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x 10~
Cm — m

, X (1072)2 = x 1074

Cm

x (1072)3 = x 107
Cm?3

x 1073
mm ——— > m

2 X (1073)% = x 1076 2
mm > m
3 X (1073) = x 107° 3
mm > m
) x 1073 3
Liter —————— > m

x 10~10
Angstrom ——— m

x 1073
gm — Kg

x 1.6 x 10~19
eV > Joule

Tera

Giga

Mega

Kilo

Centi

Milli

Micro

Nano

Pico

Femto

T
G
M
K
Deci d
¢
m
n
n
p
f
AO

Angstrom

Area

Circumference

Circle 7 r?

2nr

Rectangle | Length x Width

2 X ( Length + Width )

Square |

4L

Area of Sphere = 4z r?

Volume of Sphere = /3 nr’

Volume of Cylinder= nr’h

F=mXa

energy =F x d

energy

Power = Time

] _ Opposite
Sin(8) = Hypotenous
Adjacent
0) = ———e
Cos(6) Hypotenous

Opposite
tan(e) = _p_x_x____

Opposite

Adjacent
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Unit (1) - Chapter (i)

CHAPTER (1)

al Current and Ohm

The Electric Current: It is a flow of electric charge in a conducting material.

Conventional (Traditional) Current Actual (Electron) Current
Direction . Direction . ,
The direction of flow of electrons always
goes from the negative terminal to the
positive terminal outside the source into a
closed electric circuit. (Opposite to
conventional current).

The direction of the electric current
always goes from the positive terminal to
the negative terminal outside the source
into a closed electric circuit.

_In our Course we deal with this direction
Note:

In a conductor if we say that the electrons

flow in a certain direction, so the current (I) ¢ rent (1) direction
we use is in the opposite direction. we use in problems

Direction of
flow of
electrons

Basic Definitions

1. Electric Current Intensity: (I)

It's the quantity of electric charges (Q) in coulombs passing through a given cross
sectional area of a conductor in one second.

- (1)

Where:
I = Electric current intensity passing through the conductor ( Ampere= A = C/Sec.)
Q = Quantity of electric charges ( Coulomb=C)

t Time (Second)

Number of electrons

= Charge of one electron = Constant = 1.6x10""” Coulomb

i

i
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It is the current intensity through a circuit when a charge of one coulomb passed in
a given cross sectional area in one second.

Coulomb:

It is the quantity of electric charge passes in a given cross sectional area of a circuit in
one second when the electric current intensity is one ampere.

2. Potential Difference Between Two Points: (V)

It's the work done in joules to transfer a charge of one coulomb from one point to the
other.

V= — - (2)

Where:
V = Potential difference between two points ( Volt=V =J/C)

2
W = Work required to transfer charges (Joule =J=N.m = Ki; CT )

Q = Quantity of electric charges ( Coulomb=C)

Volt:

It is the potential difference between two points when the work done to transfer a
charge of one coulomb between them is one joule.

3. The Eléétric Re51stance of a conductdr: (R)y

It's the opposition of the conductor to the flow of electric current. —N\N—

OR: It's the ratio between the potential difference across the conductor terminals and
the current intensity passing through it.

R v
1
Where:
R = Electric resistance of conductor (Ohm=Q=V/A)

V = Potential difference across the conductor terminal ( Volt=V = J/C = ﬁé_ﬂj
I = Electric current intensity passing through the conductor (Ampere = A = C/Sec.)

Is the electric resistance of a conductor when 1 volt is the potential difference between
its terminals, so a current of 1 ampere passing through it.

01283589168
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Rheostat (Variable Resistance)

Fixed Resistance

e Factors affecting the electric resistance of a conductor:
1. The length of the conductor (L).

RalL at constant A, Kind of material and Temperature , So
2. The cross sectional area of the conductor (A).
1
Ra n at constant L, Kind of material and Temperature , So

3. Kind of material.

4. Temperature.
As temperature increases, the resistance of
conductor increases.

1 . L
« RalL & R(xx & R(xA

L
R:pex" - (3)

Where:
R = Electric resistance of conductor (Ohm=0Q=V/A)

pe = Electric resistivity of conductor’s material or Specific resistance (Q.m = % .m)

L = Length of conductor (m)
A = Cross section area of conductor (m?)
So for problems, we use the following formula:

Ri_piliAe P11y 13
Rz P2 Lz A1 P2 Lz r12

- @)

Where most of the problems, circular cross section area conductors are used. (A =n rd)

01283589168

01115170024 Eng. Ahmed Samir Megaly




Unit (1) - Chapter (1)

Ahged Samic Megaly
Yeun Way Fon Excrortnee

4. 'Th’e'*Eiectl?icv Resnstmtv oyf"il métefiél ( Speéiﬁé R”es'istance)ﬂ: ( pe) |

It's the resistance of a conductor of unit length and unit cross sectional area.

It is a physical property of the material.
% Factors affecting the electric resistivity of a material:
1. Kind of material.
2. Temperature.
As temperature increases, the resistivity of material increases.

SThe 4E'lec’t1;ic C(’)n’dl’l’CﬁVitV of ’a’n’léteriﬁal: (6) R

It's the reciprocal (inverse) of the resistivity.

1 L
6= —=— | > (5)
P RA

Where:

¢ = Electric conductivity of material (Q'.m"' = Simon.m?! = %.m‘l)

pe = Electric resistivity of conductor’s material or Specific resistance (Q.m = % .m)

It is also a physical property of the material.
= Factors affecting the electric conductivity of a material:
1. Kind of material.
2. Temperature.
As temperature increases, the conductivity of material decreases.

The current intensity in a conductor is directly proportional to the potential difference
across its terminals at a constant temperature

~ Val atconstant Temperature ~|_V=1IR]- (6)
Where:

V = Potential difference across the conductor terminal (V=J/C=A.Q= EE[E )

R = Electric resistance of the conductor (Ohm=Q=V/A)
I = Electric current intensity passing through the conductor ( A = C/Sec.=V/Q )

So for a fixed resistance, as the potential difference across it increases, the current
intensity passing through it increases and as the potential difference across it decreases,
the current intensity passing through it decreases.

01283589168
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"
-
-
-
( ( voltage
y
o
{
e
{ voltage  resistance
(
( current = @ mA
: voltage resi;atlcc
{
(
{
o
{ current 30 J
7. The Electric Power: (P) It's the work done (energy consumed) in one second.
{
| W VQ
‘ Where:
2 Z
. P = Electric power of an element ( Watt =W=J/sec.= '—jﬁ—? = K;:: =V.A=A% Q= %)
L o 2
. Energy consumed by the element ( Joule =J=N.m= %é{l;‘
C Time of consuming the energy ( Second) e
( ’ V = Potential difference across the element terminal (V=J/C=AQ= -—-;—:——)
( " [ I = Electric current intensity passing through the same element (A =V/Q= Watt )
. v
( For any electricelement: P=VI
- : ; . = —
g 'So Special case for resistance : P=VI =1 - (8)
« W=P.t=V.I.t = I*?Rt
L 01283589168 .
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Ohm’s Law for a closed circuit

We know that the emf of an electric cell (battery-source) is the total work done inside
and outside the cell to transfer an electric charge of one coulomb in the electric circuit.
If we denote the emf of a battery by ( Vg ), the total current in the circuit by (1), the
external resistance by (R ) and the internal resistance of the cell by ( r ), then

Vg =IR+Ir=1(R+r)

Where:

Vs = Electromotive force of the battery (V =J/C=A.Q)

V = Potential difference between two poles of battery or battery terminal voltage or
‘Voltage across the source (V=J/C=A.Q)

I = Electric current intensity passing through the circuit (A = V/Q )

= Equivalent resistance of the circuit (Ohm=0=V/A)
r = internal resistance of the battery (Ohm=Q=V/A)

It's the total work done to transfer a unit charge (one coulomb) throughout the circuit
outside and inside the source. (Through the source and the external circuit).

OR: It's the potential difference between the two poles of the source when the circuit is

01283589168
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Unit (1) - Chapter (1)

Very important notes:

1.

2.

Vg
Regtr

- (9)

Voltmeter across the battery reading =
battery terminal voltage =

V=Vg—Ir= IRgq | = (

Req T
,So as { Req .

Percentage of voltage drop =

As r i | )

when Ir =0 {

10)

1l Irld
IT Ir?

VT
s~ Vi

r = 0 , neglegible internal resistance
1 =0, Nocurrent flow = circuit is open

V (volt)
3

Vs

»

Ir _
v X 100 =

r

eq +r

X 100

. (V=1R) is already the useful voltage for the circuit.

I( armpere)

. (Ir) is called voltage drop in the battery. (Lost voltage in the battery )

- (11)

(Sl A L) 5 il dda apliaiy (AN o) )

. Efficiency of the battery = | 1] =

\%

— X 100 =

Vg

x 100

eq +r

- (12)

Irl

VT

. Efficiency of battery T
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Connection of Resistors

of

connection

Electric
Curvent
intensity

[€D]

The current intensity is the same in
all the resistors

oooooooooooo

The total current intensity is
distributed among the resistors

oooooooooooo

:”:The tota]l potentlal 1ference1s "

_"The:po'i,‘e' jal dlfference is the

I Potentml' : a pierences |
' | di tnbuted on all th e"resistors o ﬁsame on all the resnstors '
DnFFerence - f “
( V) . fV V1 + Vz + V3 + V V1 Vz = V3= ......
ProoF oF I =11 + I + 13
equivalent |~ V=Vi+ V; + V4 v = v v v
vesistance | IR, =IR; + IR, + IRy R‘(;q R, . R, . R; .
“ ITReg=I(R;+ R, + R
(Req) ¢ ( Ry 2 3) R =V(§_+E_ k—)
in proof Reg= Ry + R; + Ry eq 1 2 3
p 1 PR
t " = —_— — —
rnus Where Req is the equivalent Req Ry R, R;
draw way resistance that replace all the Where R, is the equivalent
of resistors connected in series resistance that replace all the
connection

resistors connected in parallel

Eng. Ahmed Samir Megaly
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Equivalent
resistance

(Re)

Purpose of

connection

Consumed
Electric
Power

- (13)

Req= R1+ R2+ R3

If N resistances are connected in
series each of equal resistance (r)
then:

R,= N Xxr |- (14)

To obtain a large resistance out of a

branch of small resistances
~ « Power consumed in each
resistance : P = IR
& -+ lisconstantin all the
resistances

,S0 PaR
The largest resistance consumes the
largest power

The equivalent resistance is greater

than the largest resistance

- (15)

For only two resistances Ri & Ra:

R: R;

“Rew |0

Req

If N resistances are connected in
parallel each of equal resistance (r)
then:

r
Req = 'ﬁ
To obtain a small resistance out of
a branch of large resistances

- (17)

»+ Power consumed in each
V2

resistance : P = T

& - Visconstanton all the
resistances

1

ySo Pa a

The smallest resistance consumes
the largest power

The equivalent resistance is smaller
than the smallest resistance

01283589168
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Kirchhoff’s Laws

Some circuits are too complicated to be analyzed by applying ohm’s law. For such
cases there are a set of relations called Kirchhoff’s Laws which enable one to analyze
arbitrary circuits.

# Kirchhoff’s First Law (Principle of conservation of electric charge):

You know that the electric current through metallic conductors is a stream of negative
free electrons (electric charges) flowing from one point to another and these charges
don’t accumulate at any point along their path through the conductor. According to
this Kirchhoff has formulated his first law (Kirchhoff's current law) as follows:

1. Kirchhoffs current law: (KCL)

At any node (junction) in an electrical circuit, the sum of the currents flowing into that
node is equal to the sum of the currents flowing out of that node.

- OR: The algebraic sum of electric currents meeting at a point (a node) in a closed
circuit equals zero

It can be expressed mathematically as:

Z Ientering @iny = z lleaving (out) |~ (18) MNode

11+12+I3=l4+15

z I = Zero (- (18) C"gi s
any node

Currents
I In

I1+12+l3—l4—l5=0

Determine the magnitude and direction of the current
intensity (I) in the opposite figure:

8A
Zlin=2+4+5=11A A
Ileaving = 8A 4Z 5<A
Applying KCL: X lin = Xlgy I
- I'mustbeleaving (out) =11—-8 =3 A

01283589168
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=+ Kirchhoff’s Second Law (Principle of conservation of energy):

The electromotive force of a closed electric circuit expresses the work done or the
energy required to transfer a unit electric charge once through the whole circuit.

On the other hand, the potential difference (V= IR) expresses the work done to transfer
a unit electric charge across a component in the circuit.

This has been formulated by Kirchhoff in his second law (Kirchlioff's voltage law) as
follows:

2. Kirchhoff’s voltage law: (KVL)

The algebraic sum of the electromotive forces in any closed loop is equivalent to the
algebraic sum of potential differences within that loop.

OR: The algebraic sum of the potential differences across all elements around any
closed circuit loop must be zero.

It can be expressed mathematically as:

\Y = Zero |- (19
z any closed loop (19) a ,....l|' b
Applying KVL on loop (abcda): 2y I 20 >0

12 +21,+51,-24 — 31, = 0 >

vy

I .
Zvrlse = Zvdrop "’(19) d 51\4\!;\' ;'l: ¢
24V
zv,, = ZI.R - (19) T
12 + 24 = (2+5); — 31, 8Q

1. Assume a current in each branch in the circuit in any direction. If the value of
Positive, this means that the assumed direction is correct

calculated current is Negative, this means that the assumed direction is wrong

and the correct direction is opposite to the assumed
2. KCL is applied only on the major nodes.

3. To apply KVL at each closed loop, we assume a direction of rotation for the loop
(clockwise or anticlockwise) and this assumed direction to be the positive direction.

4., All the resistances are voltage drop elements (Voltage drop = IR)
5. Voltage sources (batteries) may be voltage drop or voltage rise elements.

6. During applying KVL, Don’t forget the internal resistance of the battery (consider
it a resistance (r) in series with the battery).

01283589168
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Very very very important notes on chapter (1)

. As the temperature increases, the amplitude of vibrations of conductor atoms

increases, and moving electrons suffer more collisions with conductor atoms.
Therefore motion of electrons will be more difficult and the resistance of conductor
increases.

Some metals (platinum, aluminum, zinc, lead, mercury and some metallic
compounds) when cooled to temperature few degrees above 0°K lose their resistance
completely to the flow of electrical current (R=0).

. Electric conductivity of:

metals (as Cu, Al ........) is very high because they contain large number
| of free electrons. (p, is very low)
insulators (as glass, mica, ... ....) is very low because they contain no free
electrons. (p, is very high)

- The product of the resistivity of a material and its conductivity equals 1

. (V) and (I) are not from the factors affecting the electric resistance.

.N=

Kg.m Kg.m? _Joule_ N.m _ Kg.m?

& Joule=N.m= & Watt= =

Sec2 Sec? Sec  Sec Sec3

NN AW

. When stated in a problem that the wire is reshaped, this means that the volume of

the wire is constant, So A;xLi=A);x L,

| 103
Vs , I
The reading of voltmeter on the battery ( V ) may be I l
I
1.V < Vg, V= Vg—Ir incase of closed circuit and thelbattery
supplies energy to the circuit (battery is being discharged)
2.V = Vg, incase of open circuit (no current flow in the circuit) orr = 0
3. V> Vg, V= Vg+Ir incase of closed circuit and the battery
consumes energy (battery is being charged)
8. Current divider law: — —
“Ry//Ry ~ Vis constant I }
» I1R; = LRy = IRy I I 14
L = IReq [ % R,
'Ry TRyt R R1  SR2 SReq
IR, Ry 1
'.lz=R =lx—__R+R I I
2 1 2 . o

01283589168
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9. Voltage divider law:
R, serieswith R, . Iisconstant

v, V, v
R1 RZ Req
VR, R4
W Vy o= = V X ——i—
17 Ry, R, + R,

_VR, _ R,

x e ssiism
Req R; + R;

10.
In any resistance, the current flows from the positive
terminal (higher potential) to the negative terminal
(lower potential).

11.
is equivalent to

I=-5A

12. If the terminals of one resistance are connected directly together with a wire
(Short circuited) the resistance must be deleted and the current will pass
through the wire.

I R 1 I |
e AA -0 '——V—-I {5

01283589168

01115170024 Eng. Ahmed Samir Megaly




Unit (1) - Chapter (1)

Ahped Ssmic Megaly
Yous Way Fon Excueitsie

Keep in mind the following notes

1. Existane of potential difference (battery)

. The conditions of passing electric current are: { 2. Existane of closed electric circuit

1. Fixed resistance :

- Types of resistances: § Variable resistance or Rheostat : \l/
—%ﬁ —\N—

. The ohmic resistance is the resistance that obeys ohm’s law, so it has a fixed value and its
V-I curve is straight line (constant slope). V (volt)

» S0 non-ohmic resistance is the one doesn’t obey ohm’s law
because the resistance value changes by changing the potential
difference and its V-I curve isn’t straight line such as bulb filament.

I (ampere)

. The ammeter is connected in series in the circuit because in series connection (I) is constant.

. The voltmeter is connected in parallel in the circuit because in parallel connection (V) is
constant.

. T here are two types of electrlc current

' )y Alternatmo Current (AC) ‘

It perlodlcally varies its magnltud e ?I!l.d« its
' direction -

Imax

- Imax

Produced by battery or DC dynamo | Produced by AC dynamo (AC source)

i Fe

N
) (Value ) Ampere

01283589168

Eng. Ahmed Samir Megaly 01115170024




P

o~

¢

g g Unit (1) - Chapter (1) 15

1.

Solved Examples

A current intensity of 10 A passes through a conductor. Find the number of
electrons that passes across its cross-section during 5 seconds given that the charge
of an electron ¢ = 1.6 x 107" coulomb.

I=10 A
t=35 Sec n=77?
e=1.6x10"
Solution
-19
.:l=_9_=nxe ‘_'10=g=nx1.6x10
t t 5 5
SN = —1—9—>—<-5-————3125x102° lect
Ln= 16 x 10-10 = > electrons
2. Calculate the emf of a source if the work done to transfer 5C is 100 J.
Q=5C emf=7???
W=100J Solution
: f-!v-—Mlgq—ZOVOIt
. emf = Q ==

w

. An electrical device of 100 watt and 0.4 kilo ohm, find Current intensity and its

potential difference.

P=100 W =227

R = 0.4 KQ = 0.4x10° = 400 Q V=227
Solution

’100
A = 2 A pooesd 2 o poed s T .
s P= 1R 100 = I x 400 I 200 0.5A

v?

