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MATHEMATICAL SUPPLEMENT
FOR GENERAL PHYSICS

Calculations with Integrals

EXAMPLE 1: Let us find the length of the rod shown in the

figure by using an integral.

EXAMPLE 2: Let us write the integrals that give the areas

shown in the figures.

Y Y
y=f) T a b
/‘—/:/ l I > X
- y=fe
, P x /'/“/
a b
X £(0
=J(X
Y= 7

y=8(x)

EXAMPLE 3: Let us find the area of a circle of radius R by

integrating infinitesimal rings.
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EXAMPLE 4: Let us find the volume of a sphere of radius R

using integration.

EXAMPLE 5: Let us find the circumference of a circle of

radius R using integration.

EXAMPLE 6: Let us find the area of a circle of radius R by

integrating infinitesimal sectors.
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EXAMPLE 7: Let us find the surface area of a sphere of radius
R using integration.

EXAMPLE 8: The linear charge density on the rod of length L
and total charge Q shown in the figure is given by

A(x) = Ax2. Accordingly, let us find the constant A in terms
of the given quantities.

x=L

EXAMPLE 9: The thickness of the disk shown is negligible.
The surface mass density of this disk, which has radius R and
mass M, depends on the distance from the center as

A

o(r) = —. Accordingly, let us find the constant A in terms of
r

the given quantities.

M
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EXAMPLE 10: Let us find the gravitational force exerted by
the uniform rod of mass M and length L shown in the figure
on the object of mass m.

L d

M

EXAMPLE 11:

uniform rod shown in the figure, which has mass M and

Let us find the moments of inertia of the

length L, about one end and about its center.
L

M
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EXAMPLE 12: The axis passing through the center of the
uniform disk of mass M and radius R is shown in the figure.
Let us find the moment of inertia of the disk about this axis.

Answers
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CHAPTER il

ELECTRIC CHARGES AND

watch video

ELECTRIC FIELD

Electric Charges and Their Properties

Let’s examine a few everyday examples where we can

observe the existence of electric charges.

* Rubbing a glass rod with a silk cloth

_cam cubuk

| ipek bez

* Rubbing a plastic comb through our hair

* Experiencing a slight electric shock when touching a

car door
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Let’s examine the interaction of rods charged with like and

unlike charges.
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Conservation and Quantization of Electric
Charges

1. Let’s state the law of conservation of charge.

2. Let’s explain the phenomenon of quantization of
electric charges. Let’s write the magnitude of an

electron’s charge (elementary charge).
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Conductors and Insulators

The spheres shown in the figure are conductors.

yikli o notr

1. Let’s examine the charge distribution when a piece of
wood is brought into contact with both of these spheres

simultaneously.
tahta
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2. Let’s examine the charge distribution when a copper
wire is brought into contact with both of these spheres
simultaneously.
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Charging by Friction and Induction

1. Let’s examine charging by friction using the following
example.

plastik cubuk
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2. Let’s examine charging by induction for the following
three cases.

A positively charged insulating rod is brought near a
conducting sphere. Let’s examine the charge separation on
the sphere in this case.

c// 7
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A negatively charged insulating rod is brought near a
conducting sphere. Let us examine the charge separation on
the sphere in this case.

Let’s discuss why pieces of paper are attracted to a comb
when we bring the comb we used to brush our hair near
them.




General Physics 2 - Electricity and Magnetism

Electric Charges and Electric Field

Coulomb’s Law

Let’s examine the interaction between electrically charged

objects for each case given in the figure.
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Let’s state Coulomb’s law using the point charges given in the

figure.
4 q;
O r 0)
N J

Let’s examine the constants k and €, and write down their

numerical values and units.

EXAMPLE 1: Let’s show the forces exerted by the ions on
each other, whose separation and net charges are given in
the figure, and find the magnitude of these forces.

-6 +2e
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EXAMPLE 2: The distances between point charges A, B, and
C, along with their net charges, are shown in the figure. q
represents a positive quantity. Let’s find the ratio of the
magnitude of the electrical force exerted by object A on
object B to the magnitude of the electrical force exerted by
object A on object C.
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The superposition principle

Let us explain the superposition principle for Coulomb’s law.
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EXAMPLE 3: Charged objects on the same line are shown in
the figure. The magnitude of the electrical force exerted by
the object with charge g, on the object with charge g5 is F.

Accordingly, let us find the net electrical force on the object
with charge q, in terms of F.

¢,=—2nC

q,=+4nC q;=+9nC
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EXAMPLE 4: The point charges in the figure are shown in a
two-dimensional standard coordinate plane. Accordingly, let
us find the electrical force on the object with charge g, using
unit vectors.

q,=4q

9,=—9q 93=34

Your turn

1. At a certain moment, one of two electrons exerts a force
of magnitude 0.64 x 107'! N on the other. Accordingly, find
the distance between these two electrons. (The charge of an
electron will be taken as 1.6 x 10717 C.)
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2. The point charges in the figure are shown in a
two-dimensional standard coordinate system, where g
represents a positive quantity. Find the magnitude of the
electrical forces exerted by the objects on each other in terms

of the given values and appropriate constants.

Yy
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3. The point charges in the figure are shown in a
two-dimensional standard coordinate system. Objects B and
C are located on a circle of radius R centered at the origin. g
represents a positive quantity, and the magnitude of the
electrical force exerted by object A on object C is F.
Accordingly,

a. find the net electrical force acting on object A in terms

of F and by using unit vectors.

b. find the magnitude of the net electrical force acting on
object A in terms of F.
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Electric Charges and Electric Field

Electric Field

Let us discuss the physical meaning of the electric field and
define the electric field.

Let us write the expression for the electric force acting on a

point charge in an external electric field.
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EXAMPLE 5: A point charge of +2.0 nC is located within the
uniform electric field shown in the figure. Given that the
magnitude of the electric field is 5 x 10% N/C, let us find the

electrical force acting on this object.

Y
~+2nC
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Electric field lines

Using the electric field lines in the figure, let us discuss what

electric field lines physically represent.

Let us draw the electric field lines for the point charges in the
following three different cases with equal charge magnitudes

and interpret these lines physically.

* A positive point charge

N
)

p
A

» Two point charges, one positively and one negatively
charged

* Two negative point charges

\[®]] 3 Electric field lines never cross each other.
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Electric field of a point charge

By utilizing a test charge q, placed at any point around a
positive point charge, let us obtain the magnitude of the

electric field due to a point charge.

Let us define the unit vector #* used to express the direction
of the electric field.

\[®)|=4] The superposition principle is also valid for
electric fields.

m There is only one net electric field at any point.

EXAMPLE 6: Let us show the electric fields created by the
point charge, whose charge magnitude is given in the figure,
at points P; and P, by drawing them and find the

magnitudes of the electric field at these points.
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EXAMPLE 7: The charged objects in the figure are placed at
the corners of a square, and point O is the center of the
square. q represents a positive quantity. Accordingly, let us
find the magnitude of the net electric field at point O in

terms of the given values and appropriate constants.

4. The point charges in the figure are on the same line, and
the distance between the objects and the net charges are
shown. g represents a positive quantity. Accordingly, find the
magnitude of the net electric field at point P in terms of the
given values and appropriate constants.

+q —;q

AT\

A R O 2R




General Physics 2 - Electricity and Magnetism

Electric Charges and Electric Field

Your turn

5. The point charges in the figure are shown in a
two-dimensional standard Cartesian coordinate system. g
represents a positive quantity. Find the net electric field at
point P using the given values, appropriate physical

constants, and unit vectors.

y
T
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Electric Dipoles

Let us show what an electric dipole is by using a model of a
water molecule.

H,0
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Force and torque on an electric dipole

Let us show the forces on the point charges located in the
external uniform electric field in the figure and find the

magnitude of the torque on the dipole.

\i

\+q
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\[®)|3 A net force can act on a dipole in a non-uniform
electric field.

Let us define the electric dipole moment vector.

Let us define the torque acting on a dipole located in an

external uniform electric field.

Potential energy of an electric dipole

Let us discuss why an electric dipole located in a uniform
external electric field, as shown in the figure, will have

potential energy.

A\

A
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* Let us define the electrical potential energy for this

system.

¢ Let us obtain the maximum and minimum values of

the electrical potential energy for this system.
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EXAMPLE 8: An electric dipole is fixed in a uniform external
electric field oriented as shown in the figure. The
magnitudes of the charges are equal to the elementary
charge, with d = 0.5 x 107 m and E = 3 x 10* N/C. Let us
find the electric dipole moment vector, the torque acting on

the dipole, and the dipole’s electric potential energy.

—
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Your turn
6. The electric dipole in the figure is held in a uniform
electric field of magnitude E, making an angle of 60° with
the electric field lines. Then, the electric dipole moment is
oriented to be in the same direction as the electric field lines.
During this process, the dipole does not gain kinetic energy.
Accordingly:

a. the torque acting on the dipole in the initial case in

terms of unit vectors,

b. the electrical potential energy of the dipole in the
initial and final cases,
c. the work that must be done to bring the system from

its initial state to its final state

find (a)-(c).

)+
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Electric Charges and Electric Field

Electric fields of continuous charge distributions

Let us examine the continuous and uniform charge
distributions given below and define the concepts of linear,
surface, and volume charge density for uniform charge
distributions.

Q  dikdortgen

Q  cubuk
f Y
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Let us examine the continuous and non-uniform charge

distributions given below.

A 00)=Ax p(r):?

<

X o (xy)=Ax + By

\[®)]3 In the case of a continuous charge distribution,
the electric field can be obtained by integrating the
contributions from infinitesimal elements.
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EXAMPLE 9: A charge Q is uniformly distributed over a rod
of length L with negligible thickness, as shown in the figure.
Let us find the direction and magnitude of the electric field at

point P, which is at a distance R from the right end of the

rod.
Q
R ) PR Yy
e L >

EXAMPLE 10: A charge Q is uniformly distributed over a ring
of radius R with negligible thickness, as shown in the figure.
The ring lies in the xy plane and is centered at the origin.
Accordingly, let us find the direction and magnitude of the
electric field at point P, which is at a distance a from the

origin.




