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UNIT -5

Oicady current and circuit property

Learning Competencies this Unit

By the end of this unit you should be able to:
Define the basic terms resistance, resistivity,
conductivity, current density, drift velocity.
State the Microscopic description of Current

and current density.

Explain how the sources of e.m.f. produce a

p.d.

Express the relationship between e.m.f.,

terminal p.d. and internal resistance.



* Analyse, in quantitative terms, circuit
problems involving potential difference,
current and resistance.

* State Kirchhoft’s junction rule and loop rule.

* Use Kirchhoff’s rules to solve related circuit
problems.

* Identity the sign conventions appropriately
in applying Kirchhotf’s rules.

| ® Solve problems involving network resistors.
* Describe how a galvanometer can be
modified to measure a wide range of
currents and potential differences.



* Explain the principle of the Wheatstone
bridge and solve problems involving it.

* Solve different problems involving

different electrical circuits.



TERMS

Suppose current flows through the conductor of
length [ between the two ends (a) and (b) due to the
difference in electric potential (voltage), then there
are basic terms in microscopic model of current; and
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these are

i) Net charges (AQ)

Suppose (M) number of charges flows through the
conductor between a and b, then the net charge i= given as A = Ng

i) Charge density n)

It iz the measure of number of charges (N) per a unit volume (V). n = g = N =nV But volume [V
can be givenn as ¥ = Al then N=nAdl therefore the net charge (AQ) can be givenn as AQ = Ng
AQ =(nADg AQ = ngqAl

111} Drift velocity (V)

it iz the measure of average velocity of charges in the conductors for the lengthl. VW =-—~ —

[ = VAt | since net charge AQ = ngAl ; AQ = ngAV; At

iv) Electric current [d)

It Is the rate of flow of charges(f = ‘:jr.-) i.e from the microscopic view of charges above (AQ =
ngAVzAE) the electric current (I) iz given as

_ a!l._q' _ _ ngAvzAc
I=35  but AQ =ngdVzAr =772

I = ngAV;,

=ngAVy =

N.B:- The 31 unit of electric current is given as [I] = [Qf-‘]]_ G:u—':[;:;}:ﬂmp&r&(d}. 1A=1§

¥  There are two types of currenti.e. electron current (the flow of electrons from negative
to po=zitive terminals of a source) and conventional current (the flow of po=zitive
charges from positive to negative terminals, used before the discovery of electrons.)

WV Current densiy )
It iz the measure of amount of current (I} to the crossecticnal area [(A).

_ T _ _ﬂ*-'i'ﬂ"d _
e




Example
Find the number of charge carriers per unit volume in a copper
wire of cross-sectional area 2 mm? carrying a current of 1.5 A
if the drift velocity of the charge carriers is 0.00028 m/s. ('The
elementary charge is 1.6 x 107 C.)

Solution

V, (m/s) N A (m?) I(a) g (C)
0.00028 ? 2% 10°6 I 6% 10

I
ngA

I
VdQA

Vg

H

_ 1.5
0.00028 % 1.6 X 1019% 2 x 10" 6
1.5

8.96 x 107 (Number of charges per volume)
n=1.67 x 10% ( The unit is number per cubic meter ie. /m?)




Ohm’s law

[t 15 one of the fundamental laws under electrodynamics which was proposed a Dutch physicist
George Stmon Ohm. It 15 stated

“Current density has a direct proportionality with electric field 1t 15 produced m a given Ohomuc*

material,

. . . . , , Georg Simon Ohm
It 15 also restated as “The ratio of current density to electric field 1s always constant for a given | German physicist 1780-185)

materials’

PES J=kE2 k=l



Conductivity is a way of measuring a material’s ability to allow flow of current through it.

It is given the symbol o and its units are Siemens per meter (S/m).
The inverse of conductivity is resistivity.
Resistivity is a measure of how much a material resists the flow of an electric current. It is

given the symbol p and its units are ohm meters (2 m).

A material with a high conductivity will have a low resistivity and a material with a high
resistivity will have a low conductivity.

