CHAPTER

CURRENT ELECTRICITY

Q1: Describe the concept of steady state current as a flow of
positive, negative or both- Define the unit of current-

Answer: Steady State Current:
Definition: “The continuous flow of free electrons is known as

steady state current-”

Explanation: r—~ 0= Of—r

Consider a conductor which con- .
1

H
H

tains large number of free elec-
trons, as shown in the figure:
Now if an electric field or volt-
age is applied to the conductor, MY S
then the free electrons [nega-

tively charged] will start moving towards the positive terminal
around the circuit- This directed flow of electrons is called electric
current-

The current may be produced due to flow of positive charges or
negative charges or both: For example,

7- In metallic condu.cors, the current is produced due to flow of
electrons which are negatively charged-

2- In electrolytes, the current is produce due to flow of positive
and negative ions-

3+ In gases, the current is produced due to flow of electrons and
iorns-

4: In semi conductor material, current is produced due to motion
of electrons and holes-

Now if “AQ™ is the amount of charge flowing through any cross-
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: \ H
=22 ()

Unit of Current:
IF \NQ = T coulomb, At = 1 sec, then equation (1)
' Tcoulmb

f = 2000 = ] qmipere
7 sec

So the unit of current is “ampere” which is defined as “the current
is said to be one ampere if one coulomb charge is flowing through
any cross-section of a conductor in one second”-

7 milliampere (mA) = 107 amp
7 microampere (pA) = 710 amp

Q2: (a) What is conventional current?
(b) Discuss the direction of electric current:

Answer: a) Conventional Current:

Definition: “The current which flows due to flow of positive charges
from a point at higher potential to a point at lower potential is
known as conventional current:

Direction of Electric Current:

o ; e
In a certain circuit, the electric cur- /
rent can be produced due to flow of

positive as well as negative charges:

- § Conventional
But the positive and negative charges current

flow in opposite direction in the cir- +}:—
cuit: Thus for the specification of di-
rection of electronic current, the current was consider due to flow
of positive charges+ Such current is known as conventional current:
The direction of conventional current is the direction in which the

positive chagaes could move under the influence of electric field:

Electron flow

Q3: Explain the electronic current in a metallic wire as due to
drift of free electrons in the wire-

Answer: We know that every metal has large number of free elec-
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trons which move randomly within the body of | 7. Lirent is 'y
the conductor- The average speed of free elec- { scalar quancity be- |
trons is sufficiently high [~ 10°m/sec]- During i cause it does not

; ; ! follow the wvector !
random motion, the free electrons collide with j . el

| law of addition
atoms of the conductor again and again and x
their direction of motion changes after
each collision- Due to random motion of Eree ek,ctmn

all free electrons, there is no net flow

A{om

of charges in any particular direction- As

Y - ‘\
a result no current is established in the .1/' /O
conductor- : .z

Now if the potential difference is applied

across the ends of a conductor, an electric field “E” is set up at
every point within the wire- The
electrons experience a force in a di- = Nt _
rection opposite to electric field g _C '." .;\\
"+ Due to this force and the contin-

uous collision with the atoms, the

electron acquires a net drift velocity-

The average velocity with which free S
electrons get drifted in a metallic
conductor under the influence of electric field is known as drift ve-

locity “l/‘; "- The drift velocity of free electrons is of the order of
10°m/sec-

Note: If electrons drift so slowly, how room light turns on guickly
when switch is closed? The answer s that propagation of electric
field takes place with the speed of light-

Q4: Write a note on e!ecf:raencepha!ogram (EEG)-

EE@ is a neuro!og:ca! test that uses an electronic monitoring device
to measure and record electrical activity in the brain- Special sensors
[electrodes] are attached and hooked by wires to a computer- EEG
measures the voltage fluctuations resulting from ionic current flows

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

within the neurons of the brain:

The brain’s electrical charge is maintained by billions of neurons:
Neurons are electrically charged [or polarized] by membrane
transport proteins that pump ions across their membranes: Brain
electrical current consists mostly of Na’', K', Ca™ and CI ions that
are  pumped  through

channels in neuroh memm- (\W\W\/M
EEG normal
branes- The computer 4
records your brain’s elec-
) . /—\—/\"\/\/ EEG abnormal
trical activity on the
screen or on paper as

wavy lines: Thus the P-D
created by the electrical

activity of the brain is
used for diagnosing ab-

normal  behavior- The ] e
EEG detects and measures ¢lectrical signals

electrodes are hot harm-
ful to your body-

QR5: State and explain Ohm’s law- Discuss its scope and range of
validity- (ETEA 2005)

Answer: Ohm’s Law:

This law states that “the magnitude of R

the current in metals is proportional to
the applied voltage if the physical state of
the conductor remains unchanged-"

Explanation: - -
If “U" represents the applied voltage and

PD=V

“I” represents the amount of current flowing through the conduc-
tor, then we have,

i
] = V = [ = constant x V = I:EXV

v IR (D

Equation (7) ;"épreSe.ths the mathematical form of ohm’s law- In
equation (1) “R" is constant and is known as resistance of the con-
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ductor:

Scope and Validity of Ohm’s Law:
The ohm’s law plays an important role in electrodynamics- Using this

law, we can measure the current, 2
voltage or resistance in a given elec-
tric circuit-

The ohm’s law is valid for metallic
circuits and many other ¢rcuits con- | s

Current

taining electrolytic resistance: The | po-

graph between current and voltage

Vo—

for ohmic conductors gives us a . Voltage
. . - ig (a
straight line, as shown in figure (a):

Ohm's Law and Non-Ohmic Conductors: (ETEA 2007,2012-13)
The ohm’s law is not valid for all conducting materials: Those mate-

rials for which the slope of “I” verses “U” graph is not constant
are called non-chmic materials- For example,

7 The filament of an electric bulb behaves

like non-ohmic conductor- The [-V graph
fer a filament bulb shows that the
graph bends over as “V" and "“I” in-

creases- [t shows that a given change of

v(

“U" causes a correspondingly smaller Filament bulb

change in “I" at larger values of “V”-
Thus the slope of graph decreases with the [ncrease of voltage-

2+ Thermistor is also an example of non-ohmic conductor: The -V

graph  for thermistor bends upward

which shows that their resistance de- il
creases sharply as their temperature ris- ?
es and hence current increases- _LE»
3 Semi J~nductor diode is another exam-
ple of non-ohmic conductors- The I-V e o
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graph of a semi conductor diode shows
that it is also non-linear graph- The
current passes when the voltage is ap-

plied i one direction but it is almost

zero when it acts in the opposite direc- >
(] Semiconductor W
tion- diode

@6: (a) Define and explain electrical resistance-
(b) Discuss the factors upon which the resistance of a conductor
depends- (ETEA 2006-2008)

Answer: a) Electrical Resistance:

Definition: “The oppeosition offered by the molecules or atoms of a
substance to the flow of free electrons is known as electrical re-
sistance-"”

Explanation:
The resistance depends upon the nature of the material- Certain

metals like silver, copper and aluminum offer very [ittle opposition
to the flow of electric current- The resistance is the electric friction
offered by the substance which causes the production of heat with
the flow of electric current- The moving electrons collide with atoms
or molecules of the material and each collision results in the libera-
tion of minute quantity of heat-

Unit of Resistance: The 5-1 unit of resistance is “ohm” which is
represented by the symbol “Q"- [QQ— omega]

As VETIR) - R = IV:
- R = ) Tl . = poh (9]
7 ampere

So the unit of resista=.e is ohm which is defined as “the resistance
of a conductor is said to be 1 ohm if one ampere current is flowing
through it by applying a P-D of one volt across its ends-”

#) factors upon which Resistance depends:
The resistance of a conductor depends upon the following factors:

The resistance is directly proportional to the length of the con-
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ductor i-e-
R =« L (7)

2- The resistance is inversely proportional to the area of cross-
section of the conductor i-e

Rx%— '» (2)

Thus a thicker wire [conductor] will have smaller resistance per
metre and hence less amount of enerqy will be lasted as heat:

3- The resistance of a conductor depends upon its nature: Some
material offer high resistance while some offer smaller resistance:

4- The resistance of a conductor also depends upon temperature-
lts resistance increases with increase in temperature and vice

versa-

Now by keeping the temperature constant, relation (1), (2) can be
combined as, :

R =

b, 1

L oL
— R = constant - — R=—— 3
= an 2 = A ()

In equation (3), “8” is constant and is known as specific resistance
or resistivity of the material

Q7: Define and explain resistivity or specific resistance: (ETEA 2017)
Answer: Resistivity or Specific Resistance: '

Definition: “The resistance offered by Tm length of wire of a mate-
rial having an area of cross-section of Im® is known as resistivity or

specific resistance-’

Explanation:
Different materials posses different values of resistivity: The resis-

tivity of metals and alloys is very small- Therefore, these materials
are good conductors of electric current-

On the other hand, resistivity of insulators is extremely large: So
these materials hardly conduct any current:
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There is also an intermediate class of material which are known as
semiconductors: The resistivity of these material lies between con-
ductors and insulators:

Unit of Resistivity:

We know tha+
R = oL
A

= d=rfi—ﬁ =Q-m/m=Q'm

S50 the unit of resistivity is (Q2:m)-
Q8: Define: (a) conductance (b) conductivity (ETEA 2007)

“The reciprocal of resistance of a conductor is known as conduct-

) ance*” [t is represented by “G”- [F “R” represents the resistance of
a conductor, then its conductance “G” can be written as,
r 71
] 6 )
R

Unit_of Conductance: The unit of conductance is “mho”- Another
unit is “siemen”- It is represented by "“5"- |

b) Conductivity: (ETEA 2015)
“The reciprocal of resistivity of a conductor is called its conductivi-
ty-" It is represented by “c”- If “07 represents the resistivity of a

conductor, then its conductivity can be written us,
F R\

| o = &S
LA RA |
Unit _of Conductivity: The unit of conductivity is “mho-m™" or

“siemen-meter'” (S5-m’)-

Q9: (a) Discuss the effect of temperature on resistance of a con-
ductor- Also explain the temperature co-efficient of resistance:
(b) Discuss the temperature’s effect on resistivity of a conductor-
Also discuss the temperature co-efficient of resistivity-