2
Y ~ 100 = ~— ~ V= {100 X400 = 200V

R 400

. A wire 30 cm long and 0.3 cm? cross sectional area is connected in series with a

DC source and an ammeter. The potential difference between the ends of the wire is
0.8 V, when a current of 2A passes through it. Calculate the conductivity of the wire

material.
L=30%102=0.3m

A =0.3x10"% m? 6=727
V=08V
I=2A Solution
\V 0.8
“R= — “R= —=0.40
I
“ R= pg f0.4= pox 4 pe= 4%1050.m
o= 4= 1 - 25000 0lmt
O T Ax105 -m
01283589168 .
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5. A copper wire 30 m long and 2x10°°m? cross sectional area has a voltage difference of
3V across. Calculate the current if the copper resistivity is 1.79 x 102 Q.m
L=30 m

A =2x10"° m? I=172?

V=3V

pe=1.79x10% Q.m

Solution
L _g 30
v R= pex ~R=1.79%x10 X'2><_1():E=0.2685Q
A"

1=—li oI = 0.2685211'17A
6. A current of 2 A passes in a ring of radius 8 cm as shown R

in the figure and the potential difference between its

terminals equals 27t volt and the C.S.A of the wire of the _?;ﬁ_ S

ring equals 0.2 em?. Calculate:
a. The resistance of the wire of the ring.
b. The electric resistivity of the wire material.

© =

I=2 A
Tring = 8)(10'2 m a. Rring wire = 227
V=2 V b. p= 299
A =0.2x10% m?
Solution
v 2 R
Rtotalofthering= 'I_: 7=T[ QO =R//R= E ~R=2mw O
N Rringwire = 2+ 2n=4m
‘R= p. X = 2m x 8x 1072
TR PR F S PeX Ty a %107

7. A student wound a wire of a finite length as a resistor. Then, he made another of the
same material but half the diameter of the first wire and double the length. Find the
ratio of the two resistances.
p1= pz1 (Same material)

1 R
d;=>d;,80 n==r; oOr I =2n L=129?
2 2 Ry
L2= ZLl
Solution
R L; A Ly 2 Ly X r} rZ 1
WR1 Pl A P11 1A 0 _ 2

) Rz_pz LZ A1 —pz Lz r12 :ZL]_ X(Zrz)z _2 X4—Xr22 _§

01283589168
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8. A copper cylinder of resistance 12 ohms is reshaped where its length becomes three
times its original one, what's its new resistance?
p1=p2 (Same conductor)

Ry = 120 R, = ?7?
Lz = 3 L1
Solution
The conductor is reshaped,so: A X Li=Axx L,
A
@Ay X Ly= Ay X 314 .-.A2=—31 or A;= 3A,

Ri Pl A Ly X A 1
8y — prseel oD e & — — X 1 — 08
R, p2 Ll Ay 3Ly X3A, 9 R;=9R{ =9 2=108Q

9. Two wires of equals resistance, but of different materials. The length of the 1 one
equals twice that of the 2", and the radius of the 1*' one equals twice the radius of
the 2", Find the ratio between their two specific resistances?

Ri =R
Li=21L, 1= 999
P2
l'1=21'2
Solution
LRy pr Ly Ay p1_RyL; Ay RyLprf Ly x(2rp)? 4xry 2
"Ry p2 Ly Ay "2 RyLi Ay RyLyrf  2Lyxrf  2xrf 1

e

10. A current of §mA passes in a metallic conductor AB, when another wire of the
same length and the same material is connected in parallel with it, the current
should be increased to 10mA in order to keep the potential difference between A
and B constant. Find ratio between the diameters of the two wires.

L =8x10° A

L, = L, (Samelength) §i= ?22?
p1 = P2 (Same material)

I=10x10° A

Parallel connection, V=constant

Solution 8mA R,
8mA VW
vl =1-I,=10%x10"3-8%x103=2%x103A
 Parallel connection .~ V=constant .~ 1Ry = R, 10 mA 8mA R
Ry L  2x10% 1 —_—
"R, 1, 8x10-3 4
2mA

'.R1_01L1A2 ‘A1~R2p1L1_R2~4 'r1“4-_2 .d1_2
"Ry p2 Ly Aq A, Ripzl, R 1 " J1 1 d, 1

01283589168
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11. A cell of EEM.F =6 V & r = 0.1 ohm, find the electrical energy consumed per second
in a (R =3.9 Q) Joined with the cell.
Ve=6V,r=0.10Q

R=390Q electrical energy consumed per second = Poweryrg = ?
Solution
Vi 6
v 1= R =1.5A

Reg +1 3.9+0.1
v P=1*R = 1.52 X 3.9 = 8.775 Watt
12. A battery 6 volt and internal resistance one ohm, ammeter of negligible resistance,
fixed resistance R and a rheostat are connected in series. When the slider is adjusted
at the beginning of the rheostat an electrical current of 0.6A flows through the
circuit, and when the slider is adjusted at the end of the rheostat an electrical current
of 0.1A flows through the circuit. Calculate the value of:

a) The resistance R. b) The resistance of the rheostat.
V=6V, r=1Q a.R=7??
I1=0.6 A in this case (Req1 = R) b. Rrheostat = 222
I=0.1 A in this case (Req2 = R + RRneostar)
Solution
In case (1):
v Vg =13 (Req1 +T) ~ 6 =0.6%x (R+1) ~ R=90
In case (2):
v Vg =Iy (Regz +1) + 6 =0.1% (R + Rgpeostat + 1) ~ R=500

13. A 12V battery has an internal resistance of 0.5 Q. Calculate the percentage of voltage
drop for this battery when connected to a2 Q lamp.
V=12V, r=05Q

R=2Q % of voltage drop = ???
Solution
Vp
1= Retr T Zvos 484
Ir 4.8 X 0.5
* % of voltage drop = v X100 = —z X 100 =20%
B

01283589168
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14. When Key S is closed: v
4
What happens to the reading of the ammeter

and voltmeters when R, increases?

Solution v l {2
B Rz
@W=1= TR 7r s VT
When R, increase «~ 1 decrease
(Vi) =1Ry4
When 1| decrease ~ Vy decrease
(V) =1 R, L /M

R4

When 1 decrease , increase

( lReq= (R1+ Rz)

When I decrease and R; increase ~ V3 increase
(V3) = OR

VB -Ir
\When I decrease . Ir decrease . V3 increase
( | R1
When 1 decrease ~ Vg decrease
(Vy) = < OR
VB"'ll""' lR2= Vg"'l(l"‘}' Rz)
\When I decrease and R; increase . Vy decrease

15. Three resistors of 25, 70 and 85 Q are connected in series to 45-volt battery of
negligible internal resistance. Calculate the current flowing in cach resistor and
the terminal potential of cach,

Solution
Req = 25+70+85 =1800

v o 25 Fo 5

=R Fr T 180 +0 =0.25A

o IZS.O. = ‘70n - 185.(1 = 0. 25 A I 1
A VZSQ = 1259 XR= 0.25 x25 = 6.25Volt

% Vogq = Iz XR= 0.25 x70 =17.5Volt - |

o Vssa = 185.0. X R - 0. 25 X 85 = 21.25 VOlt I

e s

16. If the resistors in the previous example are connected in parallel to the same
battery, calculate:
a. The current flowing in each resistor.
b. The total resistance.
c. The current through the circuit.

01283589168
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Solution

Since parallel connection:
* Vasq = Vygq = Vgsq = Vi, = 45 Volt

) _V259_45_

oo 11—— —R— = 25— 18A
2= "R =757 06434
Iy = o= = gg = 0-529A

1 _1+1+1_ 393
R 25 70 85 5950
Vg 45

v 1= = =2.972A
'= R, +r ~ 151470

“ Req = 15.14 0

17. A wire of uniform cross-section area carries current of 0.1A when the potential
difference between its terminals is 1.2V. If a square abed is made of this wire,
calculate its equivalent resistance when a power source is connected one time to the
points a and ¢ and another time to the points a and d.

Solution
V1.2 12
Rwire = I_ . 6—1 =120 Reachside = —4‘ = 30
Betweeen (a)and (c): Betweeen (a)and (d):
_(B+3)x(3+3) _

_ (3+3+3)x(3)_

= = 2,250
eq-(3+3)+(3+3)_ 30 “q (3+3+3)+(3)
E
3
o
3 3
IS
3
18. In the shown figure, two resistors A, B are connected I, A
in parallel; the combination is connected in series with a0 I ¢
a resistor C and 18 V battery of negligible resistance. B “9—'\;’5’\/—
If the value of resistances A, B and C are 3,6,7 I l\ég'
respectively calculate the total resistance of the circuit
and the current flowing through the circuit and '
through each of A and B. ik
18V
. 0128358916
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Solution )
Tt
v Ra= 3x6 20
Sl 346
“3xL=6xL=2x1 - (1) L
CRy=247=90 1=—"2 - 18 _y,
Pea B U7 T Regtr 940 t 9
F 1): .l_2x2_4A .l_sz_ZA
rom(1): ~lj=-——=3 slp=—e— = 3
19. In the shown figure:
Find:
a. Main electric current intensity
b. Current passing in 15 € resistance
¢. The power consumed in 7 £ resistance
Solution

3% Ty x?F | Feld .
Ry =g =20 \» 151 1
23X ly=6xI3=2x I » (1) )
“Ry=2+8 =100 4 I'S 6 L |

10 x 15 2 3

=R vr T 17 g0 A

“Re= Joris - 61 — 1’:' ¥ X
A15x L =10x1, = 6x1 -2 + L3
" Reg= 44+6+7 =170 4
Vg 34
4

6
From(2): «~ I, = 15
“ Pra=I2R=22x7 = 28 Watt

20.

In the shown circuit, calculate: 10Q
a. The equivalent resistance of the circuit. ‘—‘”J\:’{X\f‘ 44
b. The total current intensity passing through the
circuit. 60
¢. The electric current intensity passing through 6 Q. m
"
10V

01283589168
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QOlution

. _3x6__ T
‘Ry=g——=20 < AT
-'-3)(]4,-—6)([3: 2 X 12 (1) ,\1 (
~Ry=2+8 =100

s _ 10x10 \ % AI
@+ Req= 1931059 \s\—~-

“10x ;3 =10x L= 5x1 - (2)

10 L
Vi <\ |-
b. ~ 1= B . =2A vl \J\’
Reg+T 540 —N— ”
5x 2 , T~
From (2): = I, = 10 =14 2. 81 , T
‘1 N
c. From(1): - I3 = 5 1/3 A * AT
- >x !H
18V
21. In the shown electric circuit: AAA, 1 |!
Calculate: a 250 b
a. The total resistance of the circuit. “ m
b. The total current intensity that passes in the AMA
circuit. 50
¢. The potential difference across a & b. 50
Solution 25
L l\ 1
v R _ . Y b
~Ry=54+5=100 G «:o K(/
~ Ry=10//5//10 o A I 2
A _1,1 1 2 v B t;I
"R, 1075 710 "5 5 " i 5
R, = 2.5Q 2 ,\‘ By

210X I3=5xI,=10xI; =2.5x1 > (1)
a. ~ Rgy=25+25 =50

T J”\/\“"“ ‘"n.:

b al=—"0 __ 15 _4,

" T Regtr  5+0 !<
2.5x3

From(1): -1, = =0.754 5

10 ' lo
€. 4Vy=—10x1, = ~7.5V X,
a Vgl = 7.5V

R

4

L

1

5

-ve sign means that potential point (a) is less than potential point (b) (Vav= Va- Vp)

Eng. Ahmed Samir Megaly
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22. For the given circuit: a '>
Find: | =3
a. The input current I %129 60 %48v
b. Potential differnce across the 8 £ resistor b K

¢. Potential differnce across 10 Q

d. Potential differnce from a to d

Solution

_12Xx6

17 12+6
v 6x1;=12x1, =4x1=48Volt - (1)
~ Ry;=30//15//10

1 1 1 1 1

PR —+.._...._.;-_—_.-.

“R, 30 1510 "5
“Ry= 50
210X I;=15x1, =30 xIs = 5x1 - (2)
“ Reg= 4+5+8 =170

48
From(1): ~I= T=12A
W Vg =8XI=8x12= 96 V
From (2): = Vipq =5 X1=5x12 = 60V
“ Vag= IRyg = 12X 17 = 204V

a0

23, Vs Ir=()

For the given circuit:

1.50 1.50
100 50
Find: Value of Vg ! WW WW
. 100
Solution WW

“Ry=10+5 =150
o 15X10_ o
27 15+10 \s
15X ;= 10X I, =6x =10V - (1) T

“Reg=15+6+15 =90

10
From(l): ~ 1= —g‘ = 5/3 A

5
o Vg = I(Reg+1) = §x (9+0) =15Volt

5

6

01283589168
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24. In the given circuit: 'k 3
The ammeter reads 2 A when "K" is open -y
, and reads 3A when "K" is closed, Find Vg & r. 6
. MM
Solution .

When Open:

“ Reg=4+6 =10Q
“Vg=I(Reqg+1)=2X(10+T1) - (1)
When Closed:
- 3x6 +4=60

9" 3+6 - 4
S Vp=IReg+r)=3%x(6+1r) - (2)
~ (1) =(2): 2x(10+r)=3x(6+r)
& 204+2r=18+3r ar=20

From (1): = Vg=2x (10 +2) = 24 Volt

25. For the shown circuit:
Complete the following table:

Ky K> Reading of
30 Q
voltmeter ‘
1 _;‘Clos’edk kClo’s:ekd :~'k90~Vo;lnt‘ A\ , !
2 Open Open 0 300
3| Closed |[Open| 0 Vg = 90V IuL /
4| Open |Closed| 60 Volt ' | ke

Voltmeter reading =V =30x1,,, , Incase2&3: Ihain =0 ~ V=0

1 T@—_\ 4 T o
- i
o \‘

Write down the steps
26.
In the circuit shown in the opposite figure:
Find the reading of (A), (V1) and (V) when : VrJ* 1;’\1
the key (k) is closed (A) ™
Eng. Ahmed Samir Megaly 01283589168
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Solution
When the key (k) is closed (6 // 6)

6x6
6+6

S Vp=IXRp=3%X3=9V
2 Vy=Vg— IXr=12-3x1=9V

=30 ~ I = Ammetere reading = RVB+r = 31+21 =3A
eq

& Req =

27. In the shown figure:
Find main current intensity when:
a. Kisopen
b. Kis closed
Solution

a. When Open:

Reg = 222 +3=60
““T6+6
e Vs _ 18 _
T Rggtr 640

b. When Closed:
_ 6X6 ~30

‘T 6+6
Vg 18

s 1= = = .
Rgg+r 3 +0 1

3A

6A

28. In the shown figure: ___./K
If K is open voltmeter indicates 18V and if it is closed
it indicates 16V. -
Find Vg and r.
Solution

When key is open: ~ V= Vg =18Volt

When key is closed:  ~ V= Vg —Ir=16Volt =1 R¢q
V.16 ‘ _ _ 2
I= Req——é——WZA o Ir= 18 —-16 = 2 volt .-r—-z—-—lﬂ

o

29.
In the shown figure:

Find A, A1 & Az
a. When K is open
b. When K is closed

01283589168
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Solution

a. Key is open b. Key is closed

“Ry=9+3=120
“ Ry, = 6+6=120Q

“Ry=9+3=120
“Ry=6+6=120

12 12
R3:7=6Q Req:—2-=6ﬂ
Ryq=6+3=90 Acp=—_VB 12 I,
Req+T <
'; 2.
Req +r1 6"'[1 )
_9+1_1.4-A %’S ‘l 2 2 )
2 { 5
A=A, = L. 1'4—07A
S T N T

30. In the electric circuit shown in figure:
The reading of the ammeter (A1) = 1 ampere
The reading of the ammeter (Az)= 2 ampere
The internal resistance of the battery = 1 , Calculate:
a. The resistance (R).
b. The emf (V) of the battery.

Solution
a. ~R//45 ~ 4.5xI = Rx I ~ 45%x2=1xR
~“R=45%x2=9(0
4.5%x9
b. ~I=L1+1,=1+2=34 .awf=K&m+@=3x(45+9+Q=42VMt

31. In the shown circuit:
If A> = 0.75A, find:
a. A& A3
b. Vg
Solution
I, =0.75A

SR 3X6_ o
"' T 346

“3xIz3=6xI;=2x I, - (1)

_2x2_19
€7 2427

‘\\ ‘S:\ X?... ‘13
22X L =2x L =1x1 - (2) IR <
T Ieﬂ

01283589168
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NN Ty Ty

2x0.75
a. From(2): ~ 1= ——1————=1.5A

= Reading of A,

1
> =
2x0.75
From (1): 13=—-—-———§——-——=0.5A 2 2 e x {
= Reading of A3 \ P 1y x
b. & Vg= I(Req+r) <

= 1.5x(1+1)=3Volt +
32. 60
ll? the shown circuit: e 100 :
Find:
Readings of Ammeter and Voltmeter , 90
Solution
6x3
v 60 /) 90 f6xX ;i =9xl, &I, = 5 =2A
sl=1L+l,=3+2=5A4 = Readingof A
&~ V=1xR=5x10= 50Volt = ReadingofV
33. The figure represents a part of an electric circuit: 12Volt
Calculate: Ri=16 O 40
a. The reading of voltmeter (V). _@,)_/\/\/\/\._
b. The value of the resistance (R2). h=05A
Solution 192 Ry
“Ri// Ry
~»V is constant ~Iix Ri=Ihx R;=05%x16= 8 Vots
a. -~ ReadingofV =12 —8 = 4 Volt
4
“ liotal = 2 =1A
. I =1-1;=1-0.5=0.5 4
b. - ll=lz o RZ:R1=16Q
34. I=1A Ii=0.5A

In the shown circuit:

Find:
Value of R and V3

1003

i

01283589168
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“(R+10)// (R+4) 1z >

~(R+10)X Ii=R+4)x I, < ix
~ 0.5 X(R+10)=1x(R+4) (R-ﬂ-‘i) .

Solution I,
-~

R +l=)

~ 0.5R+5 =R+4
~R=20
(2+10) X (2 +4)
eq = = 40
(2+10)+ (2 +4)
2 I=1L+1;,=054+1=15A & Vg=I(Reg+1)= L.5% (4+2)=9Volt

3s.

Find: E 100 R

120 j120} 120
Value of R to make the total I

resistance of the shown circuit =50 Q 30Q
Solution

12
“Ry=12//12//12="=4
“ Ry=4+R+10 =14 +R
“ R3= Ry // 60
% Reg= Ry +30 =500

~ Rz= 50-30 =200

11 1 1 1 1
"R, R; 60 20 60 30
» Ry = 300

“R=Ry—14=30-14 =16Q

36.

When a resistance (R) is connected to a cell a current (I) passes. If another
resistance of value (R/2) is connected in parallel to the 1° one. The current drawn
from the cell is doubled, find internal resistance of the cell.

Solution
Case(1): -~ Vg=IR+1r)->(1)
Case@: = XWAR (B L
ase (2): = Ry R/ 3 2 V=20 x(+r1) > @)
R 2R
& (1) = (2): .'.I(R+r)=21x(§+r) “ Retr="Feor
. — R Q
. = —?:
. 01283589168
. d M
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37. You have 6 identical lamps, each marked (110V, 55W), show how to connect them

safely with 220V supply then find their equivalent resistan
Solution

_ Supply voltage 220

voltage per lamp ~ 110

,S0 we can connect 2 lamps in series in one branch

= 2

\'& 1102
v P= —i'{ s~ 55 = R o Rone lamp = 2200
440
Reg = —— = 4400

ce.