Resistance is a property of a material that controls the amount of current that flows
through electrical devices. It is measured in ohms ().

where k is a proportionality constant which tells us about the ability of conductors to conduct

electric current known as conductivity (¢) , it may also be expressed as resistivity (p) as the inverse

. . : 1 1 1
property of conductivity (o) 1.e g = B thus K=o = > o= é J = oE > :é
*Current density (J) is a vector quantity.
*Ohomic materials are materials which obey Ohm’s law.
E = p] - - 3 -
Recall that the potential difference between (a) and (b) of the Lo T
. . Vv I ~ = —
conductor of length (I) is givenas V,, =V =El—= E=—- and ] =- Silver 1.59 < 10~ ®
v pl t A Copper 1.7 X 10— 8
Vv I =
then E = pJ = —=p- > — == = Gold 2.44 X 10~ 8
v L A I A v 1 Aluminum 282 x 10 ®
. . P X _
but — 18 constant known as Resistance (R) thus — = R = — e 5.6 < 10 °
e I I A Iron 10 < 10— #
p[ or Vv Platinum 11 < 10— 8
R =~ R =~ Lead 22 x 10~ %
Nichrome< 1.50 < 10~ ©
Carbon 3.5 < 10~ %
Germanium 0.46
Silicon G40
Class 1019 to 1014




Example

1. Bind the approximate current density when an electric field
of 12 V/m is applied to a silver conductor. The conductivity of
silver is 63.0 x 10° S/m.

Solution:-
J(A/m?) ¢ ($/m) E(V)
{ 63.0 % 10° 12
Use/=0F

=63.0 % 10°x 12
J=756x%10°A/m’



2. A 1 m length of copper wire of diameter 0.4 mm has a
measured resistance of (.13 (). What value does this give

for the resistivity of copper?

SOLUTION:- A= ”TDE
0 (Qm) R(Q)) [(m) A(m?)
¢ 0.13 l (0.2 % 107) x 3.14
Use 0= R;_A
_0.13% (02107 x 3,14

1
0= 163 %10 Qm




3. Calculate the p.d. across a 40 () resistor ?if the current
it supplies to the resistor is 0.05 A.

Solution:-
p.d. (V) [(A) R(0Q)
¢ 0.05 4()
Use Ohms law V=1R
=0.05x 40

=2V



Resistor:- is an electrical component which limits the

flow of current. Or it is a device which it Syl
. Resistance  YY¥Y — ©F
converts electrical energy to some other ———
forms of energy. . ey
Resistor Networking B
= : : T — o
There are two combinations of resistors
and these are Series and parallel.
Series parallel
# It is an end to end * Itis a side by side
combination [alternate combination [ similar
terminals are connected terminals are connected
togeter] togeter]
# there is only one way * there may be different
of current flow. (alternate) way of current
flow.
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Let three resistors combine in series as shown below. The left terminal of resistance 1 and the right
terminal of resistor 3 are connected to the terminals of a battery. The other three terminals are
connected to each other alternately.

NOTE | | | - L, Vi - % ; I‘—'\E‘»
» The total amount of electric current ([) 1s equal in all R K N
resistors. Thatis I=1,=L=1;
# The total amount of the Voltage (V) 13 equals to the linear sum of
amount of the voltage dropped across each resistor.
To determine the equivalent Resistance (R) use ——
V=V, +V,+V, SinceR=-=V =Rl and V,=Ryl{ .V, =Ryl v
Vy = Rsly )
* L Wye Iy 1 I i
> 4 A S g
Therefore, RI = Rly + Rols + R3l3 butI=1,=1,=1; e m'- T T e
RI =R+ Ry)I+ R3] = I(Rl +Ry + Rg)
& I
R:R1‘|‘R2‘|‘R3 ;-C3=':r :

N.B. The equivalent resistance of a Series connection of resistors is the numerical sum of the
individual resistances and is always greater than any individual resistance.