Electric Charges and Electric Field General Physics 2 - Electricity and Magnetism

EXAMPLE 11: A charge Q is uniformly distributed over a disk Your turn

of radius R with negligible thickness, as shown in the figure. 7. A positive charge Q is uniformly distributed over a rod of

The disk lies in the xy plane and is centered at the origin. length 2L with negligible thickness, as shown in the figure,

Accordingly, let us find the direction and magnitude of the and the midpoint of the rod is at the origin. The distance of

electric field at point P, which is at a distance a from the point P from the origin should be taken as x. Accordingly,

onsin. a. find the electric field at point P in terms of unit
x vectors.
T b. find what value the electric field at point P will

approach if the value of x is much larger than L.

c. find what value the electric field at point P will
approach if the value of L is much larger than x. (Use

.
,. \?\, 2 A for linear charge density.)
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Electric Charges and Electric Field

8. The center of the semi-circular object with negligible
thickness shown in the figure is the origin, and a charge of
—Q is uniformly distributed over the object. Accordingly, find
the net electric field at the origin using unit vectors.

y

A
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Exercises and Problems

1. The charges on point charges A, B, and C along with the
distances between them are given in the figure. q represents
a positive quantity. Accordingly, find the net electrical force

on object B using unit vectors and calculate the magnitude of

this force.
Y
B
@+
d d
Al C
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4] d +2q

2. The charged object in the figure is suspended from the
ceiling by an insulating string of negligible weight. The
object is brought to equilibrium at an angle 6, with the
vertical in a uniform electric field of magnitude E. g,
represents a positive charge quantity. Accordingly, find the
sign of the object’s charge and the value of E in terms of the
given variables.
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3. The point charges in the figure are —e and 4e, and the 5. The semi-circle in the figure consists of two quarter-circles
distance between them is d. Accordingly, what is the distance with charges +Q and —Q. Q represents a positive quantity
from the point where the net electric field is zero to the and the charges are uniformly distributed over the
object with charge 4e? quarter-circles. Accordingly, find the net electric field at the
origin using unit vectors.
+4e
@
e y
d A
e 0

+Q

4. A charge of —Q is uniformly distributed over the quarter
circle shown in the figure, and the center of the circle is the

origin. Q represents a positive quantity.

a. Find the net electric field at the origin using unit

~
vectors. €
3
b. If a point charge of +e is placed at the origin, find the c
electrical force acting on this object using unit vectors. -F(P,
c
@
(= 3 .
y e 6. In the figure, charges +Q and —Q are uniformly
@ distributed over rods of length 2L with negligible thickness.
Q o Q represents a positive quantity. Accordingly, find the electric
@ field at point P using unit vectors.
X
y
A
2L 140
[~ -Q
o X
L 2L
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Electric Charges and Electric Field

7. In the figure, circular objects of negligible thickness are in
the xy plane and their centers are at the origin. Charges Q,
and Q, are uniformly distributed over these circles. Point P
can be represented as P = (0,0, 2R). Since the net electric
field at point P is zero, obtain the relationship between Q,
and Q,.

@ertansinansahin.com)

8. In the figure, positive charges are distributed on a rod of
negligible thickness in the form A(y) = Ayy. A, is a constant
and the length of the rod is L. Given that the distance of

point P from the origin is a,

a. Find the magnitude of the x-component of the electric
field at point P.

b. Set up an integral for the magnitude of the

y-component of the electric field at point P.

A

13
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9. The object in the figure was formed by removing a

, ] ) i Answers
circular section (a hole) of radius R from the inner part of a
disk of negligible thickness. The object is in the xy plane. Example questions
Negative charges are uniformly distributed on the surface of
the object, and the surface charge density is —o. o 1 F=32x10"¥N
represents a positive quantity and the distance of point P
from the origin is a. Accordingly, find the electric field at 2 % =20
point P using unit vectors.
3 F,=-—85Fi
Z
A - kq?
P 4 F=%30i+1.0)

5 F=10x10"N

E,=23x10°N/C

E, =4.0x 10° N/C

7 E _ 2V2kq

net — {2

=0.80x 10 (—Li+Lj) C-m

a1

8 7T=-17x1028kN-m

U=17x10"2J
o _kQ &

9 E_R(R+L)l

10 E=-L_%

4meq (R2+a2)3/2

AR
1L E——mzeo(l m)k
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Your turn questions

1 6x107m
2
q
2 ks
3F, +/3F,
a —I1+—]
2 2
3
b. V3F
7.4
k=
TP
5 —(1+v2)k-Lit v/2k—L
d2 d2j
a.—%quElAc

1
b. U;=—=qdE, U, = —qdE
6 ; 594E, Uy =—q

1
. W=——qdE
c 54
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Electric Charges and Electric Field

2 F=r— 2
) 4mey xv/x2 + L2
1
7 b.E= Q
4mey x?
A
c E=
2menx
1
g F=——12y
2me, R?

Exercises and problems
k> 3, /3

F = +29)
. Tz 2 2
_ /3kq?
F = Fp
Charge sign: (—)
2 m
E= —gtane0
do
3 2d
- Q
E=—"—(i4]
a aneoRz(l 7
4 Q
— e
b. E=——({+]
27‘C260R2(l 2
5 F= Q .
€,m?R2
- 1 Q .. .
E=———(i—
6 4me, ﬁLZ( n

7 Q;=-—0.49Q,

o

_ak (l_ 1 )
*Taneg\a  JEZFIZ
L
A 2
b. E, = °f Y _dy
4ney Jo (a2 + y2)z

— oa ( 1 1 )A
9 E=—— - k
260 \ Va2 +R? Va2 +4R?
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CHAPTER P2

GAUSS’'S LAW

Electric Flux

Electric field uniform over the surface

Let’s discuss the meaning of electric flux for the uniform

electric fields and planar surfaces shown in the figure.
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Area vector (Z)) Let’s define it.

For the special case given above, Electric flux (&) let’s define
it as a dot product.
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watch video

Electric field not uniform over the surface

Let’s discuss how the electric flux can be calculated for the
electric field and surface shown in the figure and write the
general definition of electric flux.

\

N

P
A
——

W

EXAMPLE 1: The side lengths of the rectangle in the figure
are 1 m and 2 m. The angle between the surface normal and
the uniform electric field is 30°, and the magnitude of the
electric field is 5 N/C. Determine the electric flux through
the surface.

Y|y ¥v
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EXAMPLE 2: Determine the electric flux through a surface
with area vector A = 0.5{m? in a region where the electric
field is E = (31— 2j) N/C.

EXAMPLE 3: A positively charged point charge is located at
the center of the spherical surface in the figure. Determine

the electric flux through this spherical surface.

q@”

Your turn

1. The length of one edge of the cube in the figure is L. The
uniform electric field in the medium is in the +x direction
with magnitude E; and covers a region large enough to
enclose the entire cube. Accordingly, calculate the electric
flux for each surface of the cube and find the total electric
flux for the cube.

Z
A
S.(i
2(850) Se(arka)
S, (soD) / S. (sag
3(sag)
LM -y
PN
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2. Find the electric flux for a surface with area vector
A= (i + 2k) m? in an environment where the electric field is
F = (=21 +2j +4k) N/C.

Gauss’s Law

Let’s discuss what the electric flux will be for a closed surface

when there is no net electric charge inside it.

Let’s write Gauss’s law.
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Gauss’s Law

Let’s apply Gauss’s law to a spherical surface drawn around a
positively charged point charge, and show that the result
agrees with the one obtained from Coulomb’s law.

a@”

Applications of Gauss’s Law

Let’s examine charge distributions in conductors and

insulators in electrostatic equilibrium.

iletken yalitkan
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EXAMPLE 4: Positive electric charges with a total of Q have
been transferred to the solid conducting sphere of radius a
shown in the figure. The distance of any point from the

center is expressed by r.

a. Let’s find the electric field at any point in the inner

region of the sphere.

b. Let’s find the electric field at any point in the outer

region of the sphere.

c. Let’s plot the electric field as a function of r.

Q
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EXAMPLE 5: Positive electric charges with a total of Q are
uniformly distributed throughout the volume of the solid
insulating sphere of radius a shown in the figure. The

distance of any point from the center is expressed by r.

a. Let’s find the electric field at any point in the inner

region of the sphere.

b. Let’s find the electric field at any point in the outer

region of the sphere.

c. Let’s compare the results obtained in a and b for the

case where r = a.

d. Let’s plot the electric field as a function of r.
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EXAMPLE 6: Negative electric charges are uniformly
distributed on the insulating rod of negligible thickness and
physically infinite length shown in the figure. The linear
charge density is —A, where A represents a positive quantity.
Accordingly, let’s find the direction and magnitude of the
electric field at any point around the rod.

EXAMPLE 7: Positive electric charges are uniformly
distributed on the insulating planar plate of negligible
thickness and physically infinite size shown in the figure. The
surface charge density on the plate is . Accordingly, let’s
find the direction and magnitude of the electric field at any

point at a distance r from the plate.
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Gauss’s Law

Your turn

3. A solid conducting body in the form of a physically
infinitely long cylinder is given in the figure. Positive electric
charges on the body are uniformly distributed and the linear
charge density is A. The distance of any point to the cylinder
axis is expressed by r.

a. Find the electric field at any point in the inner region

of the cylinder.

b. Find the electric field at any point in the outer region
of the cylinder.

c. Plot the electric field as a function of r.

A
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4. In the insulating spherical shell shown in the figure, there
is a cavity of radius R in the inner part. Positive charge Q is
uniformly distributed throughout the volume of the spherical
shell. The distance of any point from the center is expressed
by r.

a. Find the volume charge density for the spherical shell.

b. Find the electric field intensity for points at a distance

r <R from the center.

c. Find the electric field intensity for points at a distance
r > 2R from the center.

d. Find the electric field intensity for points at a distance
R < r < 2R from the center.

e. Compare the results obtained in c and d for points at a

distance r = 2R from the center.
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5. A physically infinitely long, solid insulating cylinder is
shown in the figure. Positive electric charges are distributed
uniformly throughout the volume of the cylindrical object
with a volume charge density p. The radius of the cylinder is
R, and the distance of any point from the cylinder axis is
denoted by r.

a. Find the electric field at any point in the inner region

of the cylinder.

b. Find the electric field at any point in the outer region
of the cylinder.

c. Compare the results obtained in a and b for the case
where r =R.

d. Plot the electric field as a function of r.

[ p 3
\ )
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6. The plates of negligible thickness in the figure are
physically infinite in size and positioned parallel to each
other. The surface charge densities on the plates are o and
—o respectively, and the charges are distributed uniformly

on the plates.
a. Find the direction and magnitude of the electric field
in region L.
b. Find the direction and magnitude of the electric field
in region II.

c. Find the direction and magnitude of the electric field

in region III.

+
q
|
q
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Gauss’s Law

7. The conducting spherical shell in the figure has an inner
radius a and an outer radius b, and there is a charged point
object at the center of the shell. The point object has a net
electric charge of Q and the spherical shell has a net electric
charge of —3Q. The distance of any point from the center is
denoted by r.

a. Find the electric field magnitude in the region r < a.

b. Find the electric field magnitude in the region
a<r<b.

c. Find the charge density on the outer surface of the
spherical shell.

d. Find the electric field magnitude in the region r > b.

Exercises and Problems

1. A point object with a charge amount Q, is placed at the
geometric center of a cube with a net charge of zero. The
length of one edge of the cube is L. Accordingly, find the

electric flux for each surface of the cube.
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2. The sphere in the figure is located within an external
electric field. Only this external electric field exists on the
sphere surface. Accordingly, find the net electric charge

inside the sphere.

