

29.

30.

3L

32.

33.

34.

@ “Lith

One eight
(c) One eigl 16

Four resistances are connected in a circuit in the given figure. The

electric current flowing through 4 ohm and 6 ohm resistance is
respectively [MP PET 1993]
b) 1ampand 2 amp

4Q 6Q)
1 d1
) vampand 1 qme, - oeal
)

2 amp and 2 amp I}

(

) 2 ampand 4 amp

Y

e e
n

«d

20
An infinite sequence of resistance is shown in the figure. The

resultant resistance between A and B will be, when R; =1ohm

and R, =20hm [MP PET 1993]

[CPMT 1984] R R R R

(@) Infinity (b) 1Q
) 2Q (d)

In the figure, the value of resistors to be connected between C and
D so that the resistance of the entire circuit between A and B does

not change with the number of elementary sets used is

A

B

@ R

(¢) 3R

d RG3+1)

In the figure shown, the total resistance between A and Bis

20 ¢ 1Q 10 10 10 10

4Q

B L0 P 1Q 10 10 10
(@ 120 (b) 4Q

() 6Q (d) 8Q
The current from the battery in circuit diagram shown is

20 A 7Q
MWW

15V_|:
050 GQ§ 1Q §

(d) 34 AV
B
In the given figure, when keysgll( is opened, '81% reading of the

[T 1989]

@ 1A
b) 24
c) 15A

e

ammeter A will be %

(a) 50 A =

4Q A
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35.

36.

37.

38.

39.

40.

41.

b) 24

() 05A
10

) A

In the given circuit, the potential of the point E'is
[MP PMT 2003]

A= E 10
(@) Zero a I: D
(b) -8V 8V
(c) —4/3V
AWV c
(d 43V B 50

If a resistance R, is connected in parallel with the resistance R in
the circuit shown, then possible value of current through R and the

possible value of R, will be

| MW

(a) §1R R,

®) 1,2R A
| R
—,2R ]

() 3

@ R Ak @

Four wires AB BC, CD, DA of resistance 4 ohm each and a fifth
wire BD of resistance 8 ohm are joined to form a rectangle ABCD of
which BD is a diagonal. The effective resistance between the points

Aand Bis [MP PMT 1994]
(@) 24 ohm (b) 16 ohm
4 8

—ohm d) —ohm
() 3 (d) 3

A battery of em.f. 10 Vis connected to resistance as shown in figure.

The potential difference V, —Vj between the points A and Bis

(a) -2V 10 A 3Q
(b) 2V 3Q
() 5V
20 10V
@ TV '[

Three resistances, each of 1 oAm, are joined in parallel. Three such
combinations are put in series, then the resultant resistance will be

(@) 9 ohm (b) 3 ohm
() 10hm (d) %ohm

A student has 10 resistors of resistance ‘7. The minimum resistance
made by him from given resistors is

[AFMC 1995]
r
a r b) —
@@ 10 (b) 10
r r
c) — d) —
(c) 100 (d) s

Two wires of same metal have the same length but their cross-

sections are in the ratio 3:1. They are joined in series. The

42.

43.

44.

45.

46.

resistance of the thicker wire is 10Q). The total resistance of the

combination will be [CBSE PMT 1995]

(@) 400 (b) %?Q
5
(c) EQ (d) 100Q

The equivalent resistance of the following infinite network of

resistances is [ANMS 1995]

200 200 200
-------- AW WW ANWW—e
200 200 200
-------- AWV WW AMWN—e
200 200 200

(@) Less than 4 Q
b) 4Q
(c) More than 4 Q but less than 12Q)

d) 120
In the figure given below, the current passing through 6 Q resistor
is [Manipal MEE 1995]
(@) 0.40 ampere 6Q

MWW
(b) 0.48 ampere

12 A

(¢) 0.72 ampere

(d) 0.80 ampere
40
Three equal resistances each of value—R-are/i\2d-as—shewn in the

figure. The equivalent resistance between M and Nis

[MP PET 1995]
@ R
(b) 2R
R AM—T— A 'VCV\,
(c) —Z[MP PMT 1904] £ R RN Z
R
(d) 3

The equivalent resistance between points A and B of an infinite

network of resistances each of 1 Q) connected as shown, is

1Q 1Q 1Q
Ae—{T] -
[MP PMT 1%%&] Q] 0
(a) Infinite by 2Q
Be— | - @ |
© 1 +2‘/§ Q (d) Zero

A copper wire of resistance R is cut into ten parts of equal length.
Two pieces each are joined in series and then five such combinations

are joined in parallel. The new combination will have a resistance

R
(@ R (b) 7
R R

(c) 3 (d) %%
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47.

48.

49.

50.

51

52.

53.

A wire has resistance 12Q). It is bent in the form of a circle. The

effective resistance between the two points on any diameter is equal

to [IPMER 1999]
(@) 120 (b) 6Q
() 3Q d)y 24Q
In the circuit shown, the point ‘B is earthed. The potential at the
point ‘A’ is 50 20 5
@ 1V A v AW J_
(b) 24V ez =
() 26V 50V c
(d s0V 3Q

£ D

Three resistors each of 4€) are connected together to form a

network. The equivalent resistance of the network cannot be

@) 1.33Q ®b) 3.00

() 6.0Q (d) 12.0Q

In the circuit shown below, the cell has an em.f. of 10 V and internal
resistance of 1 ohm. The other resistances are shown in the figure.

The potential difference V, —Vg is

[MP PMT 1997]
@ 6V
(b) 4V
() 2V

d -2V

A wire of resistance R is cut into ‘# equal parts. These parts are
then connected in parallel. The equivalent resistance of the

combination will be [MP PMT/PET 1998; BHU 2005]

R
(@ nR (b) —
n
n R
c — d —
() R () oz
The resistance between the terminal points A and B of the given
infinitely long circuit will be [MP PMT/PET 1998]
1Q 1Q 1Q
A WW MWW MWW
1Q 10 _Uptf’
mﬁmty
B WW MWW MWW
1Q 1Q 1Q
@ (3-1) ® @-v3)
© @+v3) @ (2+v3)
The current in the given circuit is [CBSE PMT 1999]

(@) 8314
(b) 6.82 4

54.

55.

56.

57.

58.

59.

60.

() 492 A
d) 24
What is the current () in the circuit as shown in figure
[ATIMS 1998]

i R,=2Q
(@ 24 W
(b) 12 A Q
V= R =20 I
(c) 1A &
(d) 05A AW
R,=2Q

. . . 4 .
n equal resistors are first connected in series and then connected in
parallel. What is the ratio of the maximum to the minimum

resistance [KCET 1994]
1

@ n b) —
n

© n? @ =
n

A uniform wire of 16 ) is made into the form of a square. Two
opposite corners of the square are connected by a wire of resistance

16 Q). The effective resistance between the other two opposite

corners is [EAMCET (Med.) 1995]
(@) 32Q (b)y 20Q2
() 8Q d) 4Q

For what value of R the net resistance of the circuit will be 18 ohms

R
@ 8Q W
(b) 10 Q 10Q2 1002
() 16Q m
d 240 100 100 100

WW, B
In the figure, current through th%Q resistor is 0.8 ampere, then
potential drop through 4 Q resistor is
[CBSE PMT 1993; AFMC 1999; MP PMT 2004]

3Q
(@ 96V
(b) 26 V 4Q
(c) 48V 6Q
d) 12v

111
Three resistances 4 () each of are conﬂllkd in the form of an

equilateral triangle. The effective resistance between two corners is

@ 8Q (b) 120
3 8
) —Q d —Q
© 3 @ 3
What will be the equivalent resistance between the two points A and
D [CBSE PMT 1996]
100 100 100
A WW WW WW B
10Q 10Q
C MWW WW WW D

100 100 1002



]
m 1062 Current Electricity

(@) 10Q (b) 20Q
() 30Q (d)y 40Q
61. What is the equivalent resistance between A and B in the figure
below if R=3Q [SCRA 1996]
A B
@ 9Q
R R
(b)y 120 R
() 15Q W
(d) None of these R R

62.  What is the equivalent resistance between A and B
[BHU 1997; MP PET 2001]

2
—R
@ 3
3
) =R AWA-T— W
A 2R 2R D R B
R
(c) 2
(d) 2R
63.  The current in the following circuit is [CBSE PMT 1997]
1
—A
(@) 3
) ZA
) - Ly 30 3Q
(60 ZA
3 30
d 1A W
64. What is the equivalent resistance of the circuit [KCET 1998]
4v1Q Q 20
@ 6Q - 2 m %
(b) 7Q
40
(c) 8Q WW
()
d) 9Q W
65. 10 wires (same length, same area, same material) are connected in

parallel and each has 1Q) resistance, then the equivalent resistance

will be [RPMT 1999]
(@) 10Q (b) 1Q
() 01Q (d) 0.000Q2
66.  The equivalent resistance of the circuit shown in the figure is
[CPMT 1999]
(@) 8Q o " o
(b) 6Q
() 50
d 4Q I

67.

68.

69.

70.

7.

72.

73.

In the given figure, the equivalent resistance between the points A

and Bis [ATIMS 1999]
R, =4Q

(@) 8Q MWW

(b) 6Q R =2Q R =2Q
— MV —VWW—e

(c) 4 Q A B

R, =4Q
d 20 A

An infinite ladder network is arranged with resistances R and 2 R as

shown. The effective resistance between terminals A and Bis

R R R
A —\WW—T— W AN —— ==
2R 2R 2R
Beo 1 1l
(@) o (b) 7
() 2R (d 3R
If all the resistors shown have the value 2 ohm each, the equivalent
resistance over ABis [JIPMER 1999
(@) 2 ohm
(b) 4 ohm A W W B
2
(c) 1§ ohm AMA
2
(d) 25 ohm AN

A battery of emf10 V and internal resistance 3 (2 is connected to a

resistor as shown in the figure. If the current in the circuit is 0.5 A.
then the resistance of the resistor will be

i (T
@) 19Q v L’/

b) 17 Q
(c) 10Q P
d) 12Q WW

—~

The potential drop across the 3( resistor is [CPMT 2000]
3Q

@ 1v 40

[RPMT 2000]
(@ o
- A
(b) 5 volt 30 VT
(c) 10 volt 10KQ 10KO
(d) 15 volt

B
If each resistance in the figure is of 9 Q then reading of ammeter is




74.

75.

76.

77.

78.

79.

@ 5A
() 2A

b) 8A
d) 94

Four resistances 10 €2, 5 3, 7 Q and 3 Q are connected so that they
form the sides of a rectangle AB, BC, CD and DA respectively.
Another resistance of 10 Q is connected across the diagonal AC. The
equivalent resistance between A and Bis

(@ 2Q
() 7Q

(b) 5Q
d) 10Q

Two wires of equal diameters, of resistivities ©;and 0, and

lengths / and /, respectively, are joined in series. The equivalent
resistivity of the combination is

[EAMCET (Engg.) 2000]

@) pllll +p,l, ) il + o5lh
1+l I -1,

© Plllz +poly () il = paly
1+l I -1,

Four resistances of 100 {2 each are connected in the form of square.
Then, the effective resistance along the diagonal points is

(@) 200Q (b) 400 Q
(c) 100Q d) 150Q
Equivalent resistance between the points A and Bis (in Q)

[AMU (Engg.) 2000]

A 10 10 10 10 10 B
MWW MWW MWW MWW NWW—
1 1
il b) 1=
(@) s (b) 2
1 1
2— d) 3=
© 23 @ 33

Two wires of the same material and equal length are joined in
parallel combination. 1f one of them has half the thickness of the
other and the thinner wire has a resistance of 8 ohms, the resistance
of the combination is equal to

[AMU (Engg.) 2000]

5 8

— ohms b) — ohms
(@) 8 (b) 5

3 8

— ohms d) — ohms
(c) 8 (d) 3

In the circuit shown here, what is the value of the unknown resistor
R so that the total resistance of the circuit between points P and Q

is also equal to R [MP PET 2001]

(@) 3 ohms o
10.
) /39 ohms W
30 0
P
() 69 ohms 3Q R

UNIVERSAL
SELF SCORER
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II ‘}
|
|

(d) 10 ohms

80. A uniform wire of resistance 9 Q is cut into 3 equal parts. They are
connected in the form of equilateral triangle ABC. A cell of emf. 2
V and negligible internal resistance is connected across B and C
Potential difference across ABis

[Kerala (Engg.) 2001]

(@ 1v

() 3V

81. [EAMRET éMstbr2080]resistances 2 Q, 4 Q and 8 Q are connected in

b) 2V
d) o5V

parallel, then the equivalent resistance of the combination will be[KCET 2001]

8 7
(a) 0 Q (b) 3 Q

7 4
(c) 7 Q (d) 3 Q

82.  Effective resistance between A and B is [UPSEAT 2001]

@) 15Q 50
® 50 AW
5 A 50 5Q 50

© 59 WW WW AW B

%) 20[lgli-l CET 2000] 50
WW

. . . . .12
83.  The effective resistance of two resistors in parallel is - Q. 1f one

of the resistors is disconnected the resistance becomes 4 Q. The
resistance of the other resistor is [MH CET 2002]

(@) 4Q (b) 3Q
12 7
() —Q @ —
7 12
84.  Two resistance wires on joining in parallel the resultant resistance is
6
g ohms. One of the wire breaks, the effective resistance is 2

ohms. The resistance of the broken wire is

[MP PET 2001, 2002]

@) g ohm (b) 2 ohm
6
(c) g ohm (d) 3 ohm
85.  In the circuit, the potential difference across PQ will be nearest to

100 Q

(@) 96V WW

(b) 66V 8V

80 Q
() 48V |::|
100 Q Q
(d) 32V 200

86. Three resistors are connected to form the sides of a trlanglepABC,
the resistance of the sides AB, BC and CA are 40 ohms, 60 ohms
and 100 ohms respectively. The effective resistance between the

points A and Bin ohms will be



88.

89.

90.

9l

92,

93.

94.

1064 Current Electricity

[JIPMER 2002]
(a) 32 (b) 64
() 50 (d) 200

Find the equivalent resistance across AB
A
) 1Q 20

@a

202
Eb) 20 § 20
(

[Orissa JEE 2002]

c) 3Q
d) 4Q B
The equivalent resistance between x and yin the circuit shown is
(@) 10Q
(b) 40Q
() 20Q

5 x
() 79

The equivalent resistance between
given is

20

10 Q 10Q 10 Q

10 Q

> circuit
[Pb. PMT 2002]

@)

w|xom »|
)
)
)

(b)

() 4R
d) 2R
Two wires of the same dimensions but resistivities p; and p, are

connected in series. The equivalent resistivity of the combination is

+
b 1P

@ pr+p; >

(© Vpip2 (d)

Three unequal resistors in parallel are equivalent to a resistance 1

2(p; + p,)

ohm. If two of them are in the ratio 1 : 2 and if no resistance value

is fractional, the largest of the three resistances in ohms is
@@ 4 (b) 6
() 8 (d) 12

A 3volt battery with negligible internal resistance is connected in a
circuit as shown in the figure. The current / in the circuit will be

@ 13A l

(b) 1A 1 30
() 15A T 0

(d) 24 30

Find the equivalent resistance between the poinMand b
[BHU 2003; CPMT 2004]

40
@ 2Q AV
(b) 4Q 20 10Q 80
© 80 a AMA AN AMA b
C
d) 16Q 4Q

The potential difference between point A & Bis
[BHU 2003; CPMT 2004; MP PMT 2005]

95.

96.

97.

98.

99.

100.

(a) E V 8Q B 6Q
7
40
0 v )
4Q 3Q
© SV
7 II
@ o 0V
In the circuit shown below, The reading of the voltmeter Vis
4Q 1602
(@) 12[MP PMT 2002] WW MWW
b) 8V
(b) y
(c) 20V —> C@ —>—
(d) 16V 160 4Q
A wire has a resistance of 12 'O Tt is bent'in the form of

equilateral triangle. The effective resistance between any two corners
of the triangle is

(@) 9 ohms
(c) 6 ohms

(b) 12 ohms
(d) 8/3 ohms

A series combination of two resistors 1 {2 each is connected to a 12

V battery of internal resistance 0.4 ). The current flowing through

it will be [MH CET (Med.) 1999]
(a) 354 (b) 54
(c) 6A4 (d) 10A4

In the circuit shown in the adjoining figure, the current between B

[KCETR993) zero, the unknown resistance is of

[CPMT 1986]

@) 4Q

[EAMCET 2003]
b) 2Q
© 3Q

(d) e {E%fl‘ia ce“ IS required to ﬁnd the value of X

In the circuit shown in the figure, the current flowing in 2Q

resistance [CPMT 1989; MP PMT 2004]
(a) 14 A 1002 20
4A
(b) 124 14 (GD
(c) 04 A
(d 104 25Q 50

Five resistors are connected as shown in the diagram. The equivalent

resistance between A and B is
c [MP PMT 1996]
(@) 60hm

(b) 9ohm
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101.

102.

103.

104.

105.

(¢) 12o0ohm

(d) 150hm 106.

In the figure given the value of X resistance will be, when the p.d.

between Band Dis zero [MP PET 1993]

1502

4Q 107.

(@) 4 ohm D (b) 6 ohm
(c) 8 ohm (d) 9 ohm
The effective resistance between points A and B is
[NCERT 1974; MP PMT 2000]

1002
(@ 10Q
108.
(b) 2022
() 40Q
(d) None of the above three values
Five resistors of given values are connected together as shown in the
figure. The current in the arm BD will be
B [MP PMT 1995]
C
A
109.
(a) Half the cufrent in ti‘ﬂ arm AB
(b) Zero
(c¢) Twice the current in the arm ABC
(d) Four times the current in the arm ABC
In the network shown in the figure, each of the resistance is equal to
2Q) . The resistance between the points A and Bis
[CBSE PMT 1995]
(@ 1Q no.
(b) 4Q
() 3Q A
@ 20 5

MWW

In the arrangement of resistances shown below, the effective
resistance between points A and Bis

[MP PMT 1997; RPET 2001]

5Q 10Q 150
P AW
nm.
A 1002 1002 B
Q MWW
10Q 20Q 30Q2
(@) 20Q (b) 30Q

() 90Q (d 110Q

Five resistances are connected as shown in the figure. The effective
resistance between the points A and Bis

[MP PMT 1999; KCET 2001; BHU 2001, 05]

@ 2o
3 20 30
20
(®) ?Q A B
© 150 4Q 6Q
d 6Q

In the given figure, when galvanometer shows no deflection, the

current (in ampere) flowing through 5Q resistance will be
(@) o5
b) 06
c) 09
d) 15

—~

Q
In the Wheatstone's bridge sh?)?/vn, Q, 58 =3Q, R=6Q

and S =8 Q. In order to obtain balance, shunt resistance across 'S

must be [SCRA 1998]
@ 20
b) 3Q
() 6Q
d 8Q

Five equal resistances each of value R are connected in a form
shown alongside. The equivalent resistance of the network

a) Between the points Band Dis R
p
R
(b) Between the points Band Dis £}

(c) Between the points Aand Cis R

R
(d) Between the points A and CisE

In the circuit shown below the resistance of the galvanometer is 20

Q. In which case of the following alternatives are the currents
arranged strictly in the decreasing order

100Q2

@ iiii

b) i

—~

© iiii

@) iiii

Potential difference between and Q in the electric

circuit shown is 2V 0Q [KCET 1999]
P i=15A

(@ 45V Ry=20 Ry=4Q2

(b) 12V

20

(c) 24V

Rp=6Q Re=12Q
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n2.

n3.

n4.

n5.

n6.

n7.

(d) 288 V

The current between B and Din the given figure is
B [RPET 2000; DCE 2001]

30Q2
a) 1 amp

b) 2 amp
c) Zero

d) 0.5 amp

w Y%

30 4Q

3
3
(b) Iy

[y

2

© 60 50

|_\
J>

) 5@

In a typical Wheatstone network, the resistances in cyclic order are
=10Q,B=5Q, C=4Q and D=4 Q for the bridge to be
balanced [KCET 2000]

=10 Q B=5Q

D=4Q C=40Q

(@) 10 Q should be connected in parallel with A
(b) 10 € should be connected in series with A
(c) 5 should be connected in series with B
(d) 5 Q should be connected in parallel with B

In the circuit shown in figure, the current drawn from the battery is

4A. 1f 10 Q resistor is replaced by 20 Q resistor, then current
drawn from the circuit will be

[KCET 2000; CBSE PMT 2001]

a) 1A
b) 24
c) 3A
d) oA

. + | L=
Calculate the equivalent resistance between| Hand B

[UPSEAT 2001]

(a) g [e) 3Q 3Q 3Q
2
®) 30 A J
() 6O
5
(d) EQ 3Q 3Q 3Q

The equivalent resistance between Pand Q in the given figure, is

@ 500 20 Q 20 Q

20 Q 20 Q

ns.

1no.

120.

121

122.

123.

(b) 40Q
© 30Q
d) 200

If each of the resistance of the network shown in the figure is R, the
equivalent resistance between A and Bis

[KCET 2002]
@ 5R
(b) 3
() R [CBSE PMT 2000]
(d) Rz

The equivalent resistance of the

2
@ §Q
(b) 9O A B
(c) 6Q2
(d) None of these

Thirteen resistances each of resistance R ohm are connected in the
circuit as shown in the figure below. The effective resistance
between A and Bis [KCET 2003]

@ 2RQ R R

(b) %Q Rz " §
2R A R B
(0) KN —Q
R 2 R
d RQ

In a Wheatstone’s bridge all the folfr arms hfve equal resistance R.
If the resistance of the galvanometer arm is also R, the equivalent
resistance of the combination as seen by the battery is

(a) % b) R

R
() 2R (d) 7

For what value of unknown resistance X, the potential difference
between Band D will be zero in the circuit shown in the figure

@ 4Q
(b) 6Q

() 2Q

) 5Q

Which arrangement of [four ldentl .a] resistances should be used to
draw maximum energy from a celllof voltage V

@) 0—%—%—‘

(b)

[MP PMT 2004]

[MH CET (Med.) 2001]

(©)



124.

125.

126.

127.

128.

129.

130.

131

MWW

An unknown resistance R is connected in series with a resistance of

10 Q. This combinations is connected to one gap of a metre bridge
while a resistance R is connected in the other gap. The balance

point is at 50 cm. Now, when the 10 € resistance is removed the
balance point shifts to 40 cm. The value of R is (in ohm)

(@) 60 (b) 40

(c) 20 (d) 10

A wire has a resistance of 6 Q. It is cut into two parts and both half
values are connected in parallel. The new resistance is ...

(@ 12Q (b) 15Q

() 3Q d 6Q

Six equal resistances are connected between points 2, @ and R as

shown in the figure. Then the net resistance will be maximum
between [ITJEE (Screening) 2004]

P

a) Pand Q

(
(b) Qand R
(¢) Pand R
(d) Any two points

R
The total current supplied to the o e battery is

[AIEEE 2004]

6V
3Q2

An electric current is passed through a—eirctit containing two wires
of the same material, connected in parallel. If the lengths and radii
of the wires are in the ratio of 4/3 and 2/3, then the ratio of the
currents passing through the wire will be

[AIEEE 2004]
@ 3 (b) 13
(c) 8/9 (d) 2
If a rod has resistance 4 2 and if rod is turned as half cycle then
the resistance along diameter [BCECE 2004]

(@) 156 Q2 (b)
() 4Q d) 2Q

If three resistors of resistance 202, 40 and 5 Q are connected in
parallel then the total resistance of the combination will be

[Pb. PMT 2004]

2.44 Q)

20 19
@ 19 (b) 20
19 10

() (d)

10 19
In circuit shown below, the resistances are given in ohms and the
battery is assumed ideal with emf equal to 3 volt. The voltage across
the resistance R is

[UPSEAT 2004; Kerala PMT 2004]

50 Q
(@) 04V MWWV

R
() 06V L B 2600 2300

3V

() 12V -T O R

50 R, < 30 Q
d) 15V

132.

Current Electricity 1067

A parallel combination of two resistors, of 1 Q each, is connected in

series with a 1.5 Q resistor. The total combination is connected

across a 10 Vbattery. The current flowing in the circuit is
(@ 5A4 (b) 20A
(c) 02 A (d) 04 A

133. [KCHTyzoo4ire provided three resistances 2 €2, 3 Q and 6 Q. How will

134.

135.

136.

137.

138.

you connect them so as to obtain the equivalent resistance of 4 Q0

3Q 6Q2
—VWW—AMWAV—
@ (b)
KCET 2004]
2Q)

WW

(c) 200
— FW

6Q2

3Q 20

(d) None of these

The equivalenMs\l'stance and potential difference between A and B
[Pb. PMT 2003]

6Q2

for the circuit is respectively

—

a) 4Q,8V
b) 8Q,4V
c) 20,2V
d) 6Q,8V

Five equal resistances each of resistance R are connected as shown
in the figure. A battery of V volts is connected between A and B
The current flowing in AFCEB will be

e

[CBSE PMT 2004]

For the network shown in the figure the value of the current i is

@ o= 0

®) % 4o 3Q
© 2 .

@ 2 A

When a wire of uniform cross-section a, length /and resistance R is
bent into a complete circle, resistance between any two of
diametrically opposite points will be

[CBSE PMT 2005]

R
@ 7 (b)

() 4R (d)

The current in a simple series circuit is 5.0 amp. When an additional
resistance of 2.0 ohms is inserted, the current drops to 4.0 amp. The
original resistance of the circuit in ohms was
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b) 8
d) 20

139.  In the circuit given E= 6.0 V, R =100 ohms, R = R = 50 ohms, R =
75 ohms. The equivalent resistance of the circuit, in ohms, is

(@) 125
(c) 10

(@) n.87s
(b) 26.31
() n8.75
(d) None of these

140. By using only two resistance qoils-singly, in se

separate resistances of the coil are

[KCET 2005]

(@) 3and 4 (b) 4 and 12
() 1zand 16 (d) 16and 3
141. In the given circuit, the voltmeter records 5 volts. The resistance of

the voltmeter in ohms is [KCET 2005]

(@) =200
(b) 100 10002 5000
() 10
10V
(d) s0 |y I
1 9,
Kirchhoff's Law, Cells
1. In the adjoining circuit, the battery E; has an e.m.f. of 12volt

and zero internal resistance while the battery E has an e.m.f. of
2volt. If the galvanometer G reads zero, then the value of the

resistance X in ohm is
[NCERT 1990; AIEEE 2005]

500 Q

(@ 10 A—WW © 8
(b) 100
(¢) 500 B § xQ - £
(d) =200

D C

2. The magnitude and direction of the current in the circuit shown will

be [CPMT 1986, 88]

Q Q
2 A ] . b
0V 4V
30
d AN c

(a) 3 A from ato b through e

(b) % A from b to a through e

() 1A from b to athrough e
(d) 1A from ato b through e

3. A cell of em.f.

1.5V having a finite internal resistance is

connected to a load resistance of 2C). For maximum power
transfer the internal resistance of the cell should be

[BIT 1988]
(@) 4 ohm
() 2 ohm

(b) 0.5 ohm
(d) None of these

.