Parallel Combination
Connecting resistors in parallel means connecting similar terminals together (side by side connection).
Let three resistors combine in parallel as shown below. The left terminals of all resistors are connected to the
positive terminals of a battery and the right terminals of all resistors connected with the negative terminal of the
battery.
NOTE
¥ The total amount of the current (I} is equal equals to the linear sum of amount of the current passing
across each resistors.
e I=1+1,+1,
¥ The total amount of the Voltage (V) is equals to the amount of the voltage dropped across each resistor.
ieV=V=V=V
# Todetermine the equivalent resistance (R) use
I=1,+1,+1I; Since .

v v W W ¥ Ia ET
R=—=I=-andI,==, I,==and [, == T v,
I R R1 Rg R“ I:-.'-' .-.':I" Ia .M
Therefore, but I=0L+1L+1 £ R P . R B
v, W W .
I=2+2+2 hut ¥, =V, =V, =V ﬁl S
Ry Ry R ' iy,
> A L, Vv
. - E:u:l\ * - 2 Auﬂ'fi F
(1)
) :
== Y L, Wi
Ri Ri
1
- |
For only two resistors R, and R, connected in parallel A== a v ¢
R4R
1 1 1 __UHIN
i1, p=22
R Ry Ry R, +R,

NOTE: - The equivalent resistance is always less than the smallest resistance in the group.




Example
For the circuit shown below,

. (a) What 1s the equivalent resistance of the crrewit?
(b) What are the current on each resistors using?
Solution
(@) R, =10, R, = 20 and R, = 30

Let R, be the parallel combination of R, and R,




— RaxRs >3 _ 8 &
@ " R.4+Rs 2 243 5 RE_EH
a R=R,+R, R=1+=2n0 r=%20
5 & 5
Wm22 oy == Vv v . . 22
R =;:} I == The net current is determmned as ] = —
! s
) ' I'=104, since R, and R, are in series the current
through each is the same as the total current.
a I=L=1I_=104
But the voltage across each iz givenas V =1 + 1.
V=22 v == ¥, = LR, =(10)(1) = 10V
&
. V. = IR, = (10) (E) =12V
ThenV=V,+V,=10+12=22V
a bye Since, R, is the parallel combination of B, and R4 the
. - ' R=R, +R, voltage on R, and R; is the same as the voltage
dropped on R, . i.e. V; =12V
¥ [N |

V., =V, =V; =12V on each resistors.

Then the current on each resistors (i.e. on R; and R; | can be determined as I; = :—“ and I3 = =
z g

L=2c=6V =1, =6V and Iy=—=4V = I; =4V the total current on resistor (R,) is I, = 10 4
2 A 3

therefore we can even counter check our work by I, =1, + I3 = 6V + 4V = 10V

L =104
Generally the currents on each resistors is given as { I, = al
I; = 4V




Electromotive force (e.m.f.) and potential difference (AV)
Electromotive force (£):-is the mastimum voltage that a gven source can  produce between its
terminals before the effect of internal resistance (r).
* (internal resistance /r/ 1s the resistance of a sowrce produced due to its nature; which is
different from load external resistance’ /)

¥ =lectromotive force is not a force it is a driving energiy.

Potential difference (AV):- 1= the voltage debvered to the external resistance 1.e afier the effect of
internal resistance (r).

taking a source of voltage connected with load external resistor (R) as shown below; then the
potential difference between the two points (a) and (b) can be determined using two paths. 1 e

SRS B T /P
g - 'E_'
e o o o e e e )
Path 1 -
a (=]
UNIQUE T.C.

Tefera Tibebu rlr

ti

I N -
T Path 2

M

From path 1 we can write the potential difference between [a) and (b)) AV = Vi, — V; = Vjp as follows
Vot+e —Ir=Vy e —Ir=Vp—V, AV ==z-—1Ir

Where £ = ea.m. f. , AV = potential difference .,

+ = internal resistance ; B = external load resistor
From path 2 we can write the potentisl difference between (a) and (b)) AV =V — V, = V;, as follows
Vo+IR =V, = IR=V,—V, AV =IR

AV =& —Ir ceaeea 8 — 1

AV = TR . o 8g — 2

Equating the above two equations we can hawve IR=AV=g—Ir—=IR—=¢g—Ir —s=IR+Ir



A solar cell generates a potential difference of 0.1 V when a 5000 ressstor 15 connected

across 1t and a potential difference of 0.15 V when a 1000Q resistor 1s substituted. What
are the emf and the internal resistance of the solar cell?