Answer: a) Effect of Temperature on Resistance:
The resistance of a material changes with the change in tempera-
ture- The change in resistance due to temperature depends upon
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the type of material- For example,

7- The resistance of pure metals like copper, aluminum increases
with the increase in temperature-

2- The resistance of electrolytes, insulators like glass, mica, rubber
etc decreases with the increase in temperature:

The resistance of semi-conductors like germanium and silicon etc also
decreases with increase in temperature:

Temperature Coefficient of Resistance:

Consider a conductor having resistance “R,” at temperature “0°C”
and “R;” at “T°C"- Let “Rr - R,” represents the change in re-
sistance due to increase in temperature, then we have,

7- (Rr - R,) is directly proportional to initial resistance “R,” i-e:

(R - R,) xR, (1)
And
2- (Rr - R,) is directly proportional to the rise in temperature
“Tr. .e-
(Re-R) =T (2)
Combining relations (1), (2), we get,
(R.-R) = RT
= R.-R = constant R, T
= R -R =xRT (3)

In equation (. 3 Y, e
ficient of resistance: From equation (3), we have,
R =R+ RT
= R =R (1+ 5 T) %
Equation (4) represents the final resistance of the conductor-

is constant and is known as temperature coef-

Definition of «:
From equation (3), we have,

(R -R)
e BUE S0, (5)
RT
From equation (5) “«” can be defined as “the temperature co-
efficient of resistance is equal to increase in resistance per ohm ini-
tial resistance per degree rise in temperature”- lts unit is K

ry

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

Note: The resistance of metals increases with the increase in
temperature, so “x'" s taken as positiver While the resistance of
semi-conductors decreases with increases in temperature, so “x" js

taken as negative-

b) Effect of Temperature on Resistivity:

The resistivity of pure metals increases with increase in tea;ﬂpera"
ture: While the resistivity of insulators and semi-conductors decreas-
es with increase in temperature:

Temperature Co-efficient of Resistivity:

In terms of resistivity, equation (5) can be written as,
5. =) |
r = Q«—_g 3

T | (®)

From equation (6), “»" can be defined as, “the temperature co-
efficiént of resistivity is equal to increases in resistivity per unit in-

itial resistivity per degree rise in temperature”: [ts unit is K’

Note: The resistivity of metals increases with the increase in !

temperature, so “x” is taken as positive: On the other hand, the
resistivity of semi-conductors decreases with increase in tempera-

i »

ture, so “x” in such a case is taken as negative: g

Q10: What are wire wound resistors? Discuss the use of wire
wound variable resistors as (a) rheostat (b) potential divider

Answer: Wire Wound Resistor:
The wire wound resistors are those which posses high stability and
give accurate values- These resistors are designed on the principle

that if the length of wire increases, then resistance will also in-
creases and vice versa-

Variable Wire Wound Resistors:

it is a type of wire wound resistor whose resistance can be varied

according to our needs and desires: [t consists of a bare manganin
wire which is wound on an isolated cylinder- The end of the wire is
connected to two fixed ends “A” and “B"- There is a 3 terminal
“C" which is attached to a sliding contact: This terminal can be
moved over the wire-
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a) Use of Variable Wire Resistor as Rheostat:
The rheostat is a variable type
of wire wound resistor whicn
can be used for controlling cur-
rent in a circuit. [t consists of
three terminals A, B and C as
shown in the figure-

The terminal “A” and “B” are

Coil of wire

na c

Terminal B = .
fixed while the terminal “C” Sliding contact |
can slide over the wire: [f the Terminal A

sliding contact “C"” is moved
away from terminal “A”, the length increases and hence the re-
_sistance included in the circuit increases:

If the sliding contact “C” is moved towards “A", the resistance de-
creases- By adjusting the resistance in the circuit. the current in
the circuit can be controlled-

b) Use of Variable Wire Resistor as Potential Divider:

A potential divider is a type of variable wire resistor which provides
a convenient way of getting a variable potercial difference from a
fixed potential difference: With the help of the battery, a potential
difference “V” is applied across ends “A” and “B” of the resistor
Let “R” be the resistance of wire “AB” and “I” be the current
passing through it, then
- ¢
If “Rec” is the resistance of the por-
tion of the wire “BC” and “I” is the
current passing through it, then the
potential difference between the points
“B” and “'C" is given by,

v =I1R = | =

VSC = !RSC (2)
Putting equation (1) in equation (2),
we get,
_TF '“‘T/"—
: V»..: = E Rsc __..._._H.__..(S)
L SO o PRRBRE 3
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Depending on the positior of the sliding contact “L”, the value of
R.
the fraction "u};—c " can be varied from “0" to “1"- When the con-

tact “C” is moved towards “B", the length decreases and hence the
resistance “Rg'' of the portion of the wire decreases: Thus “Vg"
decreases: On the other hand if the sliding contact “C" s moved
towards the end “A”, the length from “B” increases and “Rg " of
the portion of the wire increases: Thus “Ve." increases-

Q77: What is a thermistor? Djscuss its properties and uses-

Answer: Thermistor:

Thermistor (s another type of resistor which made from semi con-
ductors- Its resistance varies rapidly and predictably with tempera-
ture-

Properties of Thermistor:

7+ It is a heat sensitive device whose resistance changes very rapidly
with change in temperature:
2+ The temperature co-efficient of e thermistor is very high :
3: The temperature co-efficient of a thermistor can be both posi- '
tive and negative-

Uses or Applications of Thermistor:
7- A thermistor with negative
temperature co-efficient of Thveserisray Heater

resistance may be used to l.___/ww_.c”{ AR
safequard  against  current ¥

o

i

surges in a circuit where this
could be harmful- For exam-
ple, in a circuit where the
heaters of the radio valves are in series, a thermistor “T" s in-
cluded in the circuit- When the voltage supply is switched ON,
the thermistor has a high resistance at first because it s cold-
S0 it limits the current to a moderate value: As it warm up,
the thermistor resistance drops appreciably and an increased cur-
rent then flow through the heaters:

Modern applications, commurication tools and accessories like mobile

phones, computers, LCD displays, CPUs, rechargeable batteries, med-
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ical and patient monitoring
equipment are all equipped
with thermistors, so they can
be used continuously without
fear of overheating and appli-
ance damage-

2- A thermistor with a neg- | Disc thermistor
ative temperature co- u Rod thermistor
efficient (MNTC) can be
used to jssue an alarm for excessive temperature of winding of
motors, transformers and generators: UWhen the temperature of
windings is low, the thermistor is cool and its resistance is high:
Therefore, only a small current flows through the thermistor:
Wher: the temperature of the windings is high, the thermistor
is hot and its resistance is low- 50 a large current flows in the

coil to close the contact-

3- Some appliances like washing machines, clothes dryers, refrigera-
tors and freezers, hair dryers, curling irons, ovens, toasters,
thermostat, air conditioners and fire alarms also have negative
temperature co-efficient for temperature control

QT2: Write a note on electromotive force (e-m-f)-

Answer: Electromotive Force (e-m-f):
Definition: “The strength of a source which can maintain a poten-
tial difference between two points for maintaining steady current in

the circuit is known as electromotive force (e-m-f)-"

Explanation:

We know that for maintaining a steady current in a circuit, there is
need of steady potential difference across the circuit- This is possi-
ble only, if certain device changes some other form of energy into
electrical energy- For example, an electric generator converts me-
chanical energy into electrical energy- 5Such devices are able to drive
the positive charge from its negative terminal to positive terminal-
For doing so, work must be done on the charge: This work on the
charge is converted into electrical energy- Such devices which can

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

maintain steady potential difference across its terminal for main-
taining steady current s Kknown as

source of emf |

Now if the work done by the source on
charge “q"” is “W?”, then the emf of e
such source is given by, -

+
=
(_

1
emf = __Liork Electromotive force
charge
w
=2 e
-
& J L

Its unit is = or “volt”-

Sources of e-m-f:

The work done by emf on charge carriers in its interior must be de-
rived from a source of energy- There are many sources of emf For
example,

7-  Fatteries or cells convert chemical energy into electrical energy:
Electrical generators convert mechanical energy into electrical energy:
Thermocouples convert heat energy into electrical energy:

A solar cell [radiant] converts sunlight directly into electrical en-

ergy:

£

Q13: Discuss the internal resistance of a supply-

Answer:
Consider a battery [cell] of emf “c” having
internal resistance “r"” as shown in figure

(a)- r

Now if the terminals of the battery are E Figr ta)

connected to external resistance “R”, then e

current will flow in the circuit, as shown in

figure (b)- '

Now the potential drop across the internal resistance is given by,
v, = Ir (1)

While the terminal P-D is given by,
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V, = IR 2) ]
Now the emf “c” of the circuit is [~ >
given by, r
b=V, +V ___(3) .
Putting equation (1), (2) in & _ R
equation (3), we get, : %
e=Ir+ IR
= B2 Nr+R8). . 0%) £
Equation (4) represents the rela- 1
simn betiwesn et Ve of bhe Internal resistance cf a battery

source, internal resistance “r” and terminal PD (Vr = IR): From
equation (3), we have, -
V‘r =e- V;‘»;

= W-=g-idr (5)
Equation (5) shows that the terminal voltage “V:" is less than the

emf “c” because of the term “Ir” which represents the potential

i w_

drop across the internal resistance “r

Q74: Define and explain electric power-

Answer: Electric Power:

Definition: “The rate at which work is done in an electric circuit is

khiown as electric power-” j-e-

g ) work done in electric circuit
: Electric power = ——— v~ ——-

|- . t:me

Explanation:

When voltage is applied to a cir- | 4 R B
cuit, it causes current to flow | @& > AN ———O
through it+ Clearly work is being | < Vv > |
done in moving the charges in Work done on a charge

the circuit- This work done in

moving the charges in a unit time is called the electric power-
Let “V" represents the P-D across AB, “Q" represents the total
charge flowing in time “t", then
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e know that,
Q@