—R
- ®—®—
—Q@—®—

1
It

38. Three resistors (20, 40, 60) ohm are connected to an electric current source, If

potential difference across each resistor is (50, 20, 30) volt

respectively, illustrate by

drawing how these resistors could be connected. Then calculate the total resistance

of the electric circuit,

Solution
R, R: R; 200
R | 20 | 40 | 60 MM
vV | 50 | 20 | 30
=¥ 1250505 400} 600
& ML

v lgon = leon
v Vaga= Vaoa+ Veoan

40 Q) is series with 600
20  is parallel with (400 + 601)

_ (40 +60) X (20) _ 50

Q= 16.667 (1

€™ (40 + 60) + (20) ~ 3

. An electric circuit contains four electric resistors (Ry, Rz, R3, Ry) Ohm, if the

clectric current intensity that flows througth cach of them is (0.3, 0.3, 0.4, 0.2)
Ampere respectively and the value of Ri= 6Q, R3= 15€) and the internal resistance
of the battery 1Q.

a. Show by drawing the meth od of connection of these resistors.

b. Calculate the total resistance of the circuit.

¢. Calculate the electromotive force of the electric source.

Solution (1) 030 R\ | R‘z

0.3 03 | 04 | 0.2

V=IR[ 18 | 2 | 6 | 7
,1: o
|,
2
01283589168 )
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As shown in the drawing:
“Reg = Ry +R2) // (R3) // (Ry) + Vis constant
(R1+ Rp)x0.3=0.4xR3 =0.2xR,
0.4x15 6

tT "oz "oz 300
0.4x15 6
~ R+ Ry = 0.3 =0.2:209 ~ Ry =20—-6= 140
1 1 1 1 3 _ 20
"R, 1476715 "30 20 “Re=3

b.

20
c. ~Vg= I(Req+r)=(0.3+0.4+0.2)x(?+ 1)=6.9Volt

Solution (2)
Ry

Rl | R | & | R or3P
R 6 2?2 | 15 27 |
I 03 | 03 | 04 | 02 ' '%”‘
V=IR | 18 ?? 6 2?
oA R').. 6‘?‘ARq
© 0.3+0.3=0.4+0.2 | - \%
~ the connection is as shown in the drawing: 1\ |}
v (R1) // (Ry)
% 11212 o R2=R1=GQ
v (R3)// (Ry)
" 0.4XR3 = 0.2 XR4,
_ 0.4x15_ 6 ~ 30
*T 02 T 02
R = 6X%X6 + 15 x 30
" 6+6 15+30
€. «Vg=TI(Req+1)=(0.3+0.3)x(13+1)=8.4 Volt

i) R.B

b. =130

01283589168
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40. In the shown circuit: b | c, d
. I M 12
Calculate: LV
1. The current intensity in each branch. 1_VB1 —LvB2 ’
2. The potential difference between points a & b =sv. =2V
Solution 503

KCI, at node (A): 1
2ha = Xlow “lhith=1 — (@)
KVL at loop (1) (cdefc): §20 §3Q
Z Vanyclosed loop = Zero

5]3 +3l2'~2=0 "-5]322_3]2 f

' 2 3 I @) a e

e e —

3 =g~ gh
KVL at loop (2) (abcfa):
z Vany closed loop = Zero

21,-6 +2-31, =0

21,-3L—-4 =0 W2l =44 31

3

I = 2+ 3 I — (3)
Sloving the three equations (1,2 & 3):
From (2 & 3) in (1):

2 3 3 3 2
2+—lz+lz=§'—"5-lz -'-’ilz*’rlz—f'glz:"‘s"—z Nocle/@
'311- 8 vy = 16A— 0.516 A

10t s AR T

~ve sign means that the actual direction of 1, is opposite to the assumed in figure

3
From(3): «~ lj=2+4+ -x-0.516= 1.226A

2
2 3
From(2): ~ I3= g~ EX -0.516 = 0.71A
Vpa=6— 213 =6 — 2x1.226 = 3.55 Volt
41. l‘n the shown circuit: a |llv“‘f‘5V b
Calculate: n=ld
The value of the current intensities Iy, I and I3 ég.m
% I‘ Solution L )
Va2 =10V ¢
4 [N S— |
r“v > fe=rall
= T
: Ao'S < 2 UOJQ@ e Ve =3V, ’I 13 d
r=0.10"1"1

QoO? 2 f"i

L.
el

’\Ul

Y
\»H

01283589168

01115170024 Eng. Ahmed Samir Megaly




32 Unit (1) - Chapter (1) of
Yo war Fon et e

KCL atnode (C): XL, = Ylom “ Lh+li=IL  — @)
KVL atloop (1) (abefa): X Vany dosed loop = Z€ro

9.51; +0.51,~10-15 + I, = 0 ~ 10.5I; +0.51,—-25= 0

25 0.5

e 10511 = 25— 05[2 e 11—1—0'3"— 10512 —)(2)
KVL at loop (2) (fedef): X VanydosedloOp = Zero
© 10—-0.5I,~ 1.413—0.113+3 = 0 © —0.5I,— 1.51; +13 = 0

1.513 = 13— 0.51 I 1305, (3)
~ 1. = - 0. = — — —

3 2 715 152
Sloving the three equations (1,2 & 3):
From (2 & 3) in (1):
25 05 13 05 4 %5, .05, _ 25 13

10.5 10.5 > ' 1.5 1.5 %2 ? T 27157%7105 2 10.5 1.5
29 232  Lega
. ﬁ 2 — 21 e 2 _—
F 2): & =2 %3 g 2a
rom(2): -+ L= 155 Tp5%8=
F 3): ~ 1 - 13 0'5><8—6A
romir 8T 15 1519 T

42. In the shown circuit: 20V, r=10
@ 1 15V

Calculate: I -t
1. The current intensity in each battery. d b e j‘l }
2. The potential difference between the two L

poles of each battery c 39 V'l'l ;
3. The potential difference on the 5 ohm r=20 2 I

resistance

Solution

KCL atnode (E): X I;;, = XYl
L+L=13 — (1

KVL atloop (1) (aecba): Y V;me closed loop = 0
I;-20+30-21,=0
I, -2, +10= 0

alp =2L-10  —(2)

KVL atloop (2) (efdbce):
21,-30+15+51; = 0
21, +513—15 = 0

~5l3=15-2I, ~I3=3 -—% I, —» @3)

Sloving the three equations (1,2 & 3): N

From (2 & 3) in (1): 5
2L-10+ I, =3- 2/ I, 217/, =13 .~ 1,=3.82A

From(2): =+~ I;=2x3.82-10 = —2.35A

—ve sign means that the actual direction of I, is opposite to the assumed in figure

From(3): =« Iz= 3-— éx 3.82 = 1.47A

01283589168
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V =Vg Ixr
: P.d between poles of any battery

: Electromotive force of same battery
: Electric current intensity passing through same battery (substitute with

calculated value with its sign)

Voo = Vg —I;7 =20~ (-2.35) x 1 = 22.35 Volt

Note: V>Vp So 20V battery is being charged (=% Al
Vaoy = Vg — I, =30—(3.82) x 2 = 22.36 Volt

Note: V<Vg So 30V battery is being discharged (i i 4ls
Visy = Vg + I3 =15+ (1.47) x 0 = 15 Volt

Note: 15V battery is being charged (o> s )

c. «» Vgg=5I; =5x1.47= 7.35 Volt

: Internal resistance of same battery

43.

In the shown circuit ( by using Kirchhoff’s

laws ): Calculate: w B 1:3 AW

Va2
1. The electromotive force (Viz) - B @ R

2. The current intensity (I) knowing that r=1Q

2
(Vea=35YV) .
0.8A w A ‘3‘3‘

Solution
KVL atloop (1): Y Vany closed loop = 0
—IR—-0.8%x5 + Vg~ 0.8xXr —-0.8x4=0
Vap—0.8%X5 + Vg —0.8Xr —0.8x4= 0
oW —5-0.8%X5+ Vg —0.8x1 —-0.8x4=0
Vg = 13 Volt
KVL atloop (2):
“ Vg +Igr+3I3 ~IR+1x1I3 =0
“ Vg + Iz3r+3I3+ Vap+1 X I3=0
& 354+ 1XxI3+3xI3~-5+1x1I3=0
3
13-—1—6A

KCL at node (B): Yha = Xlow
0.8 =1+14

3
I —O.B—E-—- 0.5A

If Risrequired: +~ Vga=IR «~ 5=0.5%XxR ~ R =

5
0.5

=100

01283589168
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44. The opposite circuit represents a part of an electric circuit. By using kirchhoff’s
laws and taking into account the

current direction paths, and the L=3A /\7\‘/2\,
shown labels, calculate: x 20 % vVers14 vV %
(neglegting the internal resistance *>"\A\N— A m B — [ FAAN—
of the two sources) I=4A Y 4 1Q
1. Potential difference across X, Y —'—I",M VVV I
2. Emf of the battery Vg mo 10
Solution
1. Vgy=21+40; — Vg +1xI =2x4+4x3—-14+1x4= 10 Volt
2. v Li=I-1,=4-3=1A
KVL at shown closed loop: Y Vany closed toop = 0
_VBZ +4Iz—'1x ll - 0
Vg, = 4, —1Xx ;1 =4x3—-1x1= 11 Volt
45. In the shown circuit: a b i h

VA,
Calculate: 10
1. The Value of V2 and I; { ] +
2. The power of the 100 V source §20 220 230 §1 av,

Solution ;

We will reduce the problem to be 3 equations c d ;
in 3 unkowns only __L
KVL atloop 2): X V,.y ciosedloop = Z€TO LY =100V
a2l —2I,+ 100 = 0 — (1) T
KCLatnode (A): YL, = Yl f e g

i+l =1L —(2)
KCL at node (H):

Y 15+I6: IZ o IS= IZ_I6 '—)(3)
KVLatloop(1): «~ 3I5+,-100=0 — (4)
From (3) in (4):

41, — 31, — 100 = 0
L=21+25 —(5) T,
KVL atloop(@): ~ —2L;+ I+ I, = 0 —s (6)
From (5) in (6): L
3 e
2 =2l+ Igt 7lg+25 = 0 o ~8ly + 4+ 3l + 100 = 0 @

hS —811 + 716 +100=0 — (7)
Sloving the three equations (1), (2) and (7):

_ s . 1, o 35 . L _ 100

dor b= A i :;o—— T 2.;0 N 5

From@&@: ~ L="7A4 = Ig=224 “ Vp=1x = 2 Volt
Lo _ 325, 250 _ 575

KCLatnode@): =~ Iy= I +l5= 22420 55

Power of 100 V source = 100 X I3 = 5227.2727 Watt

01283589168
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46. a &
Calculate: 19 192
- . . 1Q
The equivalent resistance of the shown — d MM ¢
circuit using KCL and KVL. 13%
Solution e 20
f ¢

We will reduce the problem to be 3 equations

in 3 unkowns only
KCL at node (D):

L+l3=1, — @)

KVL at loop (3):
11“{" 14”13= 0 "“)(2)

KVL at loop (4):
I+ 2l5-13= 0
I, =13-2I; — (3)
KCL at node (C):
lz = 13 + 15
From (3) in (4):
13—'215= l3+ls

1 Loop 3

— (4)

13 -1, = 31,
13 1
=5 -3 —06)

KVL at loop (2):
2)(15"'14"‘"]3:0 """)(6)

From (5) in (6):

13 1
2><(-3——--§13) S -l =0

26—2I;—31,—3I;= 0
26—5l;—3L,=0 —(7)

Sloving the three equations (1), (2) and (7):

;=6 A I3b=1A I,=7A

Lo13-L _13-1

5 3 3
KCL at node (e): L I= L+ I5=7+4= 11A

VvV _13

Reg= 7=77= 1.180
01283589168 .
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47. The ohmic resistance is determined for a number of wires of the same metal, each

of cross-section area 0.0025 cm” but having different length . The following results

are obtained :

The resistance R (Q) 5 10 20 35 40 50
The length L (m) 0.5 1 2 3.5 4 5

Plot a graph relating the ohmic resistance of the wire R on the Y-axis and the

length L. on the X-axis. From the graph find:

a. The resistance of a wire of the same metal and of the same cross-section area

and of length 4.7 m.
b. The resistivity of the wires material .

Solution
i i e
E ¥ ‘53 i i i F
; i gzzsi . i i
0% SRR s A i il )
‘!!lgln:-ﬁ: FRcHInasd Lantes o -l fHgsdihusd { 3
45 5 *
: i ‘gt?ﬁ % | N ) '"H
40 § mmwg ﬁh&ﬁ%; ey n%&u
: ! TR o
35 HEHE i ﬁ:..g.ﬁ: : E
i ifass E 5 3228813
30 Badiie i ﬁ;ﬂ_ﬁ Era) gt
':'il:ﬁ: tf j H iﬁ 'tr i 1;% REREEISS
25 i) SRigER SEUIAE: II::; £4
! i
20 E":’" : o ey
15
10
5 : .
=
sl _R_40—20_10_p
=174 -2 107}
a. From the graph : R =47 Q

b. p= “%=Slope x A= 10 x 0.0025 x 10™*= 2,5 x 10°50.m
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What is meant by each of the following?

1. Electric current intensity in a conductor =3 A

3 coulomb is the quantity of electric charge passing through the conductor in one second
2. Charge of 50 coulombs pass in 10 seconds through a point

The electric current intensity at this point = ¢/ = 5%/ = 5 Ampere
3. Potential difference between two pointsis 9 V

The work done to transfer a charge of one coulomb between the two points =9 Joules
4. The work done to transfer an electric charge of 60 coulombs between two points in an

electric circuit equals 300 joules

The potential difference between the two points = W/g = 3%/g = 5 Volts.
5. Specific resistance of copper =1.7 x 10 Q.m

The resistance of a copper conductor of unit length and unit cross-section area is 1.72 x 103 Q
6. Elcctric conductivity of copper =58 x 10° Q'.m™!

The reciprocal (inverse) of electric resistivity of copper = 58 x 106 Q'.m"!

OR: The resistance of a copper conductor of unit length and unit cross-section area

S S -8
=——s=172x10"% O

7. Electric resistance of a conductor = 40 Q
The ratio between the potential difference across the conductor and the electric current
intensity passing through it is 40 V/A

. The ratio between the potential difference across a conductor terminals and the electric

*

current intensity passing through it =100 V/A
The electric resistance of this conductor = 100 Q
9, The electric resistance of a copper conductor of unit length and unit cross-sectional area =
1.7x10% Q
The electric resistivity of copper = 1.7x 108 Q.m

OR: The electric conductivity of copper = T;QIIB—:’ =58 x 10% 'm

10. The reciprocal (inverse) of electric resistivity of copper material = 58x10° Q'm!
The electric conductivity of copper = 58x10¢ Q'.m"!

11. The energy consumed by an electric device cach minute = 120 kJ
The electric power of this device = —= el 2000 watt

12. Electromotive force of a battery =24 Volt

The total work done to transfer a unit charge throughout the circuit outside and inside the
source = 24 Joules
OR: 24 Volts is the potential difference between the two poles of the source when the
circuit is opened (when no current passes).

13. The total work done to transfer a charge of 1 C through the whole circuit = 15 joules
The electromotive force of the battery = 15 Volt

01283589168
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14, The potential difference across an electric cell when no current flows equals 3 volt
The electromotive force of this cell =3 Volt
15. Ohm’s law for closed circuit
The E.MLF of a cell is defined as the total work done to transfer a charge of one coulomb
through the circuit outside and inside the source. If we denote the equivalent resistance of
the external circuit by (R) and the internal resistance of the battery by (r), then:
emf = P.d across external circuit + P.d across internal resistance of battery
= IR + Ir
Vs
I= R+r
16. The equivalent resistance for a group of resistances connected together = 10 Q
If these resistances are replaced by a single resistance of 10 Q, the current intensities and
the potential differences in the circuit remain unchanged.
17. Series connection of resistors
It is the connection where the currents in all resistors are constant and the voltage is
divided with respect to the resistors value. (Reg = Ry + Rz + Ry)

18. Parallel connection of resistors

It is the connection where the voltage on all resistors is constant and the current is divided

with respect to the resistors value. (;{1— = Ri + Riz + RiB)
eq 1

19. Equivalent resistance
It is the resistance that if we replace all the circuit resistances by it the current intensities
and the potential differences in the circuit (power) will stay constant

20. A lamp is marked 220 Volt — 150 watt
This meant that this lamp consumes 150 joules each second when operating on a potential
difference of 220 and the current intensity = 150/22 0=0.68A

21. Joule
It is the work done to transfer a charge of 1 coulomb through a conductor when the
potential difference across it is 1 Volt

22. Watt
It is the electric power when 1 Joule is the energy consumed in one second

01283589168

Eng. Ahmed Samir Megaly 01115170024




SO OO

D

D)

,\_
3

s

e

f
/

Unit (1) - Chapter (1) 39

Ahacd Sank Megaly
Your Way Fos Exceeience

Give reasons for each of the following:

1. Rheostats are used in electric circuits
To control the value of electric current intensity in the circuits
2. The resistance of a wire and its resistivity increases as the temperature increases
Because as the temperature increases, the amplitude of vibrations of conductor atoms
increases and moving electrons suffer more collisions with the conductor atoms. Therefore
motion of electrons will be more difficult and the resistance of conductor increases
3. When the length of the wire increases , its resistance increases
Because the wire is considered as consists of more than one resistance connected in series,
so (R o L) when kind, Cross sectional area & temperature are constants
4. When the cross sectional area of a conductor increases, its resistance will decrease
Because the wire is considered as consists of more than one resistance connected in parallel,
so (R a /5) when Kind, length & temperature are constants
. The electric conductivity of material decreases with resistivity increasing

h

Because conductivity is the inverse of electric resistivity 0 = 1/ p

6. Some metals conduct clectricity while others are considered as insulators
Electrical conductivity of most metals (as Cu, Al, .......) is very high because they contain
large number of free electrons. But insulators contain no free electrons so its conductivity is
very low (resistivity is very high)

7. The home clectrical devices are not connected in series (OR) the home electrical devices are
connected in parallel
When connected in parallel:
1- The current is divided on them, so when current is cut off in one device, the other devices
are still working, and do not be affected
2- In parallel connection the potential difference across all the devises will be constant
3- Also parallel connection decreases the total resistance
, But in series connection the three above items are the opposite

L +p b - o

SERIES CIRCULT

SERIES CIRCUIY

Whan one butls dies, circult breake When one bulb S, thrsait braahs
a5 alt ights go out. 20 Altights ge out,
PARALLEL PARALLEL
CIRCUIT CIRCUIY

Othar butba rematn it
when ocve Suth gaes o,

8. If the filament of a lamp in the house is cute off, the other lamps still lighten
The lamps in the house are connected in parallel so the current flowing in each is different
and if one of them is cutoff the others will be working.