By a cell a current of 0.9 A flows through 2 o/m resistor and 0.3 A
through 7 ohm resistor. The internal resistance of the cell is [KCET 2003]

(a) 0.5Q (b) 1.0Q
() 1IRCET 2005] (d) 2.0Q

The em.f. of a cell is E volts and internal resistance is ' ohm. The
resistance in external circuit is alsol oAm. The p.d. across the cell

will be [CPMT 1985; NCERT 1973]
@) E2 (b) 2E
(c) 4E (d) Ea

A cell of emf. E is connected with an external resistance R, then

p-d. across cell is V. The internal resistance of cell will be [MNR 1987; Kerala |

(E-V)R (E-V)R
(@) —E (b) v
(V- E)R (V- E)R
(c) v (d) —E

Two cells, em.f. of each is E and internal resistance I are
connected in parallel between the resistance R. The maximum
energy given to the resistor will be, only when

[MNR 1988; MP PET 2000; UPSEAT 2001]
@ R=r/2 (b) R=r
() R=2r d R=0

Kirchhoffs first law i.e. Zi=0 at a junction is based on the law
of conservation of [CBSE PMT 1997; AlIMS 2000;
MP PMT 2002; RPMT 2001; DPMT 2005]
(a) Charge (b) Energy
(¢) Momentum (d) Angular momentum
Kirchhoff's second law is based on the law of conservation of

[RPET 2003; MH CET 2001]
(@) Charge (b) Energy
(¢) Momentum (d) Sum of mass and energy

The figure below shows currents in a part of electric circuit. The

current 7is [CPMT 1981; RPET 1999]

1. 1am,
(@) 1.7 amp 2amp P

(b) 3.7 amp

(c) 1.3 amp

(d) 1amp

7
The terminal potential difference of a cell is greater than its em.f.

when it is

(a) Being discharged

(b) In open circuit

(c) Being charged

(d) Being either charged or discharged

In the circuit shown, potential difference between X and Y will be
(@) Zero 40Q2 X Y

(b) 20 V A

() 60V

(d) 120 Vv 200




20.

21.

22.

23.

In the above question, potential difference across the 40Q
resistance will be

(@) Zero (b) 80V

() 40V (d) 120V

In the circuit shown, A and V are ideal ammeter and voltmeter
respectively. Reading of the voltmeter will be

2V
@ 2V L

b)) 1v

() 05V C‘D
(d) Zero 1Q 10

When a resistance of 20hm s connected aclody the termmals of a cell,
the current is 0.5 amperes. When the resistance is increased to 5 ohm,
the current is 0.25 amperes. The internal resistance of the cell is

(@) 0.50hm (b) 1.00hm
(¢) 1.50hm (d) 2.00hm

The terminal potential difference of a cell when short-circuited is
(E = EMF. of the cell)

(@ E (b) E/2

(c) Zero (d)y E/3

A primary cell has an em.f. of 1.5 volts, when short-circuited it gives
a current of 3 amperes. The internal resistance of the cell is

(@) 4.50hm (b) 20hm
() o.s0hm (d) 1/4.50hm

A 50V battery is connected across a 10 ohm resistor. The current is
4.5 amperes. The internal resistance of the battery is

(@) Zero (b) 0.5 ohm
(c) 11 0hm (d) 5.0 ohm

The potential difference in open circuit for a cell is 2.2 volts. When a
4 ohm resistor is connected between its two electrodes the potential
difference becomes 2 volts. The internal resistance of the cell will be

[MP PMT 1984; SCRA 1994; CBSE PMT 2002]
(@) 10hm (b) 0.2 ohm
(¢) 2.5 ohm (d) 0.4 ohm
A new flashlight cell of em.f. 1.5 volts gives a current of 15 amps,

when connected directly to an ammeter of resistance 0.04 Q. The

internal resistance of cell is [MP PET 1994]
(@) 0.04Q (b) 0.06Q
() 0.10Q (d) 10Q

A cell whose emf. is 2 V and internal resistance is 0.1Q), is

connected with a resistance of 3.9 (). The voltage across the cell

terminal will be
[CPMT 1990; MP PET 1993; CBSE PMT 1999;
AFMC 1999; Pb. PMT 2000; ATIMS 2001]

(@ 0.50V (b) 1.90V
(€ 1.95V d) 2.00V

The reading of a high resistance voltmeter when a cell is connected
across it is 2.2 V. When the terminals of the cell are also connected

to a resistance of 5Q) the voltmeter reading drops to 1.8 V. Find

the internal resistance of the cell
(@) 1.2Q (b) 1.3Q
() 1.1Q d) 1.4Q

When cells are connected in parallel, then

Current Electricity 1069

[MNR 1983]
(@) The current decreases (b) The current increases
(c) The emf. increases (d) The em.f. decreases
24. The internal resistance of a cell depends on
(@) The distance between the plates
(b) The area of the plates immersed
(c) The concentration of the electrolyte
(d) All the above
25. n identical cells each of em.f. E and internal resistance r are

connected in series. An external resistance R is connected in series
to this combination. The current through Ris

[DPMT 2002]
nE nE
@) (b)
R+nr nR+r
[MP PMT 1996] £
n
(c) (d)
R +nr R+r
26. A cell of internal resistance ris connected to an external resistance
R. The current will be maximum in R, if
[CPMT 1982]
@ R=r (b) R<r
() R>r (d R=r/2
27. To get the maximum current from a parallel combination of n
identical cells each of internal resistance rin an external resistance
R, wheldl CPMT 1976, 83] [DPMT 1999]
@ R>>r (b) R=<<r
() R=r (d) None of these

Two identical cells send the same current in 2Q) resistance,
[CPMT 1%15 BHU 1997; Pb. PMT 2001] .
whether connected in series or in parallel. The internal resistance of

the cell should be
[NCERT 1982; Kerala PMT 2002]

@@ 1Q b) 2Q
() %Q d) 25Q

29. The internal resistances of two cells shown are 0.1Q and 0.3Q.
If R=0.2Q), the potential difference across the cell

2V, 01Q 2V, 0.3Q

| N
1" I
A B

a) Bwill be zero
b) A will be zero
c) Aand Bwill be 2V 0.20
d) Awillbe >2V and Bwill be <2V

30. A torch battery consisting of two cells of 1.45 volts and an internal

(
(
(
(

resistance 0.15Q), each cell sending currents through the filament
of the lamps having resistance 1.50hms. The value of current will be[MP PET 19¢

(@) 16 amp (b) 161 amp
(c) 0461 amp (d) 2.6 amp

31 The electromotive force of a primary cell is 2 volts. When it is short-
circuited it gives a current of 4 amperes. lts internal resistance in
ohms is [MP PET 1995]
(a) o5 (b) 5.0

d) 8.0
[KCI(S'I_)| 20 3, MP PMT 2003] (d)
gure shows a network of currents. The magnitude of currents

is shown here. The current 7 will be

154 [MP PMT 1995]
34

(@ 34

8A

5A



35.

36.

37.

38.
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(b) 13A
() 23A
d -34

A battery of em.f. E and internal resistance r is connected to a
variable resistor R as shown here. Which one of the following is true
E r

I AW

R

———w—
(@) Potential difference tcross the terminals of the battery is
maximum when R =

(b) Power delivered to the resistor is maximum when R = r

(c) Current in the circuit is maximum when R=r

(d) Current in the circuit is maximum when R >>T

A dry cell has an emf. of 1.5 V and an internal resistance of
0.05Q. The maximum current obtainable from this cell for a very
short time interval is [Haryana CEE 1996]
(@) 30A (b) 300 A

() 34 (d) 034

Consider the circuit given here with the following parameters

EMF. of the cell = 12 V. Internal resistance of the cell =2Q.

Resistance R =4 Q

T
L

R

Which one of the following statements in true

(@) Rate of energy loss in the source is =8 W

(b) Rate of energy conversion in the source is 16 W

(c) Power outputinis=8 W

(d) Potential drop across Ris =16 V

A current of two amperes is flowing through a cell of em.f. 5 volts
and internal resistance 0.5 ohm from negative to positive electrode.

If the potential of negative electrode is 10V, the potential of positive
electrode will be

[MP PMT 1997]
@@ 5V (b) 14V
() 15V d) w6V
100 cells each of e.m.f. 5 V and internal resistance 1 ohAm are to be

arranged so as to produce maximum current in a 25 ohms
resistance. Each row is to contain equal number of cells. The

number of rows should be [MP PMT 1997]
(@) 2 (b) 4
© s @ 1o

The current in the arm CD of the circuit will be
[MP PMT/PET 1998; MP PMT 2000; DPMT 2000]

B
@ k+i
(b) i +i
(6 h+is

39.

40.

41.

42.

43.

44.

45.

46.

47.

d) h—i+i

When a resistance of 2 ohm is connected across the terminals of a
cell, the current is 0.5 A. When the resistance is increased to 5 ohm,
the current is 0.25 A. The e.m.f. of the cell is

[MP PET 1999, 2000; Pb. PMT 2002; MP PMT 2000]
(@) 1.0{NP PMT 1995] (b) 15V
() 20V (d) 25V
Two non-ideal identical batteries are connected in parallel. Consider
the following statements [MP PMT 1999]
(i) The equivalent e.m.f. is smaller than either of the two e.m.fs

(i) The equivalent internal resistance is smaller than either of the
two internal resistances

(@) Both (i) and (ii) are correct
(b) (i) is correct but (ii) is wrong
(c) (ii) is correct but (i) is wrong
(d) Both (i) and (ii) are wrong
If six identical cells each having an em.f. of 6V are connected in
parallel, the em.f. of the combination is
[EAMCET (Med.) 1995; Pb. PMT 1999; CPMT 2000]

@ 1v (b) 36V
© %v @ 6V

Consider the circuit shown in the figure. The current |5 is equal to

28Q) 540
(@) 5 amp AW AW
(b) 3 amp
(¢) —3amp -6V
(d) -5/6amp s

/1 I
If Vpg =4V in the given figdre, then resistancd X will be
10Q 5V [RPET 1997]

(1) 50 MWW I
®) 100 A B
© 150
@ 200 " X

Two resistances R; and R, are joined as shown in the figure to

two batteries of em.f. E; and E, . If E, is short-circuited, the

current through R is [NDA 1995]

@@ E /R, 'V\;\?l/\,

(b) E,/R;

() E; /R, TE " § T
(d) Ei/Rz;+Ry)

A storage battery has e.m.f. 15 volts and internal resistance 0.05
ohm. Its terminal voltage when it is delivering 10 ampere is

(a) 30 volts (b) 100 volts
(c) 14.5 volts (d) 15.5 volts
The number of dry cells, each of em.f 15 volt and internal

resistance 0.5 ofim that must be joined in series with a resistance of
20 ohm so as to send a current of 0.6 ampere through the circuit is

@ 2 (b) 8
() 10 (d) 12
Emfis most closely related to [DCE 1999]

(@) Mechanical force (b) Potential difference



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

(c) Electric field (d) Magnetic field

For driving a current of 2 A for 6 minutes in a circuit, 1000 J of
work is to be done. The e.m.f. of the source in the circuit is

(@) 138V (b) 1.68 V

() 2.04V (d) 310V

Two batteries of em.f. 4V and 8 V with internal resistances 1 {2 and

2 Q) are connected in a circuit with a resistance of 9 (2 as shown in
figure. The current and potential difference between the points P
and Q are [AFMC 1999]

(a) %A and 3V

1 1Q 4V 8V 20

b) =—Aand 4V 7 i} I Q
6 n rZ

() éAand A%
1 08

(d) EAand 12v AN

In the shown circuit, what is the potential difference across A and B

(a) 50V 2‘:.‘/
(b) 45V I
(¢) 30V
(d) 20V

Four identical cells each|having an electiomogve force (e.m.f) of
12V, are connected in %an® electromotive force

(e.m.f)) of the combination is

[CPMT 1999]
(a) 48V (b) 12V
() 4V d) 3V
Electromotive force is the force, which is able to maintain a constant
(@) Current (b) Resistance
(c) Power (d) Potential difference

A cell of emf 6 V and resistance 0.5 ohm is short circuited. The

current in the cell is [JIPMER 1999]
(@) 3 amp (b) 12 amp
(¢) 24 amp (d) 6 amp

A storage cell is charged by 5 amp D.C. for 18 hours. lts strength

after charging will be [JIPMER 1999]
(@) 18 AH (b) 5 AH
() 90 AH d) 15 AH

A battery having emf. 5V and internal resistance 0.5 Q is

connected with a resistance of 4.5 () then the voltage at the
terminals of battery is [RPMT 2000]

@ 45V (b) 4V
() oV d 2V
In the given circuit the current /is [DCE 2000]
30 Q
MWW
(@) 04 A /
' Q
() -o44 w—]
(C) 08 A I, 40V /3
40 Q

8oV
The internal resistance of a cell of em.f. 12Vis q;_) x1072Q . 1t is

connected across an unknown resistance. Voltage across the cell,
when a current of 60 A is drawn from it, is
[CBSE PMT 2000]

58.

59.

60.

61.

62.

63.

64.

65.
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(@ 15V (b) 12V
() 9V d 6V

The current in the glAM3inogielis
[AIMS 2000; MH CET 2003]
10 Q

115
(@) o1 A W H
(b) 02 A A B
() 03A4
20 Q
(d) 04 A i1 AV

A current of 2.0 ampere pzas‘ges through a cell of emf. 1.5 volts
having internal resistance of 0.15 ohm. The potential difference
measured, in volts, across both the ends of the cell will be

(b) 150
(d) 120

(@) 135
(c) 100

A battery has em.f. 4 Vand internal resistance ~. When this battery
is connected to an external resistance of 2 ohms, a current of 1 amp.
flows inAtmsikggy. How much current will flow if the terminals of
the battery are connected directly

[MP PET 2001]
(b) 2 amp
(d) Infinite

(@ 1amp
© 4amp
Two batteries A and B each of em.f. 2 V are connected in series to
an external resistance R =1 ohm. If the internal resistance of battery

A is 1.9 ohms and that of B is 0.9 ohm, what is the potential
difference between the terminals of battery A

A |y By,
" "
@ 2V
(b) 3§pk PMT 1999]
(c¢) Zero
(d) None of the above R

When a resistor of 11 QQ is connected in series with an electric cell,

the current flowing in it is 0.5 A. Instead, when a resistor of 5 Q is
connected to the same electric cell in series, the current increases by
0.4 A. The internal resistance of the cell is

@ 15Q (b) 2Q
(c) 25Q (d)

The internal resistance of a cell is the resistance of

3.5Q

[BHU 1999, 2000; AlIMS 2001]

—

a) Electrodes of the cell
b) Vessel of the cell

—~

c) Electrolyte used in the cell
(d) Material used in the cell

How much work is required to carry a 6 uC charge from the
negative terminal to the positive terminal of a 9 V battery

[KCET (Med.) 2001]
@) 54x 1073y (b) 54x107°)
() 54x107°J d) 54x 107y

Consider four circuits shown in the figure below. In which circuit
power dissipated is greatest (Neglect the internal resistance of the
power supply) [Orissa JEE 2002]

(@) (b) R

E=— R§ R§ -
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66.

67.

68.

69.

70.

7.

"z

The emfof a battery is2 V and its internal resistance is 0.5 (2.
The maximum power which it can deliver to any external circuit will

be [AMU (Med.) 2002]
(@) 8 Watt (b) 4 Watt
() 2 Wart (d) None of the above

Kirchoff's 1 law and 11 law of current, proves the
[CBSE PMT 1993; BHU 2002; AFMC 2003]
a) Conservation of charge and energy

(
(®b
(
(

Conservation of current and energy

=

c) Conservation of mass and charge
d) None of these

In the circuit, the reading of the ammeter is (assume internal
resistance of the battery be zero)

40
(a 29
b 2
9 4Q § el (1174
© <A ©
3
d 2A

In the above question, if the internal resistance of the battery is 1
ohm, then what is the reading of ammeter

(@) 5/3A (b) 40/29 A

(c) 10/9 A d 1A

Eels are able to generate current with biological cells called
electroplaques. The electroplaques in an eel are arranged in 100
rows, each row stretching horizontally along the body of the fish
containing 5000 electroplaques. The arrangement is suggestively
shown below. Each electroplaques has an emf of 0.15 V and internal
resistance of 0.25 Q [AIMS 2004]

015 V

The water surrounding the ee%pletes a circuit between the head

. . 500 34, . .
and its tail. If the water surroun%mg it has a resistance of 500 Q,
the current an eel can produce in water is about

(@ 15A4 (b) 304
() 15A (d) 304
Current provided by a battery is maximum when
[AFMC 2004]

(@) Internal resistance equal to external resistance

(b) Internal resistance is greater than external resistance

72.

73.

74.

75.

76.

77.

78.

79.

(c) Internal resistance is less than external resistance

(d) None of these

A battery is charged at a potential of 15 V for 8 hours when the
current flowing is 10 A. The battery on discharge supplies a current
of 5 A for 15 hours. The mean terminal voltage during discharge is
14 V. The "Watt-hour" efficiency of the battery is

(b) 80 %

(d) 87.5%

(@) 82.5%
(c) 90%
In the given current distribution what is the value of 7

[Orissa PMT 2004]

(a) 3A 4A

(b) 84 / 2A
(c) 24 3A
(d) 54 54

A capacitor is connected to a cell of emf E having some internal

resistance 1. The potential difference across the
[CPMT 2004; MP PMT 2005]

(@) Cellis<FE (b) Cellis E

(¢) Capacitoris > E (d) Capacitoris < E

When the resistance of 9 ) is connected at the ends of a battery, its

potential difference decreases from 40 volt to 30 volt. The internal

resistance of the battery is [DPMT 2003]
@ 6Q (b) 3Q
() 9Q d) 15Q

The maximum power drawn out of the cell from a source is given

by (where ris internal resistance) [DCE 2002]
(a) E%/2r (b) E2/4r
() E%/r (d) E?/3r

Find out the value of current through 2() resistance for the given

circuit [NT-JEE (Screening) 2005]
@ 5A

®) 24 - 50 10Q 20V

(c) Zero oV

(d) 44 20

Two batteries, one of emf 18 volts and internal resistance 2Q and
the other of emf 12 vo/t and internal resistance 1Q, are connected

as shown. The voltmeter V will record a reading of

(@) 15 vole
)
(b) 30 volt ~
(c) 14 volt 18V 20
L
(d) 18 volt
Two sources of equal & 2V ! 1Q esistance R.

The internal resistances of the two sources are Rl and



80.

81.

82.

83.

84.

85.

R, (R, > R;). If the potential difference across the source having
internal resistance R2 is zero, then

[ATEEE 2005]
@ R=R;R,/R; +R,)
(b) R=R;R;/R; -Ry)
() R=Ryx(R; +R;)/R; —Ry)
d) R=R;,-R;

An energy source will supply a constant current into the load if its
internal resistance is [ATEEE 2005]
(@) Zero

(b) Non-zero but less than the resistance of the load

() Equal to the resistance of the load

(d) Very large as compared to the load resistance

The magnitude of /in ampere unit is [KCET 2005]

60Q2

a) 0.

b) 03

c) 0.6 1A

(
(
(
(

d) None of these

. 1002 .
To draw maximum current from a combination of cells, how should

the cells be grouped [AFMC 2005]

(@) Series
(b) Parallel
(¢) Mixed
(d) Depends upon the relative values of external and internal

resistance

The figure shows a network of currents. The magnitude of currents
is shown here. The current /will be  [BCECE 2005]

1A

) 3A
b

=~

(a
(b) 94
() 1B3A
(

d) 194

L. A 24 .. .
The n rows each containing m cells i series are joined in parallel.

Maximum current is taken from this combination across an external
resistance of 3( resistance. If the total number of cells used are 24

and internal resistance of each cell is 0.5 Q then
(@ m=8,n=3 (b) m=6,n=4
() m=12,n=2 d) m=2n=12

A cell of constant e.m.f. first connected to a resistance R; and then

connected to a resistance R,. If power delivered in both cases is

then the internal resistance of the cell is
[Orissa JEE 2005]

@ JRR; b |

Current Electricity 1073

il

© PR @ PitRe

2 2

Different Measuring Instruments

In meter bridge or Wheatstone bridge for measurement of
resistance, the known and the unknown resistances are interchanged.
The error so removed is

[MNR 1988; MP PET 1995]

(@) End correction
(
(

(d) Random error

b) Index error

c) Due to temperature effect

A galvanometer can be converted into an ammeter by connecting
[MP PMT 1987, 93; CPMT 1973, 75, 96, 2000;
MP PET 1994; AFMC 1993, 95; RPET 2000; DCE 2000]
a) Low resistance in series
b) High resistance in parallel
©)
)

(d

A cell of internal resistance 1.5Q and of em.f. 1.5 volt balances

— o~ —~

Low resistance in parallel

High resistance in series

500 cm on a potentiometer wire. If a wire of 150 is connected

between the balance point and the cell, then the balance point will
shift [MP PMT 1985]

(b) By 500 cm
(d) None of the above

(@) To zero

() By 750 cm

1073 amp is flowing through a resistance of 1000 Q2. To measure

the correct potential difference, the voltmeter is to be used of which
the resistance should be [MP PMT 1985]

@@ 0Q (b) 500Q
() 1000Q (d) >>10000Q

A galvanometer of 1002 resistance gives full scale deflection when

10 mA of current is passed. To convert it into 10 A range ammeter,
the resistance of the shunt required will be

(@ -10Q b) 1Q
(¢ 01Q (d) 0.01Q

50Q and 100€) resistors are connected in series. This
connection is connected with a battery of 2.4 volts. When a
voltmeter of 100 Q) resistance is connected across 100 Q2 resistor,
then the reading of the voltmeter will be

[MP PMT 1985]
(@ 16V (b) 10V
() 12V (d) 20V
A 2 VO“‘&!?{I‘GE* ZaOO%FQ resistor and a potentiometer of 100 cm
length, all are connected in series. If the resistance of potentiometer

wire is 52, then the potential gradient of the potentiometer wire

is [AIMS 1982]
(a) 0.005 Vicm (b) 0.05 Vicm
() 0.02 Viem (d) 0.2 Viem

An ammeter gives full scale deflection when current of 1.0 A is
passed in it. To convert it into 10 A range ammeter, the ratio of its
resistance and the shunt resistance will be

[MP PMT 1985]

(@ 1:9 (b) 1:10
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() 1:m d) 9: 18. The tangent galvanometer, when connected in series with a standard
9. By ammeter, which of the following can be measured resistance can be used as [MP PET 1994]

[MP PET 1981; DPMT 2001] (a) An ammeter

(@) Electric potential (b) Potential difference (b) A voltmeter

b)
(c) A wattmeter
d)

(
19. In Wheatstone's bridge P =9 ohm, Q =110hm, R =4 ohm and

() Current (d) Resistance
Both an ammeter and a voltmeter
The resistance of 1 A ammeter is 0.018 Q2. To convert it into 10 A

ammeter, the shunt resistance required will be
S =6 ohm. How much resistance must be put in parallel to the

[MP PET 1982]
resistance S to balance the bridge
(@) 0.18Q (b) 0.0018Q [DPMT 1999]
0.002Q2 d) 0.12Q 44
(©) @ (@) 24 ohm (b) — ohm
For measurement of potential difference, potentiometer is preferred 9
in comparison to voltmeter because (c) 26.4 ohm (d) 18.7 ohm
[MP PET 1983] 20. A Daniel cell is balanced on 125 CM length of a potentiometer wire.
(a) Potentiometer is more sensitive than voltmeter Now the cell is shortcircuited by a resistance 2 ohm and the
. . . balance is obtained at 100 CM . The internal resistance of the Daniel
(b) The resistance of potentiometer is less than voltmeter cell is [UPSEAT 2002]
(c) Potentiometer is cheaper than voltmeter (@) 0.5 ohm (b) 1.5 ohm
(d) Potentiometer does not take current from the circuit (c) 125 ohm (d) 4/5 ohm
In order to pass 10% of main current through a moving coil 21 Sensitivity of potentiometer can be increased by
galvanometer of 99 o/m, the resistance of the required shunt is [MP PET 1990, 99; MP PMT 1994; [MP PET 1994]

RPET 2001; KCET 2003, 05] (@) Increasing the em.f. of the cell

(b) Increasing the length of the potentiometer wire

(2) 990 (b) 10Q (c) Decreasing the length of the potentiometer wire
() 110 d) 9Q (d) None of the above
An ammeter of 5 ohm resistance can read 5 mA. If it is to be used 22. A potentiometer is an ideal device of measuring potential difference
to read 100 volts, how much resistance is to be connected in series because

[MP PET 1991; MP PMT 1996; MP PMT 2000] (@) 1t uses a sensitive galvanometer
(@) 19.9995Q (b) 199.995Q (b) 1t does not disturb the potential difference it measures

(c) Ttis an elaborate arrangement

() 1999.95Q (d) 199950 (d) 1t has a long wire hence heat developed is quickly radiated
The potential gradient along the length of a uniform wire is 23. A battery of 6 volts is connected to the terminals of a three metre
10volt/metre. B and C are the two points at 30¢m and long wire of uniform thickness and resistance of the order of 100 Q2 .

The difference of potential between two points separated by 50 CM

60Ccm point on a meter scale fitted along the wire. The potential
on the wire will be

difference between B and C will be [CPMT 1986] [CPMT 1984; CBSE PMT 2004]

(a) 3volt (b) 0.4volt @ 1V (b) 15V
() 7volt (d) 4volt (€ 2V d 3v
24. A galvanometer of 10 ohm resistance gives full scale deflection with

100mMA current gives a full scale deflection in a galvanometer of 0.01 ampere of current. It is to be converted into an ammeter for

2 Q) resistance. The resistance connected with the galvanometer to measuring 10 ampere current. The value of shunt resistance required

. . will be [MP PET 1984]
convert it into a voltmeter to measure 5V is [MNR 1994; UPSEAT 2000]
10
@ 98Q (b) 52Q () 9 ohm (b) 0. ohm
() 5002 (d) 48Q (¢) 0.5 ohm (d) 10 ohm
When a 120 resistor is connected with a moving coil 25. A potentiometer is used for the comparison of em.f. of two cells

E, and E,. For cell E; the no deflection point is obtained at
galvanometer then its deflection reduces from 50 divisions to 10 ! 2 ! P

divisions. The resistance of the galvanometer is 20CM and for E, the no deflection point is obtained at 30CM .