3. Around the insulating sphere of radius R in the figure,
there is a conducting spherical shell with an inner radius R
and an outer radius 2R. The charge density of the insulating
sphere is homogeneous and denoted by p. The net charge of
the shell is zero. The distance of any point from the center is

denoted by r.
a. Find the electric field magnitude in the region r <R.

b. Find the electric field magnitude in the region
R<r<2R

c. Find the charge density on the inner surface of the

spherical shell.

d. Find the electric field in the region r > 2R.
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4. Two infinitely long, negligible-thickness rods are parallel
to each other, with the linear charge densities as shown in
the figure. What is the distance from the points where the
electric field is zero to the second rod, in terms of d?

+A I
[ttt tttt+ttt++++++++
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5. In the insulating sphere shown in the figure, positive
charges are distributed as a function of r and given as
p(r) =ar?. ais a constant. r represents the distance of any

point to the center.

a. Find the electric field at any point in the outer region
of the sphere.

b. Find the electric field at any point in the inner region

of the sphere.

c. Compare the results obtained in a and b when r =R.
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Gauss’s Law

6. In the physically infinitely long cylinder shown in the

figure, positive charges are distributed as a function of r and

given as p(r) = ar. a is a constant. r represents the distance

of any point to the center.

a.

Find the electric field at any point in the outer region
of the cylinder.

Find the electric field at any point in the inner region
of the cylinder.

Compare the results obtained in a and b when r =R.

[ir P N

\ )
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7. The cross-section of a very large, insulating, and
negatively charged plate is shown in the figure. Negative
charges are uniformly distributed throughout the volume of
the plate with a charge density of —p. p represents a

positive quantity.

a.

Find the direction and magnitude of the electric field

at points with coordinate x = a/4.

Find the direction and magnitude of the electric field

at points with coordinate x = a/2.

Find the direction and magnitude of the electric field

at points with coordinate x = a.
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8. The linear net charge density of the insulating thin rod
shown in the figure is A and the net charge density of the
conducting cylindrical shell is 2A. Charges are uniformly
distributed along the rod and on the shell surfaces. The rod
is at the center of the shell, and r represents the distance of

any point to the cylinder axis.
a. Find the electric field magnitude in the region r <R.

b. Find the linear charge density on the outer surface of
the shell.

c. Find the electric field magnitude in the region
R<r<2R.

d. Find the electric field magnitude in the region r > 2R.
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Answers

Example questions
1 &,=87N-m?/C

2 &,=15N-m?/C

c. Go to the video.

_ _1 Qr
a.E= 4meq a3
__1.Q
b. E= 4meg r2
5
c. Go to the video.
d. Go to the video.
6 E=—32+

- 2meqr

7 E= % , for the direction, go to the video.

Your turn questions

& = E,L>
1
b, =—FE,L?
<I)total =0
2 6N-m?/C
a. 0
1 A
3 b.E= =
2mey T
c. Go to video.
_ 3
P = 28nrs
b. E=0
Q
R
4 © 4meyr?
4 E= 1 Q(r*—R%)
T 4me, 7R%r?

e. Go to video.
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aE—ﬂ a. E= ! &
T 2¢, T 2mey
b g o PR b. 34
5 ’ 2e,r 8

c. E=0
c. Go to video.

dE=—2
d. Go to video. T 2mey

a. E=0
o . L
6 b E= — go to video for direction.
0
c. E=0
__1 Q
N 4me, r2
b. E=0
7 _Q
7= 2mh?
L e

2me, 12

Exercises and problems

_Q N
i === €
660 o
Q
[
2 Qin = 0 -‘CD
¢
a. E= Pr E
3€q @
[y}
b. E=0 S
3 . __PR ©
’ 3
PR
" 3eor?
4 r=2d
aRr®
a k= S5e,r2
0
5 b. E= ar3
’ 5¢,
c. Go to the video.
a. E= Ey
TT T 3e,r
6 b E= arz
’ 3e,
c. Go to the video.
a. E= ﬂ, in the —x direction
4e,
7 b E= ﬂ, in the —x direction
2¢q
a
c. E= p—, in the —x direction
2¢,

11



CHAPTER K}

ELECTRIC POTENTIAL

Electric Potential Energy and Potential
Difference

Electric potential energy

Let’s derive the work done by electric forces when a charge is
moved from one point to another in a uniform electric field.
Through this work, let’s discuss the concept of electric

potential energy.

To better understand the topic, let’s make a comparison with
gravitational potential energy.

@ ertansinansahin.com)

watch video

Electric potential and potential difference

Let’s define the concept of electric potential and discuss why

such a definition is necessary.

To better understand the topic, let’s make a comparison

using gravitation.

m Concepts such as potential and potential energy
are defined relative to a reference point. On the other
hand, potential energy difference and potential difference

are independent of the choice of reference.
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Let’s examine the electric potential energies of positive and
negative charges in a uniform electric field formed by
charged, infinitely large parallel plates.

Let’s examine the relationship between potential difference

and the electric field in a uniform electric field.
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EXAMPLE 1: The electron in the figure is accelerated from
plate a toward plate b.

a. Determine the change in the electron’s electric
potential energy.

b. Find the electron’s final speed.

\ Voo™ |
5000 V

High
voltage

Relationship between electric field and electric
potential

In a region where an electric field exists, let’s determine the
work done by the electric forces in moving a charge from
point A to point B.

Let’s express the potential difference between points A and B

in terms of the electric field.
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Electric Potential

EXAMPLE 2: Let’s find the potential difference between
points A and B near a point charge Q.

Electric potential of point charges

Let’s discuss how we define the electric potential of a point

charge.

\[®)]=4] To define the potential of a point charge at a
certain point, we can take the potential at infinity to be
zZero.
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EXAMPLE 3: The positions of two different charges are given
in the figure.

a. Find the electric potential at point A.
b. Find the electric potential at point B.

c. Find the potential difference between points A and B.

y
A Bg
~ \
\ggc'[)] AN
N N %
~ N0
30 cm A SR XS
\\ N\
~ AN
\\\\\
26 cm 26cm >,
0, =+50 puC 0, =-50 uC

\[®) |3 When finding the total electric potential at a point
due to multiple charges, we can algebraically sum the

individual potentials.
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Electric potential energy of point charges

Let’s determine the electric potential energy of the system

consisting of two charges shown in the figure.

Let’s discuss the physical implications of charges being
negative or positive in terms of electric potential energy.
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EXAMPLE 4: Let’s find the electric potential energy of the

system consisting of three charges shown in the figure.

99
il \\
M2 - \
7 \
il \ To3
\
(* 1 N
T~ \
- \
71 =~
g T N

Your turn

1. An electric dipole is shown in the figure.

a. Find the electric potential of the dipole at point P in

terms of the given parameters.

b. Find the electric potential of the dipole at point R in

terms of the given parameters.

c. Find the electric potential energy of the dipole in terms

of the given parameters.

y

[ 7
!
¢

q —q
L—d—»ed#
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Electric Potential

Obtaining the electric potential from the
electric field

Let’s examine how the electric potential is obtained using the
electric field through an illustrative example.

EXAMPLE 5: For a conducting sphere of radius R carrying
total charge Q, find how the electric potential varies with
distance from the center. Sketch the graph of electric

potential as a function of radial distance.

@ertansinansahin.com)

Your turn

2. A positive electric charge Q is uniformly distributed
throughout the volume of an insulating solid sphere of radius
a. Determine the electric potential as a function of distance

from the center and plot it.
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Your turn

3. In the figure, a conducting spherical shell has inner radius
a and outer radius b, with a charged point object located at
its center. The point object has charge Q and the spherical
shell has a net charge —3Q. The distance from the center is

denoted by r. Assume the electric potential at infinity is zero.

a. Find the electric potential for the region r > b.
b. Find the electric potential for the region b > r > a.
c. Find the electric potential for the region a > r.

d. Sketch the graph of the electric potential as a function
of r.

e. Calculate the potential difference between the points
r=a/2and r =2b.
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4. In the figure, an insulating thin rod has a linear charge
density A, and a conducting cylindrical shell has a net linear
charge density —A. The charges are uniformly distributed

along the infinitely long rod and over the surface of the shell.
a. Find the electric potential at point B.
b. Find the electric potential at point A.

c. Find the potential difference between points A and B.
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Electric Potential

Obtaining the electric field from the electric
potential

Using the figures below, let’s define the concept of an
equipotential surface.

* Uniform electric field between parallel plates.

Y

\

Y

\

| | | | | |
] 1 Il Il Il Il
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
] | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |

=i

* Electric field around a point charge.

* Electric field produced by two charges.
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In a region where an electric field exists, let’s examine the
relationship between potential difference and electric field
over an infinitesimal displacement. From this, let’s derive

how the electric field can be obtained from the electric

potential.

Using our findings, let’s examine the relationship between

the potential and the electric field of a point charge.

Write how to obtain the electric field from a given potential

in the Cartesian coordinate system.
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EXAMPLE 6: The electric field around two point charges is
shown in the figure. Let’s draw the equipotential curves

around the charges.

EXAMPLE 7: Given that V;, A, and B are constants, the
electric potential in the Cartesian coordinate system is
V(x,y,2) =V, +Axy + Bx?z.

a. Obtain the electric field vector field f)(x, y,2) for

every point in space.

b. Determine the electric field at the point
(x,y,2)=(1,1,2).

Your turn

5. An electric field exists along the x-axis in a certain region.
The position dependence of the electric potential is shown in
the graph. Sketch the graph of the x-component of the
electric field.

V (V)
30

20 [~

10 -

0 | | |
4

—20 |

—30

| x (cm)
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Potential of an arbitrary charge distribution

A total positive charge Q is uniformly distributed along a rod
of length L. Let’s find the electric potential at a distance x

from the rod. Using this potential, derive the electric field at

that point.
Q
(F o o T T T 7 T T T F T ) .
x
- L >

EXAMPLE 8: One half of the rod carries a uniform charge
+Q, while the other half carries —Q. Find the electric
potential at the specified point. Identify the equipotential
surface passing through this point and determine the

direction of the electric field.

FrftrF+r+[————————

L
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Electric Potential

EXAMPLE 9: A positive charge Q is uniformly distributed on
a thin ring of radius R.

a. Determine the electric potential on the z-axis as a
function of position.

b. Using the result from part (a), find the electric field on
the z-axis as a function of position.
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Your turn
6. A total positive charge Q is uniformly distributed on a thin
disk of radius R.

a. Determine the electric potential on the z-axis as a

function of position.

b. Using the result from part (a), determine the electric

field on the z-axis as a function of position.
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Your turn s
a. V,=75x10°V
7. A wire with linear charge density A is bent as shown.