01283589168
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. We should know the power of each electric device in our homes

For not exceeding the safety limit of current to avoid burning of the fuse, where the power
is directly proportional with current passing in home circuit, (P = VxI) because the
potential difference in home is constant.

If the current increases above the safety limit of the fuse, the fuse will melt leading to cut off
the electricity.

10. The terminal potential of a battery is less than the emf of such a battery

11.

12.

13.

14.

15.

16.

17.

18.

Due to the lost potential difference (Voltage drop) on the internal resistance of the battery
(Ir), where V=Vg - Ir
Doubling the radius of a copper wire leads to decreasing its resistance to one quarter

Ry Ay nr? Ry _ rr _ @n%  4xr? 1
Iy =r,rp, =2r v —= —& = —.Z W ==—t=—=—-=4 ~ R,==R
1 » 2 R, Aq nr? Ry rf )2 r2 2 41

Efficiency of battery increases as its internal resistance decreases

Since efficiency of the battery = %’— X100 and V=Vg-1Ir
B

,Soas (r)decrese (I)increase ,but (Ir) decrese ~ Vincrease

~ Efficiency of battery increase

In electric circuits connected in parallel, thick wire are used at the ends of the battery , but
at the ends of each resistor less thick wires are used

Because the current intensity in parallel circuits is greater at the input and output of
batteries (so need thick wires) compared to the current in each branch, this high current
will be divided the each branch (so need less thick wires)

If the electric circuit is switched off, the potential difference between the two poles of the
source equals its EMF.

v V.= Vg~ Ir, sowhen the circuitis switched off I=0, [Ir=0, so V = V,

The electric conductivity of different materials is different

Because the electric conductivity of a material is a physical property depends on Kind of
material due to difference in concentration of free electrons and its temperature

Thick wire is used to connect a high power air conditioner in your house.

As (P=V xI),So Pal at constant voltage in the house (220 V)

»So thick wire should be used to carry this large current by small resistance

The electric conductivity of copper is high.

Because the electric resistivity of copper is very low and ¢ = 1/ p and because copper has

large number of free electrons

The electric power (or electric energy) consumed increases by increasing the resistance if
we can make the current remains constant

energy 2 .
As Power = e VX1 = I“R,sowhen (I) is constant .. Power aR
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19.

20.

21,

22.

23.

24.

N
N

The electric power (or electric energy) consumed increases by decreasing the resistance if
it is connected to the same voltage source.
nergy 2

e \' 1
2 e 22 Y X ] = e i KX —
As Power fime VxI rSe when (V) is constant Power a R

The electric power (or electric energy) consumed increases in our homes if more lamp is
switched on.
Because in our homes the voltage is constant (220 V) and all the lamps and instruments
are connected in parallel so by switching on more lamps which means adding resistances
in parallel, so the total resistance decreases and
energy V2 1

as Power = ———— =V x1 = —,so when (V) is constant . Powera —

time R R
The equivalent resistance of connecting resistors in parallel is small
Because for n resistance connected in parallel the equivalent resistance:

1 1 + 1 + 1 + + 1
R,y Ry R; Ry T Ry
The equivalent resistance of connecting resistors in series is large
Because for n resistance connected in series the equivalent resistance:
Req = Rl + Rz + R3 + it Rn

When the total power of the electrical instruments used in houses exceeds a certain value,
electric current intensity flowing through the fuse increases

Because the power in homes = VxI, and since V is constant, so P a I at constant V

As the power increases, the current in the fuse increases

To obtain a small resistance from a group of large resistances, the group is connected in
parallel

Because for n resistance connected in parallel the equivalent resistance:

1 1 + 1 + 1 + + 1
Req R1 Ry Ry R |
, So the total resistance is smaller than the smallest one

A metal cuboid has more than one resistance at the same temperature, but a cube one has

only one

Because the cuboid has more than one face different in area and length according to the
way of connection, but the faces of the cube are of equal area and constant length
whatever the way of connection
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Write down the mathematical formula which represented by this
graphs and what does the slope mean:

S

7

Mathemacalformula _ Slope means )

V (vblt)

V=IR Slope = —= R

- <

1 (Ampere)

~ Slope =

R Q)

L (m)

)

R W)

L/A (m-l)
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l (A) F 3
L V sl 1 IL 1
R=Peqy =71 OPe= VA/L VA p. ©
VA/L (volt.m)
V (Volt)4
L V Slope=-—-‘i—==E=pe
- —_— IL/A T IL
R pe A l
I/, (A/m)
W (Joule)
w w
V= — Slope = — =V
Q PE=
Q (Coulomb)
V (volt)
I 3
Vs V-V,
V= Vg—Ir Slope = — B_
1( ampere )
For two wires A & B: s > Op
tan(6,) > tan(Op)
A Slope, > Slopeg
V (volt) V= IR & (R)p > (R)g
B (La > (L)
' If pe & A are constants
Slope=7=R ®a > (s
If L. & A are constants
I (Ampere) (A)A < (A)B
If p. & L are constants
p(Qm) 4
1 P _
o':-‘-)— Slope—-m-—pc—-
Yy (©.m)
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Remarks & Notes
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CHAPTER (2)

Introduction

In 1819, Hans Christian Oersted (a Danish physicist) brought a compass near a wire
carrying an electric current. He noticed that the compass was deflected. When he
turned the current off, the compass returned its original position. The deflection of the
compass while current was flowing through the wire indicated that it was being acted
upon by an external magnetic field.

© 1f no electric current O electric current in one direc- O Electric current in the oppo-
exists in the wire, the tion in the wire causes the site direction makes the
compass needles point compass needles to deflect compass needles deflectin a
in the same direction. in a clockwise direction. counterclockwise direction.

In this chapter we are going to study the magnetic field of current carrying conductors
in the form of:
a) Straight wire. b) Circular loop. ¢) Solenoid.

Magnetic Field:

> Defined as the region around the magnet at which magnetic forces are detected.

» It is represented by magnetic flux lines.

01283589168
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Magnetic Flux Lines: (¢m)

» Magnetic flux lines originate from "N" pole and terminate at the "'S", they are
supposed to continue inside the magnet from "S" pole to "N" pole.

» The magnetic field is stronger near the poles where the flux lines are more crowded

and close to each other.

» To describe the strength of the magnetic field at a point, we define the physical

Magnetic flux lines between two unlike poles Magnetic flux lines between two like poles

. 01283589168
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Where:

. Weber
B = Magnetic flux density at a point (Tesla=T = ;2“ )
@, = Number of magnetic flux lines cutting normally the area ( Weber = Whb)
A = Cross section area (m?)

Tesla:

It is the magnetic flux density when one weber is the number of magnetic flux lines
passing normally through unit area.

Magnetic Flux Density: (B)

Coil’s plane
A

- (1

It is the number of magnetic flux lines passing normally through a unit area.

If the magnetic field not normal to the area
We always concern with the normal magnetic flux lines

B Cos(©) -,

B

(plzBA 0:

@, = BACos(0)

is the angle between
Magnetic Field
&
Normal to coil’s plane

O:

@, = BASin(o)

is the angle between
Magnetic Field
&
Coil’s plane

The uniform magnetic field

> It is constant in both magnetic flux density and direction.

> It is represented by flux lines, which are equally spaced

and pointing in the same direction.

@0 ®

(B) Out of
the paper

(B) Into
the paper
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Magnetic field due to current in a long straight wire

We can examine the pattern of the flux density
surrounding a long straight wire carrying a
direct current using iron filings sprinkled on a
paper surrounding the wire in a vertical
position. It will be noted that they become
aligned in concentric circles around the wire,
its center is the center of the wire.

1. The circular magnetic flux lines are closer
together near the wire and farther apart
from each other as the distance from the
wire increases.

2. As the electric current in the wire increases,
the iron filings rearrange themselves such
that the concentric circles become more
crowded.

3. This indicates that the magnetic field due to
the electric current passing through
a straight wire increases with increasing the
current intensity.

_ okl

=57 - (2)

(Ampere's circuital law)

Where:
B = Magnetic flux density at any point at a normal distance (d) from the center of

Web
the wire (Tesla=T = =)
T. Web
U = Magnetic permeability of the medium ( Am = Ae ::
= Electric current intensity passing through the wire (A)

o e

Normal distance from the center of the wire to the point at which we calculate
magnetic flux density (m)
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1. Electric current intensity passing through the wire. Bal
1
2. Normal distance from the center of the wire to the point Ba 3

3. The permeability of the medium

Ampere's right hand rule: (A.R.H.R)

Use: Rule used to determine the direction of
magnetic field around a long straight wire carrying
electric current.

Define: Imagine that the wire to be in your right
hand such that the thumb points in the direction of
the current, so the rest of the fingers give the
direction of the magnetic field.

Magnetic field due to current in a circular loop

If a wire is bent into a circular loop and

connected to a source of current, the

magnetic field produced is very similar to

that of a short bar magnet. One face of the

loop where the direction of the current is

clockwise behave as a South Pole and the |

other face where the direction of the current

is counter clockwise behaves as a North

Pole.

To study the magnetic field due to a circular loop (or a coil), iron filings are sprinkled

on the board. Tapping it gently, the filings arrange themselves as:

1. The flux lines near the center of the loop are no longer circular.

2. The magnetic flux density changes from point to point.

3. The magnetic flux lines at the center of the loop are straight parallel lines
perpendicular to the plane of the coil. This means that the magnetic field in this

region is uniform.
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- (3)

Where:

B = Magnetic flux density at the center of the circular coil carrying current (T =~:§)
T. Web

B = Magnetic permeability of the medium ( Am = Ae : )

N = Number of turns of the circular coil (turn)

I Electric current intensity passing through the circular coil (A)

Radius of the circular coil

1. Number of turns of the circular loop.
2. Electric current intensity passing through the circular loop. Bal

3. Radius of the circular loop. Ba -

4. The permeability of the medium

Ri-hand sérew rule: (RHSR)

Direction of
rotation of
screw in the
same direction
of current

Use: Rule used to determine the direction of
magnetic field at the center of a circular coil
carrying electric current.

Define: Imagine a right hand screw being screwed
. to tie along the wire in the direction of the current.
The direction of fastening of the screw gives the

Direction of

direction of the magnetic flux at the center of the motion of screw
I Th . lar | . t act in the same
oop. Thus, a circular loop carrying current acts as & dircction of

- a magnetic dipole or a bar magnet. " magnetic field

End rule:

Define: One face of the loop where the direction of
the current is clockwise behave as a South Pole
and the other face where the direction of the
current is counter clockwise behaves as a North Clockwise
Pole.

Anticlockwise
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Magnetic field due to current in a solenoid

When an electric current is passed through
a solenoid (a long spiral or cylindrical coil),
the resultant magnetic flux is very similar to
that as a bar magnet. The magnetic flux
lines make a complete circuit inside and
outside the coil, i.e. each line is a closed path.
The side at which the flux emerges is the
North Pole, the other side where the
magnetic flux reenters is the South Pole.

N\\V/7Z

- (4)

I = punl

Where:

B = Magnetic flux density in the interior of a solenoid carrying current (T = Wb/mz)
p = Magnetic permeability of the medium (7. my A= Wby A m)

N = Number of turns of the solenoid (turn)

I Electric current intensity passing through the solenoid (A)

L The length of the solenoid (m)

n Number of turns per unit length of the solenoid (turn/m)

1. Number of turns of the slenond.

BaN
2. Electric current intensity passing through the solenoid. Bal
3. The length of the solenoid. Ba 1/

4. The permeability of the medium.
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Right-hand screw rule:

Use: Rule used to determine the polarity of a
solenoid carrying a current.

Define: Same as in circular coil
We kcaikl alSo uSe:
Ampere's right hand rule: (A.R.H.R)

- But,

1. If the fingers points to the direction of
rotation of the current.

the North Pole.

2. , So the thumb will points to the direction of

Field (North)

Very very important notes for problems

_ k1 _
B_an , Where d=X+r

1. If the wire has a radius (r), so the magnetic flux
density at a point at a normal distance (d) from the
center of the wire calculated from the relation

Centerlof wire

A O A
(=%

2. The electric current intensity passing
through a conductor connected to a battery is
calculated as discussed in chapter (1), then
we calculate (B) at a point.

_nl VB

~ A 1 ) I_ . ’ R i
2nd Ryjre + 1~ Wire

L

A

3. If stated in a problem that the electrons flow
in a certain direction in a wire, so the current
(I) at which we deal flows in the opposite
direction in this wire.

Current (I) direction

we deal with (I) direction in

Direction of

flow of
electrons

problems

Eng. Ahmed Samir Megaly
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4. Resultant magnetic field due to two parallel wires carrying currents in the Same

direction:

wire (1) wire (2)

B, B B B

®® AU =JO

B B

® &

I

B
attgut\;l;:):itut = B+ B B totalin B total out
in this region 1 2 atanypoint = Bjyree — Bgmal atanypoint = By + By
I I in this region in this region
K 1 2
it I R I
2n |\d large d/gman T 1 2

Bmml out > Bmtal in < Btoml out

—_— Attraction P

5. Resultant magnetic field due to two parallel wires carrying currents in the

opposite direction:

wire (2)

B, B B, B B: B

® ® AN R \ ® @

I

B total out B totalin B total out
atany point = Bjype — Bgmal atanypoint = By + Bj atany point = Bjyrge — Bgman
in this region in this region in this region
no[/1 I L pof/1 I
=2|@,..~ @ “m @t =m|@.. @
2m |\d/jarge d/sman LU 2 27 [\d/jarge d/sman

Biotal out < Biotat in > Biotat out

-~ Repulsion —_—
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N ebutral' point:

It is the point at which the total magnetic flux density is equal to zero. (Bt = 0)
Neutral point is closer to th aller current

the two wires L - o two W1res closer to the smaller current
assume 11 <L assume I; < I,
wire (1) wire (2) wire (1) wire (2)

A o AR Al o e |
B; B, ®©® B, B, B; B, ® & VB, B,

ONO ¥ O ® ©®

d

d+x

At neutral point: ~ Br=0 At neutral point: - Br=0
‘. Bl =4 B2 o Bl = B2
11 _ Iz . _u_l_l_ _ L IZ . l_l _ 12

"X d=X| 2md; 2nd, ’ X d+Xx

. - Ini’éaS:e of L=L
- f Lox= d/2 o o xgddy -
neutral p nt in the mlddle pomt 0 In thls case NO neutral pomt exnsts

_between the two wires o , :

7.
At regions (I) & (I1D):

It is impossible to exist a neutral point because the
magnetic flux densities are in the same direction.

At regions (II) & (VI):

So neutral point may exist in region (II) OR in
region (VI)

wire (2);

“JO ®

01283589168
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8.

Two concentric coils carrying
currents in same direction

B atcenter = B1 + B2

Biand B>

Direction of By in same direction of

Two concentric coils carrying
currents in opposite direction

BT at center = B of large value = B of smalt vatue

Direction of By in same direction of

B of large value

A\ By

Bextc rnal

B at center = Beoit + Bexternal

Two perpendicular coils
carrying currents

B at center = IB12 + 822

Bexternal

BT at center = Beoit - Bexternal

This if Beoit > Bexternal

01283589168
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9.

Izhe length of wire of circular coil or solenoid = N X% (Zm')l

Where: N: number of turns of circular cojl or solenoid
r: radius of circular coil or solenoid

10.

O (degree) _ 6 (radian) _arc

Nos circular coil = 360

21

T 2mr

Case (1):

If a wire is wound on a
circular coil shape of
radius (r1) and no. of
turns (Np) and
carrying current of (I)

Since same wire in the two cases:

Wire is uncoiled

the again rewound,

but same current
passes in the coil

Lwire = N1 X 21'[]'1 = Nz X 21'[1'2
UNq I,
B1 _ 2 Iy _ N1 11 Iy _ N1 I

B, BN N2 Ly Ny

I

N
>

B (E

Where in this case: it is stated that I, = I,

Case (2):

wire is wound on a
circular coil shape of new
radius (r2) and new no. of
turns (N2) and carrying
same current of (I;)

12. In case of wire tangent to a circular coil:

B at center = Beoit + Buire

Direction of Bt in same
direction of B. and By

Here: r=d

here B,

Brat center = Boil - Buyire
Assume: Beoit > Buwire

Direction of Bt in same
direction of B of large value

Eng. Ahmed Samir Megaly
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Coil is stretched

A circular coil of uniformly such that
radius (r¢) and no. of it forms a solenoid QA&Q.Q)_:.
turns (N¢) and carrying . | A solenoid of length (L)

current of (L)

In this problem: by default Nc=Ns; & Ic=1I (Alsall A L e Sy ol L3
In _case of the required
7t R

A
L4 )
14

By = 1/2 B,

“ Ly = 4r,

,So according to the required in the problem, we can follow the previous procedures

14. In case of two solenoids having the same axis carrying currents in the same
direction:
B’l‘ at the common axis = Bsolenoid 1+ Bsolcnoid 2

15. In case of two solenoids having the same axis carrying currents in the opposite
direction:
Bt at the common axis = Bisotenoid of large value = Byotenoid of small value
16. In case of a solenoid of length (Ls) and (Ns) and carry (Is) wound around its
midpoint a circular coil of (N¢, Ic, rc)

In case of the required is to make B at the coir's center = Z€ro

— . Ngls _ mNcIc
B, = B, . pll = Al

Then substitute in =
Lg 2 1.