I = — [f — currenb:[
t
= @ =1t )
Putting equation (2) in equation (1), we get,
w = 1tV (3)
We know that,
p = —‘;i (4)
Putting equation (3) in equation (4), we get,
p - 1tV
t
= |P=1V (5)
We know that, ‘
V= /R (6)
Putting equation (6) in equation (5), we get,
P = I°R (7)

As V=IR = [= (8)

Putting equation (8) in equation (5), we get,

V2 |

o (9)

Equabiahs (5),-(7) and equation (9) represents the amount of
power consumed in electric circuit:

=

Unit_of Electric Power:
As P=1V

= P = Tamp x lvolt = 7 watt
50 the 5+ unit of power is “watt” which is defined as, “the power
consumed in a circuit is said to be 1 watt if a P-D of 7 volt causes
a current of 1 ampere to flow through it-"

r P

| Thilo watt (Kw) = 10°watts; Imega watt (Mw) = 10° watts

Q15: Define kilowatt-hour-
Answer:
Joule is a very small unit of enerqy, while the electric energy is
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commonly consumed in very large quantity”, so for the measure-
ment of electric energy, we fieed a bigger unit which is known as
kilowatt-hour: [t s defined as, “the amount of energy obtained by
a power of 1 kilowatt in one hour”-

T Kw - h = 10°w x 3600sec = 3-6x10°w-s|  [Th = 3600s
IKw-h = 36 xT0°J [U = Jw ‘Tsec

Q16: Explain the concept of electric enerqy and obtain the energy
equation for a current carrying circuit-

Answer:

The electric generators, car batteries, dry cells, solar cells etc are
the devices that convert various forms of energy into electric ener-
9y* These devices maintain P-D across its terminals and cause cur-
rent through the circuit-

A current carrying circuit always consume electrical energy and con-
verts it to some other form of energy- For exampie,

7- The electric motor converts electrical energy into mechanical energy-
2. The electric iron converts electrical energy into heat energy:

3+ The electric lamp converts electrical enerqy into light enerqy-
Now to obtain an equation for the energy expended in a circuit,
consider a closed electric circuit energized by a source of emf such as
a battery or generator: The circuit may comprise only one or of
several components such as a lamp, fan, heater, bell, motor, radio
etc- If “V" is the P-D between two points in the circuit and “1” is
the current in the circuit, then the electrical energy delivered to
the circuit is given by,

W=pxt (1)

As P =1V (2)
Putting equation (2) in equation (1), we get,
(W = ive ] (3)

We also know that,
V=1IR (%)
Putting equation (4) in equation (3), we get,
|w = IPRe ] (5)
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Equation (3). (5) represents the energy equation for a current
carrying circuit- The energy equation is applicable to the lightning of
a lamp, the turning of a motor and the charging of a battery etc:

Q17: Explain maximum power output or maximum power transfer
theorem-

Answer:

In many electronic circuits and systems jt is important to have
maximum transfer of power from the source to the load- For exam-
ple, in radio or TV transmitting systems, we need maximum trans-
fer of power from the transmitting medium to the antenna sys-
tems- [We want maximum transfer of power from amplifier to the
speaker system- This is accomplished by proper matching of load re-

L

sistance “R” and source resistance ‘'r

For better understanding, consider a circuit in which a source of emf
“.” having internal resistance *r" is connected to a load resistor
“R"” as shown in the figure- In such case, the charges flow from a
point of higher potential to a point of lower potential- Here loss of
P-E occurs and the loss of P-E per second is known as power deliv-
ered to “R” by the current “I”: Now we know that the electric

power is given by,

Paut = IZR (?)
We also know that, the relation be-

tween I, r, v and “R" s given by, ; . |
£ r
—p " W, 2 é
e (2
Putting equation (2) in equation 8;_ %R
(7)., we get, 5 [
- ER
cut (R + r_).? )
& B £°R |
— out (R2 + ’“2 o 2Rr)

R

) = e e — e

& (R® + ¢ #2Rr + 2R = 2Rr)
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o P s £ R
T (R®+ 1%+ 4Rr - 2Rr)
= Paut I 2 2 £ . o i ::—(‘7 - b = a® + B* - Dak)
(R? +r? - 2Rr + 4Rr) -
=°R
= Fu © (3)

“ [(R-r)? +4Rr]
Equation (3) shows that power delivered will be maximum if the
internal resistance “r” is equal to the load resistance “R”- It is also
known as maximum power transfer theorem: 50 by putting r = R,

equation (3) can be written as,

e*R )
P-Ouz =
[(R-R)* +4RR]
P = s:‘Rj
ouc qRQ
5‘2
: P = 4
_::’ ( aul:)m..u QR ( )

Equation (4) represents the maximum value of output power- In
terms of “r”, equation (4) can be written as,

o

! (Fwdose = 27 | (5)

QI8: Write a note on thermocouple-

It is a two junction circuit device which gives an experimental rela-
tionship between heat and electricity: This relation between heat
ard electricity was studied by Thomas Seebeck in 75.°7

He joined two wires of two dissimi- it & |
L R Thyet
lar metals to form a cireuit- A gal- junction _
S =
vanometer was also connected to " A 6 §$ ag
ermo- A L Al
the ends of wires, as shown in the | eiectiic O g
figure- He pointed out that if one | "™ \
- - : . Thermocouple Gold
junction is heated to a high tem-

perature and the other end remained at low temperature, then an
emf is generated in the circuit due to which current Fows 1n the
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circuit and the galvanometer shows deflection- Such emf is known as
thermoelectric emf and the current is known as thermoelectric cur-
rent- This phenomenon is known as “Seebeck Effect” In this pro-
cess, heat energy is cohiverted into electrical eneray-

The thermo emf produced is very small i-e: of the order of milli
volt per every degree of temperature differenice: The “Seebeck Ef-
fect” is reversible: i-e- if the hot junction and cold junction are in-
terchanged, then the direction of emf and current reverses- The
value of thermo emf depends upon the separation of two metals
and temperature difference: [f the temperature of hot junction is
7°C and temperature of cold junction is 0°C, then the thermo emf
is given by,

- 1

7 .
=g T + =3I 7
ke Ll . (7)

In equation (1), “=” and “B” are constants and are known as
“thermoelectric coefficients”- The values of “x” and “R” depends on
the nature of the metals-

The thermocouples are mostly used as temperature sensors in indus- |
try due to their low cost, simplicity, size and useable temperature

range-

QI9: Discuss the wvariaticn in thermoelectric emf with tempera-
ture-

Answer:
Consider a Cu-Fe thermocoupile, having two junctions “A” and “B”

as shown in the figure-

In the beginning, the two junctions Cuy
are at the same temperature, so
there is no thermo emf and no cur-

-
-~

'
1
1
' -
b

lee
rent and hence the galvancmeter “G"

shows no deflection-

uensunliop

,~‘ls
4 e
% .
\" s

Now if the junction “B" is kept at
O°C, and the temperature of junction

“A” is allowed to increasc jradually,
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then the thermo emf increases and current flows in the circuit due
to which the galvanometer shows deflection- The thermo emf in-
creases with increase in temperature and finally reaches to its max-

imum value at a certain tempera-
ture: The temperature at such "
stage is known as neutral tempera- =
bure “T,” £
5
Now on further increasing of tem- &
) 3 =
perature, the thermo emf begins 5
£
to decreaser The temperature at i >
. 32°F 518°F 1004°F T—>
which the thermo emf becomes ze-
ro is known as inversion f;empera- Vanalluncfthermfaemfwith
temperature T for copper-iron thermocouple
ture- The given graph shows the

variation of thermo emf with the temperature:

Q20: Write a note on resistance thermometers-

Answer: Resistance Thermometers:

The resistance thermometers are also known as resistance tempera-
ture detectors “RTD”- These thermometers can be used as sensors
to measure the temperature by correlating the resistance of “RTD"”
element with temperature-

The “RTD" consists of certain unique elements like platinum, copper
or nickel- These elements have a unique, repeatable and predictable
resistance versus temperature [R vs T]-

The [R vs T] relationship is defined as, “the amount of resistance
change of the sensor per degree of temperature change”:

The platinum is the best metal for RTDs because it follows a very
linear resistance-temperature relationship and it follows the [R vs T]
relationship in a highly repeatable manner over a wide range of tem-
perature- The unique properties of platinum make it the best mate-
rial of choice for temperature standards over the range of -185°C to
630°C- The RTDs are now used instead of thermocouples in industry
due to their high accuracy and repeatability:

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

Q27: State and explain Kircritof¥'s current law (KCL)- (ETEA 2012)
Answer: Statement:

It states that the algebraic sum of all the currents meeting at a
junctior of a circuit is equal to zero' ire- L1 =0

Explanation:

Consider a circuit having a junction “F£7 s
shown in the figure: Let “I,” and “I,” be che
current flowing into the junction and i;. I, te
the current leaving the junction-

The current which is Flowing into the junhction
is taken as positive: While the current leaving

the junction is taken as negativer Now accord-

ing to Kircihoff's current law, we have,
N1 =0
o= 1. + f: + (—-;"3) | (——‘."__ ) =0

= ] I, # I;—' i L‘+ f;.". (f)

R T ey

Equation (1) represerts another form of RKirchhoff's cdrrent law:
From equation (1), Kl can be defined as, “the total current en-
tering a junction is equal to the total current leaving the junction”-

et = -

i Note: In case of KCL, no charge can accumulate at a junction: 5o
[

| the total charge entering the junction per unit time must be

|
:1 equal to the total charge leaving the junction per unit time:-

W Charge per unit time is called cu-rent.- Thus YL is a manifesta- |
+f Lhe conservation of «lectric chirqe- i

QR22: State and explain Kirchhoff's voltage law (KVL):

Answer: Statement:
KVL states that, in any cigsed electrical circuit, the algesiaic sum
of all the electromotive force (emf) and voltage drops in “IR” re-

