UNIT 1

Effects of Electric Current

01/06/2020 — Class 1

Activity 1
Observe the fig and list out the names of Electrical Appliances

1. Electric Bulb

2. Electric Fan

3. Mixie

4. Micro wave Oven
5. Electric Heater

6. Induction Cooker
7. Inverter

Activity 2

Device Use Energy Change
Electric Bulb To get light Electrical energy to Light Energy
Induction Cooker To get heat Electrical energy to Heat Energy
Storage Battery ( while To store electric charge Electrical energy to Chemical
charging) Energy
Mixie To get Mechanical energy |Electrical energy to Mechanical
Energy
Soldering Iron To get heat Electrical energy to Heat Energy
Electro Magnet To get magnetic energy Electrical energy to Magnetic
Energy
Electric Motor To get mechanical energy |Electrical energy to Mechanical
Energy
Conclusion

1.Electrical Energy can be transformed into different forms of energy

2.The useful form of energy into which a device converts electrical energy is
considered as the effect of electric current of that device.



Activity 3

Electrical devices and their Effects

Name of the device

Effects of electric current

Electric Bulb Lighting Effect
Electric Heater Heating Effect
Electric Motor Mechanical Effect

Mobile Battery

Chemical effect

Electric Crane

Magnetic Effect

Soldering Iron

Heating effect

Induction Cooker Heating Effect
Fan Mechanical Effect
Heating Effect of Electric Current
Activity 4
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Nichrome wire

Materials required:

Fioe 1 1

- A nichrome wire of approximate length 5 cm

- 6 V storage battery
Connection wires

Construct a circuit as shown in fig.

Observation

When current is passed through the nichrome wire , it becomes red hot .

Inference
Here Electrical Energy is converted as Heat Energy




Some Factors must be remembered while studying about Electricity

Potential difference ( Voltage ) V

There should be a potential difference between two points of a conductor, if
there is to be a flow of current between them . Current flows from a point of high
electric potential to a point of low electric potential.

One Volt
If 1 joule of work is done to move one coulomb charge from one point to
another, then the potential difference between the points is 1volt.

Unit of Potential difference — Volt (V)

Device is used to measure Potential difference — Voltmeter ( It must be
connected parallel in the circuit )

Electro motive force ( emf )

Electromotive force (emf) is the ability to maintain the potential difference
between the ends of a conductor .

emf of a Source of Current
The emf of a source of current is the potential difference between its ends when
the source is in an open circuit. The emf of a cell is measured in the unit volt.

Electric Current (I)
Current or intensity of current is the quantity of charge that flows through a
conductor in a circuit in one second .

Current (I) = Quantity of Charge (Q) / Time taken (t)
I=Q/t
Unit of current = Ampere (A) {C/s}

Device used to measure current = Ammeter (It must be connected series in the
circuit )

Resistance (R)
Hindrance or obstacles to the flow of current is called Resistance .




Factors influencing the Resistance of a Conductor

1. Length of the Conductor — When length is increasing the resistance is also
increasing

2. Area of cross section (thickness ) - When thickness is increasing the
resistance is decreasing .

3. Nature of the material — The resistance is varying according to the material .
(Nichrome has higher resistance than aluminium)

4. Temperature - The resistance of metals increases with the increase in
temperature.

Ohm’s Law

When temperature remains constant, the current (I) through a conductor is
directly proportional to the potential difference (V) between its ends. In other words
the ratio of potential difference to the current is a constant.

Val

V =a constant X 1

V /I = a Constant (Resistance )
R=V/I

Resistivity ( p)

Resistivity of a substance is the resistance of the conductor of unit length
and unit area of cross section.

p=RA/I

Unit — 2m
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Activity 1

If 5 coulomb electric charge is flowing from the one end of a conductor to
other end in 10 s. Then what will be the amount of charge flowing in one
second .?



Amount of charge flowing in10 second = 5 C
Amount of charge flowing in one second =5C/10s=0.5C/s=0.5A

I=Q/t

The amount of charge flowing in t second |Q = It Coulomb

Activity 2

To raise an object , we must do work against gravitational force
To move any object against any force we must do work .The work done must
be stored as Energy .

Work = Force X Displacement

Activity 3

Consider +25 C charge in a point . We must bring +10 C charge from
infinity to that point . Consider two points A, and B near the +25 C charge

Let the work done will be 200 J for bringing +10 C charge from infinity
to point B .