Determine the electric potential at point O. 3 b. V=0V

¢. AV =—75x10°V

4 U:k(%_i_‘h%_i_‘h%)

R i3 r23
2R 2R B
0 r<R = V=g-%
5
rzR= V= 41350%

6  Go to the video.

a. E(x,y,z) = —(Ay + 2.0Bxz)i —Axj — Bx?k

b. £(1.0,1.0,2.0) = —(A+ 4.0B)i —Aj — Bk

8  Go to the video.

— _kQ
a. V=
9 v/ R2+422
oo kQz 7
b E= A%k

2a

__1.Q r2
r<a— V_4neoﬂ(3_a_2)

~— Your turn questions
5
Q
c a. V,=0
-
8 2kqa
% 1 b. VR = Tx2_g2
< 2
2 cU=-%
]
@
©

r>a = v=-49¢

4rmeg 1

a. Vz = 0 (if the shell is chosen as the reference point)
Answers
4 b.V,=21In(2)

~ 2meg

Example problems

c. AV = 2 1n(2)

2meg
a. AU=-8.0x10716J
1 5  Go to the video.
b. v=4.2x10"m/s

aV=-2— (VRZ +22— |z|)

T 2mR2¢q

_ 1 1
2 VB—VA—kQ(G—a) 6 Ca g ( ) )k
+ BT 2nRZeg _m

7 V=kA(2.0In(3.0) + )
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CHAPTER E8

CAPACITANCE AND DIELECTRICS e

Definition of Capacitance Determination of Capacitance

Let us define the concept of capacitance. Let us write the Parallel-Plate Capacitor
equation for capacitance and examine its unit.

——
S

Let us derive the capacitance of a capacitor consisting of
parallel plates.

~d-

=
IIIIIIIIIIII|

o [ T

mlIIIIII

Let us examine some examples of capacitors used as circuit
elements.

@ ertansinansahin.com)

\[®]1 3 The capacitance of a capacitor depends on its
physical properties.
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Let us discuss whether the electric field between charged Cylindrical Capacitor

arallel plates is uniform or not. . . s .
P p Let us derive the capacitance of a cylindrical capacitor whose

dimensions are given as shown in the figure.

+Q

Spherical Capacitor

Let us derive the capacitance of a spherical capacitor whose
dimensions are given as shown in the figure.

In many problems, for the sake of simplicity, the
electric field between parallel plates is assumed to be
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uniform.
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Capacitance and Dielectrics

Capacitors in Series and Parallel

Parallel Connection

Let us examine how to obtain the equivalent capacitance
when multiple capacitors are connected in parallel.

Cy
e
+ - | LS
1
+Q1 _Ql Q]
AV,
Cy
e
+ = [ C2
[
Qs —Q Qo
AT
o |
|
+°
AV AV
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Series Connection

Let us examine how to obtain the equivalent capacitance

when multiple capacitors are connected in series.

Cl CQ
AV, AV,
+Q0 -0 +Q -0
+ p—
AV
| Co
| |
1 1
I
+1
AV
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EXAMPLE 1: In the circuit shown, the capacitances of the 2. Find the equivalent capacitance between points a and b in

. . the circuit segment shown.
capacitors are given as C; = C, = C; = C. g

a. Find the equivalent capacitance of the circuit.

b. Compare the amounts of charge on the capacitors.

1
1

<
w

N
E 3. A circuit is formed by placing three plates of surface area
2| Aparallel to one another as shown. The distances between
® the plates and the voltage of the source are given in the
(2]
S figure.
<
2 a. Are the two resulting capacitors connected in parallel
(]
€ i ies?
Your turn 5 Or 11 series?
1. In the circuit segment shown, the capacitances of the @ b. Obtain the equivalent capacitance in terms of the given
capacitors are given as C; = C, = C; = C, = C. Find the quantities.
equivalent capacitance of the circuit.
4
G G : —1
Il I Idz
il il Ty
!
C3
I
1
Cy==
V
a b
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Energy Stored in a Chqrged Capqcifor EXAMPLE 2: In the circuit shown, a capacitor made of

) parallel plates is charged while connected to a
Let us calculate the work required to place a charge of

i . ) constant-voltage source.
magnitude Q on an uncharged capacitor. Let us obtain the

. . . . . Write the electric potential energy stored in th
electric potential energy stored in a charged capacitor. a e the electric potential energy stored €

capacitor in terms of the given quantities.

b. Determine how this energy changes if the distance d is

increased.

c. Determine how the stored electric potential energy
changes if the source is removed from the circuit and
the distance d is increased.
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Capacitance and Dielectrics

General Physics 2 - Electricity and Magnetism

Connecting Charged Capacitors

Let us examine what happens when a charged capacitor is

connected to an uncharged capacitor.

< =

O ——

EXAMPLE 3: Two charged capacitors are connected by wires

as shown in the figure. The charges and capacitances of the

capacitors are given as Q; = 2Q, = 2Q and C; = 2C, = 2C.
a. If the switch is closed, what will the final charges on

the capacitors be?

b. If the switch is closed after reconnecting capacitor C,
in reverse without allowing it to discharge, what will
the final charges on the capacitors be?

C

~

1 2
IS

[fq,
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Your turn

4. In the circuit shown, the switch is initially at position A
and C, is charged. Then the switch is moved to position B
and enough time is allowed to pass. In this case, the
potential difference across C; becomes 4 V.

a. Find the emf of the source.

b. Determine how the total energy stored in the
capacitors changes when the switch is moved from

position A to position B.

-
by

A B
G G G
10uF = 5

—12uF =—/=8uF

o+

Capacitors with Dielectrics

Let us examine the effect of a dielectric material inside a
capacitor. Let us show how the capacitance changes in the
presence of this material.

+0 Y

+

+ + +
|

+
|

+

|
+ + + + + + +
QOOOODD®
QOOOODO®
QOODODODD
|

+
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Capacitance and Dielectrics

Let us discuss what results are obtained when a dielectric

material is placed between the plates of a capacitor.

Dielektrik

[+o0v

EXAMPLE 4: The capacitance of the capacitor shown is C
when there is no dielectric material inside it.

a. If the dielectric material shown filled the entire interior

region, what would the capacitance be in terms of C?

b. If the dielectric material filled the interior region as

shown in the figure, what would the capacitance be in

terms of C?
dz}%g(z{mm
+0 0
A
K=3.50
e
£=1.00 mm
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EXAMPLE 5: Part of the space between the plates of a
capacitor of plate area A is filled as shown with a material
having dielectric constant k. Find the capacitance of this new

capacitor.

o=

oo
x
x
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Your turn

5. Materials with different dielectric constants are placed
inside a capacitor whose plate area is A, as shown in the
figure. Given that 2x; = 2k, = k3 = 2k, find the capacitance

of this new capacitor.

l< »l
| ¢ |
T )

Ko /2
d K 2
o[-
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Answers

Example questions

a. Cyq=22C

1
b Q,=2Q,= 2Q3
AU €gAV?

2  b. The energy decreases.

c. The energy increases.

a. Q; =0.67Q
Q,=0.33Q
3
b. Q, =2.0Q
,=1.0Q
a. C’'=3.5C
4
b. Coy =1.6C

= 3 A
S5 C_1+2Kd

Your turn questions
1 C,=0.60C

2 Cy=1 2 uF
a. They are connected in parallel.
dy+d
b. Cy = AT G

a. £§=12V

b. AU =—4.8 x 10~* J (Energy decreases)




CHAPTER E3

CURRENT AND RESISTANCE

Electric Current

Let us define the concept of current. Let us express current

with an equation and examine the unit of current.

]
/7 — 7/
/

| +‘ _»le/
I A

l\ ¢ £ |

\ \
L— Uy At*>‘

Let us examine how electric current forms inside a metal in

terms of the electric field and electric potential.

e
=

watch video

Let us examine the concept of drift speed using a conductor

in the presence of an electric field.

N
E
//‘
/// ! \
-7 “ A\N
A l X .
” II Mo N -
4 S s (WA /
- i VAl (e / 4
i s 7 \ —
| s / \ //
/ // / )//
L7 / -7
14 >
/ -
.____// —
Va
——

N
5
LC’- EXAMPLE 1: All of the cylindrical wires in the figures are
S made of the same metal. The drift speeds of the electrons
(2]
& and the radii of the wires are as shown. Compare the electric
[
Q currents in these wires.
]
o
v 2v
A B
2v

2r — 3r Qe—=
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Resistance and Ohm’s Law

Let us examine the resistance of a conducting wire carrying
current by following the steps below.
* Let us define the current density inside the conductor.

¢ Let us obtain the electric field inside the conductor

from the potential difference.

* By explaining Ohm’s law, let us obtain the relation
between the current in the conductor and the electric
field.

* Let us define the concept of conductivity.

* Let us define the concept of resistance and examine its

unit.

* Let us define the concept of resistivity.

[
B
vy
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Ohm’s law

Let us state Ohm’s law once again by using the circuit shown
in the figure.

1
—_—
b ®C
+
AV R§
a od
o— O

EXAMPLE 2: A cylindrical conductor whose thickness varies
from place to place is shown in the figure. A current of 10 A
passes through the conductor, whose conductivity is o. For
conductor segments of equal length, compare the following
quantities.

a. Electric current

b. Current density

c. Electric field strength
d. Potential difference

e. Resistance

10A

2.0 mm

1.0 mm

2.0 mm
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Current and Resistance

Your turn

1. An electric current I flows through conducting wire

segments whose dimensions are completely identical. The

relation between the conductivities of the wires is given as

0,/0, = 2. For the wire segments, compare the following

quantities.

a.

b.

Electric current
Current density
Electric field strength
Resistivity

Resistance

Potential difference between the ends
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2. A silver prism with resistivity p is given in the figure. Find
the resistance of this object when current is made to pass
through it in different directions.

a. in the x direction
b. in the y direction

c. in the z direction

™ 2.0cm

1.0 cm




Current and Resistance

General Physics 2 - Electricity and Magnetism

3. An object with the dimensions shown in the figure is made
of a conducting material with resistivity p. Assume that the
current is distributed uniformly across any cross section of
this material. Calculate the resistance between the two ends

of this object in terms of the given quantities.

T
I
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4. A hollow cylinder with the dimensions shown in the figure

is made of a conducting material with resistivity p.

a. When a potential difference is applied across the two
ends of the cylinder, find the resistance of the cylinder
in terms of the given quantities.

b. When a potential difference is applied between the
inner and outer surfaces of the cylinder, find the

resistance of the cylinder in terms of the given

—

quantities.

—
N
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Current and Resistance

Relationship Between Temperature and
Resistivity

Let us examine the relationship between the resistivity of

different materials and temperature.