‘stors is equal o zerpr fe-
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Explanation: £
Consider a circuit which consists of two emf B_(_,f,{,_l A
sources ‘‘c;” and ‘“e2” and two resistors A
“R;" and “R," as shown in the figure: & —__—+ 1 g
Let we start from “A" and go around the
circuit in anti-clock wise direction Now R
the sign conventions for “emf” and “IR” £ PR D
drops are aiven below: _ )

] K'rehatt’s voltage law
7o 1T e unside- the circdit from minus

to pluc direcrcn cher the emf will be taken as positive: So in
given corcurt, w7 s taken as positive-

2+ If we 9o through a resistor in the samec dircction of assumed
current, then “IR” drops will be taken as negative: 5o in above
circuit, “IR;” and “IR,” are taken as regative-

3+ If we consider the circuit from positive to negative, then emf
will be tzken as negative- So in the given circuit, “c;” is taken

as riegative-

Now applying Kirchhoff < voltage law to the given circuit, we get,
Sam of emfs + sum of IR drops = O
o T 85) ¥ CIR) + (%350

5 i Se=IR] _ (1)

~

Equat-on (1) reoresents annrkr  form of K/l From ezuation (1),
KVL 29 be =53 defined ¢ "ae iy of oll the em¥s in a circuit is

equal ¢ the sum_of ali vue (X volbage drocs i1 i'ut leep or cir

~ygia=tt
i "

g = = v, B delome B 4 o . = . A
NoTe ol e el i auaticn € SorteeEE f-_f-g_e tata; !l
A fi
:woik drne bu ghe souwries of emf to impasl geeess T2 L. U
4
2 - . E 4 . % i s = i
1riarge The riant nand ice of equa’ =~ (71 ‘ercese . khe Aiccipa- -

i 1
v & af acguired erergy 25 the chorge Fille ¢ v s & sc'tE e med- i

g e

fume The Gas in energy s equal te the lner = arcigu S KU s _qp
| manifestation of inw of corservation nf eries . ;
b s it gl e R : |
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Q23: Discuss the procedures of Kirchhoff's laws for problem sofu-
tion-

Answer: .

Consider a circuit which consists of two sources of emfs “s,” an
“ex” and two resistors “R;” and “R,” as shown in the figure: No
for given values of €, €, R, and R, we can use Kirchhoff's law t
determine the current 1, 1> in all branches ¢ the circuit-

Here we divide the cir-

cuit into two loops i-e- g 2 &
“ABCFA” and “CDEFC”- 1

Let “I,” be the current Sl_.,i “ﬁh}]

through  loop “ABCFA” T- $R1 ’ gﬂ

and “I,” be current
through loop “CDEFC”: L
The currept in  branch -
“CF" will be (I, + I5)" - F "’ E

Loop “ABCFA”:
In case of loop “ABCFA”, we g0 from neqative to positive f:e.rmim[
so the emf “c;” is taken as positiver As we go through resist'
“R,” in the assumed direction of current, so (I, + [,)R, drop is ta'
en as hegative: |
Now applying Kirchhoff's voltage law to loop "ABCFA”, we get,

g, [Ny LJR | =90
= &S.0H T LR
% 0= LR + LR (7

Loop “CDEFC":
In case of loop “CDEFC”, we g0 from positive to negative termin:
so emf “s,” is taken as negative: As we g0 through “R,” and “R;”
opposite direction of assumed current, so IR, drop and (1, + I3)
drop is taken as positive
Now applying Kirchhoff's voltage law to loop “CDEFC”, we get,

¢, + IR, + (L, +I,)R =0
= g, =LR +IR +IR 2)

”
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low for given values of €;, €2, Ry, Rz, we can simplify equations (1),
2) for finding the values of I, and I, in the given circuit-

Q24: What is a Wheatstone bridge? Explain with diagram, the
principle, working and uses of Wheatstone bridge: (ETEA 2007)
nswer: Wheatstone Bridge:

he Wheatstone bridge is an instrument which was proposed by
Vheatstone for finding the value of unknown resistance accurately-

‘onstruction:
E consists of four resistors P, @ R
nd X as shown in the figure-

- gnd Q@ are known fixed resistors, R
i variable resistor while “X” s un-
nown resistor whose value is to be
aund- A battery of emf “c” is con-
scted across the junctions “A” and
C” while a galvanometer “G” is con-
ected across the junctions “B” and
D” as shown in the figure-

F
e Switch

Wheal stane bridge

rinciple:

he principle of UWheatstone bridge is that, if , then the

D v
XI®

ridge will be in balance conditions and no current will pass through
‘lvanomet.zr

Jorking:

~e value of “P” and “Q” are fixed properly- When the key “K" is
vitched ON, the current “I” flows through the circuit: When the
irrent “I” reaches the junction “A”, it divide between the two
anches unequally and as a result, the galvanometer shows deflection-

ow the value of resistance “R” is varied gradually until the galva-
'meter shows zero current: Under such conditions, the bridge is
‘d to be in balance conditions- The point at which the bridge is
lanced is known as null point-

der balance conditions, let “I;” be the current through “P” and
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“Q", and “I>" be the current through “R” and “X” respectively:
Now under balance conditions, we have,
Potential drop across AB = potential drop across AD

s LP = LR (1)
2imilarly,

Potential drop acress BC = potential drop across D

QR = I.X (2)
Dividing equation (1) by equation (2), we ger
A . 15
» 16 X
PR
AP A 3
G 3)

Equation (3) represents the principle of Wheatstone bridge:
From equation (3), we have,

P
K

1
As the values of R, @ and P are known. .. ising equation (%), thei
value of unknown resistance “X" can be calculated accurately: i
Uses of Wheatstone Bridge:

The Wheatstone bridge can be used for determining the value of un-
known resistance accurately under balance coqditions:

Q25: What is pocentiometer? Explain its p:ouciple, construction
and working theory- U/hat are the advantages of using potentiom-
eter for measuring poteritial difference? (ETEA 2009)

Answer: Potentiometer:

A potentiometer is a rul! ~ype resistance network device wnich s
used for measuririg poteric @ iirferences:
Principle:

The principle of pote-:.ometer is that, the potential difference
across any lengtii of wire :5 directly proportional to its length whern
a constant current flows through it-

Zonstruction:

A simplest type of potentiometer consists of wire “L&" o2 .oform

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

area of cross-section: The wire is stretched along side of a scale and
connected -across a battery of potential “V” as showr in the figure:
A standard cell of knowr emf “u." s connected between "L and
terminal 1 of a two way switch “5" as shown in the figure:

Working: 7

The slider “N" /s pressed 1.:‘r'_

momentarily  against  wire : |

LM and its position is ad- S
justed until the galvancme- :, X Ly
ter deflection becomes ze- £, 1

ro- Let “i;” be the lengtn o ,.S G

of wire between “L” and '_;"_"2

“N”  under null condition- Sirriplost GomnOR® gp. FFEu

The fall of potential over

length ;" of the wire is then the same as the emf “&;""

Now move the switch to terminal 2 where the cell of unknown emf
“u2" s connected between “L" and “G"- Now aga:n adjust the slid-
er “N” over the wire until the galvanometer theio: zeray deflection:

Let “i,” be the length of wire between “i' ard “MN" under null

condition-

Here *“u," is equivalent to *:,” and .7 is equivalent to “:5", so
we get.

F?nd M W J{.-....F"

B T o Rl

Diviaing equation (2) by ejuuaiion (7} we get,

Lising eziwition (3). we can docarvure Lire unkacwr enmit 5" ¢of the cel

Advantajze of Usina Potenticmeter:

- ; ; £
Tne potenticricie~ fras a-czter sdvanitage over obther devices, be~
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cause of null condition it draws no current from the source: Due to
this, errors do not take place and as a result, we can measure the
true vafue of emf

Applications of Potentiometer:

7 With the help of potentiometer, we can measure small emf up
to 2U- ‘

2 With the help of potentiometer, we can measure high emf i-e

250V

Using potentiometer, we can compare the emf of two cells:

Using potentiometer, we can measure the resistance:

Using potentiometer, we can measure the current:

With the help of potentiometer, we can make calibration of

ammeter and voltmeter-

Q0+ w

(X |SOLUTTONS OF EXAMPLES & ASSIGNMENTS|

EXAMPLE 12-1:
Each second 10 electrons flow from right to left across a cross- |
section of a wire attached to the two terminals of a battery- (a)
Calculate the current in the wire, (b) in which direction the cur-

rent is flowing?

Solution:

Given Data:

Number of electrons = n = 10
Time taken = t = Tsec

If “e” is the charge on a single electron, then charge on “n” elec-
tron is given by,

Q@ =ne =70%x71-6 x107°C
Reguired: Charge on electron
a) Current in the wire =] = 7 = e= 148 x JO7P€
b) Direction of current = ?
Calculation:
a) UWe know that,

=

t
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= 7

— [ =7-6xI107 amp

= [ =760:0 x10%amp 107 = milli

- .

b) The current is flowing from left to right i-e: in opposite direc-
tion of electron flow:

EXAMPLE 12-2:

The high voltage is a TV receiver is 1T7KV- The maximum allowable
current is T50uA- What is the least permissible value of load re-
sistance?