There for the potential of +10C charge at B is 200 J.
Let the work done will be 300 J for bringing the +10C charge from infinity
to A .



so the work done to move +10 C charge from B to A = 300 - 200 = 100 J

There for the work done to move one coulomb charge from Bto A
=100J/10C=10J/C=10V

The amount of work done to move unit positive charge from one
point to another point is the potential difference between that points . There
for the potential difference between point A and B is 10 V

Potential difference ( V) = Work (W) / Charge (Q)
V=W/Q
If Charge Q =1 C, and Work W =1 J, then

V=1/1=1V

One Volt

The potential difference between two points will be one volt if one joule of
work is done in moving one coulomb of charge from one point to the other.

V=W/Q
wW=QV

One joule of work is required to move one coulomb of charge under one volt
potential difference.

Hence the work W to be done to move one coulomb of charge under a potential
difference V will be, W =V joule.

If so, the work to be done to move a charge Q under a potential difference V is

W=QV




The work required for moving the electric charge through the conductor
is done by the battery connected to the circuit.
The power P supplied by the battery to the circuit in a time t second is

P=W/t

Substituting the value of W = QV in the above equation .

P=VQ/t

But I = Q/t, substituting this value in the above equation ,

pP=VI

P=W/t,so W = Pt

Therefore the energy supplied by the battery to the circuit in t second
=Pt =VIt

The electrical energy expended by the battery in the circuit containing the
nichrome wire is converted into heat.

Therefore H =V It

According to ohm’s law V = IR , substituting this value on the above
equation ,

H = IR(It) = PRt

Why Nichrome becomes red hot when current is passing ?

From the above equation it is clear that , when the Resistance (R) is
increasing more heat is produced . The resistance of Nichrome wire is more , so
more heat is produced and nichrome becomes red hot.

Joule Heating or Ohmic Heating.
The process by which heat is developed in a circuit on
passing current through it is known as the Joule Heating or Ohmic Heating.




Activity 4
According to Ohm’s law I = V/ R, Substituting this value of I in the
equation H = I’Rt

H = (V/R)’Rt

H=|—[Rt — -yv2¢/R

Inference

Equations to find heat produced in a conductor due to the flow of current

H=VIt
H = PRt
H=Vt/R

H = Heat, V = Voltage , I = Current, R = Resistance , t = Time

Activity 5 .a

Observe the video
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A and B are two beakers of 200 mL capacity. Each beaker contains 100 mL of water.
PQ is a nichrome wire. RS is a copper wire of the same length and diameter as the nichrome
wire. Measure the temperature of water in the beakers A and B using a thermometer .
Measure the temperatures of water in the two beakers after three minute.



Observation
After three minutes .
Temperature of beaker A ( Nichrome wire is placed ) = 36 ° C
Temperature of beaker B (Copper wire is placed ) = 33°C

Inference
a. Current flowing through both the wire are same.
b. Nichrome is heated more, because it has more resistance .
c . Heat is directly proportional to resisrtance

HdR

Activity 5. b
Take 100 ml of water at 30° C on each beaker. Increase the

current to 2 A . Switch on the circuit for three minutes. Again measure the
temperatures.

Observation
After three minutes .
Temperature of beaker A ( Nichrome wire is placed ) = 40 ° C

Inference
a. When current in the circuit is increasing more heat is produced .
b. Heat is directly proportional to the square of the current (I)

H P
Activity 5.c .
Increase the time for passing current to 5 minutes , and measure the
temperature .
Observation

After Five minutes .
Temperature of beaker A ( Nichrome wire is placed ) = 44 ° C
Temperature of beaker B (Copper wire is placed ) = 37°C

Inference
a. When time (t) is increasing more heat is produced .

Hat




Combine the above inferences we get Joule’s Law

Joule's Law

The heat generated (H) in a current carrying conductor is directly proportional to the product of the
square of the current (I) in the conductor, the resistance of the conductor (R) and the time (t) of flow

of current.

H o« I’Rt - H= PRt joule
[ is the current in ampere, R is the resistance in ohm and t is the time in second.

Assignments

Complete the following table on the basis of Joule’s Law.

Resistance of Intensity of Time for which | Heat generated Change in
conductor R (QQ) CurrentI(A) |current flows t(s) PRt (J) Heat (H)
2R I t 2 PRt Twice (2H)
R 21 t s
R/2 I t s
R /2 t s
R I 2t | i e
R I 12 | s
Table 1.2
Answer of Assignments
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Activity 1

List the name of some heating devices used in our home.

1. Electric Iron

2. Electric water heater
3.Immersion Heater

4. Room Heater

5. Soldering Iron

Activity 2

How heat is produced in the heating devices ?