¢ For a metal

p
Po :%
|
|
' T
0 T,
e Fora Semiconductor
p
T
0
* For a superconductor
p
T
ol T,
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Electric Power

Let us obtain how much power is consumed when current

passes through a conductor.

l< Y »|
Vs
I
| |
[ A I
| |
(N
V[) \N_/ V“

EXAMPLE 3: A 36 W lamp is operated by a source with a
voltage of 12 V. The resistance of the wires connected to the
lamp is negligible.

a. Find the current through the lamp.

b. Find the resistance of the lamp.




Current and Resistance
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Your turn
5. The resistance of a light bulb designed to operate under
120 V is given as 360 f2.
a. Find the power consumed by the lamp while it is
operating.
b. Find the current through the lamp while it is

operating.
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Answers
Example questions
1 I.>I;>1,>1,
a.l,=I,=1.=10A
b. J, = 4.0J, = 4.0J,
2 ¢ E, =4.0E, = 4.0F,
d. V, =4.0V, = 4.0V,
e. R, =4.0R, = 4.0R,
a.I=3.0A

b.R=4.0Q

Your turn questions

a. I, =1,

b. J, =J,

c. E, =2.0E;

1

d. p, =2.0p,
e. R, =2.0R,;
f V,=2.0V;
a.R,=0.13p

2 b.R,=0.50p

c.z=20p
h
3 R=£;
_ __pL
4 aR=s
b.R=321In(2)
a. P=40W
5
b.I1=0.33A
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DIRECT-CURRENT CIRCUITS ™™

Electromotive Force

Let us define the concept of electromotive force for a
battery. Let us determine the potential difference between
the terminals of a battery with internal resistance from the

circuit shown.

Let us compare the electric potentials at the points shown in
the circuit.
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EXAMPLE 1: In the circuit shown, the colored part represents

the internal structure of the source.
a. Find the current in the circuit.

b. Find the potential difference between the terminals of

the source.

c. Find the potential difference across the 4 Q resistor.
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Resistors in Series and Parallel Parallel Connection

Series Connection Let us obtain the equivalent resistance for a circuit in which

the resistors are connected in parallel as shown.
Let us obtain the equivalent resistance for a circuit in which

the resistors are connected in series as shown. R, O AV; R,

M

—>» ]

Ry 2

R
™
AV, \ )

AV, C/

Ry

a M

—>
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Direct-Current Circuits

EXAMPLE 2: The circuit shown is constructed with an ideal
source whose internal resistance is neglected and three
different resistors.

a. Find the equivalent resistance of the circuit.
b. Find the currents in all branches.

c. Find the potential differences between the given

points.

@ertansinansahin.com)

Your turn

1. In the circuit shown, the internal resistance of the source
and the resistance of the wires are negligible. Accordingly,

what are the currents I, I, I,, and I; in amperes?

T
L A%

6.00 Q) 9.00 6

3.00 Q

2. In the circuit shown, the internal resistance of the source
and the resistance of the wires are negligible. The emf of the
source is 27 V. The resistance R; = 6  and the current
through it is 2 A. If the current through resistor R; is 3 A,
what are the resistances of R, and R, in Q?

AMA
Rl

M

3. In the circuit shown, the internal resistance of the source
and the resistance of the wires are negligible. The current
through the ammeter is measured as 0.3 A.

a. Find the reading of the voltmeter.

b. Find the emf of the source.

2500
| | |15.0Q |
A AMA
45.0Q 15.0 Q 10.0 Q
A ks
AW—|
3500 £€=7?
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4. A circuit is constructed as shown using a source with an
emf of 6 V and an internal resistance of 2 , together with
two lamps each having a resistance of 8 .

a. Find the potential difference across the terminals of
the source when the switch is open.
b. Find the potential difference across the terminals of

the source when the switch is closed.

c. Discuss how closing the switch affects the brightness of
the lamps depending on whether the internal
resistance is present or absent.

S

*—

©r @»

Voltmeter and Ammeter

Let us examine how the voltmeter and ammeter work and

how they should be connected in a circuit.
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Kirchhoff’s Rules

Let us discuss Kirchhoff’s junction rule. Let us write the

corresponding equation for the example in the figure.

Let us discuss Kirchhoff’s loop rule. Let us write the

corresponding equations for the example in the figure.

g = & ".[

[

When applying Kirchhoff’s loop rule, let us examine how to
include a source and a resistor in the potential equations
when we encounter them.

Let us examine the effect of grounding in the circuit shown.

Let us determine the electric potential at each corner.

40
—MWW—

+
+

15V= =5V

>

,_
<)

<
<
<
<
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Direct-Current Circuits

EXAMPLE 3: The circuit shown is constructed using sources
with negligible internal resistance and three resistors. It is
given that I; =3 A.

a. Find the potential difference between points a and b.
b. Find the values of I, and I;.
c. fR=16QQ,find £.

E 24.0V
St e o
' '

13T§R 3.00 Q y? 6.00 Q§¢Il

Wy

EXAMPLE 4: The circuit shown is constructed using sources
with negligible internal resistance and three resistors. Find
the currents in all branches of the circuit.

@ertansinansahin.com)

Your turn

5. The circuit shown in the figure is constructed using
sources with negligible internal resistance and two resistors.
Itisgiventhat £, =10V, &, =12V, =14V,R; =6 Q,
and R, =8 Q.

a. Find the potential difference between points a and b.

b. Find the currents passing through the resistors.

6. The circuit shown in the figure is constructed using
sources with negligible internal resistance and five resistors.

Find the currents in all branches of the circuit.

A

5.00 Q2 3.00 Q
1.00 O
§ 1.00 Q
8.00 O
i 12.0V
e 4.00V . T_
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7. The circuit shown in the figure is constructed using

sources with negligible internal resistance and five resistors.

Find the currents in all branches of the circuit.

+
240V —— 4.00 Q§

+
120V—— 1.00 Q§
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RC Circuits
Charging of a Capacitor

Let us discuss what happens during the charging of an
initially uncharged capacitor. Then let us carry out the
following steps.

* Derive the time-dependent equation for the charge on
the capacitor.

* Derive the time-dependent equation for the current
through the circuit.

* Plot the graphs of the quantities we obtain.

* Discuss what happens initially and in the final state

during charging.

* Define the concept of the time constant and examine
its unit.

§R

GOT
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Direct-Current Circuits

Discharging of a Capacitor

Let us discuss what happens during the discharge of a

charged capacitor. Then let us carry out the following steps.

Derive the time-dependent equation for the charge on
the capacitor.

Derive the time-dependent equation for the current
through the circuit.

Plot the graphs of the quantities we obtain.

Discuss what happens initially and in the final state
during discharging.

Define the concept of the time constant.

b

§R

[

a
-

+
&
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EXAMPLE 5: In the circuit shown, constructed with a source
whose internal resistance is negligible, the capacitor is
initially uncharged. It is given that £ =10V, R =5 k, and
C=2mF.

a. Calculate the time constant for the charging and

discharging cases of the circuit.

. Let the switch be moved to position a at t = 0. Write

the time-dependent equations for the charge stored on
the capacitor and the current through the circuit.

. Find the electric potential energy stored in the

capacitor at t =20 s.

d. After waiting long enough, the switch is moved to

position b. Obtain the time-dependent equations for

the charge and the current.

b

§R

[

a
I

+
el
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EXAMPLE 6: In the circuit shown, which is constructed with
a source whose internal resistance is neglected, the capacitor

is initially uncharged.

a. Find the current through the source in terms of the

given quantities at the instant the switch is closed.

b. Find the current through the source in terms of the

given quantities after waiting a long time.

c. Discuss what happens if the switch is opened again

after waiting a long time.

d. After waiting a long time and then opening the switch
again, find in terms of the given quantities the time
required for the charge on the capacitor to decrease to
half of its value.

€]
I

o
N
g
M\
My
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Your turn

8. In the circuit shown, which is constructed with a source

whose internal resistance is neglected, after a long time, the
capacitor is fully charged. £ =20V, R; =100 k{2,
R, =50k, and C = 10 uF are given.

a

b.

Find the time constant before the switch is closed.
Find the time constant after the switch is closed.

Suppose the switch is closed at t = 0. Find, as
functions of time, the currents through the resistors
after the switch is closed.

Find the time required for the charge on the capacitor
to decrease to one-tenth of its value.

Ry
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Direct-Current Circuits

9. In the circuit shown, which is constructed with a source
whose internal resistance is neglected, £ =6V,

R, =R, =R; =10k, and C = 6 mF are given. The switch
is closed at t = 0.

a. Find the currents through the resistors at t = 0.

b. Find the currents through the resistors after waiting a

long time.

c. Find the charge on the capacitor after waiting a long

time.

10. A charged capacitor is discharged separately through the
resistors R;, R,, and R;. As the capacitor discharges, the time
dependence of its potential is as shown in the graph. Rank

Ry, R,, and R, from greatest to least.

AV,
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Answers

Example questions

a.i=20A
1 b.V,=80V
c. Vg=8.0V
a.R=6.0Q
2 b ILg=30A I,=10A I,=20A
. V,=12V V,=60V V,=18V
a.V,;, =6.0V
3 b I,=—20A I,=10A
c. &=10V
Lioq=3.0A

4 I 0=20A

Lioo=10A

a.

b

5
c
d
a.
6
c

7=10s

.q(t)=2.0x1072(1—e"1)C

i(t)=2.0x1073et/10 A

.U=73x10"2J

.q(t)=2.0x1072e"/10 C

i(£)=—2.0x 10310 A

. Go to the video.

. t =2.0RCIn(2)

Your turn questions

I,=6.0A

I,=3.0A
1

I;,=20A

I=11A

R,=12Q
2

R, =5.00
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10

a. V=495V

b. =955V

a. V=48V
b. V=4.0V

c. Go to the video.
Loo=3.0A

Igon=2.0A

Lioo=10A

Left Branch: 1=0.85 A

Middle Branch: 1=0.46 A

Right Branch: 1=1.3 A

Tpper =3.5A
Lower = 2.5A
Inigae =1.0A

a.7,=15s

b. 7,=0.50s

c.i;=20x10"*A

d.t=12s

a.I;, =4.0x107*A
I,=2.0x10*A

b. I, =3.0x10%A

c.Q=1.8x1072C

R,>R;>R,

i,(t) = (4.0 x 107%)e 20t A

I,=2.0x10"*A

I,=30x10*A I,=0A
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CHAPTER

MAGNETIC FIELD

=

watch video

AND MAGNETIC FORCE

Magnets and Magnetic Fields

Let us examine the magnetic field formed around a bar

magnet. Let us discuss what happens to compass needles

placed around the magnet. Let us define the magnetic poles.

-~

£ o
D>

\
~a o

Let us examine what happens when a bar magnet is divided.

Let us discuss the internal structure of the magnet.

s N

S

]s Nifs N‘

F 5 N6 8E x
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Let us examine the interaction between unlike poles of

magnets.

~= 1

Let us examine the interaction between a magnet and an

iron nail.

Let us examine Earth’s magnetic field and its magnetic poles.