[CPMT 2002; DPMT 2003] The ratio of their e.m.f's will be
240 b 360 [MP PET 1984]
(@) (®) @) 2/3 (b) 112
() 48Q (d) 60Q (e) 1 (d) 2

A galvanometer can be used as a voltmeter by connecting a 26.  Potential gradient is defined as [MP PET 1994]

[AFMC 1993; MP PMT 1993, 95; CBSE PMT 2004] (a) Fall of potential per unit length of the wire

(a) High resistance in series (b) Low resistance in series (b) Fall of potential per unit area of the wire

(c) High resistance in parallel (d) Low resistance in parallel () Fall of potential between two ends of the wire
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28.

29.

30.

31

32.

33.

35.

(d) Potential at any one end of the wire

In an experiment of meter bridge, a null point is obtained at the
centre of the bridge wire. When a resistance of 10 o/m is connected
in one gap, the value of resistance in other gap is

@ 100 b) 50
(©) %Q d) 5000

If the length of potentiometer wire is increased, then the length of
the previously obtained balance point will

(b) Decrease
(d) Become two times

(@) Increase
() Remain unchanged
In potentiometer a balance point is obtained, when

(@) The emf. of the battery becomes equal to the em.f. of the
experimental cell

(b) The pd. of the wire between the +ve end to
jockey becomes equal to the e.m.f. of the experimental cell

() The p.d. of the wire between +ve point and jockey becomes
equal to the em.f. of the battery

(d) The p.d. across the potentiometer wire becomes equal to the
e.m.f. of the battery

In the experiment of potentiometer, at balance, there is no current
in the

(@) Main circuit

(b) Galvanometer circuit

(c¢) Potentiometer circuit

(d) Both main and galvanometer circuits

If in the experiment of Wheatstone's bridge, the positions of cells
and galvanometer are interchanged, then balance points will

(@) Change

(b) Remain unchanged

(c) Depend on the internal resistance of cell and resistance of
galvanometer

(d) None of these

The resistance of a galvanometer is 90 ohms. If only 10 percent of
the main current may flow through the galvanometer, in which way
and of what value, a resistor is to be used

(@) 10 ohms in series (b) 10 ohms in parallel

(c) 810 ohms in series (d) 810 ohms in parallel

Two cells when connected in series are balanced on 8m on a
potentiometer. If the cells are connected with polarities of one of the
cell is reversed, they balance on 2m. The ratio of em.f's of the two
cells is

(@ 3:5 (b) 5:3
(c) 3:4 (d) 4:3

A voltmeter has a resistance of G ohms and range V volts. The value

of resistance used in series to convert it into a voltmeter of range

nVvolts is
[MP PMT 1999; MP PET 2002; DPMT 2004; MH CET 2004]
(@) nG b)) (-1)G
G G
(€ — (d)
n (h-1)

Which of the following statement is wrong [MP PET 1994]
(@) Voltmeter should have high resistance

(b) Ammeter should have low resistance

(c) Ammeter is placed in parallel across the conductor in a circuit
(

d) Voltmeter is placed in parallel across the conductor in a circuit

36.

37.

38.

39.

40.

41.

42,

43.
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In the diagram shown, the reading of voltmeter is 20 V and that of
ammeter is 4 A. The value of R should be (Consider given ammeter

and voltmeter are not ideal) [RPMT 1997]
[MP PET 1994] )
S
(@) Equalto 5Q 20V
(b) Greater from 5Q
R
(c) Less than 5Q @ MW

4A
(d) Greater or less than 5Q depends on the material of R

A moving coil galvanometer has a resistance of 50Q and gives full

scale deflection for 10 mA. How could it be converted into an
ammeter with a full scale deflection for 14

[MP PMT 1996]
(a) 50/99Q in series (b) 50/99Q in parallel
() 0.01Q in series (d) 0.01Q in parallel

The current flowing through a coil of resistance 900 o/ is to be
reduced by 90%. What value of shunt should be connected across

the coil [Roorkee 1992]
(@) 90Q (b) 100Q
() 9Q (d) 10Q

A galvanometer of resistance 250 gives full scale deflection for a
current of 10 milliampere, is to be changed into a voltmeter of range
100 V by connecting a resistance of ‘R in series with galvanometer.
The value of resistance Rin Q is

[MP PET 1994]
(@) 10000 (b) 10025
(c) 975 (d) 9975
In a potentiometer circuit there is a cell of em.f. 2 volt, a resistance

of 5 ohm and a wire of uniform thickness of length 1000 cm and
resistance 15 ohm. The potential gradient in the wire is

1 3
@ ¥éCMBos) ®) —oagV/em

2000
(c) iV/cm (d) LV/cm
5000 1000

The resistance of a galvanometer is 25 ohm and it requires 50 £/A
for full deflection. The value of the shunt resistance required to
convert it into an ammeter of 5 amp is

[MP PMT 1994; BHU 1997]
1.25x10ohm
2.5 ohm

(a) 2.5x107*ohm (b)

() 0.05 ohm (d)

Which is a wrong statement [MP PMT 1994]

(@) The Wheatstone bridge is most sensitive when all the four
resistances are of the same order

(b) In a balanced Wheatstone bridge, interchanging the positions of
galvanometer and cell affects the balance of the bridge

(c) Kirchhoff's first law (for currents meeting at a junction in an
electric circuit) expresses the conservation of charge

(d) The rheostat can be used as a potential divider

A voltmeter having a resistance of 998 ohms is connected to a cell

of emf. 2 volt and internal resistance 2 ohm. The error in the

measurement of em.f. will be [MP PMT 1994]

(@) 4x107tvolt (b) 2x10%volt

() 4x1073volt d) 2x107'volt
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For comparing the emf's of two cells with a potentiometer, a
standard cell is used to develop a potential gradient along the wires.
Which of the following possibilities would make the experiment

unsuccessful [MP PMT 1994]

(@) The em.f. of the standard cell is larger than the £ e.m.f's of the
two cells

(b) The diameter of the wires is the same and uniform throughout

() The number of wires is ten

(d) The em.f. of the standard cell is smaller than the em.f's of the
two cells

Which of the following is correct [BHU 1995]

(@) Ammeter has low resistance and is connected in series

(b) Ammeter has low resistance and is connected in parallel

(c) Voltmeter has low resistance and is connected in parallel

(d) None of the above
An ammeter with internal resistance 902 reads 1.85 A when

connected in a circuit containing a battery and two resistors 700 (2
and 410Q) in series. Actual current will be

[Roorkee 1995]
(@) 1.85 A (b) Greater than 1.85 A
(c) Less than 185 A (d) None of these

AB is a wire of uniform resistance. The galvanometer G shows no
current when the length AC = 20crm and CB = 80 cm. The resistance R

is equal to [MP PMT 1995; RPET 2001]
(@) 2Q ’Wf/\, 7 80 Q
(b) 8Q
() 20Q
A c B
(d) 40Q |
L

The circuit shown here is used to compare tlhe em.f. of two cells
E, and E,(E, >E,). The null point is at C when the

galvanometer is connected to [E;. When the galvanometer is

connected to E, , the null point will be [MP PMT 1995]
B

(a) To the lefi of C _l"'—u

(b) To the right of C c

(¢) At Citself A B

(d) Nowhere on AB — d

In an experiment to measure t |iAternal resistance of a cell by

potentiometer, it is found that the balance point is at a length of 2m
when the cell is shunted by a 5 resistance; and is at a length of
3m when the cell is shunted by a 10Q resistance. The internal
resistance of the cell is, then

[Haryana CEE 1996]
(@ 1.5Q (b) 1002
() 150 4 1Q
A potentiometer circuit shown in the figure is set up to measure
e.m.f. of a cell E. As the point P moves from Xto Y the galvanometer
G shows deflection always in one direction, but the deflection

decreases continuously until Vis reached. In order to obtain balance
point between Xand Vit is necessary to

e

P

B

51

52.

53.

54.

55.

a) Decreases the resistance R

b) Increase the resistance R
Reverse the terminals of battery V
Reverse the terminals of cell £

In the Wheatstone's bridge (shown in figure) X =Y and A>B.
The direction of the current between ab will be

(@) Fromato b
(b) From bto a
() From bto athrough ¢
(

d) From ato b through ¢

The figure shows a circuit di
measure the resistance G of the galvanometer. The relation

—= S will be satisfied only when

Q
Q

)

(a) The galvanometer shows a' deflection when switch Sis closed

(b) The galvanometer shows a deflection when switch S'is open

(c) The galvanometer shows no change in deflection whether S is
open or closed

(d) The galvanometer shows no deflection

The resistance of a galvanometer is 50 ohAms and the current
required to give full scale deflection is 100 £/A . In order to convert

it into an ammeter, reading upto 104, it is necessary to put a
resistance of [MP PMT 1997; ATIMS 1999]

@ 5 x102 Q) in parallel (b) 5 x10 Q in parallel

(c) 10° Q) in series (d) 99,950 Qin series

A resistance of 4 () and a wire of length 5 metres and resistance
5Q are joined in series and connected to a cell of em.f. 10 Vand

internal resistance 1 Q). A parallel combination of two identical cells

is balanced across 300 cm of the wire. The em.f. £ of each cell is [MP PMT 199

4Q I?V
AWV L

@ 15V 1Q

(b) 30V 3m

(¢) 067V I 50, 5m
1 E

d) 133V —

(d) 133 . £

I
The resistivity of a potentiometer wirle is 40107 ohm—m and

its area of cross-section is 8><:|.076 m2. If 02 amp current is

flowing through the wire, the potential gradient will be
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57.

58.

59.

60.

61

62.

63.

64.

@ 1072volt/m (b) 107 volt/m

(6) 3.2x1072volt/m (d) 1volt/m

If only 2% of the main current is to be passed through a
galvanometer of resistance G, then the resistance of shunt will be

G G
(a) 50 (b) 79
() 50G (d) 49G

The resistance of an ideal voltmeter is

[EAMCET (Med.) 1995; MP PMT/PET 1998; Pb. PMT 1999;

CPMT 2000]

(@) Zero (b) Very low
(c) Very large (d) Infinite

A 100 V voltmeter of internal resistance 20KQ in series with a

high resistance Ris connected to a 110 Vline. The voltmeter reads 5

V, the value of Ris [MP PET 1999]
(@) 210kQ (b) 315kQ
() 420kQ (d) 440kQ

Constantan wire is used in making standard resistances because its
(@) Specific resistance is low

(b) Density is high

(c) Temperature coefficient of resistance is negligible

(d) Melting point is high

The net resistance of a voltmeter should be large to ensure that
(@) 1t does not get overheated

(b) 1t does not draw excessive current

(c) Tt can measure large potential difference

(

d) It does not appreciably change the potential difference to be
measured

A galvanometer has resistance of 7Q and gives a full scale

deflection for a current of 1.0 A How will you convert it into a
[MP PMT 1999]

3Q in parallel

voltmeter of range 10 V
(@) 3 Q in series (b)

() 17Q in series (d) 30Q in series

A potentiometer consists of a wire of length 4 m and resistance
10Q. 1t is connected to a cell of emf. 2 V. The potential
difference per unit length of the wire will be

[CBSE PMT 1999; AFMC 2001]

(@ o5 V/m (b) 2V/m

(¢ 5V/m (dy 10V/m

In a meter bridge, the balancing length from the left end (standard
resistance of one ofim is in the right gap) is found to be 20 cm. The
value of the unknown resistance is

[CBSE PMT 1999; Pb PMT 2004]

(@ 0.8Q (b) 05Q

© 0.4Q d) 0250

In the circuit shown P # R, the reading of the galvanometer is
same with switch S open or closed. Then

[IT-JEE (Screening) 1999]

65.
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68.

69.

70.

7.

Current Electricity 1077

il

@ lk=ls

b) lp=lg
(c)  IgmP RMT/PET 1908)
(d) |Q =lg

In the following Wheatstone bridge P/Q=R/S.

closed, then the galvanometer will show deflection

If key K is

[CPMT 1999]

() n left side
(b) In right side
(c) No deflection
(d) T either side

A galvanometer having a resi a wire of

resistance 2 ohm. If the total current is 1 amp, the part of it passing
through the shunt will be

[CBSE PMT 1998]
(@  O-2mEPEr 1909) (b) 0.8 amp
() 02 amp (d) 0.5 amp
A potentiometer wire has length 10 m and resistance 20Q2. A 2. 5
V battery of negligible internal resistance is connected across the
wire with an 80 Q) series resistance. The potential gradient on the

[KCET 1994]
2.5x107* V/cm

wire will be
[MP PMT 1999]

(@) 5x10°V/mm (b)

() 0.62x107*V/mm (d 1x10°V/mm

An ammeter whose resistance is 180Q gives full scale deflection
when current is 2 mA. The shunt required to convert it into an
ammeter reading 20 mA (in ohms) is

[EAMCET (Engg.) 1995]
(@) 18 (b) 20
() o0 (d) 10

A galvanometer whose resistance is

120Q) gives full scale

deflection with a current of 0.05 A so that it can read a maximum
current of 10 A. A shunt resistance is added in parallel with it. The
resistance of the ammeter so formed is

[Bihar MEE 1995]
(@) 0.06Q (b)
() 0.6Q (d)

0.006
6Qs

In a potentiometer experiment, the galvanometer shows no
deflection when a cell is connected across 60 cm of the

potentiometer wire. If the cell is shunted by a resistance of 6,

the balance is obtained across 50 cm of the wire. The internal

resistance of the cell is [SCRA 1994]
(@) 0.5Q (b) 0.6Q
() 1.2Q (d) 15Q

A voltmeter of resistance 1000 gives full scale deflection when a

current of 100 mA flow through it. The shunt resistance required
across it to enable it to be used as an ammeter reading 1 A at full
[SCRA 1994]

(a) 10000Q (b) 90000

scale deflection is

() 2220 d 111Q
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73.

74-

75.

76.

77.
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79.

The resistance of 10 metre long potentiometer wire is 10hm/meter. A
cell of emf. 2.2 volts and a high resistance box are connected in
series to this wire. The value of resistance taken from resistance box
for getting potential gradient of 2.2 millivolt/metre will be[RPET 1997]

(@) 790Q (b) 810Q
() 990Q (d) 1000Q
We have a galvanometer of resistance 25Q. 1t is shunted by a

2.5Q wire. The part of total current that flows through the

galvanometer is given as
[AFMC 1998; MH CET 1999; Pb. PMT 2002]

| 1 | 1
@) IR (b) W10
I3 | 4
(c) IRET) (d) IRET)

In the adjoining circuit, the em.f. of the cell is 2 volt and the
internal resistance is negligible. The resistance of the voltmeter is 80
ohm. The reading of the voltmeter will be

% [CPMT 1991]
P
(a) 0.80 volt I:
(b) 1.60 volt
() /i 8(}%
c) 133 volt
|4
(d) 2.00 volt
If the resistivity of a poterjtiom 9 ire be p% area df cross-

section be A, then what will be potential gradient along the wire

p A
@ A (b) Ap
1A
() — d) 1Ap
P

A voltmeter has resistance of 2000 ofms and it can measure upto
2V. If we want to increase its range to 10 V, then the required
resistance in series will be

[CPMT 1997, SCRA 1994]
40000

8000Q

(@) 2000 (b)
(c) 6000Q (d)
For a cell of em.f. 2V, a balance is obtained for 50 cm of the

potentiometer wire. If the cell is shunted by a 2Q) resistor and the

balance is obtained across 40 cm of the wire, then the internal

resistance of the cell is [SCRA 1998]
(@) 0.25Q (b) 0.50Q2
() 0.80Q (d) 1.00Q2

The arrangement as shown in figure is called as

[CPMT 1999]

O—

a) Potential divider

(
(b) Potential adder
Total P.D.
(
(

—_ =

c) Potential substracter
MWW

.

Variable P.D.
and resistance 10 Q is

d) Potential multiplier

A potentiometer wire of length 1m

connected in series with a cell of emf2V with internal resistance 1 Q)
and a resistance box including a resistance R. If potential difference

between the ends of the wire is 1 mV, the value of Ris [KCET 1999]

80.

81.

82.

83.

84.

85.

86.

87.

(a) 20000 Q (b) 19989 Q

(d) 9989 Q

In a balanced Wheatstone’s network, the resistances in the arms @

(c) 10000 Q

and S are interchanged. As a result of this
[KCET 1999]
(@) Network is not balanced
(b) Network is still balanced
(c) Galvanometer shows zero deflection
(d) Galvanometer and the cell must be interchanged to balance

The ammeter A reads 2 A and the voltmeter V reads 20 V. the

value of resistance R is (Assuming finite resistance's of ammeter and

voltmeter) [IPMER 1999; MP PMT 2004]
(@) Exactly 10 ohm R
A
(b) Less than 10 ohm _O W
(c) More than 10 ohm
(d) We cannot definitely say @

The resistance of a galvanometer coil is R What is the shunt
resistance required to convert it into an ammeter of range 4 times

R R
- b —

(@) s (b) 2
R (d) 4R
3[RPET 1996]

If an ammeter is connected in parallel to a circuit, it is likely to be
damaged due to excess [BHU 2000; BCECE 2004]

(b) Voltage
(d) All of these
In the given figure, battery E is balanced on 55 cm length of

(@) Current

(c) Resistance

potentiometer wire but when a resistance of 10 Q is connected in
parallel with the battery then it balances on 50 cm length of the
potentiometer wire then internal resistance r of the battery is

(@) 1Q 2V

|1
®) 30 a

1m
() 10Q
B

d) 5Q A

E
A galvanometer with a resistance { {12 Q giv ball scale deflection

when a current of 3 mA is passed. It is required to convert it into a
voltmeter which can read up to 18 V. the resistance to be connected

is [Pb. PMT 2000]
(a) 6000 Q (b) 5988 Q2

() 5000 Q2 (d) 4988 Q

The resistance of an ideal ammeter is [KCET 2000]
(a) Infinite (b) Very high

(c) Small (d) Zero

A galvanometer of 25 €2 resistance can read a maximum current of
6mA. 1t can be used as a voltmeter to measure a maximum of 6 V
by connecting a resistance to the galvanometer. Identify the correct

choice in the given answers [EAMCET (Med.) 2000]

(a) 1025 Q in series (b) 1025 Q in parallel

(c) 975 Q in series (d) 975 Q in parallel
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A galvanometer has a resistance of 25 ohm and a maximum of 0.01
A current can be passed through it. In order to change it into an
ammeter of range 10 A, the shunt resistance required is

(@) 5/999 ohm (b) 10/999 ohm
() 20/999 ohm (d) 25/999 ohm

In the circuit shown, a meter bridge is in its balanced state. The
meter bridge wire has a resistance 0. ohm/cm.
unknown resistance X and the current drawn from the battery of
[AMU (Engg.) 2000]
X 6Q
——VWW MWW

The value of

negligible resistance is

(@) 69,5 amp

(b) 10 €, 0.1 amp le— 40 cm — 3\ «— 60 cm —5

() 49Q,1.0 amp

(d) 129, 05 amp 51/“

A galvanometer has 30 divisions and a sensitivity 16 £ZA/diV.It can
be converted into a voltmeter to read 3 V by connecting

(@) Resistance nearly 6 K Q) in series
(b) 6kQ in parallel
(c) 500Q in series

(d) Tt cannot be converted

Voltmeters V and V are connected in series across a D.C. line. V
reads 80 volts and has a per volt resistance of 200 ohms. V has a
total resistance of 32 kilo ohms. The line voltage is
(@) 120 volts (b) 160 volts
(c) 220 volts (d) 240 volts
A potentiometer having the potential gradient of 2 mV/cm is used to
measure the difference of potential across a resistance of 10 ohm. If
a length of 50 cm of the potentiometer wire is required to get the
null point, the current passing through the 10 oAm resistor is (in
mA)

[AMU (Med.) 2000]
@ 1 (b) 2
() 5 (d) 10
AB is a potentiometer wire of length 100 cm and its resistance is 10
ohms. 1t is connected in series with a resistance R = 40 ohms and a
battery of em.f. 2 Vand negligible internal resistance. 1f a source of
unknown e.m.f. E'is balanced by 40 cm length of the potentiometer
wire, the value of E'is [MP PET 2001]

@) o8V R Vv
e AW L
(b) 1.6V
(c) 008V 40 em
A 7 B
(d) o016 Vv ,
/
An ammeter gives full deflection when a current of 2 amp. flows
through it. The resistane Fofammeter is 12 ohms. If the same

ammeter is to be used for measuring a maximum current of 5 amp.,
then the ammeter must be connected with a resistance of

(@) 8 ohms in series (b) 18 ohms in series

(c) 8 ohmsin parallel (d) 18 ohms in parallel

In a circuit 5 percent of total current passes through a
galvanometer. 1f resistance of the galvanometer is G then value of
the shunt is [MP PET 2001]

(@ 196G (b) 20G

96.

97.

98.

99.

100.

101.
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103.
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G G
© - @ 73

20
[MP PET 2000]
A voltmeter having resistance of 50 x 100 o/hm is used to measure the
vo]tage in a circuit. To increase the range of measurement 3 times
the additional series resistance required is

(b) 150 k.ohm
(d) 9 x100hm

(a) 10 0hm
() 900 kohm
In a potentiometer experiment two cells of em.f. E and E are used

in series and in conjunction and the balancing length is found to be
58 cm of the wire. If the polarity of E is reversed, then the

E
balancing length becomes 29 cm. The ratic —~ of the e.m.f. of the
2
two cells is
[Kerala (Engg.) 2001]
(@ 1
() 3:1

(b) 2:1
(d) 4

A milliammeter of range 10 mA has a coil of resistance 1 (. To use
it as voltmeter of range 10 voft, the resistance that must be

connectfAlaBMIOM it, will be [KCET 2001]
(b) 990
(d) None of these

(a) 999 Q
(c) 1000 Q2

A voltmeter has a range 0-V with a series resistance R. With a

series resistance 2R, the range is 0-V. The correct relation between

Vand V is [CPMT 2001]
(@) V[UT’S%XT 2000] (b) V'>2V
(c) V'>>2V (d) V'<2v
The measurement of voltmeter in the following circuit is
) |6 v [AFMC 2001]

@) 24V N
(b) 34V 600

© MWW
() 40V o/
(d) 6.0V 200

A 36 Q galvanometer is shunted by%stance of 4Q. The
percentage of the total current, which passes through the
galvanometer is [UPSEAT 2002]

@ 8% (b) 9%
() 10 % (d) 91%

An ammeter and a voltmeter of resistance R are connected in series
to an electric cell of negligible internal resistance. Their readings are
A and Vrespectively. 1If another resistance R is connected in parallel
with the voltmeter

[EAMCET 2000; KCET 2002]
(@) Both A and Vwill increase
(b) Both A and V will decrease
(

c) A will decrease and Vwill increase

)
d) A w]} ijlqrm]and Vwill decrease

A wire of length 100 cm is connected to a cell of emf' 2 V and

negligible internal resistance. The resistance of the wire is 3 Q.
The additional resistance required to produce a potential drop of 1
milli volt per cm is [Kerala PET 2002]

(a) 60Q (b) 47Q
() 57Q d) 35Q
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104.

105.

106.

107.

108.

109.

no.

m.

n2.

n3.

A galvanometer of resistance 20 () is to be converted into an
ammeter of range 1 A If a current of 1 mA produces full scale
deflection, the shunt required for the purpose is

[Kerala PET 2002]

(a) 0.01Q2 (b) 0.05Q

() 0.02Q (d) 0.04Q

There are three voltmeters of the same range but of resistances
10000Q2, 8000Q and 4000€) respectively.  The best
voltmeter among these is the one whose resistance is

(a) 10000 O (b) 8000 Q

(c) 4000 Q (d) All are equally good

If an ammeter is to be used in place of a voltmeter then we must
connect with the ammeter a

[ATEEE 2002; AFMC 2002]
(@) Low resistance in parallel
(b
(

c) High resistance in series

=

High resistance in parallel

(d) Low resistance in series

A 10 m long wire of 20Q2 resistance is connected with a battery of 3

volt em.f. (negligible internal resistance) and a 10 (2 resistance is
joined to it is series. Potential gradient along wire in volt per meter

is [MP PMT 2003]
(@) 0.02 (b) 0.3
(¢) 02 (d) 13

A potentiometer has uniform potential gradient across it. Two cells
connected in series (i) to support each other and (ii) to oppose each
other are balanced over 6m and 2m respectively on the
potentiometer wire. The e.m.fs of the cells are in the ratio of
(@ 1:2 (b) 1:1
(¢) 3:1 d) 2:1
The material of wire of potentiometer is

[MP PMT 2002]
(b) Steel

(d) Aluminium

(@) Copper
(¢) Manganin
To convert a galvanometer into a voltmeter, one should connect a
(@) High resistance in series with galvanometer

(b) Low resistance in series with galvanometer

(c) High resistance in parallel with galvanometer

(d) Low resistance in parallel with galvanometer

To convert a 800 mV range milli voltmeter of resistance 40 (2 into a

galvanometer of 100 mA range, the resistance to be connected as

shunt is [CBSE PMT 2002]
(@) 10Q (b) 20Q
() 30Q (d) 40Q

A 100 ohm galvanometer gives full scale deflection at 10 mA. How
much shunt is required to read 100 mA

[MP PET 2002]
(@) n.n ohm (b) 9.9 ohm

(c) 11 0hm (d) 4.4 ohm

The potential difference across the 100Q resistance in the following

circuit is measured by a voltmeter of 900 () resistance. The
percentage error made in reading the potential difference is

14.

5.

n6.

nz.

n8.

no.

120.

121.

