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Charges

* Charges at rest
* Charges at random motion

* Charges moving in a particular direction
(drifting of charges)



ELECTRIC CURRENT

E Conventional Current

Direction of current

)

Figure 2.3 Direction of conventional
current and electron flow

Flow of electrons

If a net charge Q passes through any
cross section of a conductor in time t, then

the current is defined Bu’[ charge

flow is not always constant. Hence current
can more generally be defined as

(2.1)

Where AQ is the amount of charge that
passes through the conductor at any cross
section during the time interval At. If the
rate at which charge flows changes in time,
the current also changes. The instantaneous
current [ is defined as the limit of the average
current, as Af —0

(2.2)




Current

1. If a net charge Q passes through any cross
section of a conductor in time t, then the

current is defined as ;:%

2. Charge flow is not always constant.

Q
current (more general) =73



3. If the rate at which charge flows changes in
time, the current also changes.

The instantaneous current | is defined as the
limit of the average current, as

AQ  dQ

I=lim—=——
At—0 Af dt



Figure 2.4 Electric current
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6=— (sincEF = —EE) (2.3)
m
The drift velocity v, is given by
V,=art
7, =-2F (2.4)
m
v, =—uE (2.5)

eT

Here p=— is the mobility of the
m

electron and it is defined as the magnitude
of the drift velocity per unit electric field.

A
M="=
g

(2.6)




m Microscopic model of

current

dx —‘

‘_ Vﬂ,dt —‘

Figure 2.5 Microscopic model of current

Substituting .... -

Step 1: The electrons available
in the volume element

=(Av dt)n
Step 2 : Total charge in volume

element dQ = (e}{ﬂvddt}n

Step 3: Current:
dQ neAv dt

dt dt

current [ =

I:ﬂfﬂvﬂ.

Step 4: Current c}ensity J

I:E



Terms to infer - microscopic

Current Density

] =oE
Conductivity
ne't
0O =
i1l
Resistivity
1 m




| OHM’S LAW

Microscopic to macroscopic
‘ I=GE=U%

I vV

Figure 2.7 Current through the conductor

Slope =—

(a)
(b)

(a) Ohmic (b) Non Ohmic device



R=—
A
1
p=—
]
!
R=p—
P

The resistance is the ratio of
potential difference across the given
conductor to the current passing
through the conductor.



Resistors in series and
parallel




Resistors in series

* When two or more TP AW
resistors are . I
connected end to
end, they are said Al 1

RJ

to be in series.

{a) Three resistors in series

The current Ipassing through all
 Resistors could be the three resistors are the same.

simple resistors or
bulbs or heating
elements or other V=I(R +R,+R)

devices. V=1IR, (2.22)

V=V +V, +V =IR +IR +IR,(2.21)

+

Note: The value of equivalent .

resistance in series connection will T -
be greater than each individual
resistance.

(b) Equivalent resistance {R_,I_‘] has the same current




Resistors in parallel  1-1.1:1

(a) Three resistors in parallel

Potential across all
resistors is the same.

—

i |

3 .
I

(b} Equivalent resistance (R,) has the same current

WA N i
R] Rl R:"r
V VvV Vv 11 1
. I=—4—+—=V|—+ -+
R 'R R |R R R
=Y
RP
1 1 1 1
S S S (2.26)
R, R R R

Note: The value of equivalent resistance
in parallel connection will be lesser than
each individual resistance.




Reducing the net

200 40
A B
we L work
Parallel l (Example 211)
401 &L
i Wiy LLCER
102
AR { —_—
A R;' Yy PN E
Parallel j st
Gl
- ANy
102 210 ‘
. ARARARN v Y -
A B
Rp! Addy
60
Parallel ‘l
10 20 30
o———— AWM AW —— AW ——o
A B
Series ‘t .
—————AMWWN—————
B



.
/“:iﬁ\/ \%7<
500 F—
\%L b
102 102

N

d
To find the equivalent resistance

between the points a and b.

—8
i

we assume that current is entering the
junction a.

Since all the resistances in the outside
loop are the same (1Q), the currentin
the branches ac and ad must be equal.

So the electric potential at the point c
and d is the same hence no current
flows into 5 Q resistance.

—> AW\ —e-



m Color code for Carbon

resistors

”

Figure 2.11 Resistance used in our
laboratory

- While reading the colour code,
hold the resistor with colour

=
N
SN

bands to your left. Resistors
never start with a metallic band on the left.

Decimal

multiplier Tolerance
{metallic band)

First digit
Second digit

Figure 2.12 Resistor color coding

Table 2.2 Color Coding for Resistors

Color Number Multiplier Tolerance
Black 0 1

Brown 1 10!

Red 2 10?