Magnetic Field and Magnetic Force

General Physics 2 - Electricity and Magnetism

Magnetic Force on a Charge

Let us discuss what the magnitude of the magnetic force on a
moving charge depends on. Let us derive the unit of the

magnetic field in terms of other units.

Fp

+q 6

Let us examine how the direction of the magnetic force on

the charge is determined.

-

<

=1

Let us examine how the sign of the charge changes the
direction of the magnetic force. Let us discuss under which
conditions no magnetic force acts on a charge.

/
/
/
/

/
/
!
VI
—_—
_
—_ v
_
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EXAMPLE 1: In a region where an electron has velocity
V' = 21 km/s, the magnetic field is given as B = (1+2j) mT.

Find the magnetic force acting on the electron.

Your turn

1. The magnetic force acting on a point particle with charge
2 uC is given as F = (—6j + 8k) mN. If the particle’s velocity
is 1 km/s in the +x direction and is perpendicular to the
magnetic field, find the magnetic field.
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Magnetic Field and Magnetic Force

Motion of a Charged Particle in a Uniform
Magnetic Field

Let us examine the motion of a charged particle entering a
region where there is a magnetic field of magnitude B
directed into the page. Let us obtain the following quantities

for the particle.

* Radius of the trajectory
* Period and frequency

¢ Angular speed

X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
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Let us examine the motion of a charged particle in a uniform
magnetic field when it has a velocity component in the same

direction as the magnetic field.

Let us examine how Earth’s magnetic field affects cosmic

rays.
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General Physics 2 - Electricity and Magnetism

EXAMPLE 2: A particle with charge g enters a region of
uniform magnetic field of magnitude B with momentum of
magnitude p. The particle’s kinetic energy is K. Assuming
that the motion is perpendicular to the magnetic field, find
the period of the particle’s circular motion in terms of the

given quantities.

Your turn

2. An electron moves in a circular path of radius 10 cm in a
region of uniform magnetic field of magnitude 1,20 x 107* T.
Given that the motion of the particle is perpendicular to the

magnetic field, find the speed of the electron.

Your turn
3. The figure shows the trajectory followed by a proton in
two different regions of uniform magnetic field. In both

regions, the proton follows a semicircular path.

a. Compare the magnitudes of the magnetic fields in the
regions.

b. Determine the directions of the magnetic fields in the
regions.

c. Compare the time the proton spends in these two

regions.
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Applications involving charged particles
moving in a magnetic field

Let us define the Lorentz force and examine the operating
principle of a velocity selector.

Let us examine how the mass spectrometer technique

works.

X

X

X X X X X X X X X
X X X

X X X
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Magnetic Field and Magnetic Force

Let us examine the working principle of the particle

accelerator called the Cyclotron.

EXAMPLE 3: A stationary electron is accelerated in the +x
direction through a potential difference V;. As the
accelerated electron passes between the parallel plates
shown in the figure, it follows a straight trajectory with
constant speed. The electric field between the parallel plates
is in the +y direction. Find the magnetic field that must exist
between the plates for the electron to follow a straight

trajectory.

Vi
—
T_ [ T S—
I
| |
T —
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Your turn

4. Of two ions with the same mass, one is doubly ionized
and the other is triply ionized. Find the relationship between
the radii of the trajectories of these two ions in a mass

spectrometer.

Magnetic Force on a Current-Carrying
Conductor

Let us examine how the magnetic force acts on a conductor
carrying current and placed in a uniform magnetic field. Let
us discuss the quantities on which this force depends and

express this force mathematically.

i 1

it i\

I i

I 1

’r'r/| '\\

I A

I [
x x it x x X[k % x x x x %
X % it x % X[ % x x x x %
xxfxx| g |xxxxx| g [xxx
X x It x x X(X % X X X X X
X x It x x x| x X x X X X
XXExXX xlk % x x XX %
\ T

\ L

\\ (I

\ I

1-0 \5 i
\ I

|
J

=




Magnetic Field and Magnetic Force

General Physics 2 - Electricity and Magnetism

EXAMPLE 4: The magnitude of the magnetic force acting on
the £ = 20 cm long portion of the wire shown, which carries
a current of I = 0.40 A, is F = 8 x 10~ N. Given that

0 = 30°, find the magnitude of the uniform magnetic field in

the region.
1
Y
~
/7
B Ao
/ot
/ N
Your turn

5. The magnitude of the net magnetic force acting on the
circuit of negligible weight shown, which is attached to the
end of a hook, is to be measured. The magnetic field is
confined to a limited region, is directed out of the page, is
uniform, and has a magnitude of 20 mT. If the current
through the circuit is 0.3 mA, calculate the net magnetic
force acting on the circuit.

10.0 cm

O o0loo oo _é_é‘:
|

[o}o) © O
OO0 0000606 0
OO0 000 0 0
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Let us derive the magnetic force acting on a segment of wire

carrying current and placed in a magnetic field.

[ L+

s

d

|

EXAMPLE 5: Find the net magnetic force acting on the wire
shown in a magnetic field of magnitude B.
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Magnetic Field and Magnetic Force

Your turn
6. Part of the circular wire loop shown lies in a region of
uniform magnetic field. Derive the magnetic force acting on

the wire in terms of the quantities given in the figure.
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Torque Acting on a Current Loop in a
Uniform Magnetic Field

Let us calculate the magnetic torque acting on a current loop
placed in a uniform magnetic field. Let us discuss what this

torque depends on and express it mathematically.

-]




Magnetic Field and Magnetic Force

General Physics 2 - Electricity and Magnetism

Magnetic Dipole Moment

Let us discuss the concept of magnetic dipole moment and

express it mathematically. Using this definition, let us derive

again the torque acting on a current-carrying loop in a
—
uniform B magnetic field.

m As the number of turns of the wire increases, the

magnetic dipole moment also increases.

Let us discuss the potential energy of a magnetic dipole

placed in a magnetic field and write the related

mathematical expression. Let us examine the magnitudes of

the maximum and minimum potential energies.
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EXAMPLE 6: A current of 2 A passes through a rectangular

wire whose side lengths are 40 cm and 60 cm. At the

location of the wire, the magnetic field is uniform, directed

into the page, and has a magnitude of 0.5 T.

a.

b.

Find the net magnetic force acting on the rectangle.

Find the magnitude of the magnetic dipole moment of

the rectangle.

Find the magnitude of the magnetic torque acting on

the rectangle.

If the rectangle is rotated by 30° about the axis shown
in the figure, with its left side moving into the page
and its right side moving out of the page, find the

magnitudes of the magnetic force and torque.

Find the potential energies of the rectangle before and
after it is rotated.

=T

X X | X X

X | X
I\L :
|
|

x| X X
<>
X X

X X X X
X X X X
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Magnetic Field and Magnetic Force

Your turn

7. A current of 5 A passes through the rectangular wire loop
whose side lengths are given in the figure. At the location of
the wire, the magnetic field is uniform, directed along the

+x axis, and has a magnitude of 0.2 T.
a. Find the net magnetic force acting on the rectangle.
b. Find the magnetic dipole moment of the rectangle.
c. Find the magnetic torque acting on the rectangle.

d. Find the potential energy of the rectangle.

i
T

T
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Hall Effect

Let us examine the Hall effect that occurs when a
current-carrying conductor is placed in a region containing a
magnetic field. By examining the potential difference that

forms between points a and c, let us define the Hall voltage.




Magnetic Field and Magnetic Force

General Physics 2 - Electricity and Magnetism

EXAMPLE 7: A rectangular piece of metal has a width of

d =3 cm and a thickness of 500 um. The metal carries a
current of 40 A and is placed in a uniform magnetic field in a
uniform magnetic field of magnitude 0.2 T, and a Hall

voltage of 6 uV is obtained.
a. Find the magnitude of the Hall field inside the metal.

b. Find the drift speed of the conduction electrons inside

the metal.

c. Find the free-electron density inside the metal.
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Answers

Example questions

1 F=-64x10"kN

4 B=20x1023T
5 F,=20-I-R-Bj

a. F,

net

=0N
b. u=0.48A-m?

6 c7=0N'm
d. Fpee=0N 7=0.12N-m
€. Upyot = —0.24J  Uppy =—0.217J
a. E; =2.0x107*V/m

7 b.v;=1.0x10"3m/s

c.n=1.67x10¥ m™

Your turn questions
1 B=(4.0j+3.00)T
2 v=21x10°m/s
a. B, >B,
3 b.B;:® B;:®
C.oty>t,

I — 3
4 g 2

5 F,=60x10"7N

o
6 F=-—2IrB,sinf,j
a. F,=0
b. i =0.30{—0.52k A - m?
c. T=—0.10jN-m

d. U=-0.060J
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SOURCES OF MAGNETIC FIELD ™™

Biot-Savart Law Let’s obtain the magnetic field at a point at a distance a from

) ) ) an infinitely long straight wire carrying current I.
Let’s discuss the Biot-Savart law and write the relevant

)
mathematical expression. )
P”
/
/
PP /
/ /
/ /
/
/ "// a
/y
/ ! /
/ /; P
/
- 6
r( N
0 — —x
ds
dS _I>

Let’s write the magnetic field created by a moving charge
using the Biot-Savart law.
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EXAMPLE 1: An infinitely long linear wire perpendicular to
the page plane carries a current I out of the page. Find the
directions of the magnetic fields at points C, D, and E and

compare their magnitudes.

Ce

D

*E



Sources of Magnetic Field

General Physics 2 - Electricity and Magnetism

Let’s obtain the magnetic field created at point O by the wire
segment shown, through which current I flows, using the
Biot-Savart law.

///
P
0<\30
~
~
a~
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EXAMPLE 2: Obtain the magnetic field generated by the
circular wire shown in the figure, carrying a current I, at
point P. Discuss what the magnetic field would be if point P

were moved to the origin.

y

\\-

Resultant magnetic field

Let us examine the principle of superposition for the

magnetic field through the following example.
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Sources of Magnetic Field

EXAMPLE 3: The radius of the loop part of the infinitely long
wire shown in the figure, carrying a current I, is R.
Accordingly, find the magnetic field at the center of this part.

T \

Your turn

1. Obtain the magnetic field generated by the infinitely long
wire shown in the figure, carrying a current I, at point P.

P
i *
- —
I X
1

2. Obtain the magnetic field generated at point P by the
infinitely long wire through which a current I passes as
shown in the figure.

e
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3. Obtain the magnetic field generated at point P by the wire
through which a current I passes as shown in the figure.

Magnetic Forces Between Two
Current-Carrying Wires

Let’s obtain the magnetic force that two current-carrying
wires exert on each other. Let’s discuss the relationship
between the directions of the forces and the directions of the

currents.