17. If stated in a problem that the solenoid turns are tightly wounded OR turns are

tangent to each other , then
L solencia = N X Diameter of wire

01283589168
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Solved Examples

1. Calculate the magnetic flux density at a distance of 10cm in air from the center of
along wire carrying a current of 10 A. (Mair = 41 X 1077 Wb/A. m)
d=10%x102=0.1m
I=10A B=1?7?
Mair = 41 X 1077 Wb/A.m
Solution
_ml _ 4mx1077 10

2ed 21 01

= 2x 1075 Tesla

2. Calculate the intensity of the current passing in a straight wire put in the center of a
circular ring of diameter 10cm such that it makes the magnetic flux of density at any

point on the circumference 2 x 10 Tesla. (i, = 41 X 10~7 Wh/A. m)
d=r= 10%x10~2

=0.05 m
B=2x%x10"°T I=7??
Hair = 41 X 1077 Wbh/A. m
Solution
N A o _5__4-1tx10"7 I L
.B_21Td W 2X107° = = XO.OS ~I=5A

3. Electric charges move in straight wire at a rate of 3 x 10 coulomb per minute,
calculate the magnetic flux density at a distance of 20cm from them.
(Mair = 41 X 1077 Wb/A. m)

Q=3x10*C
t=1x60 Second
d=20x%x102=0.2m B=7??
Moy = 4T X 1077 Wb/A.m
Solution
L. Q 3x10™* e
A I—?—T-—SXIO A
o BI _ 4mx107’ 5x1076 o
. B = E;'a- = oy X 0.2 = 5x10 Tesla

4. A battery of e.m.f = 8V, internal resistance = 1Q is connected to a wire of length
equals 10 cm, radius = 3 mm and resistivity of its material equals 4.5X10°Q.m. Find

the magnetic flux density at a point at a distance 20cm from the center of wire
(Mair = 41 X 1077 Wb/A.m)

Eng. Ahmed Samir Megaly gﬁfgfg?ul)gi
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V=8V, r=10Q
L=10x102=0.1m
r=3x10%=0.003 m B=7???
p= 45x10%Q.m
d=20x10?=0.2m
W = 41 %X 1077 Wh/A.m
Solution

‘R=p L_45x%107°x0.1
cA T X (0.003)2

Vg 8

T R+r 0.0159+1

_pl_ 4mx1077  7.875

“omd - zm 0.2

= 0.0159 Q

o | =7.875 A

= 7.875 % 107% Tesla

5. Two fixed wires 10cm apart. A current of 20 ampere passes in each of them. Find
the magnetic flux density at the mid-point between the two wires if the currents are:
a. In the same direction.

b. In opposite direction. (Maie = 410X 1077 Wb/A.m)
d (distance between 2 wires) = 10 x 102 =0.1 m
L=0L=20A Brotat at mid point = 2??
Moy = 41 X 10”7 Wb/A.m
Solution
_RrlL 4mx1077 20 s s
1= 54 = o x0.05-8x10 Tesla ~ By=B;=8x10"T

In the same direction:

~ Br= By — B, = Zero

In the opposite direction:

“Br=B;+ By;= 8x10°5+8x1075= 16 x 107> Tesla

6. A straight wire in which a current of intensity 8A passes and beside it and at a
distance of 16¢m from it an electron beam moves in the same direction of the current
in the wire and at a rate of 102 electrons per second, calculate the magnetic flux
density at mid-point between them. (p,;, = 41 X 1077 Wb/A.m)

ILi=8A

d (distance between 2 wires) = 16 x 10?=0.16 m

(Opposite direction problem)

("/), = 107 electron/sec Brotal at mid point = ?2?

Wy = 41 X 1077 Wh/A.m

01283589168
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Solution
nxe

vl = — =10*°x 1.6 x10"1° = 16 A
. B lLll1—41TX1()_7>< 8 5 %105 Tesl
TP1Tond T T m 0.08 sia
By Bl ARXAOT 16 e
2T ond T T 2n 0.08 esla

In wire (2) electrons motion in same direction as current (I), so (I2) opposite to (Iy)
“Br=B;+B;= 2Xx1054+4x10"°= 6x10~° Tesla

7. Two parallel wires, the distance between them is 24cm in the first wire a current of
intensity 4A passes, in the second wire a current of intensity 8A passes, in the same
direction (i, = 41t X 10”7 Wh/A. m). calculate :

a. The magnetic flux density at mid-point between them.
b. The position of the neutral point.

¢. The magnetic flux density at a point 6cm outside them at the side of the first wire.

d (distance between 2 wires) = 24 x 102 =0.24 m

Li=4A a. Brota at mid point = 2??
L=8A (same direction) b. Position of neutral point
Wair — 41t X 10_7 Wb/A.m C. BTotal =277
Solution
-7
nl; 4mx10 4 7 wire (1) wire (2)
A = ——= = 66.67 X
a B, o d o X 012 66.67 x107'T
. nl 4mx1077 _ -
« By = ﬁ_(i-— oy X 0.12 =133.33x107’T B, B, . B: B, IZBI B,
1
» By =B, —B; = 66.67 x10~7 T OONQONRY ®
b. At neutral point: + Br=0 & B1 =B, X dx
LI ) L 6
"2nd; 2nd, ’ X d-X 6em | 24em
4 8
. i—m—_—x . 0.96_4X—8X ..X—0.0sm

~ Neutral point between the two wires (0.08 m) away from wire (1) as shown

pl; 4mx1077
c. -~ B= =

4
X =133.33x 1077 T

" 2nd T 2n 0.06
= Mz"“Xl(ﬁX 8 =53.33x10°7T
27 2nd - 2m (0.06+0.24) >
~ Br=B;+B, = 186.67 x 10”7 T
Eng. Ahmed Samir Megaly 01283589168
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8. In the previous problem if the two currents were in opposite direction in the two
wires, solve the problem.
d (distance between 2 wires) = 24 X 107 =0.24 m

Li=4A a. Brotat at mid point = 2?2??
L=8A (Opposite direction) b. Position of neutral point
Hair = 41t X 1077 Wb/A.m ¢. Brotm=2??
Solution
. pl, 4nx1077 4 ~ , ,
a -~ By= amd = 5 X 012 =66.67x107"T wire (1) wire (2)
pnl, 4nx10”7 8 ~
~ By = md - o X RV 133.33x107'T B, B, B, B B B,
#Bp=B,+B, = 2x10°°T ® NQR,RQE®
¢. At neutral point: ( Outside near smaller current) X I
“ Br=0 & Br =B G S d+x
plh pl I I
' 2md;  2md, ' X d+X Gem) 2dem
4 8 .~ 0.96+4X = 8X ~X=024m

"X T 024+ X
~ Neutral point outside the two wires (0.24 m) away from wire (1) as shown

pl, 4nx1077 4

=133.33x 1077 T

¢~ Bi=ona” I % 0.06
I, 4mx 10" 8
© By = 2‘::; I X (0.06+0.24) 333 1077 T
“ Br=B;—B,=80x10""T
9. In the opposite figure B, By n=2a 4 B, B,
Find magnitude and direction of magnetic @ @ ) (FTISTIVOIRISIVOTON WOTTR . X @ (.)
flux density at point X & Y. foaem 1em |
(Mair = 47 % 1077 Wb/A. m), 2emli T | T T i|2em
Solution :
l2= 3A
N -7
- BjatX = -i'-‘-% JAm ;Hw x (0‘201) —4x105T = Bjaty
. Batx = Alz _AmX 107 3 3,407 = B,at Y
2nd 2n (0.02)

& BrotaratX =By —B; = 1X 1075 T (into the page) ®

“ BrogatY =By +B; = 7x1075T (Out of the page) @

01283589168
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10. Arrange the following figure form that having the highest mag. Flux density at the
center (m) to the lower, knowing that the current intensity is the same (I), and all
are half circles, then find the value of magnetic flux density (B) at the center for
each figure in termsof p, L r _|

I rgﬂ_rw
A , c D
Solution
1
A RNI p3 XD pi
T 2r 2 r r 1
UNI I TR TS | nl I 3pl
BB Bj=——= — , B,=-— =— +B=B;+By;= — 4 —=
17 2r¢  4r 27 2@r)  8r PPP27 47 8r 8r
1
NI I py X1 I pnl pl pi
C Bj=——=-—, B,=- =— +B=B;-B;= ——— = —
'Z2r ar 27 2@r)  8r 1""27 4r 8r 8r
1 /1 1 1
Nl pyx(31) uN g% (3))
D: Bj=-—=-2~%2/ B =--_=--%2 (/) .p_B _B =7z
173Y T2« 25927 T 2 r 17 By = Zero

B, and B, equal in magnutude and opposite in direction
Then the arrange from highest: B > A > C> D

11. Determine the magnetic flux density at the center of a circular loop of radius 11¢m
carrying a current 1.4 amp. if the wire consists of a coil having 20 turns and
(Mair = 41 X 1077 Wbh/A. m).
r=11x102=0.11m

I=14A B=1?27?
N=20
Mair = 41 X 1077 Wb/A.m
Solution
NI _ 4mx 1077 20x1.4 s
B= -— = X = 16 X 107" Tesla

T 2r 2 0.11

12. A circular coil, its number of turns is 700 turns, an electric current passes in it
which creates a magnetic flux density 2 x 107 Tesla at its center, if the diameter of
the coil is 44cm, calculate the intensity of the electric current in the coil if
(Hair = 41 X 1077 Wb/A. m).

N=700

B=2x102T I=22?
-2

p=x107 022 m

Wair = 41t X 1077 Wb/A.m

01283589168
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Solution

. pNI . _2_4nx10“7 700 x I o

.B—zr ~2%X10 ° = 5 XO.ZZ «~I= 10 A

13. An electric current passed in curved wire 26.4cm long, in the shape of an arc or a
circle of a radius 5.6cm, the magnetic flux density created at the center of this circle
was 8.25 x 107 Tesla, calculate the intensity of the electric current
(Mo = 41 X 1077 Wh/A. m).

Lare = 26.4 X 10 m

r=56x102m =772
B=825x10°T

Mo = 41 X 1077 Wb/A.m

Solution
N = arc 26.4 %X 1072 075 ¢
= Tmr 2 xmx5.6x102  /oturn
NI . 4mx1077  0.75x1
«B=L + 8.25 X107 =" x X 41=0098A
2 r 2 5.6 x 10

14. A wire in the form of an arc of a circle
as in the figure, an electric current of
intensity 7A passes in it.

Calculate the magnetic flux density at point A. ]
(Mar = 41 X 1077 Wh/A. m).
0=270
r=10x10%*m
I=7A B=12??
Mo = 41 X 1077 Wb/A.m
Solution
270 0.75
=360 - ¥ turn
UNI 4mx 1077  0.75x7 s
= = X —- = 3.3 X 107" Tesla
2 r 2 10 x 107

P e R e

15. Two concentric wire coils, in the first an electric current of 20A passes, and its
number of turns is 350 turns, its radius is 55¢m, in the second a current passes of
intensity 7amp. the number of its turns is 600 turns, and its radius is 44cm,
calculate the common magnetic induction for them if they are in one plane and
electric current passing in them are in same direction, then calculate the magnetic
flux density at the center (i, = 41 X 1077 Wb/A. m). If:

a. One of them is rotated by 180°
b. One of them rotated by 90°

01283589168
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ILi=20A , N1=350 , r;=55%x102=0.55m

L=7A, N2=600 , r;=44 x10%2=0.44 m

(Same direction) By =1???
Mar = 41 X 1077 Wbh/A. m

Solution
-7
uN,I; 4mx10 350 x 20 3
= — =S = Tesl
B, 2 r 5 X 0.55 8x10 esla
_ BNz,  4mx1077 600x7 _ 5
2= 35 5 = > X 044 ~ 6xX107° Tesla

“Br=B;+B;=8x103+6x103= 14x103T
a. when rotated by 180° :
“Br=B;—~B;=8x103-6x103=2x10"3T
b. when rotated by 90° :

» Br=vy(B)2+ B = J(8X103)2+ (6 x 103)2 = 10 x 10-3 T

16. A circular coil, the number of its turns is 100 turns, its axis coincides with the earth
field of 4 x 10 Tesla, a current of intensity 3.5 amp. passes in it, it was found that if
the coil is over turned, the magnetic flux density at the center becomes double its
previous value, calculate the radius of the coil given that the field of the coil is
greater than that of the earth (1, = 41 X 10~7 Wb/A.m).?

N=100
Be= 4 x 10 Tesla
I=35A r=12??
When overturned (Br doubled)
B. > B.
Wair = 41 X 1077 Wb/A.m
Solution
" Bra > Brq
“ Br1=B¢—B, ~ Brz =Bc+B,
“Bra= 2 Bry ~ Bc+Be =2 X (B¢~ B,)
» Bc+B, =2B; — 2B, ~Be=3B,=3%X4x10"° =12%x10~° Tesla
NI 5 4mx1077 100x3.5
B= 2 12%x107° = X ~r=183m
2r 2 r

17. A straight wire was wound in the form of a circular coil of 3 turns and an electric
current passes in it, the wire was uncoiled, then again rewound in the form of a
circular coil of 10 turns and the same current passes through it, compare between
the two magnetic flux densities at the center of two cases?

Case (1): Ni=3

Case(2): N2=10 Bl /gy = 299
11=Iz
. 01283589168
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Solution
Since same wire in the two cases:
N, |y
Lwire - N1 X 2“[‘1 = Nz K 21[1‘2 R RS-
N, n

BN, 2 2
Bl__Zl'1 __Nlllrz-_Nlrz_(N1>_(3) 9

B, BN, N, Ly Npry N, 10/ ~
2

~ 100

18. An insulated long straight wire is in vertical position such that it forms a tangent
for an insulated circular coil consisting of one turn, at the center of the coil there is
a magnetic needle moving freely in a horizontal plane, calculate the intensity of the
clectric current which it passes in the wire it does not cause any deflection to the
ncedle when a current of intensity 0.21A passes in the circular coil?
N=1
Ic= 021 A Iw=172?

Solution

Bt at center = Zero

_ . BNL _ ply
Be = By “2r  2nd
I I
NI, = — v 1%x0.21 = =
n n

e = T X0.21 = 0.66 A

19. In the figure a ring circle its diameter is 2 cm, it connected with
a battery its e.m.fis 12 volts and internal resistance 2 £, if you know

12v

that resistance of ring is 16 Q. Calculate magnetic flux density at m
. . . ¢ K
the center of the ring . When the key is:

a. Opened b. Closed (p, = 41 X 10”7 Wb/A. m)

Solution

Case (a): open:
16
Req = Rhalfrlng =5 T 8 Q
Vg 12
Regg+r 8+2

I = =12 A
1
_ uNI_ 4mx 10 7 %x1.2
27 -7 2z “oo1
Case (b): closed:
The two magnetic flux densities are equal in magnitude and opposite in direction
 Biotal at center = Z€T0

=3.77 x 1075 Tesla

2Q
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20. Two straight wires (A) and (B) are placed (Im) apart g A &
from each other. Wire (A) flowing through it a current 4 4 6
of intensity 4.5A and that flowing through wire (B) is 1.54 4.54 £
1.5A in the same direction.

A circular coil is placed in the same plane of the two

wires consists of one turn and radius = (10m em) and its

radius is at a distance of (0.5m) from wire (A) as shown Q—Em—>
in the figure. What are the magnitude and the direction 1m

of the current passing through the circular coil such that

. . . i ire (A .
the magnetic flux density at its center = zero? wire (B) wire (A) :

,,,,

Solution oy
-7 .
pl; 4mx10 4.5 N
— = X =1.8x1076T -
2nd 27 0.5 N Bz B, / Ia
~7
13 lB 4t X 10 1.5 -6
e = ———— = X = Q.
Bp at center = o—— o 05 =06x107T EO) -
» Brduetowires =B, —Bp = 1.2 x 1076 T L
. For By at center = Zero (® £
 Beoyg = By duetowires = 1.2 X 1076 T
-7
UNI 6 4mxX10 1xI
1= = 1.2 X%X = X
Beon = 5 1.2x10 2 107 x 102
* Beoit must opposit in direction to By due to wires
- Bgoil must be into the page ® o
- According to right hand screw or Ampere’s Right hand rule: K/
. I.oi isin Clockwise direction )

© B, atcenter =

BrDue to wires

~I1=0.6A

21. Calculate the magnetic flux density at a point on the axis of solenoid 20cm long, 5
and the number of its turns is 700 turns, an electric current of intensity 5A passes
in it. (Uy;, = 41 X 1077 Wb/A. m).
L=20x10%=0.2 m

N =700 B=1???
I=5A
Mair = 41t X 1077 Wb/A.m
Solution (L
NI 4mx1077 x 700 x5 i
v B= ny = 0.2 = 2.2X107* Tesla

22. A solenoid is 11cm long, the number of its turns 350 turns, the magnetic flux
density at a point in its axis is 1.5 x 10 Tesla, calculate the intensity of electric
current passing in it (J;, = 41 X 1077 Wh/A. m).

Eng. Ahmed Samir Megaly gﬁfgigzégg \
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L=11x102=0.11m

N = 350
B=15x103T I=12??
Mo = 41 X 1077 Wb/A. m
Solution
NI PP 41t x 1077 x 350 x I
¢ B=p—r L~ 1.5%x107°% = EE) ~1= 0.375 A

e e e

23. A wirc is 88m long, it was wound around an iron rod 10cm long and its diameter
7em, its permeability is 0.003 wb/amp.m., what it the intensity of electric current
o ki
passing in the wire such that the magnetic flux density at the axis becomes
5x 103 Tesla?

Lyire = 88 m
Lgotenoia = 10 X 102=0.1m
Fof iron core = 3.5 X 102 =0.035 m 1=7?7?
Wiron = 0.003 Wb/A. m
B=5%x103T
Solution

L 88

* Nsolenoid = 2‘:1;: = It < 0.035 = 400 turn

NI  en-3_ 0.003 x 400 x I
“ B= Wygny 2 5%x107% =

LI al= 4.2%x107% A
solenold 0.1

24, Two solenoids have a common axis one of them is inside the other the first is 400
turns and the intensity of its current is 5A, the number of turns of the second is 600
turns and the intensity of its current is 4A their common length is 12¢m, calculate
the magnetic flux density at a point on the common axis its mid-point given that the
clectric current are in the same direction?

LI=5A, Ni=400
I=4A , N2=600
Li =L;=12%x102=0.12 m Br=12??
(Same direction)
Wy = 41 X 1077 Wh/A.m
Solution

Nyl 4mtx1077 x400x5

, o= = &= -3

* By= 1 L 0.12 =21 x107° Tesla
op o N2l 4mX 1077 X 600x4 o s
CRRE R T 0.12 = esla

#Br=B;+B;=21x103+25x10"%= 46x103T

01283589168
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25. A current of intensity 0.5A passes in a solenoid which consists of 20 turns in each
lem, another wire was wound around its mid-point to make one circular coil turn
only of radius is 1cm, what will be the intensity of the electric current passing in
this turn such that its magnetic flux at its center cancels the flux of solenoid,

explain what happens at the same point if the direction of the current in this turn is
reversed?

Is=05A
N 20
Ng = —=————=2000 turn/m
T L 1x%1072 /
Nc=1 Ic=72?
r=1x10%2=0.01 m
Bc = Bs
Solution
Br at center =0 ~ Bg= B
UN.I
“ungly = o ;cc
ng Ig X2r, 2000x0.5%x2x%0.01
o IC = = = 20 A
N 1
If the curent directio is reversed: . By = B¢ + Bg = 2B = 2Bg

“Br=2xpunglg = 2x4mX 1077 x2000 x 0.5 = 2.5 x 10-3 Tesla

OR: - B —2><"Nclc—2><4"xw_7><1xz°—25x10—3'r 1
R I 2% 0.01 -~ esta

26. A circular coil of diameter 12¢m carries an electric current which generates a

magnetic field at its center, if the coil is stretched uniformly in the direction of its
axis, such that it forms a solenoid and the same current flows through it, calculate
the length of the solenoid which makes the magnetic flux density at a point inside it
along its axis = ; of that at the center of the circular coil.

rc=6x102=0.06 m

Ic=1Ig ‘ Ls=1?2?
1
Bs = 7Bc
Solution

NoI,  1pNI,

% Bs = 1/2 Bc O 1 8 L = 22 1 “ IC = IS and NC = NS
S [

“ L= 4r, = 4x0.06 = 0.24m

Eng. Ahmed Samir Megaly g:ﬁ:fgz(lpgj




YT

i

ST

Unit (1) - Chapter (2)

YYD

2.