Solution:
~ Given Data:
Voltage = V = 17KV = 17 x 10°V .
Current = | = 150uA Kilo = K = 107 =
= 1=150x10%A Wige = p = B
Required:
Load resistance = R
Calculation:

We know that,

7

V=IR = R'—'%

i
(750 x10°°)
= R = 07133 x70°Q

- |R=1713:3x70°Q

EXAMPLE 12-3:

A transmission line made of copper has a resistance of 100Q at
0°C- Calculate the change in resistance between summer and win-
ter, knowing that temperature varies from +35°C to -30°C- As-
sume the temperature coefficient of copper to be 0-00427C7 at
o°c-

Solution:
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Given Data:
Resistance at Q°C = R, = 7100
Temperature = T = 35°C
Temperature = T = -30°C
Tempersture coefficient of resistance of copper = v = 0-00427(
Required:
Charige in resistance = \K = 7
Calculation:
LiJe know that,
R, =R(1+ «T) (7)
For T = 35°C, equation (1) becomes,
R, =100(1 +0-00427 x 35) = 100 (1 + O-14945)

R.. = (100 x1-14945)Q2 = 114-945

- [R, = 17150]
Now for T = -30°C, equation (1) becomes,
R 7007 + 0-00427(-30) | = 100(7 - 0-1287)

s R, =100 (0-8719)Q = 87190

35

30

1}

-3¢

= [R, = 8720
Now the change in resistance is given by,
AR = R - R, = 115Q - 87-20

=~ | AR = 27.80

N

EXAMPLE 12-4:
Calculate the resistance of copper conduccor havinz o length of
2km and a cross-section of 22mm’: Assume the resicovity s 18 x
107°Qm-
Solution:
Giver; Data:
Length of conductor = L = 2km

= L. 5 2z &r E
Area of cross-cectinn = A = 22mm°’ = 22 x i0'm

Resistivity of coprer = & = [8 x10 "m

Reguired:
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Res.stance of the conductor = R = 7
Ca'culation:
We know that,

R = A (7

Futting the values in equation (1), we get,

|/ 18 x107x 2 x10° \( _ 36 «x 7079736

R = - Q
L~ 22x10 ) 22
R=164x10°0 = [R=164Q]

ASSIGNMENT 712-1:
(a) Calculate the resistance per unit length of a 22 nichrome wire
of radius C-32Tmm- (b) If a potential difference of TOV is main-
tared across Im length of nichrome wire, what is the current in
the Wire? Pumromes = 1°9 X 710°Q-m-
Solution:
Given Data:
Radius of nichrome wire = r = 0-32Tmm

s +r=0321x10°m,
Area cf cross-section of wire = A = nr* = 314 x (0-327 x 107)?

= 0-32x10°m?

Potential differenice = UV = 10V
Resistivity of nichrome wire = & = 7-5 x 70°Q-m

Required:

a) Resistance per unii length = — =7
/ 2 L

b) Curreftwin, the wire =1 = 7
Caiculation:
a) We know that,

— R & _i B6XI0° g
A L A (032x10°m
= F‘S__li L2 = ffAG.‘:}
032 ' m m
(!
| R = 4.6 2
s
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e [ = 2-2A4

EXAMPLE 12-5:
A heating coil has a resistance of 20Q- [t is designed to operate

on 220V What electric energy in joules is supplied to the heater
in 10 seconds?

Solution:
Given Data:

Resistance = R = 20Q V= IR
+ Voltage = V = 220V, Time = t = 10sec 4
Reguired: 4 R
Electric energy = W = 7
Calculation: ' 1
We know that, |
W = I°R¢t
= W = ;—j x Rt
V3%
= W e
w = (B2 %10 £y 732007

20

EXAMPLE 12-6:
The following are the details of load and a circuit connected

through a supply meter- (i) Six lamps of 40 watts each working
for 4 hours per day- (ii) Two fluorescent tubes 125 watts each
working for 2 hours per day- (iii) 1000 watts heater working for
3 hours per day- Find the cost of electrical energy consumed in 30
days of a month when the rate of electricity is 7-O Rs per unit:

Solution:

Given Data:

i) Power of T lamp = 40 watts
Power of six lamps = 40 x 6 = 240 watts
Time = ¢ = 4 hours
Energy consumed = w; = p x t
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= w, =240 x4 = |w, = 960 watt- hour

ii) Power of T tube = 125 watts
= Power of 2 tubes = 125 x 2 = 250 watts
Time = t = 2 hours
Energy consumed = p x t = 250 x 2
= |w, = 500 watt- hour
i) Power of heater = p = 1000 watts
Time = t = 3 hours
Energy consumed = p x t
= w, =71000x3 = 3000 watts-hour
= | w, = 3000 watt- hour
Now the total energy consumed per day is given by,

w=w tw, +w,
= w = (960 + 500 + 3000) watt-hour
= W = 4460 watt-hour
= w = 4460 x10° watt-hour
= w = 4460 kilcwatt-hour

Now the total energy consumed in the month of June [for 30
days] is given by,
w =wx30 =446 x30 kwatt-hour
= W =1338 kwatt-hour
Now the bill for month of June = 7 x 133-8 Rs
= | Bill for month of June = 936-6 Rs

ASSIGNMENT 12-2:

A heating coil is rated at 100W, 200V The coil is cut in half and
two pieces are joined in parallel to the same source- Now what is
the enerqy liberated per second?

Solution:

Given Data:

Power = P = 100 watt
Potential difference = UV = 200V —ANVV\—
Required: Fig (a)

Energy liberated per second = ?
Calculation:
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PV RV
R’ i
g = (200) _ 40000 e VWA N —
o e Coil is cutted inte t
OIS catted inle two
. R = 4000 identica! mioces
Flow when the coil is cut into two iden-
tical pieces, then resistance of cach piece is q.ven by,

|
|

I

. R _ 400
R = .= —2 = 200Q
2 2
fow  the  equivalent resistance R’

‘e paraliel combination is given

Lz
=

Sl

BT _ |
E R [ F5sse
v P
E_= E' £ 200 O Sttt sweren arg conrected nopa i |

Hgain we have,

Faem
? e
Fre %5 AN 400 :?

g2

Vome

Faerqu uberated per cecond = 4 -

L EXSPELE D7
Tasce sbcws three resisto~c and twz voibage cources- {Jse Kirch-
nofl < voltaae law to find the emfF . |

e =

velution.
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Given Data: . Miissiin !
g, = 28V, R = 2K, —-v ———— e
R, =T1KQ, R, =3KQ §

|
Regquired: A IJ e
emf =g, = 7 & kg 3K0
Calculation: vl

~The eguivalent resistance of
the circuit is given by, :
R =R +R +R, - =
> R_=(2+71+3)KO
= R, = 6KQ = 6x10°0Q
Now the current in the circuit is given by,

1

il

|

&g

e S = l =S S
R R 6 x 10~

o T o S0

Now applying Kirchhoff's law tc loop BECDA, we get,

8 =i =8, =@
— 24 -4 x70 x2x70° -u. =0 I =4 xt0°A
a 24-8-g, =0 . = 2f'<_£2
TR = 2x10°0
> 16-¢, =0 -+ in, =76 volts |

ASSIGNMENT 12-3
Circuit ABCDEF s shown in figure: Calculate the current in each
branch of the circuit using Kirchhoff's voltage law-

Solution:

Given Data: y
Let we divide the given el AV VO NS s :
circuit into two foops fe i |

lcop “AELFA” and ioop | b ¥ Y
“BCDEB"- . : . <’ '-
Consider Loop "HABEFA'. “_‘ . e gf O i
Applying Kircikoff s volt- [ !

age law to loop “"ABEFA”, . i 4

we get, d ' ; -
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E—LR ~(L ~LJR, =0
=5 4-5F ~20(L,~1,)% 0
> 4-5I,-20I, +20I, =0
= 4 - 25I, +20I, =0 )
Consider Loop “BCDEB”:
Applying Kirchhoff's voltage law to loop “BCDEB”, we get,
(I, -1 )R ~1R ~LR =0 :
= BOFL, = 1,) <10%, =30F, =0
= 20I, - 20I, - 10T, - 30T, = 0
= 20I,-60I, =0
= 20I, = 601,
=% I= g)-J.'
F207%
= I, =L, (2)
Putting equation (2) in equation (1), we get,
4 - 25x3I,+20I, =0
= §=75L, +208, =0
= 4 -55I,=0
=. 55T, =4 |
o

= I =z = /I, =007274] |

Putting the values of “I,” in equation (2), we get,

I, =3x00727A = [I, = 0-2181A |
a) Now the current through “R;” is given by,

|1, = 0-21814
b) The current through “R;"” and “R,” is given by,
I,=0-0727A4
¢) The current through “R,” is given by,

= (1, -I,) = 0-2181 - 0-0727 = [(I, - I,) = 0-1454A |
EXAMPLE 12-8: f
Using a Weston cadium cell of 1-O183V and a standard resistance
of 0-1Q a potentiometer was adjusted so that 1-0183m was
equivalent to the emf of the cell: when a certain direct current

was flowing through the standard resistance, the voltage across it
corresponds to 150cm+ what was the value of current?

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

Solution: Given Data:

emf of the cell = ¢, = 71-0183V, Standard resistance = R = 0-7Q
Length = (, = 0-:0183m, Length = (, = 150cm =1-5m

Required: Current through standard resistance “R” = [, = ?
Calculation: The current through standard resistance “R” is giver by,

& ,
§, = & 7
;= 3 (1)
We also know that,
t { s

i o 2 " = s 3
_— = T- == 22 = il (2)
&, {

% 7 !
Putting equation (2) in equation (1), we get,

J .?nf

s Ri,
75 x1-0183 .
s L=|-=2—"14 =154 =1, - 1B§
e (O-for-orgaJ =4 = ER]

ASSIGNMENT 712-4:
A potentiometer wire of length Tm is connected to a driver cell of
emf 3V: When a cell of 1-5V emf is secondary circuit the balance
point is found to be at 60cm- On replacing this cell and using a
cell of unknown emf the balance point shifts to 80cm- Calculate
unknown emf of the cell-
Solution: Given Data:
emf of the cell in secondary circuit = g, = 7-5V

t, = 60cm , I, =80cm
Required: emf the other cell = ¢, = ?
Calculation: We know that,

3v

2] =0
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{ Exercise;

Choose the best possible answer:
7- Three :resistors of resistance “R” each are combined in various
ways* (Which of the following cannot be obtained?

a) 3R b) _2;:50./
R 2R
) —O d) —Q
) 3 ) 3
CASE-1: Let the resistors are connected in series, then
R.=R- -R=3R
= 18 "= 3Ri AA
CASE-2: Let -2 resistors are connected in parallel, :
then _ AAA
B ? = ?'1*- _7__ = 2 Q) B
R, R R - R.G%& S, . -
o i R = " '

e e oy

CASE-3: ' »+° *trua resistors are connected it series and then their

equivalent 1s cobtead. 4t = pirillel with third resistor, then we have,
R, = R+ h'% 2y Sy