A) 0.3V, 1500Q  B)0.23V, 10000 €} 0.3V, 1000Q D) 0.35V, 130002

Given: - AV, = 0.1V when R, =500Q 15 connected and  required:- r=? and ¢ ="
AV, =015V When R, = 1000Q 15 connected

Use AV =IR for each of the resistors and re-substitute the current on e=I(R +71)
A 3

1 AV

e=L(Ri+7) &e=L(Ry+1) 27r=1000Q and =03V

Answet: - Choice C




Kirchhoff’s Rules
[tis the procedure of analyzing more complex electrical circuits
named after a German physicist B. G. Kirchhoff.

It has two principles called Kirchhoff's rules:

1. Junction rule,

Itis also known as Kirchhoff’'s current law [KCL]

[tis stated as

“The algebraic sum of all the currents entering a junction pointis
zero”

Junction (j) - is a point where two or more than two currents meet or
split).

X Ij =0 = X Ienterin,g + X I]eaving =0 Gustav Kirchhoff
Conventionally the current entering to a junction may be consideredas | german Physicist (1824-1887)

negativei.e
EIenterin,g_EI]Eﬂving =0 = EIenterin.g = EI]eaving
Thus it may also be restated as
“The sum of the currents entering any junction in a circuit must equal the sum of the
currents leaving that junction”.
€ This ruleis a statement of conservation of electric charge i.e. charges neither created nor
destroyed rather it transferred from one body to the other,

If we apply this rule to the junction shown below

EIj =0 = EIentering+ EI]E&ﬁngz 0

% Ientering =1 and % I]emring =1l +13 [Current flow trough wires |
 —
Therefore L +L,+[;=0 =L —(,+[3)=0= J
— Flosy oan
I, = (I, +13) KCL ( junction rule) K .
——

[Water flow through pipes |




2. Loop rule

It i also known as Kirchhoff’s voltage law [KVL]

[tz stated as

“The algebraic sum of all the voltage around a leop s zero”,

Loopis a complete path for the flow of current.

# The sum of the potential differencesacross all elements around any closed circuit loop must

be zero:

This rule follows from the law of conservation of energyi.e. “energyis neither created nor

destroyed”. Let us imagine moving a charge around a closed loop of a circuit,

When the charge returns to the starting point, the charge-circuit system must have the same total
energy as it had before the charge was moved. The sum of the increases in energy as the charge
passes through some circuit elements must equal the sum of the decreases in energy as it passes
through other elements. The potential energy decreases whenever the charge moves through a
potential drop (IR)across a resistor or whenever it moves in the reverse direction through a source.

=0 = EViuree T EVResistors =0 LVs+2Vz=0
but V; = IR (are negative since they despite or drop electrical energy]

TV.+SIR=0 TV.-%R=0 IV.=TIR

E%:Em

[KVL]




Sign Convention

For Current (I) or For Current (I) or
** For voltage dropped on resistors (Vg = IR) ** For voltage dropped on rsistors (Vg = IR)

» When current has the same direction » When current has the same direction
with the chosen loop direction then take with the chosen loop direction then take
it as Negative. it as Positive.

» When current has the opposite direction » When current has opposite direction with
with the chosen loop direction then take the chosen loop direction then take it as
it as Positive. Negative.

For Voltage/potential difference/ (v) For Voltage/potential difference/ (v)
** For voltage source (V) ** For voltage source (Vs )

— As you traverse around the chosen loop — As you traverse around the chosen loop
direction, if you pass over from negative direction, if you pass over from negative
(-) to positive (+) terminals of the source (-) to positive () terminals of the source
take the voltage to be positive. take the voltage to be positive.

— As you traverse around the chosen loop — As you traverse around the chosen loop
direction, if you pass over from positive direction, if you pass over from positive
(*) to negative (-] terminals of the source (*) to negative (-] terminals of the source
take the voltage to be Negative take the voltage to be Negative




Example
For the circuit solved above try to determine the currents across

each resistors ?