Discussion

*  What is the energy change in such devices ? Electrical energy to heat energy
*  Through which part is electricity given to such devices ? Conducting wires

*  Which is the part that gets heated ? Heating coil

* Are there any parts designed to get heated ? If so which are they ? Heating coil

Conclusion

Heating Coil
* The part of a heating device which converts electrical energy to heat energy

is called heating coil .

* Heating coils is made of Nichrome. Nichrome is an alloy of Nickel ,
Chromium and Iron.

* When electricity is passed through the heating coil , electrical energy is
converted into heat energy .

Why Nichrome is made as a coil , when it is used as heating element in a heating

device ?
A very thin wire with very long length can only be accommodated in a small area when it is

coiled . Resistance of a conductor is directly proportional to it’s length. So by adjusting the length
of the heating coil we can control the heat energy produced by the device .

What advantages of nichrome are made use of in electric heating appliances ?

* High resistivity
* High melting point
» Ability to remain in red hot condition for a long time without getting oxidised.
. Sufficient ductility .
Heating devices without heating coil

* Induction cooker (‘use eddy current to produce heat )
* Microwave oven ( Use microwaves to get heat )



Activity 3

Observe the video

Fig. 1
A circuit is created as shown in fig 1.

Observation — Bulb is glowing

Fig 2
Using a conducting wire connects the points X and Y as shown in fig 2 . So a low
resistance path is created through XY.

Observation — The bulb is turned off . The current in the circuit is increased and the conductor
wire is heated and melt.

Inference
When we connect X and Y, a low resistance path is created and current in the circuit is
increased and more heat is produced .

AT aed

Fig 3



A fuse wire is connected in the circuit as shown in the fig 3

Observation — When we connect X and Y using a conductor , the fuse wire melt and break the
circuit .

Features of Fuse wire
* Fuse wire is an alloy of tin and lead.
* Fuse wire has low melting point

Inference

Short Circuit
If the positive and the negative terminals of a battery or the two wires from the mains
come into contact without the presence of a resistance in between, they are said to be short-
circuited.

Main reason for Short Circuit

Insulation failure.

Activity 4

Observe the fig .
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We use Multi Pin Sockets to connect more devices in the circuit . -
While doing that what happened to the power and current in the circuit ? |

The current and power in the circuit is increasing .

Inference

Over loading
A circuit is said to be overloaded if the total power of all the appliances connected to it is

more than what the circuit can withstand.

Activity 5.

Why current is increasing during short circuit

Observe the fig .

200 V is applied to a bulb with resistance 100 L. 200 V w

| N

The current in the circuit 1=V /R = 200/100 =2 A Ao OBRA0 w3k




Connect a conducting wire of resistance 5 Q.
in between the terminals of bulb as shown in the fig . |

200V
observation N '|’
Current doesn't flow through the bulb .
Because current flows through the low resistance
conducting wire . I

Now the currentI=V/R=200/5=40A

Inference

During short circuit the resistance in the circuit is decreasing , so current is increasing.

Conclusion
During over loading and short circuit current in the circuit is increasing.

Activity 6

Parts of Safety Fuse

1. Porcelain Socket
2. Fuse carrier
3. Fuse wire — which is connected on the fuse carrier.

Which are the circumstances that cause high electric current, leading to the melting of fuse wire?
* Short Circuit
* Over loading

Safety Fuse

Safety fuse is a device which protects us and the appliances from danger when an excess
current flows through the circuit.




Current is always flowing through the fuse wire . But it doesn’t melts all the time , why ?

During the entire time of the passing of current through a circuit, a small amount of heat is
generated in the fuse wire. But this heat will be transmitted to the surroundings. So fuse wire

doesn't melt.
How safety fuse ensure safety to the circuit and appliances ?

When the current that flows into the circuit exceeds the permissible limit, the heat generated
becomes excessive. Since more heat is generated in unit time than the heat transmitted. Because of

it’s low melting point the fuse wire melts and break the circuit .

When a fuse wire is included in a household wiring, what are the precautions to be taken?

* The ends of the fuse wire must be connected firmly at appropriate points.
* The fuse wire should not project out of the carrier base

* Use fuse wire of appropriate amperage .

* Fuse wire is connected in series .

Amperage
Amperage (A) is the ratio of the power of an equipment to the voltage applied. Amperage
increases with the thickness of the conductor .

Amperage = Power / Voltage

Assignments

In the fig . A cartridge type of fuse is given

1. Name the devices which used this type of fuse and find
there amperages ?




17/06/2020 — Class 4

Activity 1

Solving mathematical problems using equations of Joule’s law .