10 i 900 Q .
@ 3 Lt
(b) ou 10Q e ;
MWW
() 10 o0 2
(d) 10.0

| 1
L
A cell of internal resistance 3 ohm and emf10 volt is connected to a
uniform wire of length 500 cm and resistance 3 ohm. The potential

gradient in the wire is [MP PET 2003]
[Kerala PET 2002]
(b) 10 mV/em

(d) 4 mV/em

(@) 30 mV/em
() 20 mViem
An ammeter of 100 ) resistance gives full deflection for the current

of 10° amp. Now the shunt resistance required to convert it into
ammeter of 1 amp. range, will be

[RPET 2003]

@ 10* Q (b) 10° Q

© 102 Q d 107" Q

A galvanometer of resistance 36 (2 is changed into an ammeter by

using a shunt of 4 Q. The fraction £ of total current passing
through the galvanometer is [BCECE 2003]

1 1
(a) 0 (b) 7
1 1

© T2 0

If the ammeter in the given circuit reads 2 A, the resistance Ris

3Q
(@ 10hm WW
[MP PMT 2002] R
(b) 2 ohm 60
(c) 3 ohm AW
(d) 4 ohm
R effe rent of

0.01 A passes through the coil.  When it is conRled to a 10 A

ammeter, the shunt resistance is
[Orissa JEE 2003]

[CBSE PMT 2002]
(@) 0.01Q2 (b) 0.05 Q
(c) 2000 Q2 (d)

Resistance in the two gaps of a meter bridge are 10 oAm and 30

5000 Q)

ohm respectively. If the resistances are interchanged the balance
point shifts by [Orissa JEE 2003)]

(@) 333 cm (b)
() 25ecm (d)

A potentiometer has uniform potential gradient. The specific

66.67cm
50 cm

resistance of the material of the potentiometer wire is 10° ohm—
meter and the current passing through it is 0.1 ampere; cross-section
of the wire is 10° m. The potential gradient along the potentiometer

wire is [KCET 2003]
@ 107 Vm (b) 10° vm
© 1072 v/m d) 107 vm

Two resistances of 400 QQ and 800 (2 are connected in series with 6
volt battery of negligible internal resistance. A voltmeter of
resistance 10,000  is used to measure the potential difference
across 400 ). The error in the measurement of potential difference
in vo/tJ%Mé?%]
(a) o.01

() o0.03

(b) o0.02
(d) o.05



122.

123.

124.

125.

126.

127.

128.

129.

A galvanometer, having a resistance of 50 Q gives a full scale deflection for
a current of 0.05 A The length in meter of a resistance wire of area of
cross-section 2.97x 10° crm that can be used to convert the galvanometer
into an ammeter which can read a maximum of 5 A current is (Specific
resistance of the wire =5 x 1077 Qm)

@ 9 (b) 6

() 3 d) 15

An ammeter rteads upto 1 ampere. lts internal resistance is 0.81
ohm. To increase the range to 10 A the value of the required shunt

is [AIEEE 2003]
(a) 0.09Q (b) 0.03Q
() 038 (d) 09Q

The length of a wire of a potentiometer is 100 crm, and the emfof its
standard cell is £ volt 1t is employed to measure the e.m.fof a
battery whose internal resistance is 0.5 €2. 1f the balance point is
obtained at /=30 crm from the positive end, the e.m.f. of the battery

is [ATEEE 2003]

30E
© 1o

30E

b)) ——

100.5

30E

(€ ———F

(100-0.5)
(d) W , where 7is the current in the potentiometer

Resistance of 100 cm long potentiometer wire is 1002, it is connected
to a battery (2 volt) and a resistance R in series. A source of 10 mV
gives null point at 40 cm length, then external resistance R is

(a) 490 Q (b) 790 Q
(c) 590€Q ()

The e.m.f. of a standard cell balances across 150 cm length of a wire

990 Q)

of potentiometer. When a resistance of 22 is connected as a shunt

with the cell, the balance point is obtained at 100 cm . The internal

resistance of the cell is

[MP PET 1993]
(@ 0.1Q (b)
(d)

What is the reading of voltmeter in the following figure

1Q

© 20 05Q

10V [MP PMT 2004]
@ 3V 11}
(b) 2V 1000 Q
() 5V
d) 4V —ANMN\—s
A 500 A 5000

The current flowing in a coil of resistance 90 ) is to be reduced by
90%. What value of resistance should be connected in parallel with

it [MP PMT 2004]
(@ 9Q (b) 90Q
(c) 1000 Q2 (d) 10Q

The maximum current that can be measured by a galvanometer of

resistance 40 Q is 10 mA. It is converted into a voltmeter that can
read upto 50 V. The resistance to be connected in series with the
galvanometer is ... (in ohm)

[KCET 2004]

130.

131

132.

133.

134.

135.

[y}
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(a) 5040 (b) 4960
(c) 2010 (d) 4050

For the post office box arrangement to determine the value of
[EAMQlqumsyesistance the unknown resistance should be connected

between [NTJEE (Screening) 2004 ]
B c D
(@) Band C " .
(b) Cand D
O'' 0 O O ‘p O O O

() Aand D N \ b

A '\ \
) Band C oo

A galvanometer of 50 ohm resistané Iﬁs/;: dimfA current of

4 X 10° ampere gives a deflection of one division. To convert this
galvanometer into a voltmeter having a range of 25 volts, it should
be connected with a resistance of

[CBSE PMT 2004]

(@) 2500 Q as a shunt (b) 2450 Q as a shunt

(c) 2550 €2 in series (d) 2450 € in series

In a metre 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 < ¥, 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 YV

[AIEEE 2004]
(a) 59MB"PMT 2003] (b) 80 cm
(c) 40 cm (d) 70 cm

In the circuit given, the correct relation to a balanced Wheatstone
bridge is [Orissa PMT 2004]

= =
(d) None of these

A galvanometer coil of resistance 50 (), show full deflection of
1004A . The shunt resistance to be added to the galvanometer, to
work as an ammeter of range 10 mA is

[Pb PET 2000]

(@) 5 € in parallel (b) 0.5 Qin series

(¢) 5 in series (d) 0.5 Q in parallel

In given figure, the potentiometer wire AB has a resistance of 5 Q
and length 10 m. The balancing length AM for the emf of 0.4 Vs
R=45Q)
(@) 0.4 m 1| —wihw—
5V
(b) 4m
M
() 08 m A B
(d) 8m \_0‘-4‘/ :
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137.

138.

139.

140.

141,

142.

143.

A potentiometer consists of a wire of length 4 m and resistance 10
Q. 1t is connected to cell of emf 2 V. The potential difference per
unit length of the wire will be

[Pb. PET 2002]
(@) 0.5 V/m
() 2Vim

A voltmeter essentially consists of

(b) 10 Vim
(d) 5 V/im
[UPSEAT 2004]
(@) A high resistance, in series with a galvanometer
(b) A low resistance, in series with a galvanometer
(c) A high resistance in parallel with a galvanometer
(d) A low resistance in parallel with a galvanometer

In a potentiometer experiment the balancing with a cell is at length
240 cm. On shunting the cell with a resistance of 2 €, the balancing
length becomes 120 cm. The internal resistance of the cell is

@ 4Q b) 20
© 10 d 05Q

With a potentiometer null point were obtained at 140 cm and 180
cm with cells of emf 11 Vand one unknown X volts. Unknown emf is

[DCE 2002]
(@ uv (b) 1.8V
() 24V d) 14 v

A moving coil galvanometer of resistance 100 is used as an
ammeter using a resistance 0.1Q2. The maximum deflection current

in the galvanometer is 1004A. Find the minimum current in the
circuit so that the ammeter shows maximum deflection

(@) 1001 mA (b) 1000.1 mA

() 10.01 mA (d) 101 mA

Two resistances are connected in two gaps of a metre bridge. The
balance point is 20 cm from the zero end. A resistance of 15 ohms is
connected in series with the smaller of the two. The null point shifts
to 40 cm. The value of the smaller resistance in ohms is

(@ 3 (b) 6
() o9 (d) 12

If resistance of voltmeter is 1000002 and resistance of ammeter is
202 then find R when voltmeter reads 12V and ammeter reads 0.1 A
(@) n8 Q (b) 120 Q

() 124 Q (d) 1482

Potentiometer wire of length 1 m is connected in series with 490 Q2
resistance and 2V battery. If 0.2 mV/cm is the potential gradient,

then resistance of the potentiometer wire is
(@) 49Q (b) 7.9Q
() 590 (d) 69Q

T

In an electrical cable there is a single wire of radius 9 mm of

Critical Thinking

Objective Questions

copper. lts resistance is 5. The cable is replaced by 6 different

insulated copper wires, the radius of each wire is 3mm . Now the
total resistance of the cable will be

[CPMT 1988]

4.

(@) 7.5Q b) 450

(©) 90Q d) 270Q

Two uniform wires A and B are of the same metal and have
equal masses. The radius of wire A is twice that of wire B. The

total resistance of Aand B when connected in parallel is

(@) 4 Q when the resistance of wire A is 4.25Q
(b) 5O when the resistance of wire A is 4.25Q
() 4 Q when the resistance of wire B is 4.25Q

(d) 4 Q when the resistance of wire B is 4.25Q

Twelve [pue2ed2¢AlE E@ogd] and same cross-section are connected
in the form of a cube. If the resistance of each of the wires is R,

then the effective resistance between the two diagonal ends would

be [) & K CET 2004]
(@) 2R
(b) 1zR
5
=R
(©) 5
(d) 8R

You are given several identical resistances each of value R =10Q

("TJRG (gﬁf"éﬁi)a%?gs(lf carrying maximum current of 1 ampere. It is

required to make a suitable combination of these resistances to

produce a resistance of 5Q which can carry a current of 4

amperes. The minimum number of resistances of the type R that
will be required for this job

[CBSE PMT 1990]
@) 4 [KCET 2005] b) 10

() 8 (d) =20
The resistance of a wire is 107°Q per metre. It is bend in the

form of a circle of diameter 2m . A wire of the same material is
[BCECE 2005]

connected across its diameter. The total resistance across its
diameter AB will be

All——— B
[DCE 2005]
(a) 4 <100 (b) 2 7x10°0
3 3
() 0.88x10°°Q d) 14zx10°°Q
In the figure shown, the capacity of the condenser Cis 2 yF . The
current in 2€) resistor is [T 1982]
20
3Q2
2UF 20
f ]
r—ww

6V 2.8Q



(@ 9A

1
€ gA @ 59

When the key K is pressed at time t =0, which of the following
statements about the current /in the resistor AB of the given circuit

is true [CBSE PMT 1995]
|_/K. A AW B
2V 100002
L >3

wrF == cC § 3
(@ 7=2mA atall £
(b) 7oscillates between 1 mA and 2mA
() I=1mAatall ¢
(d) At t=0,7=2 mAand with time it goes to 1 mA

A torch bulb rated as 4.5 W, 1.5 Vis connected as shown in the
figure. The e.m.£ of the cell needed to make the bulb glow at full

intensity is [MP PMT 1999]
O 45 W
@ 45V i
(b) 15V
1Q2
(c) 267V WW
(d) 135V E(r=2.67Q0)
|1
In the circuit shown in the figure, the current through
3Q 2Q) 2Q [T 1998]
FM MWW
9V 80 80 4Q
L’\’M WW
20Q) 20 2Q

(@) The 32 resistor is 0.50A (b) The 3Q resistor is 0.25 A

(c) The 4Q resistor is 0.50A4 (d) The 4Q resistor is 0.25 A

There are three resistance coils of equal resistance. The maximum
number of resistances you can obtain by connecting them in any

manner you choose, being free to use any number of the coils in any

way is

[1SM Dhanbad 1994]
@ 3 (b) 4
(c) © d s

In the circuit shown, the value of each resistance is r, then

equivalent resistance of circuit between points A and Bwill be

a) (43)r
b) 3r/2
c) r/3

d) 8r/7

Current Electricity 1083

If in the circuit shown below, the internal resistance of the battery is

1.5 Q and V and V are the potentials at P and @ respectively, what
is the potential difference between the points Pand @

(@) Zero 20 VI 50

(b) 4 volts (V> V) ra L=

(¢) 4 volts (V > V) 30 P 50
d) 25 volts (V > V) Ww W

Two wires of resistance R anld R haye tempeggture cogfficient| of

resistance ¢; and «, , respectively. Mibseare joined n $éfesThe

effective temperature coefficient of resistance is

(@) “”T“Z ) Joa,

VRiRa a1,
JRZ +R2

Two cells of equal emf and of internal resistances I; and

a Ry +a,R,

© R, + R,

(d)

r,(r, >r,) are connected in series. On connecting this combination

to an external resistance R it is observed that the potential
difference across the first cell becomes zero. The value of R will be

[MP PET 1985; KCET 2005; Kerala PMT 2005

(@ n+r, b)) n-n
r1 + rz rl — r2
a7 d) L2

(c) > (d) >

When connected across the terminals of a cell, a voltmeter measures
5V and a connected ammeter measures 10 A of current. A resistance
of 2 ohms is connected across the terminals of the cell. The current
flowing through this resistance will be

@ 25A (b) 20A4
() 50A (d) 75 A

In the circuit shown here, E= E= E=2 Vand R = R = 4 ohms. The
current flowing between points A and B through battery E is

g, 7
I
(a) Zero 17
(b) 2 ampfrom Ato B

A2 B
(c) 2 amp from Bto A '
(d) None of the above E3I R,

I
I

In the circuit shown below £=4.0 V k: 20Q,E=60V,R=4Q
and R =2 Q. The current /is [MP PET 2003]

Similar to CBSE PMT 1999; RPET 1999 R=2Q
[Similar 1 == ANA
@ 16A . E-4V
() 18 A Ry =2 Q
MWW
(c) 125 A4
IZ
R =4Q
d) 104 2
@ [t AW
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20.

21.

22,

23.

A microammeter has a resistance of 1002 and full scale range of

50 A . 1t can be used as a voltmeter or as a higher range ammeter

provided a resistance is added to it. Pick the correct range and

resistance combination
[SCRA 1996; AMU (Med.) 2001; Roorkee 2000]
(@) 50 Vrange with 10KQ) resistance in series
(b) 10 Vrange with 200K resistance in series
() 10 mA range with 1Q resistance in parallel

(d) 10 mA range with 0.1Q) resistance in parallel

The potential difference across 8 ohm resistance is 48 volt as shown
in the figure. The value of potential difference across X'and Y points

will be [MP PET 1996]
X 0—'WV\'—|
3Q
(@) 160 volt
20Q2 30Q2 60Q2
(b) 128 volt
(c) 80 volt %
24Q 8Q) = 48V
(d) 62 volt )
Q T

Two resistances R, 3#d~R)Vare made of different materials. The

temperature coefficient of the material of R; is a and of the
material of R, is —/ . The resistance of the series combination of

R; and R, will not change with temperature, if R; /R, equals

@ w 22
B a-p
a2+ﬂ2

af @ 5

An ionization chamber with parallel conducting plates as anode and

@)

()

cathode has 5x107 electrons and the same number of singly-
charged positive ions per cm? . The electrons are moving at 0.4 m/s.
The current density from anode to cathode is 4;1A/m2. The
velocity of positive ions moving towards cathode is

(a) 0.4 m/s (b) 16 m/s

(c) Zero (d) o1 msis

A wire of resistance 10 Q is bent to form a circle. P and Q are
points on the circumference of the circle dividing it into a quadrant

and are connected to a Battery of 3 1 and internal resistance 1 Q) as
shown in the figure. The currents in the two parts of the circle are

6 18

(@ —Aand —A
23 23 p
(b) iA and EA
26 26
4 12 e
() —Aand ==A 10T Q
25 25
(d) iA and iA
25 25

In the given circuit, it is observed that the current /is independent
of the value of the resistance R. Then the resistance values must
satisfy [T-JEE (Screening) 2001]

24.

25.

26.

27.

28.

(a) RlRZRS = Rqupo

(b) i_i_i — ;4_;
Rs Rg R, +R, R;+R,

() RRy =R;R;

(d) R{R3 =R,R; =RsRg

In the given circuit, with steady current, the potential drop across
the capacitor must be [NTJEE (Screening) 2001]

@@ Vv ;1 M:N
® v/2 !

© Vs i
(d) 2v/3 2V 2R

II
A wire of length L and 3 idehtical cells om’e\'gligible internal
resistances are connected in series. Due to current, the temperature

of the wire is raised by A 7in a time & A number N of similar
cells is now connected in series with a wire of the same material and
cross—section but of length 2 L. The temperature of the wire is
raised by the same amount A 7'in the same time ¢ the value of N
is
[MP PMT 1997]

@ 4 (b) 6
(c) 8 d 9

What is the equivalent resistance between the points A and B of the

[NITJEE (Screening) 2001]

network [AMU (Engg.) 2001]
20 3Q 20
@ Ja
7
(b) 8Q

()

6 Q
[CBSE PMT 1992]
o

@ <

The effective resistance between points P and @ of the electrical

circuit shown in the figure is

[NTJEE (Screening) 2002]
2R

[Roorkee 1999]
@) 2Rr/R+r)

2R
MWW
(b) 8RR+n/BR+r) , 2R
AW A
() 2r+4R P Q
2R
(d) 5R/2+2r AW

In the circuit element given here, iszthe potential at ;c}fint B V=o,
then the potentials of A and D are given as
[AMU (Med.) 2002]
1 amp 15Q 2.5 Q ZVI
WW WW | I
A B C D
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30.

31

32.

33.

35.

(@ V, =-15V,Vp =+2V (b) V, =+1.5V,Vy =+2V
() V,=+15V,V; =405V (d) V, =+15V,V, =-05V
The equivalent resistance between the points 7 and Q in the

network given here is equal to (given I =— Q )

[AMU (Med.) 2002]

A

. . . 2
The current in a conductor varies with time ¢ as | =2t+ 3t
where 7 is in ampere and t in seconds. Electric charge flowing
through a section of the conductor during ¢= 2 sec to t = 3 secis

(@ 10 C (b) 24 C
() 33C (d) a4cC

A group of N cells whose emf varies directly with the internal

3
(c) EQ

d) 2Q

resistance as per the equation E = 1.5 r are connected as shown in
the figure below. The current /in the circuit is

1 [KCET 2003]

0.51 amp &
5.1 amp N = ry
0.15 amp \

. . N f3
1.5 amp N /\

In the shown arrangement of the expenment of4he meter bridge if
AC corresponding to null deflection of galvanometer is x, what
would be its value if the radius of the wire ABis doubled

(@) x
®b) x4 bl

@)
(b)
()
(d)

(¢) ax

d) 2x

The resistance of a wire of irfon is 10 oAmg and temp. coefficient of

resistivity is 5 x1073 /°C . AE2t x —® drries 30 milfiamperes of

current. Keeping constant potential difference between its ends, the

temperature of the wire is raised to 120°C. The current in
milliamperes that flows in the wire is

(a) 20 (b) 15
(d) 40

Seven resistances are connected as shown in the figure. The
equivalent resistance between A and Bis [MP PET 2000]

() 10

10Q
(@) 3Q
wea o lgp | gl
4.5 Q
© 5Q 80 6Q) 6Q
d) 5Q

A battery of internal resistance 42 is connected to the network of
resistances as shown. In order to give the maximum power to the

network, the value of R (in Q) should be

36.

37.

38.

39.

40.

41.

4z
[nT-ﬁé:?a (SRTW(E,;;)T 2_089]

(a) 4/9

—

b) 8/9

2 E —

—

C

)
(d 1

In the circuit shown here, the readings of the ammeter and

voltmeter are [Kerala PMT 2002]

6 V,1Q2
@) 6460V L
(b) 06 A6V /N
Q § U @)
(c) 6/m A 60m VvV
(d) n/6 A n/6o v 40

Length of a hollow tube is 5m, it's outer maer is 10 c¢m and

thickness of it's wall is 5 mm. If resistivity of the material of the

tube is I9r1853dEE RN hen resistance of tube will be

(@) 5.6 x10°Q (b) 2x10°Q

(c) 4x10Q (d) None of these

A wire of resistor R is bent into a circular ring of radius r
Equivalent resistance between two points X and Y on its

circumference, when angle XOYis ¢, can be given by

Ra
(a) 472_2 (2” - a)

R
(b) F- (27 -a)

(¢) R(2m-0q)

Potential difference across the terminals of the battery shown in
figure is (r = internal resistance of battery)
(a) 8V E AW
10V r=1Q
(b) 10V
() 6V
(d) Zero 40
As the switch S is closed in the circuit shown in figure, current
passed through it is
[MP PMT 1994]
20V 20 4Q 5V
(@) 454 AW MWW
A B
(b) 6.0A 20
(c) 304
S
(d) Zero J__
In the following circuit a 10 m long potentiometer wire with

resistance 1.2 ohm/m, a resistance R and an accumulator of emf 2 V
are connected in series. When the emf of thermocouple is 2.4 mV
then the deflection in galvanometer is zero. The current supplied by

the accumulator will be

@ 4 HiTooss]

Cold

Junction

Junction
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43.

45.

46.

47.
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(b) 8x10°A
() 4x10 A
(d) 8x10°A

In the following circuit, bulb rated as 1.5 V, 0.45 W. If bulbs glows
with full intensity then what will be the equivalent resistance
between Xand ¥

(a) 045Q 6 V} !

b) 10 0 . .

© 30 WW Y
d) 5Q

B
Consider the circuits shown in the figure. Botche circuits are
taking same current from battery but current through R in the

1
second circuit is o th of current through R in the first circuit. If R

is 11 €2, the value of R

@ 99Q i i R
o
(b) NnQ 1
ET R R, R
() 88Q [
d) 7.7Q (@) (b)

In order to quadruple the resistance of a uniform wire, a part of its
length was uniformly stretched till the final length of the entire wire
was 1.5 times the original length, the part of the wire was fraction

equal to

@ 1/8

o e S
() 1/10 |<-0.5/—>|""
d 1/4

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 and

reading of voltmeter is V when both § and § are closed. Then

a) V> V>V 3R

b) V>V>V R ST_I

(
(
© V-V-V o a
(

S,
d vavsvV ()
Current through wire XY pf circuit shown ig,
I
1Q ! 2Q0
MWW MWW
e © ®
(b) 44 w——ww
() 24 3Q 4Q
(d) 3A

L
12 cells each having same emf are conmcked in series with some
cells wrongly connected. The arrangement is connected in series
with an ammeter and two cells which are in series. Current is 3 A
when cells and battery aid each other and is 2 A when cells and
battery oppose each other. The number of cells wrongly connected
is

48.

49.

50.

51.

52.

@ 4 (b) 1

() 3 (d) 2

Following figure shows cross-sections through three long conductors
of the same length and material, with square cross-section of edge
lengths as shown. Conductor B will fit snugly within conductor A,
and conductor C will fit snugly within conductor B. Relationship
between their end to end resistance is

«— V3a —
<« J2a—
______ “«a—>
A * B y c *
(@ R=R=R
(b) R>R>R
() R<R<R

=

Information is not sufficient

—
ol

In the following star circuit diagram (figure), the equivalent
resistance between the points A and H will be

A
(a) 1944 r TI\NT_—7%
(b) 0973 r
(c) 0.486 r
(d) 0.243r

In the adjoining circuit diagran €ach rekistance' # of 10 Q. The
current in the arm AD will be

@ 2
®
©
@ 5

In the circuit of adjoining figure the current through 12 Q resister
will be

@ 1A
1 5Q 50
(b) g A 100
A I 1
2 1t 1]
(c) g A 120
E WW F
(d) oA
The reading of the ideal voltmeter in the adjoining diagram will be
@ 4V A
(b) 8V
© 12V oV 2002
d) 14 v
10Q 4v
B N C



53.

54.

The resistance of the series combination of two resistance is S.
When they are joined in parallel the total resistance is 2. If S = nP,
then the minimum possible value of nis

[ATEEE 2004]
(@ 4 (b) 3
(€) 2 (d 1
A moving coil galvanometer has 150 equal divisions. Its current
sensitivity is 10 divisions per milliampere and voltage sensitivity is 2
divisions per millivolt. In order that each division reads 1 vol, the

resistance in ohms needed to be connected in series with the coil

will be [AIEEE 2005]
(a) 99995 (b) 9995
() 10° (d 10°

QGraphicaI Questions

Which of the adjoining graphs represents ofimic resistance

[CPMT 1981; DPMT 2002]

Variation OF current p passing through a conductor as the voltage

() T
@@ Vv %

applied across its ends as varied is shown in the adjoining diagram.
If the resistance (R) is determined at the points A, B, C and D, we
will find that [CPMT 1988]

D
C
B
A

The voltage V and current 7 graph for a conductor at two different

@ R=R 1%
(b) R>R

() R>R
(

d) None of these

temperatures T; and T, are shown in the figure. The relation

between T; and T, is

[MP PET 1996; KCET 2002]

(@ T, >T,
() Ty =T,
(d) T1 < 'I'2

From the graph between current / and voltage V shown below,

identify the portion corresponding to negative resistance

Current Electricity 1087

(a) AB
(b) BC
©) cD
d) DE

-V characteristic of a copper wire of length L and area of cross-

section A is shown in figure. The slope of the curve becomes

(@) More if the experimepis performed at higher temperature

o
(b) More if a wire of steel of same dimensiortis used
(

c) More if the length of the wire is increased

)
(d)

Less if the length of the wire is increased

E denotes electric field in a uniform conductor, / corresponding
current through it, Vy drift velocity of electrons and P denotes

thermal power produced in the conductor, then which of the
following graph is incorrect

@ ., (b) P

v .
The two ends of a uniform conductor are joined to a cell of emf E
and some internal resistance. Starting from the midpoint P of the
conductor, we move in the direction of current and return to P, The
potential Vat every point on the path is plotted against the distance
covered (x). Which of the following graphs best represents the
resulting curve

e—— X
The resistance R; of a conductor varies with temperature ¢ as
shown in the figure. If the variation is represented by
R, = Ry[1+at + /%], then [CPMT 1988]

(@) « and B are both negative &
(b) o and B are both positive

(
(

o is positive and [ is negative

)
[CBSE PMT 1997] . ¢
) « is negative and [ are positive
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9.

