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CHAPTER 29:

ELECTROMAGNETIC INDUCTION
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Electromagnetic induction:
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b =B.A=B*Axcoso

Where:
dp: magnetic flux.
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A: the area.

¢: the angle between (B and A) .

(weber) :omuhaliaal @3yl sas g**

¢=9 ¢=‘i0:
bp=B.4 bz =B.4
$p = B * A * cos0’ dp = B * A * cos¢p dp = B * A * c0s90°
bp=B+*A ¢p =0
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b =B * A *cos¢p
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< Faraday’s Law:
B8 and Ay 5gS Axdla B B (he iy aad Ll 138 5 Uis LS any ondalinall G801 8 al) da call) A al gl Ll of
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.(Electromagnetic induction)
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__4d¢s
dt
Where:
E:The induced emf in a closed loop (Aiall 4l 5l dxdlall 5 5dll),

ddp

T the time rate of change of magnetic flux through the loop

b el Al o die LAY i dodlad) B Lay ke

Where:
I: induced current (sl ),
R: resistance(4esiidll),

Example (1): The magnetic field between the poles of the electromagnet is uniform at any
time, but its magnitude is increasing at the rate of 0.020 T/s. The area of the conducting loop in
the field is 120 cm?, and the total circuit resistance, including the meter, is (5.0 Q). Find the
induced emf and the induced current in the circuit.

Solution:

25 -0020T/s A=120cm? R=50Q ¢ =0

g:_%:_w:_/l

* Z—f * COS(¢p) =120+ 107* % 0.020 = 0.24 mV
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+¢ Direction of induced emf:
. (+1§, +]A', +2)t.—t.>yd‘ slaiVL 5% o Jemdy s el e (g2 5alall 58 5 dalisall ania aaa(]
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;b e (€) (induced emf) 4xdlall 5 58ll 5 (1) (induced current) S il 3 L3 aass (3
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ddp
= —-N—
¢ dt

Example (2): A 500-loop circular wire coil with radius 4.00 cm is placed between the poles of a
large electromagnet. The magnetic field is uniform and makes an angle of 60° with the plane of
the coil; it decreases at 0.200 T/s. What are the magnitude and direction of the induced emf?

Solution: N=500turns A=mx1% = m*x(4%1072)2 = 16w * 10™*m

4B _ 0.2 (d
i .2 (decreases)

¢ = 30° (The angle between B AND A ,not the angle between B and the plane of the loop)

dB
—Nx Ax——x COS($) = =500 * 16m + 10~ x (~0.2 )€ = + 0.435V

the direction of (I 5 £) would be clockwise.
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+* Motion Induced Electromotive Force:

sle A gl lindl) 8 A a5 LAl (V) Al de jun caaan 5 (B) aliiie philine Jlae & (L) 4 sh aiis Jonse ot
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a
T
**€ =LVB B
[Fp = quB
Where:

E: the motional emf D =

For any closed conducting loop, the total emf:
8=LVBj€(V X B). dl

*k[ —

Where:
I: induced current

2y2R2
% 12 _ L°V“°B
pdissipated =["*R = R

Where:
Paissipatea: POWer dissipated.

**Magnetic force:
F =1(L X B) = ILBsin®

Where:
@: the angle between L and B.

F—ILB—LZBZV
B "R

12V2B?
Papplied = F+V= R

Example (3): Suppose the moving rod is (0.10 m) long, the velocity v is (2.5 m/s), the total

resistance of the loop is (0.030 Q), and B is 0.60 T. Find the motional emf, the induced current,
and the force acting on the rod.

Solution: L=0.10m  V=2.5m/s R=0.030Q B=0.60T

E=L*xV*B=01%25%0.6= 0.15v
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F=ILB=5%0.1% 0.6=03N
fgs) Jaal) Glual

dop
=—_f_c¢
dt

Bl s ol Jhall (5 sl (§ dl) Adasd

Example (4): Suppose the long solenoid in Fig. 29.18a has 500 turns per meter and cross-sectional area
4.0 cm?. The current in its windings is increasing at 100 A/s. (a) Find the magnitude of the induced emf
in the wire loop outside the solenoid. (b) Find the magnitude of the induced electric field within the loop
if its radius is 2.0 cm.

di

Solution: n =500 A=4.0 cm? —; = 100 (A/s)
a)