Equations to find heat in a current carrier conductor
H=FRt
H=VIt
H=V*t/R
H=PXt

Question 1

How much will be the heat developed if 0.2 A current flows through a conductor of
resistance 200 Q for 5 minute?
I=02A
R =200 €
t=5X60=300s
H=TIRt=0.2 X 0.2 X 200 X 300
=0.04 X 200 X 300
= 2400 .00
= 2400

Question 2

How much will be the heat developed in in a bulb of resistance 920 Q working for
3 minute at 230 V ?

R =920

V=230V

t =3X60 =180 s
H=V/R=230X230X180/920=10350J

Another Method
R=9209Q
V=230V
t=3X60=180s
I=V/R=230/920=1/4=0.25A
H=PFPRt=0.25X0.25 X920 X 180 = 10350 J
Assignments

1. Solve the above problem using the equation H=V I t,



2. Details of two electric heaters are given below. How much will be the heat
developed if they are made to work for 5 minute each? Is there any difference in the heat
developed ? If so give reason ?

| -

Heater - A Heater - B
Working voltage : 230V Working voltage : 230V
Resistance o 1150 Q Resistance ;460 Q
Working time : Sminute | Workingtime 5 minute

3. 0.5 A current flows though an electric heating device connected to 230 V supply.
(a) the quantity of charge that flows through the circuit in 5 minute is

(i) 5 C (ii) 15 C (iii) 150 C (iv) 1500 C

(b) How much is the resistance of the circuit?
(c) Calculate the quantity of heat generated when current flows in the circuit for 5
minute.

4 . According to Joule s Law the heat generated due to the flow of currentis H =12
Rt. Will the heat developed increase on increasing the resistance without changing the
voltage? Explain.
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Activity 1

Discuss about the previous class assignment answer

Heater - A Heater - B
Working voltage 1230V Working voltage 230V
Resistance 1150 Q Resistance 1460 Q
Working time : Sminute | Working time ;5 minute
Vit Vit
H = H =
R R
230°%300 ~230°x300
1150 460
= 138001 = 345001

*  Which heater produce more heat? Heater B
» The voltage given to both the heaters? (230 V)
»  Working time for both the heaters? ( 5 minutes ) .



» The resistances of heaters ? . ( Heater A = 1150 Q , Heater B = 460 €2)

From Joule’s law (H = I’Rt ) when the resistance is increasing the heat energy produced is
also increasing.

* But, here Heater B, with low resistance produces more Heat . Why ?
Calculate the current flowing through both the heaters using ohm’s law .

Heater A Heater B
V=230V,R=1150 Q V=230V,R=460 Q2
V=1IR V=1IR
I=V/R=230V/1150  =02A |I=V/R=230V/460 Q2 =0.5A

Inferences

Current flowing through Heater A = 0.2 A
Current flowing through Heater B = 0.5 A

* More current is flowing through Heater B , ( with low resistance)
* Heater B produces more heat , because more current is flowing through it.

Conclusion

From Joule’s law H = I’Rt, heat is directly proportional to square of the current .
So when current is increasing more heat is produced .

What is the relation between heat produced and Resistance .

From Joule’s Law H = FRt
If current (I) is constant, then heat is directly proportional to resistance . (H ¢ R)
Otherwise Heat is inversely proportional to resistance

Activity 2

Resistors T

For the working of electrical appliances , we must requlate &+

current and voltage .For doing that we include resistors in the M ==

circuit . W 4

The value of resistance is measured using colour code . \ [ ‘.
\ |l ,

How the voltage and current changes when resistors are arranged in different ways in

circuits.

Series Method

When a circuit is completed by connecting the Rl Rj
resistors one after the other, it is called series l " ,VV\' ’\M "
connection. - f



Parallel Method

In parallel method the ends of resistors K
are commonly connecting together at points A L _Jl : -
and B as shown in the fig. . 2 NVWN—> B
L
R

During series & parallel connection how current and potential difference are changing .

Activity 3
Scanned the QR code and find the features of series
connection.

P
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Activity 3.a
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Acell of 9 Vis connected to a bulb .

Observation '

Bulb is glowing with less brightness i i

Activity 3.b

One more cell is included in the circuit

(1@ EIWS:0 G(UBemIaTd

Observation
* VWoltage and current is increased .
* Brightness of bulb is increased.

Activity 3.c

Replace the bulb by a 5 Q resistor , an (I ONERIW S0 E(BEmIImD
ammeter is also included in the circuit to
measure current .