Now let us determine those currents using Kirchhoff’'s rules following all the rules listed above.
First after naming all the resistors and source voltages just as shown 1n the figure above,
» Identify the number of unknown vanables to be solved. 1. e I,.I; and I; as 1in this case. Thus
to solve for three unknowns we need three equations.
# Identify the number of junctions and apply the rule (KCL). 1 e there are six points (a, b, c, d,
e, and {f) but not all points are junctions among those there are only two junctions that are
point (b) and (e).
Then apply KCL at each junctions.

i} At point b
EFp=0 = Elenmﬂng+zllea1ﬂng=n

Elenta'ing: Iy de Elleuwin,g: I; + 13

ii) At point e
Ele:c‘ = Elentﬂ'mg+Elle~a.vi.u.g:D

lilenta'ingz ﬁﬁﬁﬁﬁﬁ l;llaavj.ug =1

Tl‘lEIEfIIIE |2+|3+|1:U :}I::|2+|3]—|1:U:} I::I2+Iﬂf]:|1

Iy+I3=L—————



But from the two junctions, we have got only one equation. 1 . I, =01, +1I3
Since we just finish the number of junctions, we cannot get any more equations from junctions.
Thus, we need the rest two equations from loop rule.
# Identify the number of loops from the circuit, and give name. 1n this case we have three
loops from the above circuit

[abefa) as loop-1,
(bcdeb) as loop-2, and

(acdfa) as loop-3.
# Choose the direction or traverse to write our loop equations 1 e. clockwise or counter-

cloclowize.
*==* for example take loop-1 as we traverse along (abefa) is clockwise but along (afeba) is
anti- clockwnse.

»  Apply loop rule (KVL) for any of the two loops since we just left only for two equations.
<% Apply KVL forloop-1 let us take clockwise (abefa)

We can use any of the techniquesi e. Ry=10
Tv=0 = ZEW+IIR=0 gor a AA——B
LVy=LIR W=
2
For XVg+XIR=0 just write using addition at the ’H'-ﬂv_:'_ |—"'—l l R,=20
beginning the think about the sign conventions g heap-1
*V+,R, +I,R, =0 -
from the =1gn convention the source (v 1= positive [+ butl, i %
End I, are negative (-} for the same direction. o the above
Eguatmn becomes.

on (+FW+ (=R + ()R =0 = V-L,Ry — bRy =0 = V=LR +1:R;

Y¥vg =YIR just write using addition at the beginning the think about the sign conventions
=V =LRy + IR,
from the sipn convention the source (V) is positive [+ butl, and I, are positive (H for the same
%_ s0 the above equation becomes.

(+IWV=(+)4Ry +({+)I;R; = V=1;Ry + ;bR = V =LR,; +[;R; thetwoequationsare the




Therefore our second equation becomes
V =IIR1 +IEHE - = ——EIIHEIEIH‘!- 2
% Apply KVLiorloop-2 Now let us take Anti- clockwise direction (bedch)
We may again use any of the techniques 1.,
V=0 = EW+YR=0 or

T =TIR I Iy

For Ve+1,R, +1;R; =0 just write using addition at the fﬁ |
beginning the think about the sign conventions, and note hgm2i] |§ “"’FiT gR 3
that there are no source around the loop V=10 —

"Ryt IRy =0
from the sign convention I, 15 negative(- since it is the same o d

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

above equation becomes.

- (=R + ()R =0= LRy + LRy =0 = LRy =R,

LVe=YIR just write using addition at the beginning the think about the sign conventions
TVe=1hRy + IR
note that there are no source around the loop Vg =10
0 =1.R, +15R
from the sign convention I, 15 positive (+) since 1t 1s the same direction as the loop whereas I
15 negative(-|since 1t 15 opposite direction as the loop. so the above equation becomes.




0 =(+)IgRy + (=)IgRg = LRy = IRy
For both cases the equation 1s 1dentical.