Variation of current and voltage in a conductor has been shown in
the diagram below. The resistance of the conductor is.

o]
5 4
41 f
31 i
2] |
11 g
123 45 6
(@) 4 ohm (b) 3 oFm
() 3 o0hm (d) 10hm
Resistance as shown in figure is negative at [CPMT 1997]
/ T A c
B
(a) A B

() C (d) None of these

For a cell, the graph between the potential difference (1) across the
terminals of the cell and the current (/) drawn from the cell is
shown in the figure. The e.m.f. and the internal resistance of the cell
are

W Volts)
2.0
1.5
1.0

0.5

0
(@) 2V,0.5Q D Gheres)
(€ >2V,050 d) >2v,04Q

The graph which represents the relation between the total resistance
R of a multi range moving coil voltmeter and its full scale deflection
Vis

R R

AN

@0 m ® @

() (i) (d) ()

When a current 1 is passed through a wire of constant resistance, it

produces a potential difference V across its ends. The graph drawn
between log 1 and log V will be

@) (b)

log 7

N

log 7

log V log V

log 7
log 7

log V log V

The V-i graph for a conductor at temperature T; and T, are as

shown in the figure. (T, —T,) is proportional to

@) cos20 "1 "

(b) sind@ T,
(c) cot26

(d) tané@ 0

A cylindrical conductor has uniform cross-section. Resistivity of its
material increase linearly from left end to right end. If a constant
current is flowing through it and at a section distance x from left
end, magnitude of electric field intensity is E which of the following
graphs is correct

@ E b) £
0] X oL—__ s x
© ¢ (d)
E
0] X o S x

The V-i graph for a conductor makes an angle 6 with V-axis. Here
V denotes the voltage and i denotes current. The resistance of

conductor is given by

coséd

coté

(a) sind@ (b)
() tané@ (d)
A battery consists of a variable number ' of identical cells having
internal resistances connected in series. The terminals of battery are

short circuited and the current 7 is measured. Which of the graph

below shows the relation ship between 7and n

i

(@) (b)

o o 7

n
In an experiment, a graph was plotted of the potential difference V
between the terminals of a cell against the circuit current 7 by

varying load rheostat. Internal conductance of the cell is given by




y
@ » (b) =
X
X
() — ) (-2
y
19. V-i graphs for parallel and series combination of two identical
resistors are as shown in figure. Which graph represents parallel
combination
v B
A
@ A ) B
() Aand Bboth (d) Neither A nor B
20.  The ammeter has range 1 ampere without shunt. the range can be
varied by using different shunt resistances. The graph between
shunt resistance and range will have the nature
g f |
2 : S
” f R
o ! 2 3 4 Ampere
(a) P Rangg)) Q
() R d s
For ATIMS Aspirants
Read e assertion anu 1easor LaICI[‘u::)/ {o-TTiarkUTe CoITect UP.L;UII sator

the options given below :

@)
®)
(©

(d)
(©

1.

If both assertion and reason are true and the reason is the correct
explanation of the assertion.

If both assertion and reason are true but reason is not the correct
explanation of the assertion.

If assertion is true but reason is false.

If the assertion and reason both are false.

If assertion is false but reason is true.

Assertion

Reason

Assertion

Reason

Assertion

Reason

The resistivity of a semiconductor increases with
temperature.

The atoms of a semiconductor vibrate with larger
amplitude at higher temperatures thereby
increasing its resistivity [A1IMS 2003]
In a simple battery circuit the point of lowest
potential is positive terminal of the battery

The current flows towards the point of the higher
potential as it flows in such a circuit from the
negative to the positive terminal.

[ANIMS 2002]
The temperature coefficient of resistance is positive
for metals and negative for p-type semiconductor.

The effective charge carriers in metals are
negatively charged whereas in p-type semiconductor
they are positively charged.

[ATIMS 1996]

a.

10.

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason
Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Current Electricity 1089
[S—

In the following circuit emf is 2V and internal

resistance of the cell is 1 Q and R = 1QQ, then
reading of the voltmeter is 1V.
)
N
E2V

|1

I r
r=1Q
R=1Q)
WW

V =E—ir where E=2V, i=§=lA and R =

10 [AIIMS 1995]

There is no current in the metals in the absence of
electric field.

Motion of free electron are randomly.
[AIMS 1994]

Electric appliances with metallic body have three
connections, whereas an electric bulb has a two pin
connection.

Three pin connections reduce heating of connecting
wires.

The drift velocity of electrons in a metallic wire will
decrease, if the temperature of the wire is
increased.

On increasing temperature, conductivity of metallic
wire decreases.

The electric bulbs glows immediately when switch
is on.

The drift velocity of electrons in a metallic wire is
very high.
Bending a wire does not effect electrical resistance.

Resistance of wire is proportional to resistivity of
material.

In meter bridge experiment, a high resistance is
always connected in series with a galvanometer.

As resistance increases current through the circuit
increases.

Voltameter measures current more accurately than
ammeter.

Relative error will be small if measured from
voltameter.

Electric field outside the conducting wire which
carries a constant current is zero.

Net charge on conducting wire is zero.
The resistance of super-conductor is zero.

The super-conductors are used for the transmission
of electric power.

A potentiometer of longer length is used for
accurate measurement.

The potential gradient for a potentiometer of longer
length with a given source of e.m.f. becomes small.

The em.f. of the driver cell in the potentiometer
experiment should be greater than the em.f. of the

cell to be determined.

The fall of potential across the potentiometer wire
should not be less than the e.m.f. of the cell to be

determined.

A person touching a high power line gets stuck
with the line.
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il
Reason The current carrying wires attract t]’lE man towards 41 a 42 c 43 b 44 d 45 c
it 4 d 4 c 48 b 49 b 5 d
]7. Assertion The connecting wires are made Of COPPEI‘. 51 d 52 c 53 d 54 a 55 c
Reason The electrical conductivity of copper is high. 56 d 57 c 58 c 59 d 60 c
61 d 62 ¢ 63 d 64 ¢ 65 ¢
66 ¢ 67 b 68 ¢ 69 d 70 b
n SW e rS M a 72 ¢ 73 a 74 b 75  a
76 c 77 c 78 b 79 c 80 a
81 a 82 b 8 b 84 d 85 d
Electric Conduction, Ohm's Law and Resistance 8 a 87 a 8 a 8 b 90 b
M b 2 ¢ 93 b 94 d 95 a
1 8 2 c 3 b 4 b 5 c 9% d 97 b 8 b 99 d 100 a
6 a 7 a 8 a d 0 ¢ 101 ¢ 102 a 103 b 104 d 105 a
11 d 12 d 13 a 14 c 15 a 106 a 107 b 108 d 109 bc 110 b
16 7 B8 b PR 20 b M1 d 112 ¢ 113  a 114 a 15 d
” B . . B 16 a 17 d 118 ¢ 19 d 120 ¢
121 b 122 b 123 b 124 ¢ 125 b
2% c 27 b 28 b 29 b 30 a
126 a 121 ¢ 128 b 129 ¢ 130 a
K R . ° K R © 131 a 132 a 133 ¢ 134 a 135 b
% b 3% b 38 ¢ ¥ a 4 d 136 b 137 a 138 b 139 ¢ 140 b
“ b 2 b 43 a 4 b 5 ¢ M b
6 a a7 b 48 b 9 ¢ 5 a
51 c 5 ¢ 53 b 54 55 Kirchhoff's Law, Cells
56 a 57 a 58 a 59 (] 60 (]
1 b 2 d 3 c 4 a 5 a
61 a 62 b 63 b 64 ¢ 65 ¢ 5 . 7 - 3 - 3 . .
6 d 67 a 68 b 69 d 70 d I B = P R o I
M a 72 a 73 ¢ 74 b 75 b % o 7 o PR 9 d 2 b
76 Cc 7 Cc 78 Cc 79 d 80 b 21 c 22 c 23 b 24 d 25 a
81 a 82 d 83 b 84 b 85 (] 26 a 27 b 28 b 29 a 30 b
8% b 87 ¢ 8 a 89 a 90 d 31 a 2 ¢ 3 b 3 a 3% a
M a 92 ¢ 93 b 94 a 9%5 b 3% b 37  a 38 b 39 b 0 ¢
96 b 97 c 98 a 99 c 100 d 4 d 42 d 43 d 4 a 45 c
101 ¢ 102 a 103 d 104 b 105 b 46 c 47 b 48 a 49 a 50 d
106 d 107  d 108 a 109 d 10  d 1. b 2 d 3. b %4 ¢ 5  a
M d M2 d M3 a 114 a 115 ¢ % b S c [N a [N d 60 b
16 a 17 a 18 b 19 ¢ 120 a . © i © . © . ® B 2
66 ¢ 67 a 68 d 69 b 70 a
121 d 122 a 123 a 124 d 125 ¢
1 a 72 d 73 ¢ 74 b 75 b
126 b 1271 ¢ 128 a 129 a 130 ¢
7% b 77 ¢ 78 ¢ 79 d 80 d
N c BN " BN 8 a 8 d 8 c 8 c 8 a
Grouping of Resistances Different Measuring Instruments
1 ¢ 2 d 3 a 4 c 5 b 1 a 2 c 3 d d 5 ¢
6 c 7 c 8 b a 10 b 6 c 7 a 8 d c 10 c
1 d 12 d 13 b 14 d 15 b 1 d 12 ¢ 13  d 14 a 15 d
16 d 17 ¢ 18 ¢ 19 b 20 d 16 ¢ 17  a 18 b 19 ¢ 20 a
21  a 2 a 23 b 24 b 2% 21 b 2 b 23 a 24 a 2% a
2% b 27 d 28 d 29 d 30 ¢ 2% a 27 a 28 a 29 b 30 b
31 b 2 d 3  a 34 b 3B c 31 b 2 b 33 b 3 b 35 ¢
3% d 37 d 38 b 3 ¢ 40 b % c 37 b 38 b 39 d 40 b
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45
50

44

49

43

42

4

48

47

46

55
60

54

59

53

52

51

58

57

56

65

64

63

62

61

70

75

80

85

69

68

67

66
7

74
79
84
89
94
9

73
78
83
88
93
98

72
77
82

76
81

90
95

87

86
91

92

100
105
110

97

96

104
109
114

103
108
113

102
107
112

101
106
11

115

120

119

118

117

116
121

125
130
135
140

124
129
134
139

123
128
133
138
143

122
127
132
137
142

126
131

136
141

Critical Thinking Questions

10

15
20
25
30

14
19
24
29
34
39
44

13
18
23
28
33
38
43

12
17
22
27
32
37
42

11

16
21

26
31

35

40

36
4

45

50

49

48

47

46

54

53

52

51

Graphical Questions

10

15
20

14

19

13

18

12

17

11

16
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Assertion and Reason

1 d 2 d 3 b 4 a 5 a
6 c 7 b 8 c a 10 c
11 a 12 a 13 b 14 a 15 a
16 d 17 a

S Answers and Solutions

Electric Conduction, Ohm's Law and Resistance

1. (@)

5 ()
6. ()
7 @
8 (a)

Number of electrons flowing per second

0l _48/16x107° =3x10"
t e
J .
Vy = Py = Vg oc J  (current density)
i 2i i
d A and J, “oAT A Jis o Vg =(Vg)2 =V

Order of drift velocity =10~*m /sec =1072cm /sec
Density of Cu =9 x10%kg/m? (mass of 1 m7 of Cu)

*. 6.0 X 10° atoms has a mass = 63 X 10" kg

.. Number of electrons per n7 are

23
S 00107 L 9x10° =85 x10%
63x10°
i
Now drift velocity =V = ——
Oow drirt velocity d neA
1.1

T 8.5x10% x1.6x10 % x 7 x (0.5 x10%)?

=0.1x10"%m/sec

Because 1 H.P. = 746 J/s = 746 watt

Rocl2 = AR _2AL _ ARo o0 5 01-0.2%
R R
-2
R=A _50x10° x%:lo*m
A (50x102)

Resistivity of some material is its intrinsic property and is
constant at particular temperature. Resistivity does not depend

upon shape.
P 1L+at;) 1 _(1+0.00125x27)
p, @Q+at,) 2 (1+0.00125x )
=1=854°C = T =1127K
| 21 . |
Ry oc —=R, c—ie.R, «c—
PUAT R T2ATT R A

~ R, =R,

. . 2
In case of stretching of wire R oc |

20.

21

22.

23.

24.

25.

26.
27.

= If length becomes 3 times so Resistance becomes 9 times
ie. R"'=9x20=180Q

Resistivity is the property of the material. 1t does not depend
upon size and shape.

Because with rise in temperature resistance of conductor
increase, so graph between V and i becomes non linear.

Because V-i graph of diode is non-linear.

e _V e El

Vg =—X—7 or Vy =—.—7 (Since V = EI)
m | m |

Vg oc E

Resistance of conductor depends upon relation as R oc —.
T

With rise in temperature rms speed of free electron inside the
conductor increase, so relaxation time decrease and hence
resistance increases

. 4
I=—=—=2ampere
t 2

Vqume:AI:B:A:%

| 2
PX pl :>|2_

NOWR:pL33: 3_23
A 3/1 3 P )

ne 62.5x10% x1.6x107"
T= 1 =10ampere

In twisted wire, two halves each of resistance 2Q are in

parallel, so equivalent resistance will be 7 =1Q.

In stretching of wire R oc —

r4
R o7- > px1
A Tax107y

p=22 %1078 ohm-m.

RociDRocioc 1

—-  [d = diameter of wire]
rZ d 2

i=qv=1.6x10"" x6.6x10"® =10.56x10* A =1mA

2
Il R L r7 1 5 (2
Re—=Lt=2lxZ--"x|Z| =1,=20m
2 R I 2 1 1 1
r 2 2 N 2
In semiconductors charge carries are free electrons and holes

Net current inet = i( ) + i(i)

_ele | Nolo
t t

Tnet

n n
=W 2e+Lxe -
t t

=32 X10°X 2 X 1.6 X10° + 3.6 X 10° X 1.6 X 10~
=16 A (towards right)



29.

30.

3

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.
43.

45.

46.

(b)

(d)

(b)

(b)

—_ s =~
o o
= =

In the absence of external electric field mean velocity of free

electron (V) is given by Vo = 3ﬁ = Vi € \/?
m

With rise in temperature specific resistance increases

For metallic conductors, temperature co-efficient of resistance
is positive.

Length /=1cm = 1072m

[ —=

g /
(9]
) / 100 cm
—_
1 cm
Area of cross-section A =1 cm X 100 cm

=100 crm =100 m

-2

=3x10 Q

Resistance =3 X 10" X =
0—2

In the above question for calculating equivalent resistance
between two opposite square faces.

/=100 cm=1m, A=1cm =10 m, so resistance R = 3 X 10

X =3x10 Q

1074
i 20
nAe  10% x10°° x1.6x107%°

Vy = =1.25x10°m/s

Specific resistance k = —

i

I R, I (d, ¥ L (2d)
Roc—oc— Lol 2| =—| = =1

A d? R, I, ld; 4L\ d
= R=R=R
N 1.344
¢ hAe 10 °x1.6x10° x8.4x10%2
=l'3¢=0.01cm/s=0.1mm/s
10x1.6x8.4

1
Internal resistance € ———
Temperatur e
Charge = Current x Time =5 x 60 = 300 C

By R=p/A

R = Vol for first wire and R:A = E for second wire.
4a 4

For semiconductors, resistance decreases on increasing the
temperature.

| |
R=p— —
PN T el A

47.

48.

49.

50.

51

52.

53.

54.

55.
56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

(———=—n
UNIVERSAL
SELF SCORER

Because as temperature increases, the resistivity increases and

Current Electricity 1097

hence the relaxation time decreases for conductors (Z‘ oc —]

el
In V1 graph, we will not get a straight line in case of liquids.
|

R=p—
P

Since R oc1? = If length is increased by 10%, resistance is
increases by almost 20%

Hence new resistance R'=10 + 20% of 10

:10+&><10=12(2.
100

Riso _ [L+a(150)]
Repy  [1+a(500)]

o =0.0045/°C, we get Rgy, = 2580

. Putting Ry5p =133Q and

I 64 x107° x198
R=p—o7="n-— "°°°
Pa~ 2

—XTr

= r=0.024cm

i H H 2
i i J Lo
Current density J = — = — o1y %
A ar o o

But the wires are in series, so they have the same current,
2

. J r
hence i; =i,.S0 %+ =-2
2

J, K

=9:1

\Y
As — = R and R oc temperature
|

R oc 12 = If /doubled then R becomes 4 times.
Temperature coefficient of a semiconductor is negative.
The reciprocal of resistance is called conductance

Potential diflerence
Current

Resistance=

Ohm’s Law is not obeyed by semiconductors.

Drift velocity V4 = ;Vqg does not depend upon

plne

diameter.

Using RTz = RTl [l+0!(T2 _Tl)]
= Ry = Rep[L+ (100 —50)]
= 7=5[1+(ax50)] = a:% =0.008/°C

This is because of secondary ionisation which is possible in the

gas filled in it.

Ry _(@+aty) 50 ~ (1+3.92x107° % 20)
R, (l+at,) 76.8  (1+3.92x107%%)

=1t=167°C

[ i .
From Vy = —— = i oc VgA = i acvyr?
neA

Resistivity depends only on the material of the conductor.
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A particular temperature, the resistance of a superconductor is

zero = G:l:l:oo

R 0

Net current i =i, +i_ =

M)@.) (0)@)
t t

()

. n
= IZ%XE-F—XG

=2.9x10"® x1.6 x107%° +1.2x10% x1.6x107*°
= i=0.66 A

69. (d) If Ebe electric field, then current density j= oE
Also we know that current density j = %

Hence j is different for different area of cross-sections. When ;
is different, then E'is also different. Thus Eis not constant. The

drift velocity Vg is given by V4 = J different for different ;
ne

values. Hence only current 7 will be constant.
70. (d)
71 @ R= plA and mass 17 = volume (V) x density (d) = (A ) d

Since wires have same material so p and d is same for both.

Also they have same mass = A/= constant = | oc —

2 4
_R_L A _[A)l_(L
R, L A A n

4
34 =L = R, =544Q
R, 2r
R A A R
72. (@) R:plj_lz_z(pJ-constant) = 1-_2_7
A Ry Ay A, R
Now, when a body dipped in water, loss of weight
=Vo, g=ALo. g

(Lossofweight), A,

” (Lossofwight), A,
weight.

Q=it=20x10"x30=6x10' C

= 2;s0 A has more loss of

73 (o)
74. (b) Ge is semiconductor and Na is a metal. The conductivity of
semiconductor increases and that of the metals decreases with

the rise in temperature.

ne it 1.6x107° x1

75. b) i=—= n=— =10%.
®) t e 1.6x107"
76. (c) Drift velocity V, i:voclorVocl
. C T veloci = - -_— -
Ve T hen a0 e T g2
vp (do) (d/zj2 1
= | = =] —— :—3Vp =—VQ.
Vg dp d 4 4

77.

78.

79.

80.

81.

82.

83.

84.

85.
86.

87.

88.

89.

90.

oL

92,

93.

Human body, though has a large resistance of the order, of

KQ (say 10kQ), is very sensitive to minute currents even as
low as a few mA. Electrons, excites and disorders the nervous
system of the body and hence one fails to control the activity
of the body.

R, =R, (L +at)
= 42- Ry(1+0.004x100)=1.4R,= R, =3Q.

12 LY (LY (kY
Ro— = Rl:Rz:Raz[Lj (—ZJ (ij
m m, m, m,

:E:g:l =25:3:£:>125:15:1.

1 3 5 5

4 4

R
1 r_z :i:[ﬁj :>R2:£.
R, r R, r n*
R _(@+at) 5 _ (@+ax50) :a:iper oc
R, (@+at,) 6 (@+ax100) 200

Again by R, = Ry(1+at)

= 5=Ry|1+ L x50 |= R, =4Q.
200

i:%:Qv:lﬁxlO’lg x5x10% =0.8mA.
r-iron _ Piron — l><1077 ~
r'Copper pcopper 1.7 Xlo_s

izer=1.6x10""x6.8x10" =1.1x102amp.
Resistivity of the material of the rod
_RA_3x10°7(0.3x107?)
I 1

- 27x10°7Qxm

(Thickness)
(Area of cross section)

Resistance of disc R =

()
zx(1x107%)?

By using R, =R, (L + of)

- 27x10% 7 x =2.7x1077Q.

3xR, =R,(1+4x1073t) = t=500°C..

i=6x10% x1.6 x10™'° =0.96mA.

-19
=M€ L igx103 _Nx1.6x1077 v
t 1
+
_V _100£05 44,0050,
i 10+0.2
Vv I 2 50x1072 I
Rev o pmms 22 p 20%X20 o _1x107%0m.
i PAT d T Py 7
izngzQ:ﬂ:M:moc.
R t R 10



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

no.

m.

nz.

n3.

n4.

(b)
(b)

(b)

(d)
(d)

Vy

2 2
R |
ROC|2:>—1: 1 :}izl :4:>R2=E_
R, (1,) R, \I2 4

_ i _ 40
neA 102 x107% x1.6x107%°
- 2.5x103m/sec.

d

i 5.4

" nAe 8.4x10%8 x107° x1.6x107%°

Va

- 0.4 x10%m/sec = 0.4mm/sec.

2
Rl _ Il
R, I,
1 L
R oc =; where 7 = Relaxation time.
T

2
- E{i) -1 _Rr,-1600.
R, (20) 16

When lamp is switched on, temperature of filament increase,
hence 7 decrease so R increases

R=91x10% ~9.1kQ.
2 |2 |2 IZ
Roec— =R, :R,:Ry;=—: 223
m m, m, m,
9 4 1
= R, R, !R3=—:1—:1==27:6:1.
S T I
-3
n= 2107 625,10,
1.6x107%
. ; 2
Vy = =V, ochlzlix I‘_Z :>v':1
CThenr P2 TV 0, iy 2
4 4
Ry (1, R (3r/4 81 256
_— = — = — =| — :_:RZZ_
R, rn R, r 256 81
i 8
nAe  8x10% x(2x107°)? x1.6x107%
- 0.156 x10 °m/sec.
Specific resistance doesn’t depend upon length and area.

Heating effect of current.

Rar?  4.2x3.14x(0.2x107°)°

I= 8
P 48x10

1.1m

For conductors, resistance o Temperature and for semi-

1
Temperatur e

conductor, resistance oC

If suppose initial length |, =100 then |, =100+100 =200

2 2
R (L] _[19]' o, ag,
R, I, 200
—x100 = R

AR LRlxlOO:AR

AR =Ry %100 = 300%.
R R, R,

Ammeter is always connected in series and Voltmeter is always
connected in parallel.

5.

6.

n7.

ns.

1no.

120.

121

122,

123.

124.
125.

126.

127.

128.

129.

(d)
@

Q)
(d)
()

@)

@

(b)

()

UNIVERSAL
SELF SCORER

Current Electricity 1099

Same mass, same material 7.e. volume is same or A/= constant
IR L A (A)(d)
AIso,R:p—:—lzix—zz 222
A R, I, A A d;

4
- 214 16 = R,-150.
R, |d2

I =neg, +Nn,0, =1MA towards right

As steady current is flowing through the conductor, hence the
number of electrons entering from one end and outgoing from
the other end of any segment is equal. Hence charge will be
zero.

Conductance C = i = A:c oc l
R A |
. dQ . to. 5
= = dQ=idt= Q =jtl|dt:j0(l.2t+3)dt

2 5
|22 | =30c
2 0

4 4

R r

In stretching, —2 | L :& = E =R, =16R
R, r, R 1

R'=n’R=R'=16R

Significant figures Multiplier
Brown Black Brown
1 0 10

. R=10 X 10 =100 Q2

2 2
R o L = & = I_z X rl_ = E X l = l
r? Ry I 2 1 2 2
Rl . . !
= R, = - specific resistance doesn't depend upon length,

and radius.
. i 100
By using Vg =——=
NeA  10% x16x107% x%x(o.oz)2

=2x10"*m/sec

| |
R o — - For highest resistance - should be maximum,
r

which is correct for option (a)

Red, brown, orange, silver red and brown represents the first
two significant figures.

Significant figures Multiplier Tolerance
Red Brown Orange Silver
2 1 100 +10%

. R=21x10°% +10%
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R | 2 2
130.  (c) Instretching R oc 12 = 2= 2—2 = Ry = (Ej
Ry | R, 1
=R, =4R,. Change in resistance =R, —R; =3R;

Change in resistance 3R, 3
ow, ==

Original resistance R, 1

2
R I
1BL () —=L=|-2L]|,1f1l, =100 then /=m0
R2 IZ
2
R 100
= Ll=|—| = R,=121R,
R, 110
R, -R
% change —2——21x100 = 21%
Rl
132. (b)
. |
133. (c)  Resistance = p —
R | A
R b A _2 3 5.5
R, p, I, AL 3 4 4 8
Grouping of Resistances
1 (c) The given circuit can be redrawn as follows
A 3Q 50 8 50
2/3V 2/3V 2/3V
N
L
2V
A 50 s D 50 €
For identical resistances, potential difference distributes equally
among all. Hence potential difference across each resistance is
2 4
EV, and potential difference between A and Bis — V.
2. (d) Equivalent resistance of parallel resistors is always less than any
of the member of the resistance system.
3. (@) Each part will have a resistance =R /10

Let equivalent resistance be Iy then

i:—+—+— .......... 10 times
R
LA 1010 100 R 501
'y r R /10 R 100
(30 +30)30 60 x 30
. R. . = = =20Q
4. (c) equivalent (30 + 30) + 30 90
Y 2 1
Sol=—=—=——ampere
R 20 10
. R
5. (b) Resistance of parallel group = E
) ) R
.". Total equivalent resistance = 4 x — = 2R

1
6. (c) Resistance of 1 ohm group = — = EQ
n

This is in series with — Q) resistor.

.". Total resistance = g +% = %Q =1Q

Lowest resistance will be in the case when all the resistors are
connected in parallel.

1 1
1 01

|
+

o

=10+10....... 10 times

=100 je R =i
100

|~ |~ TP

2
8. (b) Resistance across XY = —Q

Total resistance 20 2V :
=2+ 2_8 Q 2Q
3 3 X Y
Q
Current through ammeter Ny
2Q
_ 2 _6_3,
8/3 8 4
9 (a) Equivalent resistance of the combination
(2 +2)x2 E B
2+2+2

WW
20
10. (b) n parallel, X = R =nx
n
In series, R+ R+ R ... ntimes = nR= n (nx) = nx
n. (d) The circuit reduces to
3Q
39% % 3Q
WW
9x6 _9x6 f8
Rpg = =2 = 2 =360
9+6 15 5
12. (d) As resistance oc Length
. 12
Resistance of each arm =—=4Q
4x8 8
= Reffective=——=—Q
effective 4+8 3
13. (b) Given circuit is equivalent to
{60 30 A 30 c
—WWH
60
A W c = 3Q §
3Q
3Q 3Q
WW WW
B B



So the equivalent resistance between points A and B is equal to

6x3
R=""-20
6+3
14. (d) Potential difference across all resistors in parallel combination
is same.