7 _R+2R _ 3 AIR,"EQ_Ri
R, 2R 2R |7 3
cHoE-4: Let the two resistors are connected in parallel and their
equiv.. - “t is connected in series with their res.- . . then we have,
P Tl 2 1 2
R R R R, R
-5 R = ES!
£q 2
R 3R
Now R =R +R=—+R = —1Q
% ki 2 2
s (B =2ro
& 2
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. . 2R _
Now we see that option (b) i-e- -?sz do not match with any pos-
sible equivalent resistors, so this option is correct:
2- When “n” resistances each of value “R” are connected in paral-

lel, then resultant resistance is x- When these “n” resistchces
are connected in series, total resistance is:

a) nx b) rnx
g = d) mxs
n
Solution: :
Let “n” number of resistor are connected in parallel, then their
equivalent resistance is given by, ‘ R
7 7 / 7 M
o, B S S R A ! R
Re R R R ANA
7 B :
R R :
R X :
R;-.- £ _(?) :_R
n AM
As we have given that the equivalent re- _
Parallel combinatien

sistance is equal to 'x”, so ¢ have,

Re = x ) (2)
Comparing equation (1) and equation (2), we get,
% x » R=@gx (3)
n
Now for series combination,
the equivalent resistance is .3 . ok
given by, Series Combinatien
R: &\ VR #svsuinse + R
-» R_=nR (4)

Putting equation (3) in equation (%), we get,
R, =n(nx) = P?q = n° x
So option “d” is correct-

3- Two bulbs marked 200 watt-250 volts and 100 watt-250

volts are joined in series at 250 volts supply- Power consumed
177 circuit is:
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a) 33 watt b) 67 watty
¢) 7100 watt d) 300 watt
Solution:
Power of one bulb = P, = 200 watt
Potential u.fference = UV, = 250 volts

12

Resistance of the bulb = R = =
(250)" 250 x50 : P=LV—|
200 LU ;_______R_J

- R =372-5Q
Power of 2" bulb = P, = 100 watt
Potential difference = /> = 250 volts

V7 _ (250)°

3 100

Resistance of the 2™ bulb = R, = B
2

R, = 625 Q
Now when both bulbs are connected in se-

ries, then their equivalent resistance is giv- :
en by, Ly i
R.=R +R, = (312:5 + 625)Q

> R_=937-5Q

v . . . Series Combination
Now total power consumed in the circuit is

| —
—Il

given by,
2 2%
5 X N (250F)
R | 2375 |
' D T 67 watt |

So option "b" is correct-
4. Resistance of a wire s R ohms- The wire is stretched to double
its length, then (ts resistance in ohms is:

R R
a) 5 b) 4R ¢) 2RV iy =
b o4
Solution:
ile know that the resistance of a carnductor of length “L” is given by.
R="C D
-.. H
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When the wire is stretched to double its length, then we have,

U=2L (2)

The resistance in this case will be:
R = ié'—' (3)

Putting equation (2) in equation (3), we get,
r=2E o ge oS 4

Putting equation (1) in equat;’c;n (4), we get,
R = 2R
50 option "“c” is correct: :

5+ 70° electrons are moving through a wire per second, the current

developed is:

a) 16 x 107A b) 1A
¢) 16 x IOPAYS d) 10°A
Solution:

Number of electrons = N = 70"
Charge on single electron is “e”, so charge on “N electrons is given by,

@ = Ne
Time = Tsec
We know that Charge on electron
" : - : g = 146 x 107°C
§ X
& t

g 10° x1-6.8JOK" €

7sec
cow B xJ0 A

(13

So option “c" is correct:
6 When a wire is stretched and its radius becomes - . then its
<

resistance will be:

a) 16R 4 5) 4R
ol TE) 2R d) O
Solution:
The resistance of a wire is aiven by,
R= i“f'- = ﬂL rr‘-?rea‘ :";‘“
»~~ nr +
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g = I = (1)

ar

When radius becomes ﬁm!F(;-), then we have,

r

e 5 (2)
Now for “r'", equation (1) can be written as,
7 = S (3) ;fl/ofume = Area xLengtHl
nr L= UV =AL 4
As volume remain constant, so we have,
V=V - Al+Al
2 s 7
il = At s Letle It o o (4)
r P ]
l2)
Putting equation (2) and equation (%) in equation (3), we get,
N 4L dal = 4 x 4oL
= | e
& r , .‘1 nr | r
- - 5 g % | '
2N .[
R = io. 252 (5)

Putting equation (1) in equation (5), we get,
[R = 16R |

1

So option “a” is correct:
7- How much voltage is required to make 2A current flow through
a resistance of 8-

a) 16407 b) 160QA7
c) 16AQ L d) A7Q’
Solution:

Current = I = 24
Resistance = R = 8§00 &
Ue know that, V = IR

= UV =2x880 .I 2
= [V =1640Q]
u 50 option “c” is correct:
# 8- A wire of uniform cross-section, a length L and resistance R is
N cut into two equal parts- The resistivity of each part will be:
S |
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a) Doubled b) Halved
¢) Remains the same/ d) One fourth
Solution:
We know that,
ol
R = ==
Rﬁ ;
_ A e—'VWA_ ¢
6= (1) L
When wire is cut into two pieces,
then for each piece equation (7) be- el
comes, —MA o — Mo
i Rrﬁ L= _L...
§ = (2) 2
L When wire is cut into two pieces

For each piece, we have,
Bel gye=t
2 2

So equation (2) becomes,

R A

v-2 " _RA 2 _RA
[ & 2k By 4
y 2

. RA

B (3)

Putting equation (T) in equation (3), we get,
To = o " B

 FMEE
(7o)

Thus resistivity remains the same- S0 option “c” is correct:

9. Ihe cesistivity of two wires is p; and p, which are connected in
series- If there dimensions are same then the equivalent resistiv-
ity of the combination will be:

a) (0 ;) b) —+
P s
p.*p, Py
i 2____,/ d) L
Solution:
Let the total length of both wires be “L" then length of each wire
is given by, ’
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2
; o _ oL,
Now the resistance of I"* wire = R = a
ol
R' = .EL_ ?‘
' 2 (7
oL
Similarly, R, = —=— 2
For series combination, we have,
5. d.L
R = +R = e/ ™ Wes
2 Rf 2 2ﬁ 2H
LS _8L et PN
A 24 2A A |
- (_\_f:__-_ﬂ: 9‘_’_4-%1:_{:'_5}'*“2]
A Al2 2 A 2
- (‘IL_& 0‘5’,1"02. |
A A 2 |
. ; + ﬁ:_j |
50 opt. 's correct-

70+ The peiers of two electric bulbs are 100w and 200w which are
connected to power supply of 220U+ The ratio of resistance of
their filament will be:

a) 7:2 b) 2:1/
c) 1:3 d) 4:3

P, = 100w, P, = 200w, V = 220V

e know that,

V.'.‘ V.?
Pl i RE
R P
V.?
N Rl = 7
7 )D! ( )
Similarly,
V:.’
@R s, 2)
i N
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B U . E W 5
R TR R TR
R, P R, 100 _ 1
= = = e =3 —= = — = —
R P, R 200 2
- R_z = L = 57._ = E — s
R 2 R 7
e -& =2:17
R2

%0 option “b” is correct:

77- Thermocouple is an arrangement of two different metals:
a) To convert heat energy into electrical énerqys
b) To produce more heat
¢) To convert heat energy into chemical energy
d) To convert electric energy into heat energy

72+ In order to achieve high accuracy, the slide wire of a potentiom-

eter should be:
a) As long as possible/ b} As short as possible

¢) Very thin ) TE o cnk

13- When a potentiometer is used tu. "iea<. - *ent oF voltage of an
unknown source, the power~ consumed i - uit of the un-
known source under null conditic
a) High b) Smaii
¢) ldeally zeros d) Very high

- In a Wheatstone bridge method, the bridge is said to be bal-
anced, when the current through the galvanometer is:
a) 1A b) O AY
¢) Maximum d) Half of the maximum value
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(X | CONCEPTUAL QUESTIONS | ®

QI: A heavy duty battery of a truck maintains a current of 3A
for 24 hour- How much charge flows from the battery during this
time?

Answer:

Given Data: Current maintain by the truck battery = | = 3A
Required: Time = 24 hour = 24 x 3600sec = 86400 sec
Charge flows from the battery during 24 hour = Q@ = ?
Calculation: We know that,

!=f L Q=1 (1)
Putting the values in equation (1), we get,
Q = 3 x 86400C = 259200cC
« = 259200C !
or Q= 2592 x10°C
Thus 2-592 x70 C
Charge wul flow from the during 24 hours: |

Q2: While analyzing a circuit the internal resistance of emf sources
are igtored why?

Answer:

The internal resistance of emf sources is very small- 50 we generally
ignore it while analyzing a circuit-

Reason and_Explanation:

The opposition offered by the source of emf such as battery to the

flow of electric current -is called internal resistance: [t is represented
by “r’- In case of a battery, the electroiyte opposes the flow of
electric current flowing through it-
The .alue of internal resistance “r" is o A

very small as compared to the load re-
sistance “R” connected to the source:

Thus the voltage drop “V."” across the
internal resistance is very small-

EXAMPLE: Consider a 12U battery B
having internal resistance of O-070)-

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

Let a load resistor of 3C) is connected to the battery as shown in
the figure: The current flowing in the circuit is given by,

j _total voltage  _ f___ig.__
total resistance |\ 3+ j
= I=f—f§-—]ﬁ = [ = 4A
\ 3-07 !
Now the terminal voltage is given by, .
V., =a-Ir = Y, = (12 - ‘i‘xO 07) volts

= U, & (12 -0:0%) volts = ‘ = 77-96 volts [

Comparing “v.” and '‘V.”, we see that the terminal voltage is nearly
equal to the emf “." of the source: Due to such small difference
we generally ignore the internal resistance of a battery or cell

Q3: If aluminum and copper wires of the same length have the
same resistance, which has the larger diameter- Why?