_ _dop __ d(BxA)__ dI B of solenoid: B = Inp.
€= @ T arArnrme

E= —100%* (4* 10%) *500 * (4w * 1077) = —25uv
b)

%E.dl =&
Ex«2nr=¢&

_ —25%107°
T 212 % 102

G dl: (2mr) 550 bma s sl

=2 107*(V/m)

s LenZ’s Law:
A O S8 Galy
A sl el 580 3 el gl s sl Jlae 4o iy Gy oSy i) 3 Jiadl Ll ol

Jlae gty Cumy Jin s Lay adls 330 () 58 Cannd usdalinall Jlanall 804 5 UDA (g omslalinall (800 ) 3 1%
A 3L i esdaliaall (38330 3 e Casneall asnliaall Jlaall olady (uSlae 4alad) s aslaline

e iy Gy Jia s Lasy s 31 () 508 s el Jlaall Gal) JA (e oalizall 380300 J8 13)*
g sl ol asalalinall 333l 3 il Cusesall peslaliaall Jlaal olaily anladl s asidaline
Example (5): In Figure there is a uniform magnetic field B through the coil. The magnitude of
the field is increasing, so there is an induced emf. Use Lenz’s law to determine the direction of
the resulting induced current.
}('Iu::n_-_-r in B \‘L Change in B
'”. t | :j]li‘{\.‘llt]l]!]
§ lﬂ]..-ll_‘.'rll'l.\\._‘-l. Solution > - ‘ =
c \‘ +”"“-h_“.‘".7.’.-._:‘3’,/”‘)‘
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b o @y (angular speed) cuuad lia allay JIgudl B Saa o

¢ =wt
Where:
W:the angular speed.

ddp N d(B+A=COS(P)) _ _N d(B*AxCOS(wt))

=-N
J dt dt dt

E=Nx*Bx*xAxw *sin (wt) |

:(max) o585 Waie (angular speed) sl J)gulls @llsy (Saa o
At max:sin(wt) = 1

E=NxB*xAx*xw

o e lution., . d, . .. . .
J ledsaty cuils (M) pas sll elidany (Sas (%) 0SS Ol @ (angular speed) saa g e agiil o

rad

1rev =2mrad
:(angular speed) <lis calla s (rod) Jsb Jlsally Sldac) 13 o

B *w * L2
=—

Ex: A conducting rod (length = 80 cm) rotates at a constant angular rate of 15 revolutions per
second about a pivot at one end. A uniform field (B = 60 mT) is directed perpendicularly to the

plane of rotation. What is the magnitude of the emf induced between the ends of the rod?
revolution)

Solution: L =80 cm B=60mT w=15 ( .

rad

w=15*2m =30n (T)
E=05*B*w=xL?=05%60x10"3*30m * (80 x 107%)?
| e=181v |
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EXx:The conducting rod ab as shown makes contact with metal rails ca and db. The apparatusisin a
uniform magnetic field of 0.800 T, perpendicular to the plane of the figure.

(a) Find the magnitude of the emf induced in the rod when it is moving toward the right with a speed
7.50 m/s and what direction does the current flow in the rod.

(b) If the resistance of the circuit abdc is 1.50Q (assumed to be constant), find the force (magnitude and
direction) required to keep the rod moving to the right with a constant speed of 7.50 m/s. You can
ignore friction.

x X X
- a

Solution: d 5 . —>U(.\ i07()rxm
E=LVB =7.50%0.800=*05=3v X & % aeboyg

5
Bis into the page. The flux increases as the bar moves to the right, so the magnetic field of the induced
current is out of the page inside the circuit. To produce magnetic field in this direction the induced
current must be counterclockwise, so from b to a in the rod.