15. (b) Current through each arm DAC and DBC =14
Vp—-Va=2and Vp —Vg =3 = V, —Vg =+1V

16. d) R,,:r+£=z
- 2 2
R;R
17. (¢) 1f resistances are R; and R, then —12 =§ ..... (i)
R, +R, 8
Suppose R, is broken then R, =200 .. (ii)
On solving equations (i) and (ii) we get R, =6/5Q
18. () WW MWW
AWW — —VW—
WW WW
WW
19. (b) _Em'é\ﬁ\!!\ﬁﬂ'rﬁzmp?lﬁve same Vitage. W Wy
20. (d) Rges =Ri+Ry +R3+...
21 (@) C t lied by cell i ! A
. a urrent supplie cell i=——=—
PP Y 2+3+5 5
2Q 3Q 5Q
;
I
I |l
2V
. . 3x1
So potential difference across 3 will be V = =0.6V
22. (a) According to the problem, we arrange four resistance as

follows A

10Q2 100
Equivalent resistance = 2020 =10Q
40
RiR,
23. (b)) R +R, =9 and =2 = RR, =18
1+ Ry
R, —R, =y(R, +R,)> —4R,R, =+/81-72 =3
R, =6Q,R, =3Q
L 15
24. b) i +i, =——=1am
(b) I +1, 3/2 p
10 2Q)
WW
3 3Q

————
Current Electricity 1101 m

ip 3 L . .
—=— =i =i, .. i,=05A=i
i, 3 1 =1 2 1
6 12x6
25. V, -V, =| -+ 0.5)=(2+4)(0.5)=3V
5. () V, =V, (3 12+6j( )=@2+4)(0.5)
26.
I 6Q
6QZ . 18024%12
AB ™= =
(24 +12)
27.  (d) The network can be redrawn as follows
3Q 3Q 3Q
A o — \WN— VW——VW\—e B

= Ry =9Q

28.  (d) Let the resistance of the wire be R then we know that
resistance is proportional to the length of the wire. So each of
the four wires will have R/4 resistance and they are connected
in parallel. So the effective resistance will be

i:(i 4 =R, :ﬂ
R, R 16

4x4+6x6
4+4 6+6

=50hm So the

29. (d) Equivalent resistance =

2
current in the circuit = = =4 ampere Hence the current

flowing through each resistance = 2 ampere.

30. (c) Let the resultant resistance be R. If we add one more branch,
then the resultant resistance would be the same because this is
an infinite sequence.

erlQ X
A YWWA
R,=2Q R
—
Be Y
RR
2_4+R,=R=>2R+R+2=R? +2R
R+R,
=R?-R-2=0=R=-1or R=20hm
31 (b) Cut the series from XY and let the resistance towards right of

XY be R, whose value should be such that when connected

across AB does mnot change the entire resistance. The
combination is reduced to as shown below.

E R y, — R R R
/4 .........
R R R R
Be—Lapn—Y | AppA—Loooo__C
FR Y R R R D
R
E
A
= R Rn
B
F
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The resistance across EF,= R = (R, + 2R)

R, +2R)R R, R +2R?
Thus R,g = R0 T2RR_ RoR+2RT o
Ry +2R+R Ry, +3R

= RZ +2RR, —2R? +0 = R, = R(/3 - 1)

The last two resistance are out of circuit. Now 8Q is in

parallel with 1 +1+4 +1+1)Q.

~R=8Q)| 80:%:40 = Ry =4+2+2=8Q

32. (d)

33. (a) The given circuit can be simplified as follows

20

151/-[
60 =

80 Seees

0.5Q

On further solving equivalent resistance R =15Q

1
Hence current from the battery 1= 3 =1A

34. (b) The circuit will be as shown
(1%

i=—=2A

50
-
4
35. (c) —

The current in the circuit = 5— =

+1 3

Now VC_VE :%Xl = Vi Z—%V

36. (d) According to the figure, (I-1;)R, = 1R

1-14

— > W—
R,
I
W]
R

* |
Only two values satisfying the above relation are — and R

37. (d) Effective resistance between the and B is

rR=-32_8¢
12 3

points A

10

38. (b) RquSQ, Current iz?ZZA and current in each

branch = 14
2 10 3Q

39.

40.

41.

42,

43.

44.

45.

46.

()

(b)

(b)

(d)

()

(d)

Potential difference between Cand A,

Ve —V,=1x1=1V ... @)
Potential difference between Cand B,
Ve —Vg =1x3=3V .. (ii)

On solving (i) and (ii) V, —Vg =2volt
Shot Trick : (V, — Vg) = %(R2 “R)= %(3—1) —2v

1 11 1 3
=y ==
R 1 1 1 1
Now such three resistance are joined in series, hence total
1 1 1
R==+=+==10hm
3 3 3
To obtain minimum resistance, all resistors must be connected
in parallel.

= R:lohm
3

r
Hence equivalent resistance of combination = 0

For same material and same length
R A

Re_A 3 R, = 3R,
R, A, 2

Resistance of thick wire R; =10Q
.". Resistance of thin wire R, =30Q

Total resistance in series = 10 + 30 = 40 Q
Similar to Q. No. 30

2xR

R=2+2+ = 2R+R?=8+4R+2R
2+R

:41\/16+32 _240J3

= R?-4R-8=0 = R

2
R cannot be negative, hence R =2+ 2\/5 =5.46Q
P.d. across the circuit =1.2x 6 Xj =2.88volt
Current through 6 ohm resistance = % =0.48A

Three resistances are in parallel.
1 1 1 1 3
L=+

R

R R R R

The equivalent resistance R'= 3 Q

R, xR

Similar to Q. No. 30. By formula R =R, +
R, +R

1xR
1+R

~ R=1+ = R’+R=1+R+R

+ +
— R?_R-120 or R=12¥1*4 _1x45

2 2
1445
2

Q

Since R cannot be negative, hence R =

Rl



47.

48.

49.

50.

52.

53.

Hence every new piece will have a resistance 1— If two
pieces are connected in series, then their resistance
2R R
10 5
If 5 such combinations are joined in parallel, then net
. R R
resistance = =—
5x5 25
(c) 60
—_
6
Req = E =3Q 6Q)

_ %0 _,a
(B5+7+10+3)

Potential difference between Aand B V, —Vz =2x12

(b) Current in the given circuit | =

= V,-0=24V = V, =24V
(b) 1fall are in series then Ryq =12Q

If all are in parallel then R, = %Q =1.33Q

If two are in series then parallel with third, Req = % =26Q

If two are in parallel then series with third, Req =6Q
(d) Equivalent external resistance of the given circuit Rqq =4 Q

E 10

Req+r:(4+1):

Current given by the cell i=
i 2
Hence, (V, —Vg) = EX(RZ -R))= 5(2 —-4)=-2V.

R
(d) Resistance of each part will be —; such n parts are joined in
n

R

parallel so Ryq = —-.
n

() Let equivalent resistance between A and B be R then
equivalent resistance between Cand D will also be R.

AT ’V]é\)/\/ TC
R §]Q R
Bd AW ° D
R=—R 42-Ror R2-2R-2=0
R+1
+
. Ro2EVA+8 “24+8:\/§+1

(d) 6 and 6Q2 are in series, so effective resistance is 12(2 which is

in parallel with 302, so
1 1 1 15 36
- + = R =

= —_ —_— —_— = —_—
R 3 12 36 15

Current Electricity 1103

9
|

Y _A8x15
R 36

54. (a) Equivalent resistance of the circuit R = %Q

.. Current through the circuit i= V.3 _ 2A

R 3/2
Rmax 2
55. (¢) Ry =NR and R,;,=R/n = —/%=n
min

56.  (d) According to the principle of Wheatstone’s bridge, the effective
resistance between the given points is 4Q.

57. (o)

58.  (c) Current through 6 resistance in parallel with 3Q) resistance =

04 A

So total current = 0.8 + 0.4 =12 A

Potential drop across 4Q0=1.2x4 =48V

59. (d) Two resistances in series are connected parallel with the third.
1 1 1 3
Hence —=—+—=— = Rp :EQ
R, 4 8 8 3
60. (c) Resistances at C and B are not in the circuit. Use laws of

resistances in series and parallel excluding the two resistance.

61 (d) After simplifying the network, equivalent resistance obtained
between A and Bis 8Q.

62. (c) The circuit consists of three resistances (2R, 2R and R)
connected in parallel.

63.  (d) Resistance across the battery is

1 1 1 2+1 3 2
—_— 3 —= :—:>Rp:29:>|:—:1A
R, 3 6 6 6 2
64. (c) The voltmeter is assumed to have infinite resistance. Hence (1 +
2+1) +4=8Q.
R 1
65. c) R=—=—=0.1Q
© n 10
66. (c) The given circuit can be redrawn as follows
20
20 20 2Q 1Q 2Q
=S WW—WW—AWW\~
20
= R =5Q.
R,R 4 x4
67. (b) Rug =R, +—23 1R, -2+—"" 12-6Q.
R, +R; 4+4
68. (c) Let equivalent resistance between A and Bis R, so given circuit
can be reduced as follows
R R R
T AW\ WW MWW——-------
R 2R 2R RS =
by T T T
R
A
= R 2R R

Be




104 Current Electricity

, = Rpg =5Q.
R=R+20*R_ g2 _prr_2r?=0 o 2
(2R +R) 75. (@) R; :%and R, = % -Inseries Ryg =R + R,
On solving the equation we get R'=2R.
R ) 8 2 Pea.(li +12) _ pily + Pals - = pili + poly .
69. (d) RAB=§+R:§+2=§=2§Q. A A A . l, +1,
76.  (c) The figure can be drawn as follows
70. (b) i= E =05= 10 = 10=05R+15= R=17C). 100 Q c
R+r R+3 o—ww
71 (@) Equivalent resistance R =4 + 3x6 _ 6Q and main current
’ d - 6 100 2 § §100 Q
i= E = 3 =0.5A
R 6 W B
Now potential difference across the combination of 3Q and A 100 Q
3x6 :200X200 ~1000
6Q), V=0.5x(m)=1V0lt AC —200+200 .
The same potential difference, also develops across 3Q2 77. ()
resistance. 10 10 10 10 10
72. (¢ ; A —WWW AW MWW
104Q .
72 4 RAB=2+1:219.
e 1723 3 3
30V 10402
10402 78. (b) p-—same, |-sane, A, = %Al (@, = %)
ivalent resi r-10+2 150 | R _A_R 1
Equivalent resistance = + ? = By using R= p—= 1 _ M2 . Mo = - Rl =20
A R, A 8 4
Current 7= S0 =2x107% A R,R, 2x8 8
15 Hence, Req = =————=—
R,+R, (2+8) 5

Hence, potential difference between A and B

2%10°3 79.  (c) The given circuit can be simplified as follows
v :[TJ x10x10° =10 Volt

10Q
o 30 WW
73. (@) Equivalent resistance R = 5 =1Q 3Q R Q
IAYIAYIAY 14 AYIAYIAY IAYIA 10Q
I 20 AW
oV —.
- §9Q§9Q§9Q§ 9Q §9Q§9Q§9Q §9§2§9§2 _ r 0
P WW
9 L&) R:3+10X(3+R)+:Ré+30+10R
Current 1=-=9A 10+3+R 13+R
Current passes through the ammeter = 5A4. R 39+3R+30+10R _ 69 +13R
74.  (b) The figure can be drawn as follows - 13+R T 13+R
P A 13R+R? =69+13R = R =+/690Q.
/ 80. (a) The circuit can be drawn as follows
{0 A
\ 5Q =
3Q 3Q
A
A B
10Q i
B MW C
I 30
10Q /
AW |
= 21 :
MWW
B A 1002 B

10Q



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9

(d)

(b)

(b)
(b)

Equivalent resistance R = M =20
3+(3+3)
Current i=E=1A. So, iy =1x 3 :lA, 92.
2 3+6) 3
NETT 1 93.
Potential difference between A and B = 3 x 3 =1volt.
1 :l+£+l_4+2+l Ry =20
Rq 2 4 8 8
The given figure is balance wheat stone bridge.
I = E + 1 = R=3Q
12 4 R
Suppose resistance of wires are R; and R, then
R;R
S__RiRy Ry breaks then R, =20
5 Ry +R, 4.
2xR
Hence,§= ks =R, =3Q. 95.
5 2+R,
Potential difference across PQ ie. p.d. across the resistance of
20€2, which is V=7 x 20
and i= 48 =0.16A
(100 +100 + 80 + 20)
.. V=0.16x20=3.2V.
C Series
JEUSEEEEA _/_7_‘1‘00+60 =160Q2
100Q 600" '
. |
+
A AV 3 96.
4002
A A
20Q) 20
20 = 20 § § 20
20 200
B B
2x2 97.
Rpag =——=1Q.
242
Given circuit is a balance Wheatstone bridge circuit. 98.
: . . R
All of three resistance are in parallel So, R'=R/n = 5 .
R OZR. 4R, P2l :p_1|+p_2|:>p _Ptp 9.
eq 1 2 A A A eff. 2 .
100.

Two resistance are in ratio 1: 2 and third resistance is R

1 1 1 3( R
So, —+—+—=1l=X==| ——
Xx 2x R 2\R-1

()
(b)

(d)

(b)

(b)

(d)
@

Current Electricity 1105

As, resistance is not fractional => —— =2

R-1
= x=3,R=2,2x=6

Hence, the value of largest resistance = 6C).

R=BD3 oo i-3_1sa.

B+3)+3 2
Given circuit is a balanced Wheatstone bridge circuit, hence it
can be redrawn as follows

12Q0
WW
b
——e
WW
6Q2

The given circuit is a balanced wheatstone bridge circuit. Hence
potential difference between A and Bis zero.

In the following circuit potential difference between

Cand Ais Vo =V, =1x4=4 .. @)

1A 4Q A

IR T 0 T T0)
Cand Bis Vo -V =1x16=16 ... (i)
On solving equations (i) and (i) we get
V, — Vg =12V.

As resistance o€ Length

12

.". Resistance of each arm = — =4 Q)

4x8 8
* R o _2%X% 94
effective 4+8 3
o 12 _&a
1+1)+0.4
By balanced Wheatstone bridge condition E = i
X 05
= X = g =20
4
Current through 2Q =1.4 & _
(10 +2)+(25+5)

Since the given bridge is balanced, hence there will be no
current through 9Q) resistance. This resistance has no effect
and must be ignored in the calculations.
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101.

102.

103.

104.

105.

106.

9x18
Rag = =2 _60Q
AB T 27

(c) Potential difference between B and D is zero, it means

Wheatstone bridge is in balanced condition

+
B8+ X)

(@) This is a balanced Wheatstone bridge. Therefore no current will

flow from the diagonal resistance 10 Q

(10+10)x(10+10)
(10+10)+(10+10)
(b) This is a balanced Wheatstone bridge circuit. So potential at B

and D will be same and no current flows through 4R
resistance.

*. Equivalent resistance =

(d) The equivalent circuits are as shown below

ﬁii?} ¥

C]ear]y, the &rcuit is aPbalanced Wheatstone Bridge. So
effective resistance between A and Bis 2Q).

(a) By the concept of balanced Wheatstore bridge, the given circuit
can be redrawn as follows

= Ry =—22Y"27950 0
AB 7 (30 +60)

a) The given circuit is a balanced Wheatstone bridge type, hence
g ge typ
it can be simplified as follows

107.

108.

109.

no.

n2.

n3.

n4.

ns.

6.

(b) Let current through 5Q) resistance be i. Then

ix25 = Ql—ouk:|:%%x21 0.6A

(d) Let the value of shunt be r. Hence the equivalent resistance of

branch containing S will be

+r
In balance condition, P = w . This gives I = 8Q
b, . a
R R Wwwh
B R D B R D
WWA = e — W1
\\}%u\\v//Nﬁ/// .
A YW
t 1. 1.t _R
Rep 2R R 2R ®°7 2

Between A and C circuit becomes equivalent to balanced
Wheatstone bridge so R, = R.

.1
b) 1o —
(b) R
(d) Equivalent resistance between Pand Q
! = ! +£+ ! 2RPQ:EQ
Reg (6+2) 3 (4+12) 25

Current between Pand @ i=1.5A
So, potential difference between Pand Q

48
Vpg =1.5x % =2.88V.

(c) Given circuit is a balanced Wheatstone bridge i.e. potential
difference between B and D is zero. Hence, no current flows
between Band D.

(a) The given circuit is a balanced Wheatstone bridge, hence it can
be redrawn as follows

=

“T(7+14) 3
(a) For a balance Wheatstone bridge.
A = b = 10 *— (Unbalanced)
B C 5
Azgzizi: A'=5Q

B C 5 4
A'(5Q) is obtained by connecting a 10Q) resistance in
parallel with A.

(d) Given circuit is a balanced Wheatstone bridge circuit. So there
will be no change in equivalent resistance. Hence no further
current will be drawn.

(@) No current flow through vertical resistances

3Q 3Q 3Q 9Q
A B A B
=
3Q 3Q 3Q 0Q
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R N 3R
RO(R..)_3%2 3
Rgr=—|l | =+R|==+%- =—R
o 3”[2 ] R,3R 11
9 3 2
Ras =50 Hence it is clear that Rpg is maxi
2 ence it 1s clear that Rpg 1s maximum.
Nn7.  (d) The given circuit is a balanced Wheatstone bridge. 127. (c) Given circuit can be redrawn as follows
m8.  (c) The given circuit can be redrawn as follows 150
6V.— —_— 6V
1.5Q 1.5Q
J_ _ 6 _ 4 A
= =6V 3Q 30 = 1= E -
Equivalent resistance between A to Bis R. -|-
19. d) Equivalent resistance of the given circuit is 3Q. . 2
@) Eq & i, R, I, (n 3(2) 1
128. (b) =—== =—|=| ==
120. (o) 2 2 i, R, I, |n 4\3 3
129. [
) ) © )
A % R B — A
2 R R=4Q) = R4Q
R R
Hence Ry, = E B B
3 1 1 1 1 1.1 1 19 20
121 (b) 130. (a) =St —t—=-+—+- =R =—Q
’ Rq R R, Ry 2 4 5 20 19
b balanced brid P_R
122.  (b) For balanced Wheatstone bridge 6 g 13l (a) Equivalent resistance of the given network Ryq =75Q
- 12 _x+6 . _ 60 i R(50Q) R(50Q) i
@’2) @/2
123. (b) For maximum energy equivalent resistance of combination
should be minimum. 500
. .. 10+R; 50
124.  (c) For first balancing condition =—
R, 50
= R, =10+R;. For second balancing condition .. Total current through battery i = %
R, 4 R
R R 2 g _20 3 3
R, 60 10+R; 3 i, =i, = —
125. (b) Given R =6Q. When resistor is cut into two equal parts and 75x2 150
connected in parallel, then 3 60 3 60 2
Current through Ry = —X——=—x—=—
R :R/Z 25222159 150 (30+60) 150 90 150
2 4 4 7 2 ’
126. (a) Resistance between Pand Q V, =iy xRy =——x30==V =04V
150 5
5
Rx—R . 10 10
Roo = R|| R.RY_ 6 _5p 132 (@) i= = =5A
PQ 313 5 11 1.5+ 1) 15+05
R+—R
6 133. (¢
Resistance between Q and R Parallel s/:\'x‘%‘\\
R “ 4R ! M 20 20 20
P — | i AW\ —e —AAWWWN—WW\——
RR:E” RiR|_2 3 _4np Ve =
R 72 3) R_4R 11 W
2 3 Req = 4Q o

Resistance between Pand R @)

134. The equivalent resistance between Cand D is
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|

1 1 1 1 2 R':%:I.SQ

= — —_ —=— 0

R 6 6 3 3
Now the equivalent resistance between A and Bas R'=1.5Q
and 2.5Q are connected in series, so

R"'=15+25=4Q

Now by ohm's law, potential difference between A and B is
given by V, —V; =iR=2x4.0 =8 volt

135. (b) The given circuit can be redrawn as follows

current | =—
R

136. (b) The given network is a balanced Wheatstone bridge. It's
18

equivalent resistance will be R = =

So current from the battery iZX:L:ﬂ
R 18/5 18
R/2 R
137. = Rpyp=—-=—
(a) AB 2 4 Ra
Al R/ B
. i R
138.  (b) |oci:_i=—2:>5=(R+2):>R:sQ
R i, R 4 R

139. (c) In given circuit three resistance R,, R, and Rj are parallel.

1 1 1 1

i1 1. 1.1 R
R R, R, R,
1 1 1 /
=t R, R,
50 50 75 E
 75+75+50 T
50x75
__50x75 _50x75 75 oo
75+75+50 200 4

This resistance is in series with R;

Rresutant = Ry + R =100+18.75 =118.75Q

140. (b) When resistances 4Q and 12Q) are connected in series
=4+12=16Q2

When these resistance are connected in parallel.

1 1 1
=—+— => R;

1 _4x12 4x12
Ro 4 12

T 4+12 16

3Q

141.

12

(b) Since voltmeter records 5V, it means the equivalent. Resistance
of voltmeter and 100 ) must be 50, because in series grouping
if resistances are equal, they share equal potential difference. 1t

conclude that resistance of voltmeter must be 100 Q.

Kirchoff's Law, Cells

(b) For no current through galvanometer, we have

_B X=E = _ 12 X=2 = X=100Q
500+ X 500+ X

d) Since E,(10V)> E,(4V)

So current in the circuit will be clockwise.

1Q

, E . B 0 b
[[2% 4V
C
3Q
MWW

Applying Kirchoff's voltage law
—-1xi+10-4-2xi-3i=0 = i=1A(atobviae)

vV 10-4
oo Current = — =——=1.0ampere
R 6
(c) For maximum power, external resistance = internal resistance.
@) 09(2+nN=037+N=>6+3r=7+r=>r=05Q

(a) Since both the resistors are same, therefore potential difference

=V+V=E :V:%

(b) Let the current in the circuit =i= R

Across the cell, E=V +ir=r=

E-V E-V (E-V
i V/R \Y
(@) For maximum energy, we have

External resistance of the circuit

r
= Equivalent internal resistance of the circuit 7e. R = —

(a) Kirchhoffs first law is based on the law of conservation of
charge.

(b) Kirchhoff's second law is based on the law of conservation of
energy.

(a) According to Kirchhoff's first law
At junction A, iAB =2+2=4A
At junction B, iAB = iBC -1=3A

2A A

1.3A

A B

2A
t

At junction G i= iBC -1.3=3-13=1.7 amp
() In charging V> E
(d) In open circuit of a cell V= E



20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

(©)
(d)

(b)

(b)

(d)

(b)

Zero (Circuit open means no current and hence no potential
difference across resistance).

Zero (No potential difference across voltmeter).

Let the em.f. of cell be E and internal resistance be r. Then

5. E
(r+5)

= and
r+2)
On dividing, 2 = S+r = r=1Q
2+r

In short circuiting R= 0, so V=0

Short circuit current ige =E =3 =£ = r=0.5Q
r r
i—20 250 _10-5 110
R+r 4.5 4.5
@+ni=22 .. 0)

and 4i=2 = i=l
2

Putting the value of 7in (i), we get r= 0.4 ohm.

Let the internal resistance of cell be 7, then

- 15
R+r 0.04 +r

The voltage across cell terminal will be given by

_ E <R - 2
R+r (3.9+0.1)

E =2.2volt, V =1.8volt,

r=[E 1r=[%2 _1]x5-110
Y 1.8

In parallel, equivalent resistance is low | i =

= r=0.06Q2

x3.9 =195V

R=5R

1 .
Internal resistance oc distance oc —— oc concentration

nE
R+nr

Total em.f. = nE Total resistance R+ nr= i =

Current through R is maximum when total internal resistance
of the circuit is equal to external resistance.

Cells are joined in parallel when internal resistance is higher
then a external resistance. (R <<r)

. E
1= r
R+—
n
. - 2E
In series , I, =
2+2r
. E 2E
In parallel, 1, = =
24— 4+r
2
Since i =1, £—£:r=29
4+r  2+2r

Applying Kirchhoff law
2+2)=0.1+0.3+0.2)i = i:23_0A

30.

3L

32.
33.

34.

35.

36.

37.

UNIVERSAL
SELF SCORER

Current Electricity 1109

Hence potential difference across A

20 4

= 2—0.1><? =§V (less than 2V)

Potential difference across B =2 —0.3 x 23—0 =0

Here two cells are in series.
Therefore total emf = 2,
Total resistance = R + 2r

2E 2x1.45 29 29
i= = =——=—=1.611amp
R+2r 15+2x0.15 1.8 18
E=V+ir

After short-circuiting, V =0; =r = E = % =0.5Q
|

By Kirchhoff's current law.

For power to be maximum

External resistance = Equivalent internal resistance of the
circuit
. E 15
I=—=——=30A
r 0.05
12

i= =2A
4+2)

Energy loss inside the source = i’r = (2)? x2 = 8W
V, -V, =E-ir=5-2x0.5 =4volt
= V,=4+V, =4+10=14volt

If m = Number of rows

and 7 = Number of cells in a row

Then mx p=100 .. (i)
nr
Also condition of maximum current is R = —
:25:1X—n =>n=25m . (ii)
m
On solving (i) and (ii) m=2
According to Kirchhoff's law icp =1, +i;
. - [ E ]
Since I=| —— |, we get
R+r
E
05=—— .. i
2+r @
E
025=——+ .. i
5+r 9
S " 5+4r
Dividing (i) by (i), we get 2=—— = r=1Q
2+r
E
©05=—— = E=1.5V
2+1

r
Because Eeq =E and e :E

In parallel combination E,q = E =6V

Suppose current through different paths of the circuit is as
follows.

28Q2 5400
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After applying KVL for loop (1) and loop (2)

We get 280, =—6-8 = i, :_%A
: 1
and 54, =612 = Iy =~ A

S 5
Hence I3 =i; +1, :_EA

5X +2x10

43. d) Vyg=4=——"""—= X=20Q

@ Vee X +10

44. (a) After short circuiting, R becomes meaningless.

45. (¢) V=E-IR=15-10x0.05=14.5V

46. (c) Inseries i= _nE_ = 0.6 = _nx15
nr+R nx0.5x20

47. (b)

48. (a) Pzﬂ:Vizvz_ﬂ:&:lSSV

t it 2x6x60

49. (a) Applying Kirchoff's voltage law in the given loop.
p 1Q 4V 8V 50 Q
4V
9Q
MWW

—2i+8-4-1xi-9i=0 = i:%A

Potential difference across PQ = %x 9=3V

50. (d) Because cell is in open circuit.

51. (b) In parallel combination Egq = E =12V
52. (d)

. E 6
53. b) i=—=—=12amp.
(b) ~ =05 p
54. (c) Strength =5 % 18 = 9Q0AH.
E 5

. P
5. (@) R+r 45405

V=E-ir=5-1x0.5=4.5Volt

56. (b) The circuit can be simplified as follows

B AV ¢
. 30Q2
A X
i ]
A 1—(—/\NV\«—| —<—D
40Q2 4oV
I

"MW\ |— E
40Q 8oV
Applying KCL at junction A
=i+, .. (i)
Applying Kirchoffs voltage law for the loop ABCDA
—30i; —40i; +40=0
= —30i, —40(, +i,)+40=0

= T7i+4i,=4 .. (ii)

= n=10

57.
58.

59.

60.

61.

62.

63.
64.

65.

66.

67.
68.

69.