Answer:

For same length and same ‘resistance, the diameter of aluminum
should be larger than that of copper:

Reason and Explanation:

We know that the resistance of a conductor is given by,

R=Z (0
For copper, equation (7) can be written as,
. ““cL.:
B (2)
For aluminum equation (1) can be written as,
O, N
R =l ¢ 9
Te (3)
For same resistance, we .iave,
2 N g = S . Paba
wopper # ! Hﬁ-
For same length, L. =L, =L
S.L Dl e
:L?'_'(_ﬁ_-g ]?rea:‘tri
nr; nr, ke = '
" 0, A ﬁC S, dj.
> —= = - e P
rc* s ds d, 2]
o 4
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ne 4)

that the resistivity of
aluminum is higher than that of copper,
so according to equation (%), aluminurm
would need larger diameter to match the resistance per unit length

Resistivity of aluminum
= 3§, = 2:65x10°Qrm
resistivity of copper

=3 = 7-68x10° Q-m

copper

of copper wire-

Q4: Under what circumstances can the terminal potential differ-
ences of a battery exceeds its emf?

Answer:
The terminal potential difference of a battery exceeds its emf when
the battery is charged through a battery charger-

Reason and Explanation:
We know that the relation between terminal potential difference
“Ur” and emf “c” of a battery is given by,
V. =e-IR (7)
Now when a battery is connected to battery charger for charging,

the current reverses its direction: S0 we replace “1” by “-1” in
equation (1), we get,
V. =& = GIr) =M
=% W =e+ir
Equation (2) shows that, /- > &
Thus the terminal potential difference will exceed battery emf dur-

(2)

ing charging of the battery-

QR5: What is the difference between an emf and a P-D7?

Answer:

The difference between an emf and a P-D is given below:

em-f
7- An emf represents the volt-
age across the terminals of a
cell or battery when it is giving

ne current to the circuit-

" Potential Difference
7- The P-D represents the work
done per umit positive charge
between two points ag. st the

electric field:

2 The

“cause”,

emf is regarded as

because [t causes the

2 The F-I (s regarded as ah
“effect” because 1t is developed
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flow of current due to which|due to flow of current causes
P-D is developed across any two | by the emf

points in the circuit-
3- The emf is restricted to the| 3+ The P-D is developed be-
source of current in the circuit: | tween two points across any

part of a circuit:

4- The emf of a battery is gen-| %4+ The P-D develops between
erated by the chemical action|low and high potential points:
occurs in the battery:
5. The emf of the source de-|5- The P-D remains constant
creases with the passage of| between two points

time by using the source fre-

quently-
6: The emf of the source is| The P-D s generally less than
generally greater :.an terminal | emf of the source i-e

Q6: The loop rule is based on conservation of energy principle and
junction rule is based on the conservation of charge principle- Ex-
plain-

Answer:
The loop rule is based on the conservation of energy principle and
junction rule is based on the conservation of charge principle:

Reason and Explanation:

7+ Kirchhoff's Loop Rule: _
This law states that, in any closed electrical circuit, the algebraic
sum of all the electromotive force and the voltage drops in resistors
is equal to zero- Mathematically, we have,

YEEF-IR)=20 = Ye=3 IR (7)
Muitipiying boch sides of equation (7} Ly “!" and “'t", we get,
Y let =) "Rt _ f2]

source to do work on the charge: lWhile NI"Rt represents the total

In equation (2), LIt represents the totai energy consumed by tne

energy produced due to power dissipatiorn in resistors: So owe have,

A"
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F.'wergy lost = Er;rergg 9::11]
Taus Kirchhoff's loop rule is based on the conservation of energy
privicipies:
2 Kirchhoff's Junction Rule:
This iaw states that the algebraic sum of all the currents flowing

towards a junction s equal to the sum of all currents leaving the
Junction Mathematically, we have,

7
:_f =0 % i 7 9 E:
1 t

& o8 2 TP (7)

-

Equation (v'.?) shows that net charge at the junction is zero: This
shows that charges neither accumulates nor produced at the junc-
tion- In other words we can say that, total charges entering a junc-
tion are "equal to total charge leaving the junction- 5o at junction

we have,

| Charge gan = Charge lost |

Thus the KirchhofFs junction rule is based on the conservation of !
charge principle-

Q7: Why rise is temperature of a conductor is accompanied by a
rise in the resistance?

Answer:
/hen temperature of a conductor increases, its resistance also in-
Credqases:

Reason and Explanation:

The atoms of the conductor vibrate with certain amplitude and fre-
quency These atoms opposes the motion of free electrons passes
through the conductors: Such opposition offered by the atoms of
the conductor is known as resistance: [t is represented by "R"-

The resistance of the conductor depends upon the temperature i-e-
if the temperature of the conductor increases, then its resistance
also increases- It is due to the fact, when temperature increases,
the K-E of atoms of the conductor also increases: Due to increase in
K-E of the atoms, its amplitude of vibration also increases- Due to
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increase in amplitude of vibration, these atoms offer greater re-
sistance in the path of free electrons passing through the conduc-
tors: Thus the resistance of the conductor increases with increase in
temperature: -

Q8: Does the direction of emf provided by a battery depends on
the direction of current flow through the battery?

Answer: -

The direction of emf provided by a battery does not depend on the
direction of current flowing through the battery:

Reason and Explanation:

The emf is a scalar quantity- [t represents the work done in moving
a charge from low potential to high potential- This shows that the
direction of current inside the

battery is from lower poten- : AR .ﬂ

tial to higher potential of the L
battery- - & T(“)

Now when the battery is con- | (3 ”
nected to an external circuit, T

it drives the current in the "
external circuit- It moves the g T

charge from higher potential
towards the lower potential in external circuit- Thus the direction
of emf does not depend on the direction of current flowing through
the battery-

Q9: Voltages are always measured between two points, why?

Answer:
Voltages are always measured between two points:

Reason _and_Explanation:

Voltage is the potential difference which represents the work done
in bring a unit positive charge from one point to another against
electric field- One point is at higher potential (positive) and the
other is a lower potential (negative)- For a single point, it is not
possible to have two different values of potential and thus no work
is required for a single point- For voltage, we should have two dif
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ferent points having different values of potential- Mathematically,
we have, '

Let “U” represents the potential difference, then we have,

v=¥ (1)
q
Ue also know that,
w=F -d 2)

Equation (2) shows that work done in electric field depends upon
electric force and displacement- Displacement represents the short-
est distance between two points- If we restrict the displacement to
a single point, then according to equation (2), work done on the
charge will be equal to zero- When work done becomes zero, then
according to equation (1), the voltage or P-D will becomes zero-
This shows that for measurement of voltage, we need two points
not a single point-

Q10: Is every emf a potential difference? Is every potential differ-
ence an emfF?

Answer:
The potential difference and emf are two different quantities-

Reason and Explanation:

1-  The emf represents the voltage across the terminals of a cell or
battery when it is giving no current to the circuit: UWhile the
P-D represents the work done per unit positive charge bztween
two points against the electric field:

2. The emf is regarded as “cause” because it causes the flow of
current due to which P-D is developed acros< any two points in
the circuit: While the P-D is regarded as an effect because it is
developed due to flow of current causes by the emf

3- The emf is restricted to the source of current in the circuit
while the P-D is developed between two points across any part
of a circuit:

4+ The case when we can say that the emf is equal to the P-D is
when the internal resistance of the battery is zero or terminal |
of a battery is not cornected externally- In such a case the P-D
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between the terminal of the battery is equal to the emf of the
battery-

5- Every P-D is not an emf and is less than emf It is because some
energy is spent against the internal resistance “r” of the Sattery-

Q71: How much charge flow in pocket calculator each minute when
the current is O-O0071A7 _

Answer: O-006 coulomb or 6-0 x 107 coulomb charge will flow in
pocket calculator each minute when the current is 0-0O00TA-

Reason and Explanation:

Given Data:

Amount of charge = Q = 7, Current = I = 0-0007A4

Reguired: |
Amount of charge =.Q = ? '
Calculation: !
e know that,

I=§:~Q=It (7

)

Putting the values in equation (1), we get,
@ = (0-0007 x 60) coulomb
_. [@ = 0-006¢]
OR QR = 6-0x10°C
Thus 0-006C or 6-0 x 107°C charge will flow in pocket calculator
each minute when the current .s O-0007+

Q12: When wheatstone bridge is balanced, then no current flows
through the galvanometer, why?

Answer: When wheatstone bridge is balanced, then no current flows
thiough the galvarometer-
Reason and Explanation:

Consider a circuit of wheatstone bridge as shown in the rigure

Let “L" be the current flowing through resistor “P" and “L,” be
the currest Cowing through resistor “R" respectively: Under bal
anced :condition the voltage drops from “A" to “C° und from "A"”
to "D must be equal ive

Potentiai drop across “AB” = Potential! drop across “AD” (7)
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Simila-ly the voltage drops from “B”
to “C” and from “D” to “C” must be
equal i-e- _
Potential drop across “BC” = Po-
tential driep across “DC” 2)
When equation (1) and equation (2)
are satisfied, then the terminal of gal-
vanometer i-e: point “B” and “D”
must be at the same potential, and

m‘:l‘:"

Switch

Wheat stone bridge

thus no current will flow through gal-

vahometer:

(X | COMPREHENSIVE QUESTIONS |25)

Q1: Describe the concept of steady state current as a flow of
positive negative or both- Define the unit of current:

Answer: See answer of question # 1 in the text:

Q2: Explain the electronic current in a metallic wire as due to the
drift of free electrons in the wire-

Answer: See answer of question # 3 in the text:

@3: State Ohms law- Discuss its scope and validity: (a) Discuss
resistivity and conductivity of a material (b) How does resistance
change with temperature?

Answer: See answer of question # 5, 7, &, 9 in the text:

Q4: Explain the term: emf, internal resistance and terminal po-
tential difference of a battery:
Answer: See answer of question # 72, 13 in the text:

@5: Explain the construction of rheostat- How is it used as, (a)
control the current, (b) as a potential divider?