3Ry =Ry ————- equation 3
IE+IE=I1 ————— E!I'Hﬂﬂﬂ'ﬂl
# Collect and solve all the three equations simultaneously «V = 1Ry + Ry — - — equation 2
bRy =LRy -————- equation 3
fz+15 :fl————E!]"HEHﬂ"i‘li
22 = Iy + 21, — - — equation 2
=2 ----- equation 3

Substitute equation (1) on to equation (2}
22=(h+1;)+ 2],
22 =I3+3l;- - —-equation 4  hut from equations substitute equation (3 on to
- 2
equation (4) =31
2 11 11 2 2
2=(5h)+3h =3 =7 Dh=6v,j=;h S=5(6V) 3] =4V and fom
equation (1) L +I3 =14
L =6V+4V =10V [y =10V
Therefore 1t 15 exactly the same as the common series and parallel method solved above.
I,=104
I, =6V
I, =4V




Electrical energy and power

If a battery 1s used to establish an electric current in a conductor, there is —_—
a continuous transformation of chemical energy in the battery to kinetic
energy of the electrons to internal energy in the conductor, resulting in an |
increase in the temperature of the conductor. .

In typical electric circuits, energy 1s transferred from a source such as a - 2
battery, to some device, such as a light bulb or a radio receiver.

Suppose a source of potential difference (V) is connected with a load
resistor (R) and current (I) flows across the circuit, as the charges flow
across the resistor electrical energy is converted to some kind of energies.
AU =VAq for a steady flow of charges

dU =Vdq then taking the rate of electrical energy we can get g = V% but g = power (P) and
d

= electric current (I)
-

It 1s also possible to use it interms of resistors as. P = IV but

__pa
R=->V=IR P=I(R)=R P=IR R

vz

OrsincefzgiszV Pz(g)lf:%z}’:?
R




I—
L

The battery has an e.m.f. of 12 V and an internal resistance of
3 (). Calculate:

d

the current 1t supplies to the resistor, R, with value 12 Q

)
b) the power used in the external resistor

¢) the percentage of the total power wasted in the internal
resistance.




a)

Total resistance R + r () E.-m.f. (V) Current I (A)
15 12 3

Use Ohm’s law V = IR

In this case

e.m.f.
total resistance

r—12 _og.8 A

Current =

15
b)
Power (W) Current (A) R ()
2 0.8 12
Use power = I*R
= 0.8% > 12
= 7.68 W

c) We need to find the power in internal resistance, then total
power, then percentage of total power wasted in internal
resistance

‘ For internal resistance:

Power (W) Current (A) ()
2 .8 3

= I?R
0.82 > 3
1.92 W
1.92 + 7.68 W
= 9.6 W

1.92 > 100

Percentage wasted in internal resistance = 5 6 = 20%

Use power

Total power




Current a
Current is mea
Voltage is measu

*both can be construc

galvanometer.

Galvanometer

—O)—
"

Voltmeter




The Ammeter

A device that measures current is called an ammeter. The charges constituting the current to be
measured must pass directly through the ammeter, so the ammeter must be connected in series
with other elements in the circuait.

When using an ammeter to measure direct currents, you must

connect it so that charges enter the instrument at the positive

terminal and exit at the negative terminal. [ A)
» ldeally, an ammeter should have zero resistance so
that the current being measured is not altered. R g

In the circuit shown below, this condition requires that the
resistance of the ammeter be much less than the load resistor
E. Because any ammeter always has some internal resistance, |=
the presence of the ammeter in the circuit shightly reduces the .ll-
current from the value it would have in the meter’s absence.

A typical off-the-shelf galvanometer is often not suitable for use as an ammeter, primarily because
it has a resistance of about 30 — 60} . An ammeter resistance this great considerably alters the
current in a circuit. You can understand this by considering the

following example. The current in a simple series circuit —— Ameter -
containing a 3-V battery and a 3{) resistor 1z 1 A. If vou insert a : ""';'l":l’h i
600} galvanometer in this circuit to measure the current (1A}, the i | ‘ :
total resistance becomes 6301 and the current is reduced to 0.02 A. : (£ i
A zsecond factor that limits the use of a galvancometer as an i ’g""" ' :
ammeter is the fact that a typical galvanometer gives a full-scale - : ¢ '...lr-.u:::.__:u-_-h-r i
deflection (maximum reading) for currents on the order of 1 mA or —— !
legs. Consequently, such a galvanometer cannot be used directly

to measure currents greater thamn this value. | [
Howewver, it can be conwverted to a useful ammeter by placng a ,IE-

shunt resistor Fs  parallel with the galvanomster, as shown in
the fig below. The value of Es; must be much less than the galvanometer resistance so that most of
the current to be measured 1s directed to the shunt resistor.
Since R; and R;; are connected in parallel potential difference across each remain constant i.e.
Reoig