Observation
Ammeter reading ( Current in the circuit )
=1.8A




Activity 3.d
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Another resistor of 10 Q is connected series to the
5 Q resistor .
Observation
* Current in the circuit = 0.6 A
* current is decreased when another resistor
is added in the circuit .

Activity 3.e

Another resistor of 30 Q is added in the circuit .

(nI@NECEIW o G661
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5N 100N 30N

Observation
e Current in the circuit = 0.2A ( current is again decreased )
» All the three ammeter shows same reading . ( Same current is flowing through all the
resistors )
» All three voltmeters shows different reading . ( Voltages are different for different
resistors)
» Voltmeter across 30 Q resistor shows higher value and voltmeter across 5 Q resistor

shows lower value .( Voltage is high for high resistance and low for low resistance )
* Voltage is divided

How to calculate effective resistance ( total resistance ) in series connection

If the effective resistance in the circuit is R , and current in the circuit is I , then

Potential difference across Ry is Vi = IR,

Potential difference across R; is V, = IR,

Potential difference across Rs is V3 = IR;

Total Voltage V = IR

V= V1 + Vz + V3
IR =1R;+ IR, + IR;
IR=I(R;+R; +R;)
R= R1 + Rz + R3

Effective Resistance in series connection , R= R;+ R, + R;
In series connection the effective resistance increasing.




Activity 4

Experiment

Three 40 W bulbs are connected in
series . Switches are turned on .
Observation

* Bulbs are glowing with less brightness .
* All bulbs are glowing with same intensity .

Activity 4 .b
One 40 W, bulb alone is connected in a circuit .
Observation
* Bulb is glowing with more intensity .

Discussion
Why the intensity is decreasing when the bulbs are connected in series?

*  What is the apply voltage in both the situations ? 230 V

* Is bulbs offers resistance to the current? Yes

*  When bulbs are connected in series what happened to the total resistance in the circuit ?
Increased

* What happened to the current in the circuit ? Decreased

* Is the current is same for all bulbs? Yes

Inference
*  When bulbs are connected in series the effective resistance in the circuit is increased.
*  Current is decreased.
* Intensity of bulb is decreased.

Activity 5

Repeat the experiment using bulbs of
different powers . 40W , 60 W, 100 W, bulbs are
connected in series .
Observation

1

* All bulbs are glowing with different
intensities.
* 40 W bulb is glowing with more intensity
* 60 W bulb is glowing with less intensity.
* 100 W bulb is glowing with least intensity.
Discussion
Why bulbs are glowing with different intensities ?
*  Which bulb has more resistance ? 40 W
*  Which bulb has least resistance ? 100 W
* What is the applied voltage in the circuit? 230 V
*  What about the current in the circuit ? Same current is flowing through all bulbs.




Inference
* According to Ohm’s law V = IR
* If current is same, then bulb with highest resistance (40 W) getting more voltage .
* Bulb with lowest resistance (100 W) getting less voltage .

Conclusion
* In series connection bulbs with less power (more resistance ) is glowing with more intensity.
Bulbs with more power ( less resistance ) is glowing with less intensity.

Activity 5
If the voltage in the first bulb V; second bulb V,and third bulb V;
Effective Voltage V= V;+V, + V;
From ohm’s law V = IR
V:=1R;
Vz = IRZ
V3 = 1IR3
If R is the effective resistance , and V is the effective potential difference of the circuit ,
V=IR
IR =IR;+ IR, + IR;
IR=1(R;+R; +R3)
R = R1 + Rz + R3

Conclusion
When resistors are connected in series effective resistance is the sum of
individual resistances . R = R;+ R, + R3

Eg. If29,4 ©, 6 Q resistors are connected in series. Find the effective resistance in the
circuit .
R= R1 + Rz + R3
=2+4+6=12 Q

Summary

When Resistors are connected in series
* Effective resistance is increasing.
* Current is decreasing.
* Current is same for all devices .
* Voltage is divided among various devices according to their resistance.
* Total voltage is the sum of individual voltages of devices.

Assignments
1. What is the current if 4 Q and 2 Q resistors are connected in series and 6 V
potential difference is applied ?
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Activity 1
Answer of Assignments
1. 4Q, 2 Q @oeowames ¢uremII@ 6 V amiogol@moo) eiawlaeflajo@d m)(aoeaég”ls)el $H0ag’
00O ?

R1=4g, R2=29,V=6V

R=R;+ R, =4+2=6Q

I=V/R=6/6=1A
Activity 2
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