Answer: See answer of question # 10 in the text-

Q6: What is Wheatstone bridge? Explain with diagram the balanc-
ing, the principle and the working of this bridge?

Answer: See answer of question # 24 in the text-
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Q7: What is potentiometer? Explain its principle, construction and
working: What is the advantage of using potentiometer for meas-
uring potential difference?

Answer: See answer of question # 25 in the text-

Q8: What is thermocouple? Explain the working of thermocouple
by drawing its diagram- By sketching curve explain the variation in
thermoelectric emf with temperature:-

QR9: Why we use Kirchhoff's law for circuit problems solution? Ex-
plain its rules for circuit solution by giving proper example-

Answer: See answer of question # 21, 22 in the text:

NUMERICAL QUESTIONS

Q7: A battery has an emf of 12-8V and supplies a current of
3-2A- What is the resistance of the circuit? How many coulombs
leave the battery in 5 minute?

Solution:

Given Data:

emf = ¢ =12-8V, Current = [ = 3-2A
Time = t = 5mijn = 5 x 60 = 300sec

Regquired:
Magnitude of charge = @ = 7
Caleulation:
We know that,

V =R "= R=% Vv =¢=12-8V]

— R = .E = Eﬁ = R = 4 Q
/ 3-2

We also know that,

[ = Ef_ —~ Q=1It=32x300 = [Q=960¢C

Q2: Two light bulbs designed for 120-V use are rated at 40W and
60W- Which light bulb has the greater filament resistance? Why?
Solution:
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Given Data:

Voitage = V = 7120V

Power of one bulb = P, = 40 watt
Power of 2% bulb = P, = 60 watt
Regu:'rﬁg':

a) Resistance of one bulb = R, = ?
b) Resistance of 2" bulb = Ry = 7
Caleulation:

a) We know that,

I

. 2 2
R R
2 2
D - : AT
P 40

= |[R = 3600
b) For 27 bulb, we have,

2
g =
R
» R =208 D@8\ [R - 2400
= 60 [ = =7

Conclusion about Greater Resistance:
We see that for given values of P; and P, we get greater resistance
in case of bulb having smaller power: It is because the resistance of

filament is inversely proporticnal to the power of the bulb- ie
smaller the power of the bulb, greater will be its filament's re-
sistance and vice versa So for P, = 40 watt, we get greater value

Of resistgnce:

@3: A carbon electrode has a resistance of 0-125Q at 20°C- The
temperature co-efficient of carbon is -0-0005 at 20°C- What will
be the resistance of the electrode at 85°C?

Solution:

Given Data:

T = 20°C, Resistance of 20°C = R,y = 0-7125Q

L = =e-0005C

fequired: Resistance at 85C = Rgs = 7
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Calculation:
First we aculate the initial resistance “R,” of carbon electrode, we have,
R, =R (1+«T) R. = Ry,
= R, = KfH=T) => R .
- 20 ° ] (?_‘_ & T)
07125 07125
= R = =
°  (1-0-0005x20) (1-0-01)
= R =125 g -01260
° " (0-99)
Now the resistance at 85°C is given by,
Rss = B[ % 7)
= Ry = 0-126(7 - 0-0005 x85) = 0-126(7 - 0-:0425)

= Ry = 0126 x0-9575 = |Ry = 012Q]

Q4: Calculate the resistance of wire 10m long that has a diameter
of 2mm and resistivity of 2:63 x 10°Q'm

Solution:

Given Data:

Length of wire = L = 10m

Diameter of wire = D = 2mm = 2 x 10°m

Radius of wire = r

5 = 263 x 10°Q'm

i

Resistivity of wire
Required:
Resistance of wire = R = 7
Calculation:

We know that,

5 3 s, -2 1
el B )\ EBCRD ’_’rzolsz A= ar?
A nr® | 374 x (107 )" |
— R=838x10%%0 =838 x10°Q
— R = 0-0838 x10°Q = 0-0838M <) mega = 10°|
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= |R=0-0838MQ

Q5: A typical 12V automobile battery has a resistance of 0-0712Q-
What is the terminal voltage of this battery when the starter
draws a current of TO0A? Calculate the R, P, P and P,

Solution:

Given Data:

emf of battery = ¢ = 12V

Internal resistance of the battery = r = 0-072Q

Current = 1 = T00A

Required:
() Vi=2, (b)) R=72 (c) P =2 (d) Pr=72 (e P =7
Calculation:
a) We know that,
§ =T 4,

= V. =8-1
= V. =72-700x0-012
b) We know that,
e=Ir+ R
= [R=g-1Ir
g o (6°L) [12-700x0:012) _ (12-12)
- I 100 700
= |R =0-708Q
¢) We know that,
P=I=k V =¢ ]
= P=700x12 = |P =1200watt |
d) For “R”, we have Pz = I°R

= P = (100)? x0-108 =10000 x 0108 watt

= | P, = 1080 watt |
e) For small “r”, we have, P. = Pr
» P = (700)2x 0:072 .= 10000 x 0-0712 )
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Q6: A 10 watt resistor has a value of 120Q- What is the rated
current through the resistor?

Solution:
Given Data:
Power = P = 710 watt
Resistance = R = 120Q
Required:
Current = [ = ?
Calculation:
We know that,
P = I°R
= [?= E - —10—— = [? = 0-0833A4%
R 120
= | = JO-0833A% = 0-2886A = | [ = 0-2886A

Q7: A resistor of 50Q has ¢ P-D of 100V, D-C across 1 hour:
Calculate (a) Power and (b) Energy

Solution:

Given Data:

Resistance = R = 50Q), Potential difference = UV = 100V
Time = t = 1 hour = 3600 sec

Required:

a) Power =P =7

b) Energy = E = 7

Calculrtion:

a) we know that,

VZ
Pil= 8 _
R
2
A PNOO) ?0000) watt
50 50

525 [P = 200watti

b) We also know that, enerqy = power x time

= E = pxt = 200x3600J = 720000J
= E=072x10°0 = |E =072MJ | \mega = 70°
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Q8: Calculate the current through the a single loop circuit if € =
720V, R = 1000Q and internal resistance r = O-07CQ)-

Solution:

Given Data: emf = ¢ = 120V, Resistance = R = TO00Q

Resistance = r = 0-0IC

Required: Current = | = 7

Calculation: We know that,

.= Ir+ IR
€

= 8= Ir+R) => [ =

{ * ) r+R

" 120 " ( 120
= =
C-071 + 1000 | 7000-07

= [ = 0-7171999A
= ] =719-99 x70°A =720 x107°A

= | [ =720mA | 707 = milli

Q9: Find the terminal potential difference of each cell in circuit of
the figure:

Solution: Given Data:
emf of T° cell = g, = 24V

emf of 2 cell = ¢, = 6V .Mt’t‘\ﬁ-

Internal resistance of 7 cell 80 :
=rn =070 rz"," ‘~,‘. s 0.9¢2 “\.“r;

internal resistance of 27 cell : : E ;
=r = 0:9Q E;‘-. ’." 24v 6V "\\ -5

Resistatice = R = 80 :F _F

Required:

Termiral potential difference of 1 cell = V, =7
Terminal potential difference of 2" cell = V, = 7
Calculation:

In given circuit, all resistors are connected in series, so their equiva-
‘erit resistance is given by,

R.=n+R+r = (01+8+0-9)Q &= 1w L8
-~ R =90 =g = LF .1
The effective voltage in the circuit is given by, =, = a-=Ir

¢ =g g, S(24-6)/ = =18V

i
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{-:..-_V._:i _igl — | = 2A
R, R, 9
Now the terminal P-D of T** cell is given by,
Vr, =g, - In I
= Y =29-2x070 = (24 < 02 For “z2” the
. .y l‘/r = 5580 i‘rrr?nt ‘r's
; owing in
Similarly, the terminal P-D of 2™ cell is given by, Opposite direction
v, =B = I = (6 = =2 ) O S0 we put
> U, =(6%T8)V = [V, =78V * 2L INE

Q10: The volbmeter in the circuit at the right may be considered
to be ideal- Values are, € = 15:0V; internal resistance, r = 5-00Q,
R, = 100Q; R, = 300Q- Calculate the current in R;:

Solution:

Given Data: emf of the |

battery = & = 15V ;-—-_-l-_--':

Internal resistance of | R R, C\D

the battery = r = 502 - - i
Resistance = R; = 100X, l

Resistance = R, = 3009
Required: Current through “R,” =1, = 7

Calculation: First we determine the equivaient resistance of the cir-
cuit: We see that R, and R, are in parallel, so their equivalent re-
sistance is given by,

1 AAN (R +R)
T AN 5 *AR7
RORR T ORR, P ey
Ne = s =
(R, +R) ;, | O
_ 100x300  _ 30000 4
(300 +100) 400
= R=750

Now we see that, “r” and “R"
sistance is given by,

are in series, so their equivalent re-
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= R =80Q
Now the current passing through the battery is given by,
_& _15
R 80

= [ = 018754
Now the voltage across “r” is given by,

V. =1Ir = 01875 x5
= U =0-9375
The remaining voltage is given by,
V=¢-V =175-0-9375
= U = 14-0625
As R, and R, are in parallel, so voltage for both will be the same- i-e
V=V =V, =T740625
Now the current through “R,” is given by,

!=£=m%%
R 700

= | I = 0-1406 amp

Q11: Three arms of a wheatstone bridge are of 75Q each: What is
the resistance of the fourth arm?

Solution: Given Data:

Resistance of one arm = P = 75Q

Resistance of 2 arm = @ = 75Q

Resistance of 3™ arm = R = 75Q

Required: Resistance of fourth arm = X = ?

Calculation: The principle of wheatstone bridge js given by,

Eea S R.P
AN x @
X & R@
. - S - = — ?
A" F T E7p (1)

Putting the vaiues in equation (7), we get,
75 x 15

=— =750 = x =75Q

rel [x=750]

LY AT A Y4
RN
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