Vo = W but V; = Rzl and V; = R, therefore Rl = Rl = . — Han

F
RE — I.:IE

n="2F sincel=Ict+Ia=1-Is=1Ix

Relg
" =




Where R; 1= shunt resistance
I 15 the full scale reading of the galvanometer,

R; iz the safety resistor of the galvanometer (50 — 600 k":
And 11s the maximum reading of the Ammeter needed to be
constructed.
R, i
The Voltmeter

A device that measures potential difference 1s called a voltmeter. The
potential difference between any two points in a circuit can be
measured by attaching the terminals of the veoltmeter between these L
points without breaking the circuit, as shown in Figure below. The le'l
potential difference across resistor R 13 measured by connecting the
voltmeter in parallel with . Again, it 1= necessary to observe the polarity of the instrument.
The pozitive terminal of the voltmeter must be connected to the end of the resistor that 15 at the
higher potential, and the negative terminal to the end of the resistor at the lower potential.

# An ideal voltmeter has infinite resistance so that no current exists in it.

In Figure below, this condition requires that the voltmeter have a Valtmeter
resistance much greater than R In practice, if this condition 1= not 0 ©
met, corrections should be made for the known resistance of the .Wl',_' WA
voltmeter. R

* A galvanometer can also be used as a voltmeter by addmng an |7 Gahanometer
external resistor By, (multiplier resisters) in series with i, as shown Tr"'." R

in Figure below. In this case, the external resistor (En) must have a
value much greater than the resistance of the galvancmeter to
enisure that the galvanometer

does not signithcantly alter the voltage being measured.
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The Wheatstone bridge

It is the basic electrical circuit used to determine the
unknown values of resistors and capacitors. It was

invented by Samuel Hunter Christie but it was more
familiarized by 5ir Charles Wheatstone.

In its classic form, a galvanometer is connected between

the output terminals, and is used to monitor the current v
flowing from one voltage divider to the other. If the two
voltage dividers have exactly the same current flow

across each portion of circuit; the circuit the bridge is

said to be balanced and no current flows in either

direction through the galvanometer.

If one of the resistors changes even a little bit in value, the bridge will become unbalanced
and current will flow through the galvatnometer. Thus, the galvanometer becomes a very
sensitive indicator of the balance condition.

In its basic application, a D.c. voltage (V] is applied to the
Wheatstone bridge, and a galvanometer (&) is used to
monitor the balance conditionn. The values of B and R: are
precisely known, but do not have to be identical. F:izs a
calibrated variable resistance, the current value of which
may be read from a dial or scale. An unknown resistor, Rx, is
connected as the fourth side of the circuit, as shown in
Figure below, and power is applied. F:is adjusted until the

galvanometer, G, reads zero current. At this point,
From Aabec writing the loop rule for a complete path

—R, I, +I, R, + IR =0 Since I; =0 after Balance

—R,I,4+I,R. =0 R.I,=I,R,= I, R




From Adbe writing the loop rule for a complete path

“RyJ,+1,R,+1,R;=0 Since I, = 0 after Balance

s
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Equating the above two equations we can get the basic equation of Wheatstone bridge.
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1. A cell supplies a current of 0 94 through a 22 regiztor and a
current of 0.3A through a 7 £ resistor. What is the internal resistance of the cell iz

A) 058 Ej10 & Cj1.2 &2 020 __pran LEY
2. Determine the current in the 5 2 regiztor in the figure shown below :-—lw'm 263
Ay
A) 7.A5A
E) 1.00A LIV, 1 OF B (¥
C) 0.484 —
D 0134

<. There iz 8 current of 2A in the system of conductors ihuw'n in the figure below. The potential
differgice Va-Vg

A) -2v 20 T
B} =1V

C) -1V -

D) +2V e A

4. In the cdrcuit =own below, what is the potential difference between

i i 2k

points B and I?

A1V ) 3V . .
E) 2V D) 4v
&. In fisure below the current in the 16 0 resistor is
a] 054 A
b] O.15A
c] Q0494

d] 1.284
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