Force due to magnetic field acting on a straight wire carrying current

. If we place a straight wire carrying

. The direction of the force is reversed

current between the poles of a
magnet, a force results which acts on

the wire (Due_ to the interaction
between the magnetic field of the

magnet and the magnetic field due to

the current passing in the wire).
This force is perpendicular to both

the wire (the current) and the
magnetic field.

N

if we reverse the current direction or

the magnetic field direction.

. In case the wire is allowed to move due to this generated force, the direction of motion

is perpendicular to both the electric current and the magnetic field.

When there is no When the current
current in the is upward, the
wire, the wire wire deflects to
remains vertical, the left,

When the current
is downward, the
wire deflects to
the right.

REIKXKR
HERAL AR
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Flemihg’s left hand rille: |

4 d‘

Magnetic

Field
N

Direction
of Current

Iry the following examples:

Atmed Samls Megaly
Yous War Fon Excraresce

i, Force Magnetic field

Use: Rule used to determine the direction of force | o F
~acting on a straight wire carrying current placed
normal to a uniform external magnetic field.

Define: 4

Form your left hand fingers as follows:

1- The pointer and thumb perpendicular to

each other and to the rest of the fingers.
2- Make the pointer points to the direction
of the magnetic flux

3- And the rest of the fingers- except the
thumb- in the direction of the current.

- 4- Then, the thumb points to the magnetic
force or motion.

Eng. Ahmed Samir Megaly
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G.R.F: A straight conductor carrying current and placed normal to magnetic field
moves (reason of magnetic force)).

M agne tic Field of From one

Uniform External . ) _
St. wire Carrying 1 side of the

Magnetic Field

wire

Brincreases

AAA

From the

other side of

the wire

By decreases
At one side of the wire, the magnetic field of the current is at same direction of the
external magnetic field, so Bt increase.
At the other side of the wire, the magnetic field of the current is in opposite direction to
the external magnetic field, so Br decrease.
Due to difference in magnetic flux densities on both sides of the wire. The magnetic flux
lines tend to repel each other so exist force on wire acting from the strong magnetic field
towards the weak magnetic field.

It is found that the force acting on a wire carrying current flowing perpendicularly to a
magnetic field depends on the following factors:
1. The length of the wire, as the force is directly proportional to length of wire (L) (F a L)
2. The current intensity, as the force is directly proportional to the current in the wire

@) (Fal)
3. The magnetic flux density, as the force is directly proportional to the magnetic flux

density (B) (F a B)
In general, if a wire of length (L) makes an angle (O) with the direction of magnetic field
(B), then (B) can be analyzed into two components:

One parallel to the current in the wire = B Cos(O)
The other perpendicular to the direction of the current in the wire = B Sin(O)
F a LIB ~ F = (constant) X LIB it was found that constant = 1

F = LIBSin(0) - (5)

01283589168
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F=LIBSin(®®) |- (5)

Where:

Force acting on a straight wire carrying current placed normal to a uniform
Kg.m ]

Sec2 m )
= Length of the wire on which the force acting (m)

= Electric current intensity passing through wire on which the force acting ( A)
— . . _ wb _ _N _ Kg J

= KExternal magnetic flux density (T = A m T s T mz)

Sin (©) = O: is the angle between the wire and the external magnetic field

external magnetic field (Newton= N =

If the magnetic field not normal to the wire
We always concern with the normal magnetic flux lines to the wire

B_ Cos(0)

1 to current

F = LIBSin(0) 'F = LIBCos(6)

O : s the angle between O : is the angle between
Magnetic Field Magnetic Field
& &
Wire (Current) Normal to wire (Current)

We commonly use Sin(®) in the problems (simpler than Cos(8) in the problems )

Case(1): If the wire is parallel to the magnetic field
0 =1Zero, Sin(0)=0 , ~F=0
,So
Case(2): If the wire is normal to the magnetic field
0=90°, Sin(90°)=1 , . F=LIB=max value

Where O : is the angle between Magnetic Field & Wire (Current)

01283589168
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From the previous relation, we can define Tesla: B = L1sin(®)

Magnetic Flux density: (B)

It is the force acting on a straight conductor of length (1m) and carrying current of
intensity (1A) when placed normal to magnetic field.

Tesla:

It is the magnetic flux density which produces a magnetic force of (1 Newton) on a
straight conductor of length (1m) carrying current of intensity (1A) when placed
perpendicular to the field.

When a current I, passes in a wire and a current I; passes in another parallel wire, a
force results between the two wires.
This force is attractive if the two currents flow in the same direction. The force is
repulsive if the two currents flow opposite to cach other. We can calculate this force as
follows:

In case of two parallel wires carrying In case of two parallel wires carrying

currents in ‘ .. currentsin
Attraction of the two wires Repulsion of the two wires

wire (1) wire (2) wire (1) wire (2)

A" \
Ba(s)

Fy

~&]
F.L.H.R F.L.H.R
attraction repulsion

d d

F1 = L1I132

nl
= Lqly 2md o Fy=

If Ly =

ok _ Mutual force
w1 d

01283589168
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Force and torque acting on a rectangular coil carrying current placed
in a magnetic field:

If we have a rectangular coil (abed)

carrying current (I), whose plane is

parallel to the lines of uniform

external magnetic field of density (B),

then:

1. Wires (ad) & (bc) are parallel to
the magnetic flux lines
» So force acting on them = Zero

2. Wires (ab) & (cd) are normal to

the magnetic flux lines

» So they are acted by two forces:

» Equal in magnitude
Fab=Fea=BILeca , (Lab=Lca)

» Opposite in direction according
to Fleming’s left hand rule

> Parallel and separated by a
normal distance = L, OR Ly,

. » So the coil is affected by a torque
which will cause the coil to rotate
around its axis.

. The magnitude of the torque (couple) is equal to the magnitude of the force times the
perpendicular distance between the two equal forces.

FX(Ld) = BILg X Lpc = BIA , A=Lyg X Ly,
For coil of (N) turns: &~ T= BIAN

If the coil’s plane is inclined on the magnetic flux lines at an angle, then:

1 = BIANSIn(6) = B [my| Sin(®) | » (6)

T
Img| = IAN=—i;‘§’f - (7)

01283589168
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= Torque acting on a rectangular coil carrying current placed in a magnetic field

Kg. m%
(N.m = iecz‘ =T.A.m?)

. . _ ..‘?’.E: N - Kg
External magnetic flux density (T= == ——=— )

= Electric current intensity passing through the coil (A)
= Cross section area of the coil (m?)

= Number of turns of the coil (turn)

N.m _ Kg. m?
T Sec?. 'l")
Sin (O) = O: is the angle between the magnetic ficld and the normal to coil’s plane Imgl

|mg| = Magnetic dipole moment (normal to the coil’s plane) ( A.m’=

In the opposite graph:

At point (1):

0=0,Sin(0)=0 ,7=Zero

Coil normal to the magnetic field
At point (2):

0 =90, Sin(90) =1 , T = max.
Coil parallel to the magnetic field
, 80 coil rotates

At point (3):

O =180, Sin(180) =0 , = Zero
Coil normal to the magnetic field again

7 (N.m)

If the magnetic field not Parallel to the coil’s plane
We concern with the magnetic flux lines Parallel to the coil’s plane
Coil’s Plane B Cos(©) - . B Sin(©) .

B
AfA

B SinO) B Cos(O)
- - ‘_..___ -
1 to coil’s plane 1 to coil’s plane
lmg| ]

T = BIAN Cos(0) T = BIAN Sin(0)
O : is the angle between O : is the angle between
Magnetic Field Magnetic Field
& &
Coil’s Plane Normal to Coil’s Plane |my|

01283589168
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O:is he angle
,,  betweenthe
".; _magnetic field and .
the normal to | *
o SO 0°, Cos(0°) =1 0 =90°, Cos(90°) =0
: is the angle
between the ~» T = BIANCos(0° BIAN Cos(90°)

magnetic field and | ., = BIAN = max.Value| -~ =t Zero = min.Value
the coil’s plane

Magnetic dipole moment; (fﬁ;l)k :
It is equivalent to the torque acting on a coil carrying current when it is placed parallel
to magnetic field of density 1 Tesla.

It is a vector emanating from North Pole of the coil perpendicular to its area.
~ Its direction determined using right hand screw rule.

1. Magnetic flux density. TaB

2. Electric current intensity passing through the coil. Tal

3. Area of the coil. TaA

4. Number of turns of the coil. TaN

5. Angle between the magnetic field and the normal to coil’s plane [mg| T a Sin(0)

01283589168
01115170024
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Solved Examples

1. A straight wire carrying an electric current of intensity 8A was put in a magnetic
field with an angle of 30° on the direction of the field, it was affected by a force of 20
Newton, if the length of the wire was 50cm, calculate the magnetic flux density.

I=8A
O =30° (bet.wire & M. F) B=7??
F=20N
L=50%x10%*=0.5 m
Solution
- F = LIBSin(0)
« 20= 0.5x 8xBxSin(30°) ~ B = 10 Tesla

N e

2. A straight wire of length 80cm, it is put vertically in a magnetic field of flux density
4 wh/m?, an electric current of intensity SA passes in it, calculate the force acting on
it when:
a. It is perpendicular to the flux.
b. It makes an angle 30° with the flux.
c¢. It is parallel to the flux.
L=80x102=0.8 m

B=4 Wb/m? F=27?
I=5A
Solution
F = LIBSin(6)
a. 6 = 90° (bet.wire & M.F) ~ F= 0.8x 5x4x8in(90°) = 16 N
b. 6 = 30° (bet.wire & M.F) +» F= 0.8x 5x4x8in(30°) = 8 N
c. 6 = 0° (bet.wire & M.F) ~ F= 0.8x 5x4x8in(0°) = Zero

3. Two parallel wires A and B their length is 3 meters, and the distance between them
is 20cm in air, a current of intensity 2A passes in A, and a current of intensity 5 amp.
passes in B, in the same direction, (1, = 41 X 1077 Wb/A.m) find:
a. The mutual force acting on them.
b. The force by which they acting on a third wire (¢) in which an electric current of
intensity 3A passes, it is midway between them, parallel to them and equal in length
¢. What will be the force acting on the third wire C if the two currents are opposite

direction in A and B?

La=Llg=3 m
d=20x102=02 m F =299
Hair = 4t X 1077 Wb/A.m Fc=12?2?

Ih=2A , Ig=S A
(Same direction)

o0
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Solution
a. vLy=Lg v Fp = Fg = Fpywal wire (A) wire (C) wire (B)
nig
Fnutwal = LalaBg = Lal, ¥
4mtx 1077 5 .
Futuat = 3 X 2 x X =3%X107° N

b.

) _ Pl _ -5
“Bawe= 507 2n g1 04x107T o |
—7
nilp 4m*%x10 5 _ >K
A = = = 1 5
Bp arc 2t d 27 0.1 1x107T

2 0.2 BBC‘) KBa

pl, 4nx10~’

“Bratc=Bparc—Baarc= 0.6x10"5 T

Fc = LeIeBrgoc= 3x3%x0.6x10°° =54%x10° N

- “ Bracc=BparctBaarc= 1.4%x1075 T

Fc = LcdeBrasc= 3x3x 1.4x107° = 12.6 X 10°5 N

. Three parallel wires, their length is 120cm, in the wire A an electric current of

intensity 6A passes, in the middle wire B passes and electrie current of intensity 10A
and the third wire C passes an electric current of intensity 4A, the currents are in
same direction, the wire B is far from each A and C by 40cm, calculate:

a. The force by which the middle wire B is affected and in which direction does it

move.
b. The force by which the third wire C is affected, and in which direction does it

move. (Mair = 41 X 1077 Wb/A. m)
La=Lp=Lc=120%102=1.2 m
IAn=6 A, Ig=10 A, Ic=4 A Fp=77?
(Same direction) Fc=127?

Solution
wil, 4mx10~’ 6 s ]

a - Bigup= md - 2n X 20x 102 = 03%X107T wire (A) wire (B) wire (C)
. _nl; 4mx 1077 4 . n AR L
“Beap= gog = X gy = 0.2X 1075 T A 8. N
“ B arn =Bsatp~Beaep = 0.1x 1075 T ®

Fg = LglgBr 43 =1.2% 10 x 0.1x10°5 = 1.2 X 10~5 N @Bml
By applying F. L. H. R: wire (B) will move towards wire (A) 04 | 04

Since Bjup > Beas

01283589168
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e
bo B, o la_ 4mX 1077 6 015x10-5T wire (A) wire (B) wire (C)
T PAatC T ond 2m 80 x 102 :
-7 \IA /N°® Ic
- B _ ol Zrx1D X 10 =0.5x1075T Ba| Bg
T UBatCT ond - 2m 40x10°2 R R

“ Bracc =Baac+Bpac= 0.65x1075 T
Fc = LclcBr gre = 1.2 X 4% 0.65x107° =3.12 X 107> N

By applying F. L. H.R: wire (C) will move towards wire (A)& (B)

0.4

5. Find the force (magnitude and
direction) acting on each section of
the wire (AB, BC, CD & DE)

Solution
A = D E
Section (AB) and (DE): Lo O >
0 = 0° (bet.wire & M.F) ~ Fqp = Fpg = LIBxSin(0°) = Zero

Section (BC):
« F = L1BSin(6)

0 = 90° (bet.wire & M.F) = Fpr=18x107* x 5x0.15 x Sin(90°) = 0.135N

According to F.L.H.R: Fyc is into the page
Section (CD):

0 = 30° (bet.wire & normal to M.F)

« Fep =20x107% x 5% 0.15 X Sin(60°) = 0.13 N
According to F.L.H.R: Fp is out of the page

6. An Aluminum wire XY of cross sectional area

0.1cm? is held horizontally while its terminals are m + -
contact to the end of an electric circuit to the ends U I
of an electric circuit as shown in the opposite 10 A
figure. Find the direction and the density of the
magnetic flux that keeps the wire suspended
without any external support. X M
( par= 2700 kg/m?, g = 10m/sec?)
Avire = 0.1 X 104 m?
paL= 2700 kg/m? B=7??
g = 10m/sec?
Iwire=10 A
01283589168 .
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Solution (3
For the wire to be suspended, the magnetic force (Fg) must equal to the weight of laa)
the wire (Fg) and opposite in direction P
. Fp= F, “ LyirelyireB= mxg ,where m is mass of wire -
“ Lyire X Lyyire X B = P X Vo of wire X 8 Fp 4 (\

* Lyire X Ipjre X B = PaL X A yire X Lyjre X 8 I B v o

-4 L
~# 10xB= 2700x 0.1 x 10™* x 10 SeiX)
» B = 0.027 Tesla . )
According to F.L.H.R: B mustbe into the page g

X

v

7. A rectangular coil of 9 turns carries 0.1A current, the length is 70cm and breadth
10cm, is suspended in one arm of sensitive balance where its lower breadth is
perpendicular to magnetic field, it is balanced. When the current is reversed, it is

required to add 8.78 gm in the other pan to re-obtain balance, find the density of
magnetic field. |

Solution | -
10 cm
* F on lower arm = NXLIB &0

before reversing current 70 cm o
=9x 0.1 X 0.1xB = 0.09B
* F on lower arm = —F on lower arm XX XX K X G
after reversing current befor reversing current
. Change = F— (—F) =2F X X—¥—d—X X

Forbalance: . Change (2F) = added weight (mg)
~ 2x0.09B=8.78x10"°x9.8 XX X X X X
B = 0.478 Tesla

8. The number of turns of a coil is 100 turns, a current of intensity 20 amperes passes
in it, it was put in a magnetic field of flux density 0.5 Tesla, if it's cross sectional area
is 0.1m?, calculate the moment of couple (torque) acting on it when the angle
between the plane of the coil and the field is 30°.

N=100
I=20A T=127??
B=05ST C
A=0.1 m? o
© = 30° (bet.coil’s plane & M. F) (9%’
Solution o
* T = BIANCos(0) L
~ T= 0.5X 20x0.1x 100 x Cos(30°) = 86.6 N.m
OR:
* T = BIANSIiIn(0)
- T= 0.5X 20x0.1x 100 x Sin(90° - 30°) = 86.6 N.m

Eng. Ahmed Samir Megaly 3;??:?:332 \,
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9. A rectangular coil of length 6¢cm and breadth 4cm, it consists of 200 turns, it was vertically
and freely suspended such that the long sides are vertical in a field of flux density 4 Tesla,
calculate the magnetic torque acting on the coil in the following cases:

a. If the plane of the coil is perpendicular to the flux.
b. If the plane of the coil is parallel to the flux.
c¢. [If the plane of the coil makes an angle of 60°.

(given that the intensity of current passing in it 8A)

A=6x4x10" =0.0024m>

N =200
B=4T
I=8A =727

Solution

T = BIAN Cos(0)
a. © = 90° (bet.coil’s plane & M.F)
~ T= 4x 8x0.0024 x 200 x Cos(90°) = Zero
b. 6 = 0° (bet.coil’s plane & M.F)
~ T= 4% 8x0.0024 x 200 x Cos(0°) = 15.36 N.m
b. 6 = 60° (bet.coil’s plane & M. F)
~ T= 4X 8x0.0024 x 200 x Cos(60°) = 7.68 N.m

10. A rectangular coil of length 12¢m and breadth 10cm, it consists of 100 turns, it was
put such that its plane was parallel to a magnetic field of uniform flux density 2
Tesla, an electric current of intensity SA passes in it, calculate:

a. The force by which the two long vertical wire are affected.
b. The force by which the two long horizontal wire are affected.
¢. The magnetic torque acting on the coil.
Solution
a. Fyerticalwire = LIB Sin(0) = 0.12 x 5x 2 x8in(90°) = 1.2 N
b. Fyorizontalwire = LI BSIn(8) = 0.12 x 5 x 2 x Sin(0°) = Zero
~ T=BIANCos(B)= 2x 5x (12X 10x107*) x 100 x Cos(0°) = 12 N.m

11. A flat circular coil with 10 loops of wire on it has a diameter of 2cm and carries a
current of 0.5A, it's mounted inside a long solenoid that has 200 loops on its 25¢m
length. The current in the solenoid is 2.4A compute the torque required to hold the
coil with its axis perpendicular to that of the solenoid. (1 ;, = 41 X 10”7 Wb/A.m)

Solution
NI _ 4mx 1077 x 200 x 2.4 3
* Bgsolenoid = T = 025 = 2.413 X 107° Tesla
“ Teol = Bsotenoid (1 A N)coit = 2.413 X 1073 X 0.5 X (1 (0.01)%) x 10 = 3.8 X 107® N.m

01283589168
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Applications: Measuring Instruments Y
The sensitive moving coil galvanometer: o

1. Detect very weak DC currents in circuits.
2. Measure the intensity of these weak currents.
3. Determine the direction of these currents (polarities).