Ex: if the magnetic flux is g = 5t3 — 15t and the resistance R = 5 . find I, in this internal
t=0-2:

d
_ Y —15t% + 30t
dt
_ —15t* + 30t

5

= -3t?+6t

&
7=

hally (5 gbu s sl QA Ll (5 ealll dall alls JIgudl 4
-6t+6=0
t=1s
[ =-3t* +6t
I(1)=-3(1)?+6*1=3
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Ci) g8l a.hi
Magnetic flux:
bp =B.A=B*A=xcosp

Faraday’s Law:

dds
T
E

==
R

Motion Induced Electromotive Force:
E=LVB
Magnetic force:

F =1(L x B) = ILBsin®

F—ILB—LZBZV
B R

[?2V2B?
Papplied = F+V= R

dds
TR

angular speed:
o =wt
E=Nx*Bx*Ax*w*sin (wt)

At max:sin(wt) = 1
E=Nx*xBxAxw

Irev =2mrad

:(angular speed) <lis b (rod) Jsb J) el dac 13) o

_B*W*L2

2
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Problems

Book & more




{Done by: Omar Mohammad}

Q1) A single loop of wire with an area of 0.09 m? is in a uniform magnetic field that has an initial value
of 3.80T, is perpendicular to the plane of the loop, and is decreasing at a constant rate of 0.190 T/s. If
the loop has a resistance of 0.6Q, find the current induced in the loop.

d dB
E= —ﬁ =——x*xAx cos(l) = —(-0.19) ¥ 0.09 = 0.0171v

dt
| = 00171 _ 0.0285 4
06

Q2) A coil 4.00 cm in radius, containing 500 turns, is placed in a uniform magnetic field that varies with
time according to B = (0.0120) t + 13.00 * 10‘5) t*. The coil is connected to a 600Q resistor, and its
plane is perpendicular to the magnetic field. You can ignore the resistance of the coil. What is the
current in the resistor at timet=5s?

N=500 A=m+0.04> ¢ =0 R=600

dB
= —NA* i 0.0302 +3.02 * 107% % 3

600
=113 * 107*4

Q3) The armature of a small generator consists of a flat, square coil with 120 turns and sides with a
length of 1.60 cm. The coil rotates in a magnetic field of 0.0750 T. What is the angular speed of the coil if
the maximum emf produced is 24.0 mV?

At max:sin(wt) = 1
E=Nx+*B*xAxw

w =104

Q4) A rectangular loop of wire with dimensions 1.50 cm by 8.00 cm and resistance R = 0.600 Q is being
pulled to the right out of a region of uniform magnetic field. The magnetic field has magnitude B=2.40T
and is directed into the plane. At the instant when the speed of the loop is 3.00 m/s and it is still
partially in the field region, what force (magnitude and direction) does the magnetic field exert on the
loop?

) L?B%V 0.015% % 2.42 %3
F = ILB * sin® = R * sin@ = sin90°

0.6
F = 6.48mN

(ol g Ji9) Aanayg ¢((olag) Sil) Aanay 14 J 35 (lSa JS (B & i
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Q5) A conducting rod of length L = 30.0 cm moves in a magnetic field B of magnitude 0.450 T directed
into the plane of the figure. The rod moves with speed v = 5.00 m/s in the direction shown. When the
charges in the rod are in equilibrium, what are the magnitude and direction of the electric field within
the rod.

B /M _
E=LVB=03%045%5=0.675v L
vV 0675
E=—=—22=225 <1/ v

L 0.3

Q6) Consider the circuit shown in Figure, but with the bar moving to the right with speed v. the bar has
length 0.360 m, R=45.0 Q, and B = 0.650 T. At an instant when the 45.0Q resistor is dissipating electrical
energy at a rate of 0.840 J/s, what is the speed of the bar?

P =1?R > 0.840 = I? x 45 ” %
R

I =0.13664

,_BVL IR m
S

o oV = =263

Q7)The current I in a long, straight wire is constant and is directed toward the right. Conducting loops
(A, B, C, and D) are moving, in the directions shown, near the wire. For each loop, is the direction of the
induced current clockwise or counterclockwise, or is the induced current zero?

il o slie oy I il 3 asslaliaal) 38501 J8y o gus U] Ll e 2y 1(A) il
Olall ladly el Jlae Al gy Jin L5 i Andeall 78 4aladl Jea¥) plalisnal) Jlaall
Aelud) o lie e il Ll sladl 13 Asieall ¢ s el pesdalinall

B: the flux through the loop is decreasing with the magnetic field into the page, so the
induced current is clockwise.

C: the flux through the loop is constant, so there is no induced current.

D: the flux through the loop is increasing with the magnetic field into the page, so the induced current is counterclockwise.