Orange 3 10°

Yellow 4 10*

Green 5 10°

Blue 6 10°

Violet 7 107

Gray 8 10°

White 9 10°

Gold 10! 5%
Sliver 10— 10%
Colorless 20%




m Temperature

dependence of resistivity
‘ p,= pj[]—l—ﬂ:(T—Tﬂ)]

R, =R |1+0(T-T,)



ENERGY AND POWER IN
ELECTRICAL CIRCUITS



ELECTRIC CELLS AND
BATTERIES
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cells in parallel (Circuit diagram)

Cella in series (Schematic diagram)
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Cells in series (circuit diagram)

| Figure 2.21 cells in series Cells in parallel (Schematic diagram)

Series Parallel



Kirchhoff’s first rule
(Current rule or Junction rule)

[+ -1-1-1=0
(or)

Il+IE:I3+I4+I5

2.5.1 Kirchhoff’s first rule (Current rule or
Junction rule)

It states that the
algebraic sum of the currents
at any junction of a circuit is
zero. It is a statement of
conservation of electric
charge.



2.5.2 Kirchhoff’s Second rule (Voltage rule or Loop
rule)

It states that in a closed circuit the algebraic
sum of the products of the current and resistance of
each part of the circuit is equal to the total emf
included in the circuit.

This law follows from the law of conservation of
energy for an isolated system (The energy supplied
by the emf sources is equal to the sum of the energy
delivered to all resistors).



Thus applying Kirchott’s second law to the
closed loop EACE

IR +IR +1R =3

and for the closed loop ABCA
IR, +IR-LR=0

5 5 2 12




Application of Kirchhoff law

E Wheatstone's bridge

m Meter bridge
E Potentiometer




HEATING EFFECT OF
ELECTRIC CURRENT




‘ THERMOELECTRIC EFFECT

Conversion of temperature differences
into electrical voltage and vice versa
is known as thermoelectric effect.



Seebeck Effect

HOT COLD
Junction 1 Metal B

Junction 2

(b)
Figure 2.35 Seebeck effect (Thermocouple)

Seebeck discovered thatin a
closed circuit consisting of
two dissimilar metals, when
the junctions are maintained
at different temperatures an
emf (potential difference) is
developed.

The current that flows due to
the emf developed is called
thermoelectric current.

The two dissimilar metals
connected to form two
junctions is known as
thermocouple.

If the hot and cold junctions
are interchanged, the
direction of current also
reverses. Hence the effect is
reversible.
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The magnitude of the emf developed in a thermocouple

depends on

(i) the nature of the metals forming the couple and

(ii) the temperature difference between the junctions.

Seebeck arranged the metals in a series in which any two

metals can be used to construct the thermocouple.



Peltier effect

A B
Cooled Heated
In 1834, Peltier discovered that o
when an electric current is passed Co i[>
through a circuit of a A .
thermocouple, heat is evolved at _
one junction and absorbed at the (®)

Figure 2.36 Peltier effect: Cu - Fe
thermocouple

other junction.

Peltier effect is reversible
— changing the polarity
(direction of current flow)
changes the hot and cold
junctions

Peltier
Thermoelectric
Cooler Module




Thomson effect

T~ Thomson showed that if two points in a
I E\./ : ;

| . o | conductor are at different temperatures,
“ | absorbed | evolved | evolved | absorbed ' '
< =< the density of electrons at these points
_}:n.- M | N -B _PA.- M ) N -B

i i Rl will differ and as a result the potential

IJ 'I il ‘ ' ‘
ATS— oo difference is created between these points.

Figure 2.37 (a) Positive Thomson effect

(b) Negative Thomson effect Thomson effect is also reversible.

Thomson effect, the evolution or absorption of heat
when electric current passes through a circuit

composed of a single material that has a
temperature difference along its length.




Potential ——

(i)

]

Heat Heat (ii)
absorbed evolved
; A C B
> |
A M | N B
Copper bar M

Jli
i1

(a) Positive thomson effect

(iii)
@mson Effect is reversible

When no current flows, M
and N at equidistant from
middle point C will be at the
same temperature.

When current flows (in the

direction shown), N will be at

higher temperature
compared to M. (B at higher
temperature than A)

3

From A to C heat is absorbed

and C to B heat is evolved

Positive
_ | Thomson
effect.

Cu shows
this
behavior

Negative
Thomson
effect.

Fe shows
this
behavior

(ii)

5 (i) When current flows (in the
direction shown), M will be
at higher temperature

Potential —=

Heat

compared to N. (A at higher a. _— _

temperature than B) i —
A M ril}l N B
Iron bar AR

From A to C heat is evolved J

and C to B heat is absorbed I

(b) Negative thomson effect
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