Its principle of operation depends on the magnetic torque acting on a coil carrying
current ing in a magnetic field. Where 1,,, = BIAN

Pointer

Moving Permanent
Iron Core Coil Magnet

. A permanent horseshoe magnet with concave poles (the poles of a U-shaped).
2. A coil of insulated thin copper wire wound on a light aluminum frame which rotates
around a soft iron cylindrical core (has high permeability, so concentrates Magnetic
flux lines) with an axis pivoted on agate bearings (to reduce friction).
3. A pair of spiral control springs wound in opposite direction which:
a. Serve to in & out current to the coil.
b. Create a mechanical torque that balances the magnetic torque.
¢. Return back the coil and pointer to zero position when electric current is cut off,
4. A pointer attached to the coil axis and rotates with it on a zero centered uniformly
divided scale.

01283589168
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1. The cylindrical iron core and the concave poles

magnet serve to create a uniform radial constant / g{_;m;‘j‘r\r\!\/

magnetic field always parallel to the plane of the coil

and perpendicular to the vertical sides of the coil

regardless the angle of rotation of the coil, so when a
’ . . . Pointer Petimanent -
current passes in the coil it is acted by a magnetic magnet

torque (Tmax = BT AN) that is always of maximum

value and depends only on the value of current

intensity regardless of the angle of rotation of the coil.
2. The coil rotates in clockwise or anticlockwise direction
depending on the direction of D.C. current then it
stops in a position when the opposite mechanical
torque created by spring balances (equal to) the
magnetic torque created by the electric current, so the
deflection of the pointer O aBIAN . O «al, then
the deflection indicates currents intensity.
If the direction of the current is reversed, the magnetic torque is reversed and pointer
rotates in opposite direction. That is why the scale is zero centered to indicate current
direction.

Uniform ractial
magmetic field

g

The Galvanometer Sensitivity:

It is the scale deflection per unit current intensity passing through its coil

Sensitivity = o (8)
Where:
© = Angle of deflection of the pointer of the galvanometer  ( degree = division )
I = Electric current intensity passing through the galvanometer coil
( A or Milliampere or Microampere)
o - . degree - division degree
Sensitivity = Its units ( - re " )
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1. Magnetic flux density (B), so we use soft iron core and a strong magnet. Sensitivity o B
2. Area of the coil (A). Sensitivity « A €
3. Number of turns of coil (N). Sensitivity a N G
4. Can be increased using weak springs. ("
5. Can be increased by using a gate bearings for the coil axis to reduce friction against (D

rotation of the coil.
L Sensitivity a BAN ~ Sensitivity = (Constant) x BAN1

The galvanometer is connected in series in the
electric circuits to allow the circuit current to pass
through the coil so its deflection indicates the R,
circuit current intensity.

. Its sensitivity is very high so it can detect and measure very weak D.C currents.
2. The zero centered scale is useful to determine electric current direction.

. Due to high sensitivity it cannot measure high current intensity.

2. It has a coil resistance (Ry), so it introduces errors in current measurement.

3. Its magnet may lose some of its strength and springs may change its elasticity with
time and use, so it causes errors, so calibration is necessary to avoid errors of
measurements from time to other.

. It measures D.C. only.

If A.C. current passes in the galvanometer:
In case of low frequency A.C, the pointer will vibrate in both directions quickly.

In case of high frequency A.C, the pointer stops in the middle by inertia.
s So the galvanometer can't measure A.C. currents

01283589168
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Direct current (DC) ammeter:

Used to measure direct current of high intensity.

Its principle of operation depends on the magnetic torque acting on a coil carrying
current placed in a magnetic field and by connecting a small resistance (Rs: Shunt) in
llel with the galvanometer coil (Ry) to increase the range of measured current.

Rammeter ’L’L

®

I

»

1. Moving coil galvanometer connected in parallel with its coil a small resistance (Rs)
called "Shunt Resistance" or "Current divider"'.

2. Placing the parallel shunt assures that the ammeter as a whole will have a very low
resistance (Rummcter decreases)

The Shunt Resistance: (Rs)

Definition: It is a small resistance connected in parallel with the galvanometer coil to
convert it into a DC ammeter with small resistance to measure high current intensity.

Function (Use):

1. To increase the range of measured current than that of the galvanometer.

2. To decrease the ammeter equivalent resistance in order not to affect the measured current
intensity.

3. , So decrease error in measurements.

4. To protect the galvanometer from damage by passing most of the current through shunt.

01283589168
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I =1-1,

+ Ry//Rg = Visconstant -~V = Ve= Vs o IRummeter = IR, = IR,

- (9)

Where:

Rs = Shunt resistance Q)

I; = Maximum current intensity passing through the galvanometer coil (A)

R; = Galvanometer coil resistance Q)

I = Maximum current intensity passing through the ammeter after connecting
shunt (Full Scale Deflection (FSD)) (A) 1(A)

Iy = Current intensity passing through the shunt (A) 4

-1
Slope = ——F = R, (I~ I;) = LR, = V,

S

Connected in series in circuits.

Because in series connection the current is constant, so to have
the same current intensity in the circuit as in the ammeter, so
the ammeter indicates the circui

R ammnieter

t intensity.

R, X R,
R, + R,

Req = Riotal = Rammeter = Where Rammeter < Rg < Rg

It is the ratio between the current mtensntycan be mewasur'edvb’y' the galvanoh’lmetyer
before connecting shunt to the current intensity can be measured after connecting
. shunt.

WIg‘ g
Ammeter sensitivity = T~ TR
g s

As R, decreases, I (measured current)increases, ammeter sensitivity decreases

Factor affecting its sensitivity: As that of sensitivity of galvanometer + Value of shunt

01283589168
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Direct current (DC) voltmeter:

~
&

{

Used to measure potential difference across two points in an electric circuit.

Its principle of operation depends on the magnetic torque acting on a coil carrying
current placed in a magnetic field and by connecting a large resistance (R : Multiplier)
in series with the galvanometer coil (R;) to increase the range of measured voltage.

v 1t

1. Moving coil galvanometer connected in series with its coil a large resistance (Ru)
called "Multiplier Resistance'" or ""Potential divider".

The Multiplier Resistance: (Rs)

Definition: It is a high resistance connected in series with the galvanometer coil to
convert it into a DC voltmeter with high resistance to measure high potential difference

Function (Use):

1. To increase the range of measured potential difference.

2. To increase the voltmeter equivalent resistance in order not to affect the measured
potential difference.

3., So decrease error in measurements.

4. To protect the galvanometer from damage by decreasing current passing through it.

01283589168
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R, series with R, - V=V + V, Y Vm =V-YV,
IRy = V-V, , Where V; = I, R,
V-V,

mT

- (10)

g

Where:

Rm = Multiplier resistance Q)

V = Maximum potential difference on the voltmeter (Full Scale Deflection (FSD)) (V)
Vg = Maximum potential difference on the galvanometer 6%)

I; = Maximum current intensity passing through the galvanometer coil (A)

R = Galvanometer coil resistance (Q) V (Volt)

Connected in parallel in circuits.
Because in parallel connection the potential difference is
constant, so to have the measured potential difference in

the circuit equals to the potential difference across the ®
voltmeter.
V)
(N
Rvoltmeter

voltmeter

R+ R, Where Ryoitmeter > Rpy > R,

5; It 1sthe ratio between the poﬁteht”ial ’dkiffér'ence can be measured by the gyéhlvahdme’te‘l" o
before connecting multiplier to the potential difference can be measured after
- connecting multiplier.

o v, 'IgRﬂg R R,
Voltmeter sensitivity = = = —% 8 — ___"8
\ I;(Rg+ Ry)  (Rg+ Ry)

As Ry, increases,V (measured P.d)increases, voltmeter sensitivity decreases

Factor affecting its sensitivity:

As that of sensitivity of galvanometer + Value of multiplier

01283589168
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Ohmmeter:

Used to measure value of unknown resistance directly.

Measuring a resistance depends on measuring the current passing through it by an
ammeter and the voltage drop across it by a voltmeter. If the current is (I) and the

voltage drop is (V), then the resistance (R) from Ohm's law is (R = %)

If the voltage is fixed and known, we may remove the voltmeter from the circuit and
calibrate the galvanometer to give the value of the unknown resistance (Ry) directly.
Because as the resistance (Ry) is increased, the current in the circuit decreases.

1. A micro-ammeter which reads 400 pA as a full
scale deflection (FSD) (Iy). Its resistance (Ry) is
250 €2 connected in series with:

a. A fixed (standard) resistance of 3000 © (Rrf OR Ry)
To decrease the current passing through the

Galvanometer

circuit to protect the galvanometer from high
Variable Standard

resistance  resistance
6565 Q 3000 Q

current,
b. A variable resistance (Rheostat) whose maximum
value is 65650 (Ry OR Rgy)

To adjust full scale deflection current of
__ls+ Battery

galvanometer when the test terminals are NSV

connected together (short circuited, Ry = 0)

¢. A 1.5V (Vp) battery of negligible internal Rx
resistance O O
: Instrument terminals

V,
Imax = g = 2 - (11) ,When R, = 0, the current is max
Rdevice OR ohmmeter

V
I = B

= - (12)
Rdevice OR ohmmeter + RX

Rgevice OR ohmmeter = Rg + Rgtandard + Rvariable + T | = (13)

01283589168

01115170024 Eng. Ahmed Samir Megaly




Unit (1) - Chapter (2)

Ahsed Samlr Megaly
Yeus War Fon Excrivtuce

When we short circuit (S.C) the terminals of the instrument (Rx =0), the variable

resistance (Rv) is adjusted until the galvanometer indicates full scale deflection (Ig).
Where:

Vg 1.5
Rdevice OR ohmmeter = Imax 400 x 10-6 = 3750 0
» So the variable resistance should be adjusted on:
Ryariable = Rohmmeter — Rg — Rstandara —T = 3750 — 250 — 3000 — 0 = 500 O

2. Now, if the unknown resistance (Rx) is introduced into the circuit, the current

flowing will be less than Iy and will be of a value (I) can be calculated from:

1= Ve

(R + Rstandard + Rvanable l') + RX

3., 80 we can cahbrate the mstrument as follows:

If we connect ..
between terminals Reircuit or total — Current ﬂ) pas.smg in the
Rdevice OR ohmmeter + Ry circuit
(Rx) of value
Rtotal = Rdevnce 3750+ 0=
4
e 37500 B
Rtotal - 2Rdev1ce it 3750 + 3750 = 1 5 1
Rx = Raevice = 3750 Q (_ )
RX = 3Rdevice =1 1250 Rtotal - 4Rdev|ce hd 3750 + 11250 _ 1
e = 15000 Q I= 15000 100 ”A (Z IS)
RX = 7Rdevice =26250 Rtotal - 8Rdev|ce 3750 + 26250 [= 1 5 _ 50 A (1 I )
e -swwe | "“30000 M gl

3750

26250 yy \0 Scale
Q measures Rx

0 200

01283589168
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s Types of instruments:

(

-

. These instruments use pointers

¢ A combined instrument called analog multi-meter can be switched around to measure
- voltage, current and resistance.

‘

( These instruments depend on reading numerals, denoting voltage, current and

( resistance on a small LCD (liquid crystal display) without the need for a pointer. Such
( instruments are called digital multi-meters.

They depend on digital electronics (Chapter 8).

All the above instruments measure voltage or current in one direction (DC). Therefore,
they are called D.C/multi-meters. But if the current or voltage is A.C, the instrument
used is called A.C/multi-meters.

B Bed VI Bvy

e

) AERRAG

C

{,

L

C

C

C

L DT-830B rz\g?yj )

v DIGITAL IL;«»«

N MULTIMETER oo Con-

C
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Solved Examples

1. A sensitive galvanvmeter of sensitivity 2 degrees for each milli-ampere, if a current
of intensity 4 x 10 A passes in it, calculate the angle of deflection.
Solution
2 0

0
v Sensitivity = T = 1% 10-3 = ETE 5. 0= 80°

2. A sensitive galvanometer of sensitivity 2 milli ampere for each scale division, it is
graduated into 50 division, calculate the intensity of maximum current it can
measure.

Solution
. O or divisions 1 50
~ Sensitivity = T = IX10F = I o Ipax = 0.1A
max

3. Galvanometer of resistance 54 Q, gives full scale deflection for a current of 1A, it is
desired to use it to measure a current of intensity 10A what is the resistance value of
the required shunt and how it will be connected with its coil.

R;=54Q
IL.=1A Rs=2??
I=10A
Solution
IR, 1x 54

: Ry = -1, =f0—1- 6 0 connected in parallel with galv. coil

4. A sensitive galvanometer, the resistance of its coils is 50 Q, the maximum current it
can read is 1 milli ampere, it is required to change into an ammeter, calculate:
a. The resistance of the shunt needed to measure current of max. value 0.1amp.
b. The intensity of the electric current it can measure if the resistance of the shunt

becomes 0.1 ().
R;=500Q a.Rs=1???
I;=1x1073 A b.I=12??
Solution
a. 1=01A

IR 1x1073 x50
. = 88 _ - 0. . . .
- Ry -1, 0.1-1x107 0.5 Q)  connected in parallel with galv. coil

b. Rs=0.1Q

IR, 1x1073 x50
'Rs”f—_i; SR P ey =
0.11 - 0.1x1x1073 = 1x1073x 50
0.11 = 0.0501 ~ 1 =0.501A

01283589168
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5. The resistance of a galvanometer is 18 Q , it is joined to a shunt which permits Y10 of

the total current to pass in the galvanometer, calculate the resistance of the shunt.
R; =18 () Rs=2??
I=101¢
Solution
IR, 18x1; 18

R=EroL T Ter,-1, 9 2

6. 1t is required to decreases the sensitivity of an ammeter to 174 of its value by using a

shunt of resistance 3Q , calculate the resistance of the shunt need to decrease its
sensitivity to 0.1,
I=41, , Rs=30

1=101, Rs=7??
Solution
— lgRS lgRg RE
FR= 1T “ 3= q-, -3 R =8

LR, 9%l 9

“1-1, 101,-1, 9 14

o RS

7. A resistance of a galvanometer is 90 Q, it is connected to a shunt of resistance 10.3 Q
, what will be the additional resistance needed to be connected in parallel to allow Yo
of the original current to pass in the galvanometer?

R, =90 O
R1=10.30 3 [=10 Ig RSaddiﬁ()na|=???
Solution
I,R 90 x 1 90
S E == 100

-1, 101,-1, 9

= Ry // Rgadditional

1 1 1 1 1

L == +

R, Rj additional 10 10.3 ' Rgadditional

8. The coils resist of a galv is 10 © and a current of 0.02 A causcs it to deflect full scale.
1t’s desired to convert it to an ammeter reading 10A full scale. The only shunt
available has a resist of 0.03 Q. What resist must be connected in series with the coil?

" RS
o RS

1
R * Rgadditionat = 343.33 Q
s

Ry =10 Q
Ig = 0.02 A RScrics= ???
I =10 A
Rs=0.03 Q
Solution
. - lgRg total . 0.02 Rg total 0.02 Rg total . _
' RS‘”F—"T;" “0.03=—6"0.02 9.98 “ Rgtora = 14.97 0
2 Rg total = Rg + Rseries * Rgeries = Rg total — Rg = 14.97 - 10=4.97 Q
01283589168 .
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9. A sensitive galvanometer, the resistance of its coil is 504, the max. current can read
is 1 milli ampere, it is required to change it into a voltmeter, calculate:
a. The resistance of the potential multiplier to let it measure potential difference of

5 volts.
b. The max. voltage it can measure if it is connected to a potential multiplier 1000 Q
R, =500Q a. Rn=72??
I;=1x1073 A b.V=12??
Solution
a. V=5Volt
- -3
Ry = v lgvg = 5~ 11><x1100_3>< 50 = 4950 O connected in series with galv. coil
b. Rm=1000 Q
R ___V—Vg 1000=V—1><10‘3><50
m I 1x10-3
1=V-1x10"3x50 ~ V = 1.05 Volts

10. A moving coil galvanometer of resistance 40 Q, it gives full scale deflection by

passing S milli ampere current in its coil, how can it be modified for measuring:
a. Max. current of intensity 10A.

b. A potential difference of max. value 10V.

R, =400 a. R, = 222
I;=5x1073 A b. Ry =22?
Solution
a. I=10A
v Rg = 'sRe _ 5x107 x40 0.02 0 connected in llel with galv. coil
ST, To-5x103 " © parallel with galv. coi

b. V=10 Volt

_ V-V, 10-5x1073x40

“Rp I, 51073 = 1960 Q connected in series with galv. coil

11. The resistance of the coil of a sensitive galvanometer is 50Q , the maximum
potential it can measure is 0.05 volts, calculate:
a. The max. potential difference it measure if it is connected to a multiplier 5000 .
b. The max. current intensity it can measure if it is connected with a shunt of

0.013.
R;=500Q a.v=2??
Vg =0.05 Volt b T2 799
Eng. Ahmed Samir Megaly 01283589168
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Solution
\Y 0.05
= B =
s g = R, 20 0.001 A4
a. Rmn=500Q
V-V V-0.05
“R. = g . - . —
Ry = I s~ 500 = 0001 + V = 0.55 Volts
b. Rs=0.01Q
IR, 0.05
.Rf,_l_lg 4 0.01 = r—or ~ 1 =5A

12. A sensitive galvanometer cannot bear a current more than 10 milli ampere, if its
resistance is 19.1Q) , calculate the value of the resistance necessary to let it be
suitable:

a. As an ammeter which measures a current of 1 ampere.
b. As a voltmeter that measures a potential of 3 volts.

R;=19.1Q a. Ry=27?
I;=10x103 A b. R =222
Solution
a. I=1A \
ILR;, 10x107%x19.1
“Re= = Toqoxges - 0193 @
b. V=5 Volt
R V=V, 5—~10><1o--3><19.1__4809 a
Rt T 10 x 10-3 S

13. The scale of a galvanometer is graduated into 150 division, cach 10 division indicate
1 milli ampere, and each 2 division indicates 1 milli volt, when it is used to measure
the potential difference, how can we change it into:

a. An ammeter which measure current up to 6 ampere.
b. An voltmeter such that each division indicate 0.1 volts.

Solution
«+ 10 division -»-» 1mA
» 150 division -»- 7?7 mA = |,

L= 150><1_15 A
8T T 10 m
2 division —»- 1mV
~ 150 division -»- ??mV = V;

150 x 1
Vg= e == 75 MV

V, 75x1073
‘Re= 1, = BBx107- %7
01283589168 .