Q8) While the straight wire is fixed, the loop is moving in the same plane of the wire, as displayed the

case(s) in which a current will be induced in the loop is (are): lé l{ ’

Case3

case2 and case 3

Case |

Q9)As shown, a circular conducting loop (with 4 turns and of resistance R=8.8Q) is placed in a uniform

magnetic field directed normal to the plane of the loop, of magnetic B- = 1.4 T. The radius of the loop
varies with time according to the formula r(t) = a + bt. The magnitude of the current (in mA) induced
in the loop at t = 11s is :(take a= 0.14 m, and b = 0.02ms™1)

Answer: 28.8




{Done by: Omar Mohammad}

Haa dagae ()l
1-A circular loop of wire (radius = 6.0 cm, resistance = 40 m£) is placed in a uniform magnetic field
that makes an angle of 30° with the plane of the loop. The magnitude of the field changes with time
according to B = 30 sin (20t) mT, where t is measured in s. Determine the magnitude of the current
induced in the loop att = w/20 s.

a. zero b.0.17 A c.8.5mA d. 6.8 mA e. 0.34 mA

2-A 40-turn circular coil (radius = 4.0 cm, total resistance = 0.20 £2) is placed in a uniform
magnetic field directed perpendicular to the plane of the coil. The magnitude of the
magnetic field varies with time as given by B = 50 sin(10 rt) mT where t is measured in s.
What is the magnitude of the induced current in the coil at 0.10 s?

a. 50 mA b.0.80 A c.0.32 A d. zero e.16 A

3-A loop of wire (resistance = 2.0 m{2) is positioned as shown with respect to a long wire which carries a
current. Ifd =1.0 cm, D = 6.0 cm, and L = 1.5 m, what current is induced in the loop at an instant when
the current in the wire is increasing at a rate of 100 A/s?

>

a. 34 mA b. 30 mA c. 27 mA d. 38 mA e. 0.50 mA T

4- A single loop of wire with an area of 0.0900 m? is in a uniform magnetic field that has an initial value
of 3.80 T, is perpendicular to the plane of the loop, and is decreasing at a constant rate of 0.190 T /s.What
emf is induced in this loop?

ANSWEr: ..oovviereeeecrneen,

5-A flat, circular, steel loop of radius 75 cm is at rest in a uniform magnetic field, as shown in an edge-on

view in figure. The field is changing with time, according to B(t) = (1.4T)e~©957s™ )¢ Find the emf
induced in the loop as a function of time.

ANSWEr: ..oovveereveecvreen,

6-A coil is wrapped with 300 turns of wire on the perimeter of a square frame (side length = 20 cm). Each
turn has the same area as the frame, and the total resistance of the coil is 1.5 £. A uniform magnetic field
perpendicular to the plane of the coil, changes in magnitude at a constant rate from 0.50 T t0 0.90 T in 2.0
s. What is the magnitude of the induced emf in the coil while the field is changing?

a.24v b.1.6V c.32V d.40V e. 84V

[ Claal) waas g cu ol g il JLEAYL Il GLEIS) ¢ 68 Lad)
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7-A 5-turn square loop (10 cm along a side, resistance = 4.0 2) is placed in a magnetic field that makes an
angle of 30° with the plane of the loop. The magnitude of this field varies with time according to B =
0.50t2, where t is measured in s and B in T. What is the induced current in the coil att = 4.0 s?

a. 25 mA b.5.0 mA c. 13 mA d. 43 mA e. 50 mA

8-A 50-turn circular coil (radius = 15 cm) with a total resistance of 4.0 2 is placed in a uniform magnetic
field directed perpendicularly to the plane of the coil. The magnitude of this field varies with time
according to B = A sin (at), where A =80 4T and a = 50x rad/s. What is the magnitude of the current
induced in the coil at t = 20 ms?

a. 22 mA b. 18 mA c. 14 mA d. 11 mA

9-A circular loop of wire is in a region of spatially uniform magnetic field, as shown, the magnetic field is
directed into the plane of the figure. Determine the direction (clockwise or counterclockwise) of the
induced current in the loop when B is increasing?