Sources of Magnetic Field

General Physics 2 - Electricity and Magnetism

EXAMPLE 4: Find the net magnetic force exerted by an
infinitely long straight wire carrying current I; on a
rectangular current loop carrying current I,. The straight
wire is positioned parallel to the long sides of the rectangular
loop.

|«— ¢ —>ie——a —>|

Your turn
4. Find the magnetic forces exerted on each other by the
sufficiently long, straight wires carrying current I in the same

plane as shown in the figure.

I_>( T\ >
d
1
C D €&—
d
1 |
—>C 4 D
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Ampere’s Law

Let’s explain Ampere’s law and write the relevant

mathematical expression.

Let’s obtain the magnetic field at point A, which is at a
distance r from an infinitely long wire carrying current I,

using Ampere’s law.

Let’s discuss the results of Ampere’s law through examples.

® (9)sa
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Sources of Magnetic Field

EXAMPLE 5: An infinitely long cylindrical straight wire

carrying a current I is shown in the figure.
a. Find the magnetic field intensities for the regions
inside and outside the wire.

b. Plot the magnetic field intensity as a function of the
distance from the center of the wire.
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EXAMPLE 6: Two nested coaxial cables carry currents in
opposite directions as shown in the figure. The dimensions of
the cables are shown in the figure. Find the magnetic field

intensities in all regions.
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Your turn

5. An I current passes through the conducting cylindrical
wire of radius R shown in the figure. Given that a is a
constant, the current density in the wire is given as

J(r) = ar depending on the distance from the center.

a. Find the constant a.

b. Find the magnetic field intensity inside the wire as a

function of the distance from the center.

c. Find the magnetic field intensity outside the wire as a

function of the distance from the center.
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Magnetic Field of a Toroid

Let’s obtain the magnetic field inside a toroid carrying a
current I.

Magnetic Field of a Solenoid

Let us examine the magnetic field created by a solenoid. Let
us discuss the similarity of the magnetic field between a
solenoid and a bar magnet. Let us obtain the magnetic field
intensity inside an infinitely long solenoid.

A

N

>
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Sources of Magnetic Field

EXAMPLE 7: A thin solenoid with a length of 10 cm has a
total of 800 turns. Given that the magnetic field intensity
near the center of the solenoid is 2.0 x 1072 T, find the

current flowing through the solenoid.

Gauss’s Law in Magnetism

Let us define the concept of magnetic flux. Let us write the

relevant mathematical expression for magnetic flux.

Let us discuss Gauss’s law for magnetism and write the

relevant mathematical expression.

\\i(/
\N

i

>
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EXAMPLE 8: A solenoid shown in the figure with length ¢
and radius r has N turns. While a current I is flowing
through the solenoid, find the magnetic flux in the circular

region of radius R shown in the figure.

Your turn

6. A rectangular loop of width a and length b is placed next
to a straight wire carrying current as shown in the figure.
The straight wire is positioned parallel to the long sides of
the rectangular loop. Given that the current passing through
the wire is I, find the magnetic flux through the loop.

I x X % x x
X X x x x
X X x x x
X X x x by
X X x x x
X X x x x
« C > a >
X X x x x
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Magnetism in Matter Answers
Let us discuss how the material medium can affect the Example questions
magnetic field.
Magnitudes: B > B > B),
1
Refer to the video for directions.
3 wlR? .
B = syt
Magnetic Field of Atoms 2 o s
When point P is moved to the origin: B = 5x1
Let us discuss how the magnetic field of an atom is formed.
Let us examine the particles and interactions that can 3 B= %I (1 + %) ®
contribute to the magnetic field of the atom.
=3 I 150
4 Fr = goniis o to the left
a. B= 2 and B = &l
. 2nR2 2mr
5
b. Go to video.
Forr <a: B= gﬁ;
. ForaSer:B:%
. g — ol (Ar?
Forb<r<c:B=z% (52722)
Forr=c:B=0
PN
E
(=]
Q 7 I1=2.0A
c
£
H 8 MONIrrrZ
Ferromagnetism < 8 ¢="7—
[=
Let us examine the concept of ferromagnetism. Let us discuss | &
(]
how materials with this property behave in a magnetic field. ‘q"—;
@ Your turn questions
S
1 B=35®
Lol 4
2 5= B (1 + E) ®
o wl (11
3 B=4%(i-%)e
. = Ly 12
Top wire: F; = 52+ ]
4 Middle wire: F, =0
. = 12 .
Bottom wire: F; = —57 ]
_ 31
a. a4 = RS
Paramagnetism and Diamagnetism 5 b B— 23;:5
Let us examine the concepts of paramagnetism and I
diamagnetism. Let us discuss how materials with these 2rr
roperties behave in a magnetic field. Ib
prop g 6 @=42n()
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ELECTROMAGNETIC INDUCTION ™™

Faraday’s Law of Induction

Let us examine the concept of induced current. Let us discuss
the relationship between the magnetic field and the electric

field, and write Faraday’s law of induction mathematically.

Let us examine under which time-varying parameters an

induced emf is obtained.

Let us examine Faraday’s experiment and discuss its results.
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EXAMPLE 1: An insulated conducting wire is bent into a loop
and placed in a magnetic field region, as shown, with the
plane of the loop perpendicular to the magnetic field. The
area enclosed by the wire is 0.2 m?. Find the potential
difference between the ends of the wire while the magnitude
of the magnetic field is increased from 0.1 T to 0.3 T in 10
seconds.

o
N /
/ [\\7] ~
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Your turn

1. A rectangular loop of width a and length b is placed next
to a long straight wire carrying current as shown in the
figure. The straight wire is oriented parallel to the longer
sides of the rectangular loop. The time-dependent current
through the wire is given by I(t) = I, sin wt. Find the
induced emf in the loop in terms of the given quantities.

1 x % x x x
X X x x x
X X x x x
X X x x by
X X x x x
X X x x x
—C a
X X % x x
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2. A solenoid of radius r, number of turns N, and length L
carries a time-dependent current I(t) = at (a > 0), as shown
in the figure. A conducting loop of radius R surrounds the
solenoid. The central axes of the solenoid and the loop
coincide. Find the induced emf in the loop in terms of the

given quantities.

Motional emf

Let us derive the potential difference that appears between

the ends of a conductor moving in a uniform magnetic field.

Ky B
X X X X
X X X X
—
X X X X
X X X X
Y
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Electromagnetic Induction

Let us examine the circuit setup shown in the figure and

complete the following steps.

Let us derive the induced emf between the ends of the

moving conductor.

Let us obtain the same emf from the change in area as

well.
Let us determine the current through the circuit.

Let us find the magnetic force acting on the moving

conductor.

Let us compare the power dissipated in the resistor
with the mechanical power required to pull the

conductor.

X X X X X X
A
X X X X X X

A
X
i
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EXAMPLE 2: A rectangular wire loop with resistance R has a
short side of length a and a long side of length b. The loop is
pulled with speed v from a region where there is a uniform
magnetic field of magnitude B into a region where there is
no magnetic field. Find the current through the loop and its
direction.

X X X X X

X X X X X

XX X XX

XX X XX

XX X XX
!
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EXAMPLE 3: In a frictionless rail system, a conducting bar of
mass m is launched as shown with speed v; at time t = 0.
Derive the equation for the velocity of the conducting bar as

a function of time.

X X X X X X
A
X X X X X X

/
=2
v
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Your turn

3. In a frictionless rail system whose resistance is negligible,
a conducting bar is pulled as shown with a constant speed of
v =120 cm/s by a force of magnitude F in a region where
there is a uniform magnetic field of magnitude B = 600 mT.
The magnetic field is directed into the page, and the
conducting bar is pulled along the plane of the page. Given
that £ = 150 cm and R =100 €.

a. Find the induced emf between the ends of the
conductor.

b. Find the current through the resistor.
c. Find the magnitude of the force F.

d. Find the power dissipated by the resistor.

X X| X XX X %X _
X X | X XEx X XB
X X! X XX X X

R§x x¢x xWx x XF
X X | X X X X X
X X X XEX X X
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Let us derive the potential difference that appears between EXAMPLE 4: Two conducting loops are moved around a
the ends of a conductor of length £ when it is rotated with sufficiently long current-carrying wire as shown in the figure.
angular speed w as shown in a uniform magnetic field. Discuss whether induced currents are formed in the loops,

and determine the direction of the induced currents if they

N are formed.
xB % x x x x x

x x x x x = T[
v
x x x x x
v
x x ¢ % x
x x x x x x
x x x x x x x
x x x x x x x

EXAMPLE 5: A rectangular loop of width w and length [ is

placed next to an infinitely long straight current-carrying

PN
y £ wire as shown in the figure. The straight wire is positioned
Lenz’s Law Q .
c parallel to the longer sides of the rectangular loop. The
N
Let us discuss Lenz’s law and determine the directions of the & |  current through the wire is constant and equal to I. As the
c
induced currents for the following examples. @|  loop is pulled with speed v, find the current through the
é resistor R for the position shown in the figure.
x x X x 3 ﬁ x X x X x ﬁ E
©
X x X x x x x x I Tf —
¢t SR |f—p
x x X x x x x x L
3 - sk 3
X %X VvV x %X XV x x X - w‘J
x x x x X x x x
X x x x x x X x X x
v / v /
— - < e
Sematr ot
OSSN TSR
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General Form of quqdqy’s Law EXAMPLE 6: A solenoid with turn density n and radius R is

shown in the figure. The time-dependent current through the
Let us discuss the relationship between the change in e .

coil is given by I(t) = I, sin wt.
magnetic flux and the electric field. Let us write the general

form of Faraday’s law for the case in which no conductor is a. Find the magnitude of the induced electric field at a

point outside the solenoid, at a distance r > R from the

present.
central axis.
R . . . -
v v v v +B b. Find the magnitude of the induced electric field at a
point inside the solenoid, at a distance r < R from the
x / x central axis.

x x x V% x
O D "3
R

x x x x x
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Electromagnetic Induction

EXAMPLE 7: There is a time-varying magnetic field region in
the area shown by dashed lines in the figure. In this region,
the magnetic field magnitude is given by B(t) = 2t> —t + 3.
Find the magnitude of the induced electric field at point P
outside the region as a function of time and indicate its

direction.

\
/

X X X X X X X
X X
x »
/
RIR VAR ,
X X\
\\

/
\
N

~
\

L% X X X XN

\
S% % X % X x X

-
>
s

Generators and Motors

Let us examine how an alternating current generator works.
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Let us examine how a direct current generator works.

Let us obtain a mathematical expression for the induced emf

generated by an alterna

ting current source.

Y=l

(ON

\

OXO;

\

YY Y

\
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EXAMPLE 8: An alternating voltage is obtained by rotating a
conducting square loop with a side length of 40 ¢cm in a
region of uniform magnetic field. The magnetic field strength

is 400 mT, and the loop is rotated at a frequency of 50 Hz.

a. Find the time-dependent equation for the magnetic

flux through the loop.

b. Find the emf induced in the loop.