Eng. Ahmed Samir Megal

01115170024 "g s 9419




96 Unit (1) - Chapter (2)

Ahmed Somic Megaly
Youn War Fon Exceiienee

a. I=6A
+ Re = I“R@"—15“0_3)(5—001250 ted i llel with galv. coil
“Rs= 72 Ig— 6_15x103_ * connected in parallel with galv. coi
b. V=0.1x150 = 15 Volt

V-V, 15-15x102%x5
Ry = - — = 995 () connected in series with galv. coil
m I 15x 1073

14. A galvanometer if it is connected to a shunt of 0.1 Q it can be used for measuring a

maximum current of SA, and if it is connected to a multiplier of resistance 187 Q, it
measures a potential of 45 volts, calculate its resistance.
Ri=01Q , I=5A

Rn=187Q , V=45V Rg=???
Solution

IR IR

. = g 8 . = g 8 0 — U, -

- Rg 1, 0.1 51, 0.5-0.11; = I,R, - (1)
V-V, 45 — IR,

“ Ry = I 187 = T ~ 1871y = 45- 1R, - (2)

From (1)in (2): ~ 1871 = 45—-(0.5-0.11)

1871; = 44.5+0.11, + 186.91, = 45.5 noIg = 0.24 A

In (1): ~ 0.5-0.1x0.24 = 0.24 xR, » Rg=20

15. A galvanometer (Rg =20 Q, I; = 1 milli amp.) is connected in parallel with 5 O
resistor, then both are connected in series with 5996 Q resistor, find the maximum
potential difference that meter can measure

R,= 200
I, = 1x10° A V=222
Rs=5Q
Rn= 5996 O
Solution
"R\—RgXRS_ZOXS—L}Q Ig Rg=200
"8 T Rg+Rg 20+ 5 MV
_ Ru=5996 Q)
IR 3 " .
PRe=pEE 5= X0 X e A
-1, 1-1x10 o
-3
+ 1 =5x10" A =1, ) v .
V-V, V—4x5x107°
“Rp=——2  .5996 = s
I\ 5% 10 Rn=5996 O R,
V = 30 Volts — AN AN .
I= I,
: . 01283589168
Eng. Ahmed Samir Megal
g 949 01115170024




DD

-~

DD

o, o
"
4

Ve

e

-~

!

— },—« o

L

Unit (1) - Chapter (2) Q7

Ahmed Samir M
Youn Way Fan Exceizance

16. A current 2A passes in a resistance 5 Q , a voltmeter of resistance 2000 € is used to
measure the p.d across this resistance, find the error in its reading.

“ Vealcuated = IR=2x5= 10Volt
2A I I
. 5x 2000 50
3 vreadlng =1 Req =2 X m = 9,975 Volt " MW
o Error = Viicuated — Vreadi ] —
caicuate: readaing m 2000 Q
=10-9.975= 0.025Volt \__/

17. An ammeter and a coil are connected in series to a current source A voltmeter is
connected in parallel to the coil. The readings of the voltmeter and ideal ammeter
are 200V and 0.5A respectively. Find the resist of the coil when:

a. The resistance of the voltmeter is infinitely great
b. The resistance of the voltmeter is 20000,

Solution
V 200
a +“R=—=—= 400 Q 0.5A R
[ 05 (A, MW
V 200 ./
b. - Req = —l' = B"g' = 400 () 200 v
* Req = R / /20000 @
1 1 1 1 1 1
— = : ~ R =500 Q 2000 2

"Ry R 72000 %00 R 2000

18. An clectrical circuit has affixed resistor 6Q a voltmeter of resistor 30Q is connected
with the two terminals of this resistor and an electric current of 0.2A is passed
through the circuit , then the Voltmeter gives a full scale deflection , what is the
reading of the voltmeter ? if a resistor of 144Q was connected in series with the
voltmeter in this circuit , keeping the current of the circuit constant what is the
maximum potential difference could be measured by the voltmeter in this case .

Solution

Case (1): 0.2A 6
6 x 30 > m > MM
* Vieading = [Req = 0.2 X 5130 Y
= 1 Volt @
In this case the reading = V; olg= Ve = 1 A 30Q
R, 30
01283589168 .
. Ahmed Samir Me
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Case (2): 0.2 A
. 6 X (30+144) ; 6
. Vreading=lReq=O'2x6+(30+144) | (A) > MM
= 1.16 Volt l-
. . . ~A N
In this case the reading < max reading of voltmeter 144 O
30Q
V-V, V-1
D Rm - Ig ~ 144 = m V = 5.8 Volts

19. An ammeter of resistance 30Q gives full scale deflection if a current of 0.01A passes
in it, if it is required to modified it into an ohmmeter, what is the value of standard
resistance should be used given that the e.m.f of the cell if 1.5 volts, what is the
value of the resistance which when measured by this meter makes its pointer
deflect to the graduation of 0.005A?

Re=300 Rs =227
I,=0.01A Ry = 222
Ve=1.5Volt
I1=0.005 A
Solution
Ve 1.5
Ig= R s 0.01 = - Ryevice = 150 Q
device device
* Rgevice = Rg + Ry “ R¢g= 150-30 =120 Q
= Ve . 15 .
SR V———w #0.005= g2~ Rievice + Ry =3000

Ry = 300 — 150 = 150

20. A galvanometer of resistance 11.8 Q gives full scale deflection when passing a
current of 0.02A, it is required to use it as an ohmmeter what is the value of the
standard resistance to be connected to the internal coil given that the e.m.f of the
cell is 2.4V and its internal resistance is 0.2 Q, what is the value of the resistance
which makes the pointer deflects to /4 of the graduation?

R,=11.80 Rs=?2?
I,=0.02 A Rx =222
Vg=2.4Volt , r=020
1
I= Z Ig
. 01283589168
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Solution
il = . 0.02 = =2 R = 120 Q
8 Rdevice . Rdevlce device
“ Rgevice = Rg+Rg +T v Rg= 120—11.8—0.2 =108 Q
= Vg '1x002— 2.4
Rdevice + RX 4 . Rdevice + RX
“ Ryevice + Rx =480 0 ~» Ry = 400-120 =360 Q

21. A galvanometer of resistance 5002 , gives full scale deflection when passing a
current of 0.02A, it is required to modify it into an ohmmeter by connecting it to a
cell of e.m . 1.5v, calculate:

a. The standard resistance.

b. The resistance which makes the pointer reflects to '/s of the graduation.
¢. The external which makes the pointer reflects to '/2 of the graduation.
d. The external which makes the pointer reflects to /4 of the graduation.
e, The external which makes the pointer reflects to full scale deflection.

Ry;=50 0 Rs=?7?
I,=0.02 A Rx = 22?7
Vi =1.5 Volt
Solution
I Vs 0.02 = > R 75 Q
a. = & 0. = —_
g Rdevlce Rdevlce device
o Rdevlce = Rg + Rs " RS = 75—-50 =25
1
b I = -‘i: lg
il — 2002 12
. Rdevice + Rx 4 ' Rdevlce + RX
 Ryevice + Rx =3000Q « Ry= 300-75 =225 Q
1
c. 1= -2- lg
g ooz —2°
Rdevlce + Rx 2 ' Rdevlce + Rx
Rdevlce + Rx = 1500 o Rx = 150—-75 =75 Q
3
d v 1=l
= Vi '3><002— 1.5
. Rdevice + RX 4 . Rdevlce + Rx
 Ryevice + Rx =100 0Q +# Ry= 100-75 =25 Q

e. ~ Rx= Zero
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What is meant by each of the following?

. Magnetic flux lines cutting an area = 10 Webers

The total number of magnetic flux lines cutting normally this area = 10 wb.

. Magnetic permeability of medium (p)

It is the ability of medium to allow magnetic flux propagate through it.

. Magnetic flux density at a point = 0.3 Wb/m?

0.3Wb is the total number of magnetic flux lines passing normally through unit area
surrounding this point.

. Magnetic flux density = 0.3 N/A.m

0.3N is the force acting on a straight wire of length 1 meter carrying current of 1 ampere
when placed normal to this magnetic field.

. Magnetic flux density = 0.3 Tesla

0.3 Wb is the total number of magnetic flux lines passing normally through unit area
surrounding this point.

OR: 0.3 N is the force acting on a straight wire of length 1 meter carrying current of one
ampere and placed normal to this magnetic field.

Magnetic dipole moment = 0.7 N.m/T

This meant that the torque acting on a coil carrying current when it is placed parallel to a
uniform magnetic field of density 1 Tesla equals 0.7 N.m

. Sensitivity of galvanometer = 60 degree /nA

The galvanometer pointer deflects 60 degrees when a current of intensity 1 pA passes
through it.

. Sensitivity of galvanometer = 5 division /nA

The galvanometer pointer deflects 5 divisions when a current of intensity 1 pA passes through it
Sensitivity of galvanometer =60 pA /division

The pointer of the galvanometer deflects by 1 division when a current of intensity 60 pA

passes through it.

10. Sensitivity of ammeter = 0.1

The ratio between the current intensity can be measured by the galvanometer before
connecting shunt to the current intensity can be measured after connecting shunt = 0.1

11. Sensitivity of voltmeter = 0.04

12.

13.

14.

The ratio between the potential difference can be measured by the galvanometer before
connecting multiplier to the potential difference can be measured after connecting
multiplier = 0.04

Multi-meters

Instruments can be used for measuring electric current intensity, voltage and resistance

DC multi-meters

They are instruments measure direct voltage or direct current.

AC multi-meters

They are instruments measure alternating voltage or alternating current.

01283589168
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B totalout

Give reasons for each of the following:

1. Attraction of two parallel conductors carrying currents in the same direction.
wire (1)

wire (1)

B B

OO A

atany point =
in this region

B, + B,

Blohl out >

—>

B, B,

®©

B totalin
atany point =
in this region

Blarge - Bsmall

Blom in

Attraction

wire (2)

€

< Blolal out

OR

B, B

"R

B totalout
atany point =

in this reglon

B; + B,

il

Al
B2(s)

a

F
>

wire (2)

A"
@B

F,

F.L.LH.R
ttraction

d

Li14B;

n

L, "
T 2n Lil, d

Fz = LzlzBl
L,

F2= d

Zn

2. The repulsion of two parallel conductors carrying currents in opposite direction.

wire (1)

B B

OK :

B total out
atany point =

in this region

Blarge =~ Bsman

Botat ont <

D ——

wire (2)

B B

®®

B totalin

OR

By B

®©

B total out

atany point = atany point =
In this reglon in thisreglon
B, + B, Blarge = Bsmal
F
Btotal in > Blolal out
Fy
Repulsion —_—

wire (1) wire (2)
1 I
N \
B,(X) @B
—- —>
Fi F.LHR | )
repulsion
< d
Li14B; F, = LyI;B,
L _m L
2 LI, d F, = pye L1, 1

3. The formation of a neutral point between two parallel wires carrying currents in the same
assume Iy < Iy

direction

Because in between them B is opposite to B;

And when B; = B;

And at this point is a neutral point

L
N Z‘ltd1

L)
z‘ﬂfdz ' ) X

Br=0

U l1

And it is closer to the smaller current

wire (1) wire (2)
I By B \12
N
B, B ® @ By B:
1 ®® K &
= 3 j X X d-x
d

01283589168
01115170024

Eng. Ahmed Samir Megaly




102 Unit (1) - Chapter (2)

Almed Samly Megaly
Yous Way Fon Exctartuse

4. Two parallel wires are carrying currents at small distance apart but no neutral point is

found. assume I) <1, I

ire (1 e (2

When the currents are equal in magnitude and opposite vire (1) vire (2) €

in direction o

At neutral point: ~ Br=0 ~ Bi1=B; I Bi B I, 3

N QR W/

nI LR 1y I B B B, B, ()

“2md; C 2md, ' X d+ X O ®© || -
When L= & X never equal (d+x) O<— d g

. In this case NO neutral point exists d+x

5. It is advisable to live away from high voltage towers
To avoid the harmful effect of the magnetic field of the electric current in the wires as the

magnetic flux density decreases as the distance between the point and the center of the wire

: 1 _nl
increases (B a d), where B = ol
6. Although a conductor carrying current is placed in magnetic field it does not move.

Because the wire is placed parallel to the magnetic field ('

,So O=zero sin 6 =zero ,So F=LIBSin(0) = zero €
Where O : isthe angle between Magnetic Field & Wire (Current)

7. If an electric current passes in both a circular coil and straight wire located inside the coil
with its axis along the axis of the coil, the straight wire will not be affected by any magnetic
force. ‘
Because at the center of the circular coil the magnetic field of it will be parallel to the
straight wire carrying current,So 6 =0 , sin0=0 and Fg wire =L I B Sin(0) = zero

8. If an electric current flows through both a solenoid and a straight wire coinciding with the
axis of the coil, there is no magnetic force acting on the wire.

Because the magnetic field of the solenoid form closed paths parallel to the axis inside the
solenoid, so the wire parallel to the solenoid’s magnetic field, So 6=0 , sin6=0 and
Fs¢, wire = L I B Sin(0) = zero

9. A circular coil or solenoid carrying currents, but magnetic field may not be produced.
Because the coil is double wounded where the current in one branch in opposite direction to
the current in second branch, so the magnetic flux cancels each other.

10. Placing an iron core inside a solenoid carrying current increases magnetic flux density.
Because iron has high permeability, so it concentrates magnetic flux lines, so increase i
magnetic flux density.

11. Although a rectangular coil carrying current is placed in magnetic field, it doesn’t move.
Because the coil’s plane is placed normal to the magnetic field, so

=0 sin@=0 ,So 7=BIAN Sin(0) = zero k
Where O is the angle between the normal to coil’s plane and magnetic field. \/
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12. The torque acting on a coil carrying currents and placed parallel in magnetic field is
maximum.
Because when the coil's plane parallel to the magnetic field, so
0=90 sin@=1 ,So 7=BIANSIn(90)= BIAN = Tmx
Where O is the angle between the normal to coil’s plane and magnetic field.
13. During the rotation of the coil carrying current between two poles of a magnet the coil
may not stop at the normal position and continue rotation
Due to inertia
14. The existence of a soft iron cylinder and the two concave poles in all direct measuring
instruments
Soft iron: Because iron has high permeability, so it concentrates magnetic flux lines, so
increase magnetic flux density.
Concave poles:
To create a uniform radial constant magnetic field always parallel to the plane of the coil
regardless the angle of rotation of the coil, so the torque is always of maximum value
(tmax = B I A N) and depends only on the value of current intensity regardless of the angle of
rotation of the coil.
This ensures that the pointer deflection will be directly proportional only to the current in
the coil.
15. The existence of the pair of spiral springs in the galvanometer.
a. Serve to in & out current to the coil.
b. Create a mechanical torque that balances the magnetic torque.
¢. Return back the coil and pointer to zero position when electric current is cut off.
16. Presence of the jeweled bearings in the galvanometer.
To minimize the friction with the axis of the coil during the rotation, so the sensitivity of
the galvanometer increases.
17. Galvanometer scale has equal divisions.
Because the rotational angel () is directly proportional only to the current intensity (I), 0 a I
18. The moving coil galvanometer cannot be used in measuring high currents.
Because:
a. The wire of the coil may melt due to the large heat energy resulting (heat energy a I?)
b. The two springs of the galvanometer may lose their elasticity.
19. The moving coil galvanometer isn’t suitable to measure A.C intensity .
Because if the frequency is low, the pointer vibrates in two opposite directions and if the
frequency is high, the pointer stops due to inertia.
20. It is necessary to calibrate the moving coil galvanometer from time to time.
Because its magnet may lose some of its strength and springs may change its elasticity with
time and use, so it causes errors.
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21.

22,

23.

24,

25.

26.

27.

28.

The galvanometer should be connected with small shunt resistance to obtain ammeter.

a. To increase the range of measured current intensity.

b. To decrease the ammeter equivalent resistance in order not to affect the measured
current intensity in the main circuit after connecting the ammeter in series in the
circuit, so decrease error in measurements.

c. To protect the galvanometer from damage by passing most of the current through
shunt.

The ammeter is a device connected in series in circuit.

Because in series connection the current is constant, so to have the same current intensity

in the circuit as in the ammeter, so the ammeter indicates the circuit current intensity.

The voltmeter is a device connected in parallel in circuit.

Because in parallel connection the potential difference is constant, so to have the measured

potential difference in the circuit equals to the potential difference across the voltmeter.

In the voltmeter a high multiplier resistance is connected in series with the moving coil

galvanometer.

a. To increase the range of measured potential difference.

d. To increase the voltmeter equivalent resistance in order not to affect the measured
potential difference in the main circuit after connecting the voltmeter in parallel in the
circuit, so decrease error in measurements.

b. To protect the galvanometer from damage by decreasing current passing through it.

Ohmmeter scale is not uniform.

Vs

Rdevice OR ochmmeter T RX

I ’ Rdevice OR chmmeter =~ Rg + Rstandard + Rva_riable +r
Because the current intensity (I) is inversely proportional to the total resistance of the
circuit, not with the unknown resistance only.

Using rheostat in the ohmmeter

To adjust full scale deflection current of galvanometer when the test terminals are
connected together (short circuited, Ry = 0)

Using of the fixed resistance in the ohmmeter

To decrease the current passing through the circuit to protect the galvanometer from
damage because of high currents.

Using battery of fixed E.ML.F in the ohmmeter

Rdevice OR ohmmeter + RX RTotal

1
When Vg is constant -~ I a R So the ohmmeter measures the external resistance directly

Total
29. The scale of the ohmmeter is opposite to that of the ammeter.
Vg Vg 1
I= = Because at constant V.  ~ I«
Rdevice OR ohmmeter+ Rx Rotal B Rrotal

. 01283589168
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Write down the mathematical formula which represented by this

graphs and what does the slope mean:

Graph

Mathematical formula

Slope means

q)J..
(weber)
. 2 _ P _
B = A Slope = rel B
A (m?)
B(1)
_ kl _ B _gg=H1
B__Z-ta- Slope—-l/d—Bd—ZRl
Ya ()
B (1)
_ BNI - B _gr=t
1 B..-i-? Slope-1r-Br-le
/e (m)
; >
B(m)
B= -l-“——l Slo e-—-—?-—-~BL-— NI
s (m) ' Ls P 1/Ls o
B(MA
_nl ~B__n
B = 2nd Slope = 1~ 2nd
Ist. wire (A)
>
F(}‘l\)
. F
F = LIBSin(0) Slope = < = L B Sin(6)
>
I (a)
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 F=LIBSIN® | Slope=

Frmax (N

F = LIBSin(®)

Fax = LIB

Tt = BIANSin(0)

V(voltmeter reading) (Volit)

4
.

- BIANSIn(®)

"'ﬂyt;ﬂl"ﬂ" .

ax

mer LB

Slope =

""LIB ‘

Slo e;,—' ' “ :
. (e)

T
Slope = B= IANSin(0)

V=1, R, +Rp)

e ;
Sensitlmty = —I— ;

Slope = —= R, +R,,

e | <

= L1Sin(®).

’ S (e)""BIAN

. 510pe=Zero .
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