()
@)

(d)
(b)

()

()
(b)

@

Applying KirchofPs voltage law for the loop ADEFA.
—40i, — 40i; +80+40=0

= —40i, —40(, +i,)=-120

= ip+2i,=3 .. (iii)

On solving equation (i) and (iii) i; =—0.4A.
V=E—ir-12-60x5x1072=-9V.

Applying Kirchoff's voltage law in the loop
10Q2 14

I —ww
2V 200
-10i+5-20i-2=0 = i=0.1A
V=E-ir=15-2x0.15=1.20Volt.
E 4

i= =1l=—=r=20Q
R+r 2+r

Short circuit when terminals of battery connected directly then

current flows which is igc =—=%=2A.
r

o 2+2 4

1+1.9+09 3.8

For cell A E:V+ir:>V=2—%><1.9=0.

By using | E

usim; =

Y € R+r
E .

=05=— = E=55+05r .. @)
11+r

and 0.9 = = E=45+09r .. (i)
5+r

On solving these equation, we have I =2.5Q

W=qV=6x10°x9=54%x107°J.
2

\%
P= ; for Pto be maximum Req should be less. Hence
eq
option (a) is correct.
2 2
P . = E” _ —(2) =2W

"X 4r 4x05

Applying Kirchhoff law in the first mesh

10=5><i:>i:%:2A

Applying Kirchhoff law in the first mesh
10=5i, +i .. (i)

§ 40 @
50 ~




70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

@)

(d)

()

(b)

(b)

(b)

()

(d)

Applying in the second mesh

51, =4i-4i, .. (ii)
. L .. .40
Solving equation (i) and (i), we get I} = 20
Given problem is the case of mixed grouping of cells
So total current produced i = nE
nr
R+—
m
Here m =100, n =5000, R =500
E=0.15V and r=0.25Q
. 5000x0.15 750
= j= = ~15A
500 + 5000%x0.25 512.5
100

Dischargirg energy
Charging energy

Watt hour efficiency =

_14x5x15

= =0.875 =87.5%
15x8x10

From Kirchoff's junction Law
= 4+2+i-5-3=0=i=2A

In the given case cell is in open circuit (7 = 0) so voltage across
the cell is equal to its e.m.f.

The internal resistance of battery is given by

ro[E_1lR=[29 1)xg 22¥10 54
Vv 30 30

i——F L p_PR=P-=
r+R

E’R
(r+ R)?

Power is maximum when r=R = P, = E2/4r

Since the current coming out from the positive terminal is
equal to the current entering the negative terminal, therefore,
current in the respective loop will remain confined in the loop
itself.

*.current through 2 resistor = 0
Reading of voltmeter

CEin, +E,ry 18x1+12x2

= Eqq = =14V
rn+r 1+2
i 2E
R+R; +R,
Fromecell (2) E=V +iR, =0+IiR,
R
MWW
| | v
1! |7
ER E R,
0] ()
= E= 2E xR, = R=R, -R;
R+R; +R,

80.

81.

82.

83.
84.

85.

(d)
(@)

(d)

()

@
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Applying Kirchoff's law in following figure.

At junction A :

60Q2

i+i +i, =1 .. (i)
For Loop (i)
—60i+(@15+5)i, =0
(i)
For loop (2) 100
-(5+5)i+10i=0

= i =3i

= i=i=(3)=6i
On solving equation (i), (ii) and (iii) we get 7= 0.1 A
Short Trick : Branch current =

. (Resistanceof oppositebranch}
mein current

Total resistance
(Branch

60Q2
current)
E
=i=1x 50 8 | S
—+60 1A
3
=01A ; .

20/3 Q
Maximum current will be drawn from the circuit if resultant
resistance of all internal resistances is equal to the value of
external resistance if the arrangement s mixed. In series,

R >> nr and in parallel, the external resistance is negligible.
On applying Kirchoff's current law 7=13 A.

Total cells = m x n =24 e (i)
. . N mr
For maximum current in the circuit R = —
n
m .
= 3=—x(0.5) > m=6n .. (ii)
n

On solving equation (i) and (ii), we get m =12, n =2

2
Power dissipated = i’R = [i) R
R+r

E Y E YV
RS,
L+ R, +r

= Ry(RZ+1, + 2R,1) = Ry(R? +r* + 2Ryr)

= RZR, +R;r? + 2R,r = RZR, + R,r’* + 2R,R,r

= (R, - Rz)rz =R - Rz)rz =R —R)RR,

= r=,/RR,

Different Measuring Instruments

In meter bridge experiment, it is assumed that the resistance of
the L shaped plate is negligible, but actually it is not so. The
error created due to this is called, end error. To remove this
the resistance box and the unknown resistance must be
interchanged and then the mean reading must be taken.

To convert a galvanometer into an ammeter a low value
resistance is to be connected in parallel to it called shunt.
Balance point has some fixed position on potentiometer wire. It
is not affect by the addition of resistance between balance
point and cell.
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Resistance of voltmeter should be greater than the external
circuit resistance. An ideal voltmeter has infinite resistance.

G 100x0.01 1

i-i, (10-0.01) 10

0.10Q

Equivalent resistance of the circuit Ry, =100Q

. 24
current through the circuit |=——A
100
P.D. across combination of voltmeter and 100 Q resistance
= ﬂ x50=1.2V
100

Since the voltmeter and 100 € resistance are in parallel, so the
voltmeter reads the same value ie 1.2V,

e R

Potential gradient = ———. —

(R+R,+1r) L
-2 2 _05Y_ 0005~
@5+5+0) 1 m cm
6 _ 6 iy _10-1 9
(i-iy) S iy 1 1

Ammeter is used to measure the current through the circuit.
_ igG  1x0.018 0.018
(i-iy) 10-1

Potentiometer works on null deflection method. In balance
condition no current flows in secondary circuit.

=0.002Q

i,G
Shunt resistances S = —3%—— = w =11Q
(i-iy) (00-10)
\
Byusing R=—-G = R =LO3—5 =19,995Q
Iy 5x10~
Potential gradient = Change in voltage per unit length
0 :sz2 -V, =3volt
30/100
R:_X—G: 5 7~ :5000—2=48(2
iy 100/10 100
= 510=22%12 15,6260 = G =480
S+G 12+G
To convert a galvanometer into a voltmeter, a high value

resistance is to be connected in series with it.

E = g (For balancing bridge)
. 4x11 44
= S'= =
9 9
1
= —=—+—=
S" r
211
4 6 r
- r:%:ZGAQ

2L

22.

23.

24.

25.

26.

27.

28.

29.
30.

3L

32.

33.

34.

35.
36.

37.

38.

39.

40.

@

(b)
(b)
(b)

(b) e

(b)
(b)

The sensitivity of potentiometer can be increased by decreasing
the potential gradient ie by increasing the length of
potentiometer wire.

1
Sensitivity «c —— oc Length
(Sensitivity oG, gth)

In balance condition, potentiometer doesn't take the current
from secondary circuit.

Here same current is passing throughout the length of the
wire, hence V oc R oc |

V, I, 6 300
T e N
vV, I, V, 50 :
i,G

s G _10x001 10

i—i, 10-0.01 999

Ratio will be equal to the ratio of no deflection lengths ie.
EE L 2

L
E, I, 3

Potentialdifference
Length

Potential gradient =

Wheatstone bridge is balanced, therefore

BZE or 1:% = S =100hm

Q s

When the length of potentiometer wire is increased, the
potential gradient decreases and the length of previous balance
point is increased.

The actual circuit is same.

G 90
(-1 (@0-1)

iy =10% of i=—= S
10

E L+, _(8+2) 5

E, L-I, (8-2) 3

Suppose resistance R is connected in series with voltmeter as
shown.
By Ohm's law i i R
ig-R=(n-1)V ( ) WWy

V—e— (n—1)V—>

= R=(nN-1)G (where ig - E) nV

Ammeter is always connected in series with circuit.

If resistance of ammeter is r then
20=(R+rN4 = R+r=5 = R<5Q
g _5xG _ 10x10° x50 50

= = — =—Q in parallel.
i—ip  1-107x10 99

_ i
iy =(L00-90)% of =

= Required shunt S = G = ﬂ =100Q
(n-1) @0-1)
R=~ -G :Log—zs =9975Q
Iy 10x10~
Potential gradient X = — = E
L L



45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

(b)

(b)

2 15 3

X = X— = volt/cm
(15+5) 10 2000
s=-C B B 2B 55004
i 5 1 10°-1 10

i 50x107°

In balanced Wheatstone bridge, the arms of galvanometer and
cell can be interchanged without affecting the balance of the
bridge.

Error in measurement = Actual value — Measured value

998 QO
W
Actual value = 2V d
i 2 1 I
= = Zo0 - AW
998 +2 500 +|2Il; "0
Since E=V+ir = V=E-ir= Z—LXZ =%V
500 500
998
.. Measured value = ——
500

= Error=2 —ﬁ =4x10"3volt
500

The emf of the standard cell must be greater than that of
experimental cells, otherwise balance point is not obtained.

In general, ammeter always reads less than the actual value
because of its resistance.

By Wheatstone bridge, R = AC = 20 = R=20Q
80 BC 80

E oc | (balancing length)

r_(%ij' :[Il%jx5 - ()

and = ['1;3}10 . (i)
3
On solving (i) and (i) r=10 Q

In the part c 6 d,
V. +Vy
2

V.-V, =V, -V, =V, =

In the part cad

Ve +Vy

V.-V, >V,-V; = >V, = V>V,

In balance condition, no current will flow through the branch

containing 5.

S Giy  50x100x10°°
Resistance in parallel S = —=— = 5
i—-i;  (10-100x107)

= S$=5x10"*Q

Eoxl=Y R g ¢
| L (R+R,+71)

E=LXEX3:3V
G+4+1) 5

R
X — X
L

55.

56.

57.
58.

59.

60.

61

62.

63.

64.

65.

66.

67.

68.

69.

()

(d)

@

@

(d)
@

(d)

(b)
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SELF SCORER

Current Electricity m3

Potential gradient = X = E = E -

L L AL A

-8
=O.2X4OX,]¢;O —10°2V /m
8x10
_ G G G
(n-1) (0-1) 49

The resistance of an ideal voltmeter is considered as infinite.

iy =2% of i=—= S
50

R 2040°Q
WW ij

e—— 5V —>

i

nov
. 110
Here l=—F
20x10% +R
" V=iR= 5:(#}2%103
20x10° +R
10°

= 10° +5R =22x10°= R = 21x?=420 KQ

Due to the negligible temperature co-efficient of resistance of
constantan wire, there is no change in it's resistance value with
change in temperature.

The resistance of voltmeter is too high, so that it draws
negligible current from the circuit, hence potential drop in the
external circuit is also negligible.

By connecting a series resistance

\ 10

R:_——G :——7:3Q
i 1
Since potential difference for full length of wire =2 V
.. P.D. per unit length of wire = 2 =0.5 v
4 m
Lz& = X =lQ=O.25Q.
1 80 4

Reading of galvanometer remains same whether switch § is
open or closed, hence no current will flow through the switch
ie. R and G will be in series and same current will flow

through them. Iz =15 .

Pressing the key does not disturb current in all resistances as
the bridge is balanced. Therefore, deflection in the
galvanometer in whatever direction it was, will stay.

i,S =(i-i,)G = iy(S+G)=iG

i
- G = 8 =0.8
i S+G 2+8
e R
Potential gradient X = ———-—
(R+R,+r) L
x:LXE:&dO’SL
(20+80+0) 10 mm

Given ig =2mA, i=20mA,G =180Q

|
- S = 180+S =10S DSZ@ZZOQ
i G+S 9
Resistance of shunted ammeter = GS
G+S



70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

8.

82.

83.

84.

()

114 Current Electricity

i i,.G
Also _L=:|.+E = GS g

ig S G+S - i
GS _ 0.05x120 —060
G+S 10

r:Mva:(ijszl.zg
3 50

i
By using —=1+—
iy S

i 1 1000 N

1000
= =1+ =
100x1073 S

S =1110

' . v e R

Potential gradient X = — = ————-—

L (R+R,+r) L
2

= 2.2x107° :2—><1 = R'=990Q
10 +Ry)

i G+S iy S 25 1

_—= - = = = —

i S i G+S 275 11

g

Total resistance of the circuit = % +20=60Q

2_1
60 30

Combination of voltmeter and 80(2 resistance is connected in

= Main current | =

series with 20(2, so current through 20Q) and this combination

will be same = — A

Since the resistance of voltmeter is also 802, so this current is

equally distributed in 80(2 resistance and voltmeter
(ie. % A through each)
i 1
P.D. across 80() resistance = % x80=1.33V
4
Potential gradient X = l = E = AA) P
L L L A

Here N = E =5

2
. R=(M-1)G =(5-1)2000 =8000Q

-1,
r=|——=R=05Q.
Il
—iR=—° | S._ 2 a9

(R+R,+1) @0+R+r)

= R =19,9890.

2R>20=R>10Q.
G 4 R R

i

—=l+—>=>—=1+—=S=—.
i S 1 S 3
When ammeter is connected in parallel to the circuit, net
resistance of the circuit decreases. Hence more current is

drawn from the battery, which damages the ammeter.

r= h-ly xR’ :r:[MJxlole.
I, 50

85.

86.

87.

88.

89.

90.

9l.

92,

93.

()

@

(d)

(d)

R=Y 6--18 _12-50830
i 3x10™
R=Y G=—"C __25-9750 (in scrics).
i 6x10
. S
iy =i = 0.01=10
G+S 25+S
25
= 10008 =25+S = S=—>0
999
X 602
4 4Q 6Q2 B

Resistance of the part AC5V
Rac =0.1x40=4Q and Rz =0.1x60=6Q

In balanced condition % = % = X =4Q
Equivalent resistance Rgq =52 so current drawn from
battery i= % =1A.

R+G)iy=V = (R+G):iX
9 i R

3 ——O@—wW—

30x16 x107°

.. Value of R is nearly equal to 6KQ2

This is connected in series in a voltmeter.

R, =80 x 200 — 160000~ 16 kQ

Current flowing through V; = Current flowing through V, =
80

16 x10°

So, potential differences across V, is

V, =5x107% x32x10° =160 volt

Hence, line voltage V =V, +V, =80 +160 = 240V .

=5x10°A.

V=xl=iR=xl
-3
= ixlo:(%}soxloz =0.1

= i=10x10°A=10mA.

- ¢ Rag-_—2 10 64-016v.
(R+R,+n L (10+40+0) 1



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.
106.

107.

108.

109.

no.

m.

l::l.-i—E = E=1+£$S =8Q. (In parallel).
S 2 S

ig
Ig S 5 S G
=

i G+S 100 G+S 19
R=G(n-1)=50x10%3-1)=10°Q.
E _L+l, 58+29 3

E, lL-1, 58-29 1
R :_X—G ZL%—].:gQQQ.
i 10x10
For conversion of galvanometer (of resistances) into voltmeter,

a resistance R is connected in series.

. ig = Vi and ig :L
R+G 2R+G
\'A V, V, 2R+G 2(R+G)-G
= =2 = < =
R+G 2R+G V; R+G (R+G)
=2- G =V, =2V, - ViG =V, <2V,
(R+G) (R+G)

If the voltmeter is ideal then given circuit is an open circuit, so
reading of voltmeter is equal to the em.f. of cell je, 6V.

i
oS 4 _1ieiom
i G+S 36+4 10

After connecting a resistance R in parallel with voltmeter its
effective resistance decreases. Hence less voltage appears across
it ie. V will decreases. Since overall resistance decreases so
more current will flow 7e. A will increase.

e R

Potential gradient X = ————.—
(R+R,+r) L

3
10°__ 2 [ 3_g -s70.
1072 (@B+R,+0) 1

= %:14-&:8 :ﬂz0.0ZQ.
10 S 999

—=1+

Z1Kn)

Resistance of voltmeter should be high.

If ammeter is used in place of voltmeter (ie. in parallel) it may
damage due to large current in circuit. Hence to control this
large amount of current a high resistance must be connected in
series.

R
Potential gradient X = ;—
(R+R,+r) L

3 20 02

T(20+10+0) 10

E_I1+I2 _(6+2)_E
E, L-1

6-2) 1

Manganin or constantan are used for making the potentiometer
wire.

i G iG G 100x107°x40 40
—=lt—s—=lt—————————=1+—
i S S 800x10~ S
= S=10Q

n2.

n3.

4.

5.

6.

nz.

n8.

no.

120.

121.

(@)

()

(b)

()

(d)

@

(b)

(d)

()
(d)

UNIVERSAL
SELF SCORER

Current Electricity m5

i=i—S = 10x107°% = S
100+ S

. x100x107°
G+S

90S =1000= S :%:11.119.

Before connecting the voltmeter, potential difference across

100Q2 resistance

v 100 vV 10 100 100Q
=———————xV ="— MWW
' (100+10) 11
Finally after connecting —V—
voltmeter across 100Q
Equivalent resistance |
100 x 900 ~900 it
(100 +900)
Final potential difference
0 .9 900Q2
= xV=— AA——
" (90+10) 10
Vi - Vq 10Q 100Q2
% error = x100
Vi [e——V; —>
1—OV - iV v
:%xmo:l.o. I
—V
11

eR 10x3
(R+r).L (B+3)x5"
=1V/m=10mV /cm.

Potential gradient =

;:1+E: 175:1+@:>Sz£:10’39.
ig S 10 S 10
h_ s 4 4 1
i G+S 36+4 40 10
izljzzﬁxg - % _Rro10.
R x5 r 2+R
6+3
yoiS SO0 5 o 80 o0
G+S 10 50+S 999
s -[120-1),

100 -1

Initially, 30 :( j x10 =1 =25cm

Finally, 10 = [10(: -1

j x 30 =1=75cm
So, shift = 50cm.
. . ip _0.1x10”
Potential gradient (x) = — = ———
otential gradient (x) A 0°

Before connecting voltmeter potential difference across 40002
resistance is

=102 V/m

10,000Q2
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122.

123.

124.

125.

126.

127.

128.

129.

130.

131

(b)

(d)

(d)

(b)

(d)

400

V= x6=2V
(400 + 800)

After connecting voltmeter equivalent resistance between A and

_ 400 x10,000 — 38460
(400 +10,000)
Hence, potential difference  measured by  voltmeter
P = __3846 x6=1.95V
(384.6 +800)
Error in measurement = V;—V; =2-1.95 =005V
_l =1+ <) = 5 =1+ 50
Iy S 0.05 S
2104
- S:@:pxl N I=ﬂXZ.Q?xlO x10 —am.
9 A 99 5x107
1 810 .08 s _pooa.
Ig S 1 S
From the principle of potentiometer V oc |
= %z L; where V = emf of battery, E = emf of standard
cell, L = Length of potentiometer wire
v - El_30E
L 100
e R
=——— —xI
(R+R,+r) L
=10x107° = 2 10 0.4 = R-7900

T@0+R+0) 1

Using ' =R Ii—l 22[@—:[)::&2
I, 100

1000x500 1000
(1500) 3

Resistance between A and B =

So, equivalent resistance of the circuit

I (2%
I r
R.q =500 + 1000 _ 2500
3 3
.. Current drawn from the cell :',
10 3 !
(2500/3) 250 5000 B 5000 €
Reading of voltmeter i.e. T Parallel
potential difference across AB = 3 X 1000 =4V
250 3
ig -1 = Required shuntS = G = 90 =
10 (h-1) (@0-1)
iy 2%—40 =4960Q
10x10
Post office box is based on the principle of Wheatstone's bridge
Full deflection current ig =25x4x107 =100x107*A

Using R :l—G 25

= —74—50 = 2450Q in series.
|g 100x10

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142,

143.

(@) In balancing condition, e =
, |, 100-1;
X 20 1 .
—=—== .. @)
Y 80 4
nd AX L (ii)
Y 100 -1
4__ = I=50cm
4 100-1
()
i —6
d S=|—2|xG = 103”0 —x50~0.5Q
i—ig (10x107° -100x107")
(in parallel)
@ E=—2 R os-_—3> .5,
(R+R,+1) L 5+45+0) 10
=/=8m
o . V_2
(a) Potential difference per unit length = T = ry =05V /m
@
|
(b) r=R|+-1 :2(ﬂ—1j =20
I, 120
v .
d) E= T ; Eis constant (volt. gradient).
VM Y 11 _ v o, _180x11 . .y
I, I, 140 180 140

@ IgxG=(1-15)S = /- (1+%le = /=100 mA

c) Let S be larger and R be smaller resistance connected in two
g
gaps of meter bridge.

.S :(100_|)R _100-20 0 4 .. 0)
[ 20

When 15Q resistance is added to resistance R, then
100-40 6
S=|——— |(R+15)=—(R+15 o (i
(25 R 9-2ra1s

From equations (i) and (ii)) R =9Q
(a) According to following figure

200
W~

A B
AWW——2)

=0.1A

(v
Reading of voltmeter = PMtia] difference between A and B=7
(R+2)=12=01(R+2)= R=1u8 Q.

e R
(@) Potential gradient X = ——«—.—
(R+R,+1) L
-3
O.2><}20 = 2 <R = R=4.9 Q.
10 (R+490+0) 1



Current Electricity m7

Critical Thinking Questions

1. (@)

Initially : Resistance of given cable

|
p—
7x(9x1072)2

(i)
Finally : Resistance of each insulated copper wire is

R'= pm . Hence equivalent resistance of
cable Rgq = R— = 1 X (p %J (i)
6 6 7x(@3x1073)2
/ /
p
9 mm

On solving equation (i) and (ii) we get R = 7.5 Q
4 4
Ra_[B] o Ra_(2 :inleeRA
Rg Iy Rg 2 16
When R and R are connected in parallel then equivalent
RaRg 16
(Ry+Rg) 17
If Ry =4.25Q then Ry, =4Q ie. option (a) is correct.

resistance Ry, = A

The given circuit can be simplified as follows

5R

6

S Rpp =

Suppose 7 resistors are used for the required job. Suppose
equivalent resistance of the combination is R and according to

. . . . H
energy conservation it's current rating is I'.

Energy consumed by the combination = n X (Energy consumed

by each resistance)
2
i X i =8
1 10

i’ (R
= i?R'=nxi’R = n:[TJ x[—}
i R

1 1 1 1
Resistance across AB=—=—+—+—

R R R R

R

R, =2x107°Q
On solving, A B
R'=0.88x107°Q
No current flows through the capacitor branch in steady state.

Total current supplied by the battery
. 6 3
i=—=—

28+1.2 2

Current through 2 Q resistor = %X% =0.9A

7. (d)

10. (b)
. (d)

At time t = O ie when capacitor is charging, current
. 2
i=——=2mA
1000
When capacitor is full charged, no current will pass through it,
hence current through the circuit i = —— =1mA
2000
Current in the bulb = L = 45 =3A
vV 15

. . 15
Current in 1 resistance = ES =1.5A
Hence total current from the cell i=3+1.5=4.5A

Byusing E=V +ir= E=15+4.5%(2.67)=13.5V

Equivalent resistance of the circuit R =9Q

. V. 9
.. Main current I =—=—=1A

R 9

3Q 20 20
AW

1A 05 A 0.25 A
9V § 8Q § 8Q 4Q
20 20 200

% AWV
After proper distribution, the current through 4€) resistance is
0.25 A.

Maximum number of resistance = 2" 1 =231 =4

The given circuit can be simplified as follows.

R 5 o I201/, 1.5Q
LY

i= 5 20 =5A

—+15

2

2 Q

Potential difference between X and P,
Vy =Vp = (%j x3=7.5V (i)



Current Electricity 1119

(b)

(b)

Ve _V 5 55V - On solving equation (i) and (ii) iy =1.8A.
x 7' Ty xe= () 18 (b) To convert a galvanometer into an ammeter, a shunt
L .. . |
On solving (i) and (i) Vp _VQ =-2.5volt, VQ >Vp. S = | gl G is connected in parallel with it. To convert a
; g
Short Trick : (Vp — V) =+ (R, ~Ry) = >(2-3)= 2.5 v
2 2 galvanometer into a voltmeter, a resistance R=—-G s
= Vo>V, . L ’
connected in series with it.
Ry, =Ri@+at) and R, =R, (1 + at) 19. (@) The given circuit can be redrawn as follows
3Q
Also Ry =Ry +R,, = Ry =Ry +R; +Ryay + Ryt X AN
i
Rioq + Rya
= Req = (Rl + RZ){I + (ﬁ}t} 10Q P RS EES CE i -~
1 2 ~ N\
\ 20Q 30Q 6002 !
R,a, +R RS TN S T -
So gy = 1% 2%
R, +R, Ag .
Let the voltage across any one cell is V, then '
6Q -
~ \
V=E-ir=E-n _2E L 2 240 8Q = ' 481
rL+r+R T 1
But V=0 B
— i = I’: Iri Y i 24x8
n+r+R IEI I; Resistance between and £ = 222 =6 Q
= n+hp+R=2n Current between A and B = Current between X and
= R=n-n ANV :i:ﬁ:SA
f | resi _S 0.5Q °
Emf £= 5V, Internal resistance I' = 10 Resistance between Xand ¥ =(3+10+6+1)=20Q
c N " i 5 A = Potential difference between Xand ¥=8 X 20 =160 V
i i=—— =
urrent through the resistance 2+05) 2. () R +R,=R(l+at)+R,A—B1)
The given circuit can be redrawn R, B
E R = R +R, =R +R, + Rt —R, A = R—:;
' 2
A B A b Ry 21 (d) Current density of drifting electrons j = nev
—WW———
n=5x10"cm™ =5x10" x10°m™=.
E R = v=0.4ms?te=16x10"C= j=3.2x10°Am™
A
. . _ _ L -6 "
Ez: I . |_)_ Current density of jons = (4 — 3.2) x 10-=0.8 x10 o
o = EiR, + E;Ry _ 2x4+2x4 =2V and This gives v for ions = 0.1 ms.
Ry +R, 4+4 22, (a) In the following figure )
)
Resistance of part PNQ; )
Re :iZZQ, Current i=2+2=2A from A to B P ? ’ P
W R, =22 250 and :
through E. L an A
Applying Kirchhoffs law for the loops (1) and (2) as shown in Resistance of part PMQ: 1 N
figure ) 3 T3v1Q
For loop (1) _ll—Rl:’\iV%\/—i— R, :ZX10:7.5Q
i E:WC o _ RR, _ 25x75 15
©) WW("”” “ R +R, (25+75) 8
. Ry =20Q Main Current 7 = L = ﬁ
L @ I 15 23
R, =4Q ry +1

20, — 26, —i,)+4=6"= 2i, i, =2
For loop (2)
-2(, —i,)+4i, -6=0 = —i; +3i, =3

. R, 24 [ 7.5 ) 18
So, 7= Ix =—X =—A
‘ R,+R, ) 23 \25+75) 23
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... 24 18 6

and i, =i—ij =— - —=—

23 23 23

As Iis independent of Rg, no current flows through Ry this

requires that the junction of R; and R, is at the same potential

as the junction of R; and R, . This must satisfy the condition
Rl R3

—= =—=, as in the Wheatstone bridge.