; B «
ANSWEr: oevvrieieiieiceenes QP

<5

& de
f’ /

\

10-A circular loop of wire with radius r = 0.0480 m and resistance R = 0.160 2 is in a region of spatially
uniform magnetic field, as shown in figure. The magnetic field is directed out of the plane of the figure.
The magnetic field has an initial value of 8.00 T and is decreasing at a rate of dB/dt =-0.680 T/s. Is the
induced current in the loop clockwise or counterclockwise? e

7

ANSWEr: ..o

11-A long solenoid (n = 1500 turns/m) has a cross-sectional area of 0.40 m2 and a current given by | =
(4.0 + 3.0t2) A, where t is in seconds. A flat circular coil (N = 300 turns) with a cross sectional area of
0.15 m? is inside and coaxial with the solenoid. What is the magnitude of the emf induced in the coil at t
=20¢?

a.27v b.1.0V c.6.8V d.0.68V e. 14V
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12-A rectangular loop (area = 0.20 m2) is placed in a region where the magnetic field is uniform and
perpendicular to the plane of the loop. The magnitude of the magnetic field varies according to B =
B.et/t,where B- = 0.40 T andt = 4.0 s. What is the magnitude of the emf induced in the loop at t =
2.0s?

a.29 mv b. 130 mV c.37TmV d. 25 mV e. 33 mV

13-A conducting rectangular loop of mass M, resistance R, and dimensions a X b is allowed to fall from
rest through a uniform magnetic field which is perpendicular to the plane of the loop. The loop accelerates
until it reaches a terminal speed (before the upper end enters the magnetic field). Ifa=2.0m,B=6.0T,
R = 401, and M =0.60 kg, what is the terminal speed?

a

a.1.6mls b. 20 m/s c.2.2m/s d. 26 m/s e. 5.3 m/s

14-A long, thin solenoid has 900 turns per meter and radius 2.50 cm. The current in the solenoid is
increasing at a uniform rate of 36.0 A/s. What is the magnitude of the induced electric field at a point near
the center of the solenoid and 0.500 cm from the axis of the solenoid?

ANSWETr: e

15-A long, thin solenoid has 400 turns per meter and radius 1.10 cm. The current in the solenoid is
increasing at a uniform rate di/dt. The induced electric field at a point near the center of the solenoid and
3.50 cm from its axis is 8.00 = 10~ VV/m. Calculate di/dt.

ANSWEr: ..oovveereeeecrreenn,

16-A rod (length = 10 cm) moves on two horizontal frictionless conducting rails, as shown. The magnetic
field in the region is directed perpendicularly to the plane of the rails and is uniform and constant. If a
constant force of 0.60 N moves the bar at a constant velocity of 2.0 m/s, what is the current through the
12— load resistor?

a.032 A b.0.34 A c.0.37 A d.0.39 A e. 043 A ém
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17-A conducting rod (length = 2.0 m) spins at a constant rate of 2.0 revolutions per second about an axis
that is perpendicular to the rod and through its center. A uniform magnetic field (magnitude = 8.0 mT) is
directed perpendicularly to the plane of rotation. What is the magnitude of the potential difference
between the center of the rod and either of its ends?

a. 16 mv b. 50 mV c.8.0mv d.0.10 mV e. 100 mVv

18-A conducting bar of length L rotates with a constant angular speed of +2.0 rad/s about a pivot P at one
end, as shown. A uniform magnetic field (magnitude = 0.20 T) is directed into the paper. If L = 0.40 m,
what is the potential difference, VA — VB?

a.-16 mv b. 24 mV c. +16 mV d. +24 mV e. +32 mV

19-At what frequency should a 200-turn, flat coil of cross-sectional area of 300 cm2 be rotated in a
uniform 30-mT magnetic field to have a maximum value of the induced emf equal to
8.0 v?

a.7.5Hz b. 16 Hz c.8.0Hz d.8.4Hz e. 7.1 Hz

20-A current may be induced in a coil by

a. moving one end of a bar magnet through the coil.

b. moving the coil toward one end of the bar magnet.

c. holding the coil near a second coil while the electric current in the second colil is
increasing.

d. all the above.

e. none of the above

b.0.17 A . | b.10V

e.16A . 1e33mVv

c. 27T mA . |a.1l.6mfs

le] = 0.0171V . |E=1.02 x 107* V/m
|l€inal = (0.122 V7 )e=(0:057s7H¢ . | di/dt =9.21A/s

b.16V . |a.032A
a. 25 mA . b. 50 mV
d. 11 mA . | d.+24 mV

O ©I N DA IWIN e

counterclockwise . |e.71Hz

counterclockwise . d. all the above.
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