R, Ry

24.  (c) Moving anticlockwise from A v

—iR—-V+2V-2iR=0

R
WWW

or 3iIR=V or i=l
3R

X
RN
*

V, —Vg =iR+V-V=iR | 2v
|

:

. \Y
=> Potential drop across C = 3

25. (b) Let R and m be the resistance and mass of the first wire, then
the second wire has resistance 2R and mass 2m. Let £ = emf of
each cell, = specific heat capacity of the material of the wire.

For the first wire, current i; = % and 2Rt =mSAT

and i2(2R)t = 2mSAT .

For the second wire, i, =

Thus, iy =i, or N =6.
26. (b

Short circuited \\\

20 39/’ 4Q

4Q

2R A 2R

2R 2R

28.

29.

30.

32.

33.

34.

In a circuit, any circuit element placed between points at the
same potential can be removed, without affecting the rest of
the circuit. Here, by symmetry, points A, B and C are at same
potential, for any potential difference between Pand Q.

The circuit can therefore be reduced as shown below
4R
MWW

2r

P MWW Q

4R

ke

Effective resistance Req =—.
R+r
(d) Potential difference between A and B
V,—Vg =1x15
= V,-0=15V=V, =15V
Potential difference between Band C
Vg =V =1x25=2.5V
= 0-V, =25V =V, =-25V
Potential difference between Cand D
Ve -Vp=-2V = -25-Vy,=-2=V, =-0.5V.

(b) The given circuit can be simplifies as follows

r r
r
r r
P e AN AN Q
r
r r
r r

U
2r

MWW
2r

P MWW Q

2r

MWW

R-_%:inzm

- 3 3
®) do- ldt= Q:J:; ldt = {ZIthSJ‘tzdt]
2 2

3 3
= [tz]z+[t3]2=(9—4)+(z7—8)=5+19=z4c
- E,+E,+E;+... +E,

(L +r +rg +... +r,)

(d)

150+ At +r)
R+ +0n+.a. +1)

(a) Balancing length is independent of the cross sectional area of

the wire.
R, ( 3
@ _1:( +oty) 32: (1+5><1073><20) —R, ~15Q
R, (L+at,) R, (@+5x107°x120)
i R 1 .
Ao LoRe 3015 4 ooma
b Ry i, 10
(b) The given circuit can be simplified as follows
10QQ
A 10Q 3Q
MWW B
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A 5Q 3Q
MWW WW B
- 50 8Q2 3Q

Now it is a balance Wheatstone bridge.

So, 8Q)
WW
8Q2
MWW
8 64
= Rpp = —— = —— =40
8+8 16
35. (c) The equivalent network is
R
R \PL% R 2R
R
% 6R
R
4R = 2R 4R
R

|\
17 17
Clearly, tﬁe n Qwork of resistances is a bafancé‘é2 Wheatstone
bridge. So R,g is given by
1 1 1 2+1 1
+ =

- =T — S Ry =2R
Rme B3R 6R 6R 2R

For maximum power transfer 2R =4Q = R = % =20

36. (c) The given circuit can be redrawn as follows
6IV, 1Q
L
(V)
A LV/ B
;\'\N\'—’V\N\/—CP
6Q) Q
6 6 .
Current i=——=—A
6+4+1 11
P.D. between Aand B V = i><:|.0 = @V .
11 11

37. (@) Byusing R= p.LA; here A = 7[([’22 - I’lz)

Outer radius r = 5¢cm

Inner radius r=5 — 0.5 = 4.5 cm

So R=1.7x10"%x

7{(5x107%)? —(4.5x1072)*}
=5.6x107°Q

38. (a) Here Ryyy = % x(ra) = % [ a= —]
T

40.

41.

43.

44.

(d)
@)

@
(b)

@

and Ry, :%xr(Z;r—a)zzi(Zir—a)
7

Ra R
R. R —x—27r-a) R
R —_—xwRxzy _ 27 2« _ a(27r—a)
* Rywy +Ryzy Ra n R@z-a) 452
27 2

Battery is short circuited so potential difference is zero.

Let V be the potential of the junction as shown in figure.
Applying junction law, we have

20 V 20 4Q 5V
MWW WW
A i A B
200
i
= oV
20—V 5-V V-0
or + =
2 4 2
or 40 —-2V+5— V=2Vor 5V=45= V=9V
. Vv
iy =— = 4.5A
2

-3

E=xl=ipl= i:EZEZﬂ:4X10-4A.
oo 1.2x5

When bulb glows with full intensity, then voltage across it will

be 1.5 Vand voltage across 3 (2 resistance will be 4.5 V.

6V
|+
45V 15V
3Q X R
—ww AW Y

. 5
Current through 3 Q resistance | :Q— E15A

Same current will flow between Xand YV

So Vyy =iRy = 1.5=15R,, = Ry, =1Q

o 9i
In fi b t through R, =1——=—
n figure (b) current through R, 0°10
Potential difference across R, = Potential difference across R
o Ry i=Rx— je R —n-lg
10 10 9 9

11 11
_RxR 9" 1L
“ (R,+R) 11 11 10
9 1

Total circuit resistance = %+ R,=R=11= R, =9.9Q

Let /be the original length of wire and x be its length stretched
uniformly such that final length is 1.5 /

(/- )=k x—l< 05/
1.5/

Then 4R:pu+pmwhere A X

= A
A A (0.51+x)




IE .\
|
|

45.

46.

47.

48.

(b)

122 Current Electricity

_ 2
| | x+p(0.5l+x)

L dp—=
PATP A XA
2 2
0r4|=|—X+£I—+X—+I—Xor1=£ 49. (b)
4 x x X I 8

In series : Potential difference oc R

When only Sis closed V, = % E=0.75E

When only S is closed V, = g E=0.86E

and when both § and § are closed combined resistance of 6R
and 3Ris 2R

v, :(%)E:O.G?E =V, >V, >V,

50. (a)
—i +0xiy, +3i, =0 e i =3 (i)

Also — 2(iy —i,)+4(i, +i,y) =0

ie 2l —4i, =6l (i)

Also Vg —1xiy —2( —i,) =0 = 50 =i, + 2(i, —i,)

= 3i; — 2y, e (i)

Solving (i), (ii) and (iii), iy, =2A

Let 1 be the number of wrongly connected cells.

Number of cells helping one another = (12 —n)
Total em.f. of such cells =(12—-n)E

Total e.m.f. of cells opposing = nE

Resultant e.m.f. of battery =(12—n)E—nE =(12-2n)E

Total resistance of cells = 127
. . . . . 5. (d)
(" resistance remains same irrespective of connections of
cells)
With additional cells

(a) Total em.f. of cells when additional cells help battery = (12 52. (b)
—2n) E+2F

Total resistance = 127 + 2r = 14r

12-2n)E+2E _3
14r 53.  (a)

(b) Similarly when additional cells oppose the battery

(12-2nE-2E _

1l4r

Solving (i) and (i), m=1

All the conductors have equal lengths. Area of cross-section of

Ais {(V3a -2 a3 =2’

Similarly area of cross-section of B = Area of cross-section of C
=a

54. (b)

|
Hence according to formula R = pK; resistances of all the

conductors are equal ie. R=R=R

Resistance of CD arm = 2rcos 72 = 0.62r
Resistance of CBFC branch

1.1, 1 _1f 262 A
R 2r 0.62r rl2x0.62 [\ r 72
1262 R L2ar
R 1.24r T 262
1.24r

Equivalent R'=2R+r=2x +
2.62
=r 2:48 +1 |=1.946r
2.62

Because the star circuit is symmetrical about the line AH

.. Equivalent resistance between A and H

101 1 1
1l SR_LNME, g g7a
Req R" R 2 2

i

D
Applying Kirchoff's law in mesh ABCDA

-10(—i)—10i, +20i, =0 = 3 —i) =1 ... (i)

and in mesh BEFCB

—-20(i—i, —i,)+10(, +i,)+10i, =0
= 3ip+4i,=2i @ .. (i)
From equation (i) and (i) | :%'iz - é = pp = a
Let the current in 12 Q) resistance is i
Applying loop theorem in closed mesh AEFCA
2/=—E+E=0 ..7i=0

10-4 1

Current flowing in the circuit i = E = =—A
R 20+10 5

P.D. across AC = %X 20 =4V

P.D. across AN=4 + 4 =8V
If two resistances are R; and R, then
Rl RZ

S=R +R, and P = — 12 _
(R +Ry)

R,R
From given condition S=nPie (R, +R,)=n —L 2
R, +R,
=(R, +R,)* =n R{R, = (R, —-R,)? +4R,R, =nR,R,

(R, - Ry’
RlRZ

Son=4+ . Hence minimum value of nis 4.

Current sensitiviy
Resistanceof galvanometer G

Voltage sensitivity =



(d)

(b)

(b)

= G=—=5Q.
2

Here ig = Full scale deflection current = % =15mA.

V= Voltage to be measured =150 X 1=150 V.

Hence R :_X—G:&S—S:%QSQ.
i, 15x10-

Graphical Questions

For ohmic resistance V oci = V =Ri (here Ris constant)
From the curve it is clear that slopes at points A, B C D have
following order A> B> C> D.

and also resistance at any point equals to slope of the V-
curve.

So order of resistance at three points will be

R, >Rg >R >Rp

Slope of the V- curve at any point equal to resistance at that
point. From the curve slope for 7 > slope for 7

= Ry, >Ry, . Also at higher temperature resistance will be
higher so 7> T

For portion CD slope of the curve is negative ie. resistance be
negative.

|
Slope of V- curve =R (= %} But in given curve axis of 7
1 A
and V are interchanged. So slope of given curve = R = a
P

ie. with the increase in length of the wire. Slope of the curve
will decrease.
£ _IR_ip _neAv,p

T A A = V4 oc E (Straight line)

2
=i‘R=| — = oc Symmetric parabola
p-itr=| EA| R PacE? (Sy parabol
P

Also P o i? (parabola)
Hence all graphs a, b, d are correct and c is incorrect.

When we move in the direction of the current in a uniform
conductor, the potential difference decreases linearly. When we
pass through the cell, from it's negative to it's positive terminal,
the potential increases by an amount equal to it's potential
difference. This is less than it's emf, as there is some potential
drop across it's internal resistance when the cell is driving
current.

Since the value of R continuously increases, both @ and £ must
be positive.

Actually the components of the given equation are as follows

R, Pt

at

It « is positive, f is negdfive, the compogept will be shown in

the following graph.

R
‘ at

=

pt

20.
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i

In this case, the value of R will not increase continuously.
Hence the correct option is (c).

1

Slope of V-i curve = resistance. Hence R = = =1Q

At point A the slope of the graph will be negative. Hence
resistance is negative.
E.mf. is the value of voltage, when no current is drawn from

2
the circuit so £= 2V, Also r = slope o =0.4Q

For conversion of a galvanometer into a voltmeter

v =i 3i—|
R+G ° Ry

where R = R + G = Total resistance

\
= Ry=— =R, xV

1

9
According to ohm's law V =iR
= log, V =log, i+log. R = log, i=log, V—log. R
The graph between 10g, | and l0g, V will be a straight line
which cut 10g, V axis and it's gradient will be positive.
As we know, for conductors resistance o¢ Temperature.
From figure R oc T=> tanf oc T=> tan@= kT - (i)
and R oc T= tan (90 — 6) ¢ T = cotl= kT (i)
From equation (i) and (ii) K(T, —T,) = (cot 8 —tan 6)

. 29 ein?
cose_smej:(cos 0=sin"0) _, ot20

(rz_Tl)_[sinH cosé sing cos 4

= (T-T) < cot26

Let resistivity at a distance 'x from left end be p =(p, +ax).

Then electric field intensity at a distance 'X from left end will

e _ip _ ity +ax)
A A

flowing through the conductor. It means E oc p or E varies

be equal to where 7 is the current

linearly with distance 'x. But at x = 0, £ has non-zero value.
Hence (b) is correct.

At an instant approach the student will choose tan& will be the
right answer. But it is to be seen here the curve makes the
angle @ with the Vaxis. So it makes an angle (90 — 0) with the
F-axis.

So resistance = slope = tan (90 — 6) = cot6.

nE E

nr r

Short circuited current ie. 7 doesn't depend

upon 7.

X
Here internal resistance is given by the slope of graph ie. —.

1
But conductance = ———— = Yy

Resistance X
Rparaltel < Rseries - From graph it is clear that slope of the line

A is lower than the slope of the line B. Also slope = resistance,
so line A represents the graph for parallel combination.

To make range 7 times, the galvanometer resistance should be
G /n, where G'is initial resistance.

Assertion and Reason



1

(d)

(b)

@)

()

(b)

()
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Resistivity of a semiconductor decreases with the temperature.
The atoms of a semiconductor vibrate with larger amplitudes
at higher temperatures thereby increasing it's conductivity not
resistivity.

It is quite clear that in a battery circuit, the point of lowest
potential is the negative terminal of the battery and the current
flows from higher potential to lower potential.

The temperature co-efficient of resistance for metal is positive
and that for semiconductor is negative.

In metals free electrons (negative charge) are charge carriers
while in Ptype semiconductors, holes (positive charge) are
majority charge carriers.

Here, E =2V, lzgzlA and r=1Q

Therefore, V=E—-ir=2-1x1=1V

It is clear that electrons move in all directions haphazardly in
metals. When an electric field is applied, each free electron
acquire a drift velocity. There is a net flow of charge, which
constitute current. In the absence of electric field this is
impossible and hence, there is no current.

The metallic body of the electrical appliances is connected to
the third pin which is connected to the earth. This is a safety
precaution and avoids eventual electric shock. By doing this the
extra charge flowing through the metallic body is passed to
earth and avoid shocks. There is nothing such as reducing of
the heating of connecting wires by three pin connections.

On increasing temperature of wire the kinetic energy of free
electrons increase and so they collide more rapidly with each
other and hence their drift velocity decreases. Also when
temperature increases, Tesistivity increase and resistivity is
inversely proportional to conductivity of material.

In a conductor there are large number of free electrons. When
we close the circuit, the electric field is established instantly
with the speed of electromagnetic wave which cause electron
drift at every portion of the circuit. Due to which the current is
set up in the entire circuit instantly. The current which is set
up does not wait for the electrons flow from one end of the
conductor to the another end. It is due to this reason, the
electric bulb glows immediately when switch is on.

Resistance wire R = pK. where p is resistivity of material

which does not depend on the geometry of wire. Since when
wire is banded, resistivity, length and area of cross-section do
not change, therefore resistance of wire also remain same.

The resistance of the galvanometer is fixed. In meter bridge
experiments, to protect the galvanometer from a high current,
high resistance is connected to the galvanometer in order to
protect it from damage.

Voltameter measures current indirectly in terms of mass of
ions deposited and electrochemical equivalent of the substance

m
(| :E] Since value of m and Z are measured to 3rd

decimal place and 5th decimal place respectively. The relative
error in the measurement of current by voltmeter will be very
small as compared to that when measured by ammeter directly.

When current flows through a conductor it always remains
uncharged, hence no electric field is produced outside it.

Here assertion and reason both are correct but the reason is
not the correct explanation of assertion.

1

————— oc(Lengthofwire)
Potentialgradient

Sensitivity oc

15.

(@)

If either the em.f. of the driver cell or potential difference
across the whole potentiometer wire is lesser than the em.f. of
the experimental cell, then balance point will not obtained.

Because there is no special attractive force that keeps a person
stuck with a high power line. The actual reason is that a
current of the order of 0.05 A or even less is enough to bring
disorder in our nervous system. As a result of it, the affected
person may lose temporarily his ability to exercise his nervous
control to get himself free from the high power line.

Due to high electrical conductivity of copper, it conducts the
current without offering much resistance. The copper being
diamagnetic material does not get magnetised due to current
through it and hence does not disturb the current in the
circuit.
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Figure shows a simple potentiometer circuit for measuring a small
emf. produced by a thermocouple. The meter wire PQ has a
resistance 5 €2 and the driver cell has an e.m.f. of 2 V. If a balance
point is obtained 0.600 m along PQ when measuring an em.f. of
6.00 mV, what is the value of resistance R

(@ 995Q sy R
(b) 1995 Q
(¢) 2995 Q le——— 0.600m >

P

(d) None of these ?
Thermocouple G
A car has a fresh battery of emf—e 2 r nal resistance of
. m

0.05 Q. If the starter motor draws a current of 90 A, the terminal

voltage when the starter is on will be
(@) 1zv (b) 105 V
() 85V d) 75V

If the balance point is obtained at the 35' crm in a metre bridge the
resistances in the left and right gaps are in the ratio of

(@ 7:13 (b) 13:7

() 9:m d) n:9

Find the equivalent resistance across the terminals of source of em.f.
24 Vfor the circuit shown in figure

@ 15Q 100 60

(b) 10Q m

© sQ 8Q
d) 4Q

4
In the circuit shown in figure, switch S is initially closed and S is
open. Find V-V

10 b 5Q
(@ 4V
10uF
b) 8V "
5
2V
© 3Q 3Q
(d) 6V a
24V S
The figure here shows a porﬁml F—civctheWhat are the

magnitude and direction of the current 7 in the lower right-hand
wire

@ 7A — A
(b) 84 24—, A=
() 6A — A
d 2A ! !

3A 4A

A carbon resistor has colour strips as violet, yellow brown and
golden. The resistance is

(@) 641Q (b) 7412
(c) 704 Q (d) 407 Q
A voltmeter of resistance 1000 (2 is connected across a resistance of

500 ) in the given circuit. What will be the reading of voltmeter

10V

50002
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(@ v
b) 2V
() 6V
d) a4V

A beam contains 2 X 10' doubly charged positive ions per cubic
centimeter, all of which are moving with a speed of 100 m/s. The
current density is

(@) 6.4 Alm (b) 3.2 A/m

(c) 1.6 A/m (d) None of these

In the circuit shown, the reading of ammeter when switch Sis open
and when switch Sis closed respectively are

(@) 3Aand4 A 20 ¢
(b) 4Aand5 A 3Q
() 5Aand6 A 2
(d 6Aand7 A 20V
[r---{1
In the circuit as shown in figure the |
R
0.5A
25V 100 10QS 20Q

a) Resistance R =46 (2
b) Current through 20 Q resistance is 0.1 A

c) Potential difference across the middle resistance is 2 V

— o~ —

)
(d) All option are correct

In figure shows a rectangular block with dimensions x, 2x and 4x.
Electrical contacts can be made to the block between opposite pairs
of faces (for example, between the faces labelled A-A, B-B and C-C).
Between which two faces would the maximum electrical resistance
be obtained (A-A : Top and bottom faces, B-B : Left and right faces,
C-C: Front and rear faces)

@) AA €Uk
() CGC

BB
(d) Same for all three pairs

A battery is connected to a uniform resistance wire AB and B is
earthed. Which one of the graphs below shows how the current
density J varies along AB

:I
L

MWW
A B |
@ / ORI
Zero at all
points
0 b—————> 0
A B A B
J J
0 L» o——————
A B A B
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(c)

(d)

A cylindrical metal wire of length / and cross sections area S, has
resistance R, conductance G, conductivity 0 and resistivity p. Which
one of the following expressions for o is valid

oR ®
@) » (b) S
GS R_I

A potential divider is used to give outputs of 4 Vand 8 V from a 12
V source. Which combination of resistances, (R, R, R) gives the
correct voltages ? R: R : R

(@ 2:1:2 v
(b) 1:1:1 8
(¢) 2:2:1 +4V
(d) 1:1:2 0 Volt

o
Find equivalent resistance between A and B

@@ R
3R
(b) e
R
(c) 5
d) 2R

Following figure shows four situations in which positive and negative
charges moves horizontally through a region and gives the rate at
which each charge moves. Rank the situations according to the

effective current through the region greatest first

7 C/sec 3C/sec 4C/sei C/sec 6Csec
@ (i) C
Oo—
@) i=ii=ii=iv (b) i>ikehic v 1k
(c) i=ii=iii> iv (d) 7= i< iv ()

A and B are two square plates of same metal and same thickness but
length of B is twice that of A. Ratio of resistances of A and Bis

a) 4:1
b) 1:4

c) 1:1

N

(
(
(
(

d) 1:2

20.

2L

22,

23.

A moving coil galvanometer is converted into an ammeter reading

upto 0.03 A by connecting a shunt of resistance 4r across it and

into an ammeter reading upto 0.06 A when a shunt of resistance

I is connected across it. What is the maximum current which can
be sent through this galvanometer if no shunt is used

(@) 0.01A (b) 0.02A

(c) 0.03A (d) 0.04A

Two conductors are made of the same material and have the same
length. Conductor A is a solid wire of diameter 1.0 mm. Conductor Bis a
hollow tube of outside diameter 2.0 mm and inside diameter 1.0 mm.
The resistance ratio R/R will be

A wire has resistance of 24 Q) is bent in the following shape. The
effective resistance between A and Bis

(@) 24Q

60°
(b) 10 Q2
60°
16 y
(c) ? Q l€&— 5 crmn —>{ B

le———— 10 cm >
(d) None of these

In the circuit shown in figure, find the current through the branch
BD

(a) 5 A A 602 B 30 c
(b) oA 15V

(©) 3A T 30

(

‘[30 |4
D

A battery of 24 cells, each of emf 1.5 V and internal resistance 2Q is
to be connected in order to send the maximum current through a 12

Q) resistor. The correct arrangement of cells will be
a) 2 rows of 12 cells connected in parallel
b) 3 rows of 8 cells connected in parallel

C

d

4 rows of 6 cells connected in parallel

(
(
(
(d) Al of these

)
)

g Answers and Solutions

(a) The voltage per unit light of the metre wire PQ is

6.00 mV
0.600m

across the metre wire is 10 mV/mxIm =10mV . The

J ie. 10 mV/m . Hence potential difference

(SET - 19)
current drawn from the driver cell is 1= 105 ?2\/ =2mA.

(2V-10mV) 1990 mV
2mA 2mA

=995Q.

The resistance R =



2.

(d) V=E—ir=12-90x0.05=12-45 =75V,

Current Electricity 1127

Now voltmeter reading = iv X RV = %x%xsoo =4V.

. L. P R R
(@) Using Wheatstone principle — =— =
Q S 100-I o (3 J=nqv=n(zeN 2x10% x2x1.6x107* x10° 64l
X = = = =6.4A/m
__ B 3BT Vo w7y
100-35 65 13 10. (b) When switch Sis open total current through ammeter.
(c) Given circuit can be reduced to a simple circuit as shown in
figures below = 20 _
,"_\‘ Parallel (3 + 2)
/100 ':/ 60 . 20
When switch is closed | = —— =5A
3+l 2)
Lo () u R
—WW Parallel
05A ~-L___ S 05 A
25 V e g P
40 —_ \\IOQ 100 20Q R'/, == 4Q
M S S -
1 1 1 1 2
1111 om0
1 R* 10 10 20 5
ie. Reyq =5Q. 10Q - 10Q -
. . o L Now using ohm'’s law i = =05=
(b) Switch S 2 is open so capacitor is ndt in circuit R+R' R+4
Q- p 5Q S R+4-22 50 5R=50-4-460Q
m 0.5
0.5x5 25
Current through 20Q resistor = X _ 22 _0.1A
a 20+5 25
| Potential difference across middle resistor
| =24 vV 24 = Potential difference across 20Q2 =20x0.1=2V
Current through 3Q resistor = 313 =4 A
* 12. () Let p is the resistivity of the material
Let potential of point ‘O shown in fig. is Vg Resistance for contact A-A
then using ohm’s law X P
R.. = - P
Vo -V, =3x4 =12V (i) M TP o xdx | 8x
24 Similar for contacts B-B and C-C are respectively
Now current through 5Q resistor = —— =4A
5+1 R — 2x  _ p 4p
BB TN xax  2x 8x
So Vg =V, =4x1=4V
..... ii 4x 2 16
W and Rqc :p—:_p:_p
From equation (i) and (ii) V, -V, =12—-4 =8V. X x2X X 8x
(b) By using Kirchoff's junction law as shown below. It is clear maximum resistance will be for contact C-C.
13. (d) Wire AB s uniform so current through wire AB at every across
](A section will be same. Hence current density J (= i/ A) at every
2A point of the wire will be same.
24 T
54 [ 64 2A 14. (@) Conductivity c=— .. (@)
3A 4A
84 and conductance G = —
(b) Using standard colour codes
Violet = 7, yellow = 4, brown =1 and gold = 5 % (tolerance) =»GR=1 .. (i)
So R =74x10" +5% =740 +5% From equation (i) and (i) & = 21
So its value will be nearest to 741 Q. P
15. (b) Resistors are connected in series. So current through each
(d) Total current through the circuit resistor will be same
. 10 3 . 12-8 8-4 4-0 4 4 4
= 2 A =i= = = =>—=—=—
10300 +500 250 R4 R, R; R; R, R

So, R R, Ry 111:1:1.

Given circuit can be redrawn as follows

16. (c)



20.

21.
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Neglect

Parallel

:>Req:2
)

(c) For figure (i
For figure (i) i, =4 +3 =7A
For figure (iii) i =5 +2=7A
For figure (iv) iy =6 —1=5A

R
(c) RAzilzﬁan szXZIZE ie =2 =1:1
Ixt t 2lxt t Rg

iy s Ca
(b) T—mZNQG—(I iy)S

i;G=0.03-ig)dr .. 0)
and i;G=(0.06—ig)r .. (i)
From (i) and (ii)
0.12-4i, =0.06 —i; = iy = 0.02A.

|
(c) For conductor A, R, = ,0_2 R

1

For conductor B, Ry = — %

(@) The current in the circuit are”Assumed@s shown &2 the ﬁg.

6Q B 3Q i c

30 V

%* % %

@)

Applying KVL along the loop ABDA, we get
—6/i—3i+15=00r 2i+i=5 .. (i)

Applying KVL along the loop BCDB, we get
—3(7—17)—30+3i=0or —i+2/ =10 ....(ii)

Solving equation (i) and (i) for 7, we get i =5 A.

Suppose m rows are connected in parallel and each row

contains 7 identical cells (each cell having £=15 Vand r=2Q)
For maximum current in the external resistance R, the

nr
necessary condition is R = —
nx2
= 12=—— = n=6m .. @)
m
Total cells =24 =npxm .. (ii)

On solving equations (i) and (i) 7 =12 and m = 2
i.e. 2 rows of 12 cells are connected in parallel.