Eddy Currents

Let us examine the concept of eddy currents. Let us discuss
why a conductor loses energy faster than usual while

oscillating near a magnet.

\:l
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Answers

Example questions

1

£=4.0x107°V
1=t
Current direction: Clockwise
v(t)= vie‘%t

Left loop: No current is induced.

Right loop: A current is induced, and its direction is clockwise.

. pollvw
1= 27Rr(r+w)

IR

a. E =500 coswt
q

b. E = B2 cos wt

__ (4.0t—1.0)R?
E= 2r

V/m, its direction is counterclockwise.
a. ®(t) = 0.064cos(1007tt) Wb

b. &(t) = 6.4msin(1007t) V

Your turn questions

é’:——““;‘;bw In (%) cos wt
! Nrrla

E=—"—

a. £=1.08V

b.I1=1.08x1072A
c. F=9.7x107°N

d.P=12x102W
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INDUCTANCE

Self-Induction and Inductance

Let’s define the concept of self-induction using a simple
circuit arrangement. Let’s mathematically express the

self-induced emf for the following circuit.

_LQMJ_|—

* Let’s define the concept of inductance and write the

corresponding mathematical expression.
* Let’s examine the unit of inductance.

¢ Let’s examine the inductor as a circuit element.
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watch video

EXAMPLE 1: A solenoid whose length is sufficiently greater

than its radius has N turns, length ¢, and radius r.
a. Find the inductance of the solenoid.

b. If the current through the solenoid is I(t) = I, sin wt,

find the self-induced emf across the solenoid.

EXAMPLE 2: A toroid with major radius R and minor radius
r has N turns wound around it. For R > r, find the
inductance of this toroid. (Assume that the magnetic field

magnitude is uniform over any cross section of the toroid.)
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RL Circuits

Let us discuss what happens after closing switch S; in the RL

circuit shown. Then let us carry out the following steps.

Obtain the time-dependent equation for the current in
the circuit.

Obtain the time-dependent equation for the potential

difference across the inductor.

Let us define the concept of the time constant and

examine its unit.

Draw the graphs of the current and the time derivative
of the current as functions of time.

|l|+
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Let us discuss what happens in the RL circuit shown when

switch S, is first closed, the circuit is allowed to reach steady

state, and then S; is moved from a to b.

Obtain the time-dependent equation for the current

through the resistor.

Obtain the time-dependent equation for the potential

difference across the inductor.

Draw the current-versus-time graph for the resistor.

a 52 R
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Inductance

EXAMPLE 3: In the circuit shown, £ =12V, L =10 mH, and

R =5 Q are given. The switch is closed at t = 0.

a.

b.

Find the time constant of the circuit.

Obtain the time-dependent equation for the current in
the circuit.

Find the current in the circuit after waiting for a long

enough time.

Find the time required for the current to reach half of

its maximum value.
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EXAMPLE 4: A circuit consisting of resistors, a source, and an
inductor is shown in the figure.

a. Find the currents through all branches immediately
after the switch is closed.

b. Find the currents in all branches after waiting for a

long enough time.

4.00 Q 8.00 Q

10.0V— 4.00 Q 1.00 H

o
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Energy in a Magnetic Field
Let us examine the energy stored in the inductor after switch
S, is closed in the RL circuit shown.

* Find the rate at which the inductor stores energy.

* Find the energy that will be stored in the inductor after

waiting for a long enough time.

* Treating the inductor as an ideal solenoid, find the
magnetic energy density per unit volume inside the
coil.

|||+
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EXAMPLE 5: When a current I passes through a coil with N
turns, a magnetic flux ®5 is produced through each loop.
Find the magnetic field energy of this coil in terms of the

given quantities.

EXAMPLE 6: Find the magnetic energy density at the center
of a circular wire of radius R carrying a current I in terms of

the given quantities.
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EXAMPLE 7: A circuit consisting of a 12 V battery, a switch, a EXAMPLE 8: Find the mutual inductance of the two-coil
resistor, and an inductor is constructed. It is given that arrangement whose properties are given in the figure.
R=6Qand L =2H.

a. Find the energy stored in the inductor after the switch
is closed and a sufficiently long time has passed.

b. Find the energy stored in the inductor after one time

constant has elapsed since the switch was closed.

Mutual Inductance

Let us examine the concept of mutual inductance for two
side-by-side coils. Let us derive the relevant mathematical
expressions.

EXAMPLE 9: Two sufficiently long concentric solenoids of the

same length have radii r; > r,. The solenoids have n; and n,

@ertansinansahin.com)

\[M\__ﬂﬂﬁtT"

turns per unit length. Accordingly, find the mutual

inductance per unit length of this arrangement.

v L..._

&
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Oscillations in LC Circuits

Let us discuss the oscillations in LC circuits and derive the

relevant mathematical results.

™
+
|

1

Q00
~
o
| |

T+
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EXAMPLE 10: In the circuit shown, £ = 10 V and while the
switch is in position a, the capacitor becomes fully charged;
then the switch is moved to position b. The circuit

parameters are given as L =2 mH and C = 8 mF.
a. Find the frequency of oscillation in the LC circuit.

b. Find the maximum value of the charge stored in the

capacitor.

c. Find the maximum value of the current through the

circuit.

)
|+
]
200/
~
o
| |
I+
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Inductance

RLC Circuits

Let us examine RLC circuits and obtain the related

mathematical results.

a S
QO
b
+ +
e—— L —_—c
R

@ertansinansahin.com)

Answers

Example Problems

10

N27r2
a, L = bor

uONzanIOwcoswt
b. £ = — Lol fowcoser

)
— MoNr
L= 2R

a. 7=2.0ms

b. i(t) =2.4(1—e>")A

c.I1=24A

d.t=1.4ms

a. imain =1.25A imiddle =1.25A iright =0.0A

b. imain =15A imiddle =1.0A

Uy = N®,I

a.U=40J

b.U=1.6J

_ UoNiN>A
M= ¢

m = o nymra

a. f =40Hz

b. Quax =8.0x1072C

c. I,.=20A

max

Tione = 0.50 A

right
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ELECTROMAGNETIC WAVES ™™

Displacement Current Maxwell’s Equations

Let us examine a case in which the form of Ampere’s law we * Let us write Maxwell’s equations of electromagnetism.
wrote earlier is insufficient. Let us write the most general L Gauss's law

form of the law.

II. Gauss’s law for magnetism

III. Faraday’s law

IV. Ampére-Maxwell law

* Let us discuss what these equations express.

¢ Let us define the Lorentz force and discuss how the

equations are used.

EXAMPLE 1: A parallel-plate capacitor with area A is being * Let us examine what form these equations take for a

charged by a conduction current I. The magnitude of the region of space containing no charge or current.
uniform electric field formed between the capacitor plates is

E, and the charge on a plate at any instant is g.
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Show that the displacement current between the plates is

equal to the conduction current I in the wires.

Plane Electromagnetic Waves

Let us explain what plane electromagnetic waves are. Let us
examine the following figure showing the state of an

electromagnetic wave at a particular instant.

elektrik

L ilerleme yonii
alan

manyetik
alan
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Let us write the wave equations expressing the electric and EXAMPLE 2: A sinusoidal electromagnetic wave with
magnetic field components for electromagnetic waves, along frequency 50 MHz propagates in the +x direction in vacuum.
with the solutions of these equations. At a certain position and instant, the electric field has

reached its maximum value of 600 N/C and is directed along
the +y axis. Take the speed of light in vacuum as
c=3.0x10%m/s.

a. Determine the wavelength and period of the wave.

b. At this position and instant, calculate the magnetic

field vector, including its magnitude and direction.

Energy Carried by Electromagnetic
Waves
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Let us define the Poynting vector. Let us obtain the unit of

this quantity.

Let us define the concept of a linearly polarized wave. Let us
express the ratio between the magnitudes of the electric and

magnetic field components of electromagnetic waves.
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Electromagnetic Waves

Let us obtain the intensity of an electromagnetic wave in
terms of the magnitudes of the electric and magnetic field

components of the wave.

Let us obtain the relationship between the intensity of an
electromagnetic wave and its power through a given
cross-sectional area.
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EXAMPLE 3: A transmitting antenna at a military radar
station, radiating equal power in all directions, emits
electromagnetic waves with an average power of

4.0 x 10! kW into the surroundings. It is assumed that the
antenna behaves as a direction-independent point source and
radiates all of its energy as spherical electromagnetic waves.
Calculate the maximum electric and magnetic field
magnitudes produced by these waves, which reach the
surface of an unmanned aerial vehicle (UAV) flying a
reconnaissance mission at a distance of 2.0 x 10 km from
this transmitting antenna and normally incident on its
surface. Take the speed of light in vacuum as

¢ =3.0 x 108 m/s and the magnetic permeability of vacuum
as g = 4.0m x 1077 T-m/A.

a. What is the magnitude of the maximum electric field
on the UAV surface in V/m?

b. What is the magnitude of the maximum magnetic field
on the UAV surface in T?

Momentum and Radiation Pressure

Let us write the momentum transferred to a surface by
electromagnetic waves that are completely absorbed by the
surface. Then let us obtain the pressure produced by these
waves on the surface.

Let us discuss what happens when the waves are completely
reflected from the surface.
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EXAMPLE 4: A laser device used in a laboratory emits a
beam with an average power of 6.0 mW. This laser beam
forms a circular cross section with a diameter of 2.0 mm on
the surface of a plate on which it is normally incident. The
plate surface reflects %80 of the incident electromagnetic
wave. Take the speed of light in vacuum as
c=3.0x10%m/s.

a. Calculate the magnitude of the average Poynting
vector on the plate surface (S,y,).

b. Calculate the radiation pressure exerted by the laser
beam on the plate (P,,).

Production and Spectrum of
Electromagnetic Waves

Let us discuss how electromagnetic waves are produced in an
antenna.

Let us examine the spectrum of electromagnetic waves using
the table.

Wave type Wavelength range

Radio waves >1m

Microwaves lmm-1m
Infrared 750 nm -1 mm
Visible light 400 nm - 750 nm
Ultraviolet 10 nm - 400 nm
X-rays 0.01 nm- 10 nm

Gamma rays < 0.01 nm

Radyo Kizilotesi Mordtesi Gama
dalgalari isinlar  ismlar 1sinlari
r A \ —— = —t—

R ——

-3 _ -5 -7 -9 -11__-13
10 1 10 10 10 10 10 10
Mikro Gortiniir ~ X-1s1nlari
dalgalar 151k

Let us examine the colors and wavelengths in the visible

region.

Light color Wavelength range
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Violet 400 nm - 450 nm
Blue 450 nm - 495 nm
Green 495 nm - 570 nm
Yellow 570 nm - 590 nm
Orange 590 nm - 620 nm
Red 620 nm — 750 nm
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Electromagnetic Waves

Exercises and Problems

1. A laser source emits a sinusoidal electromagnetic wave
propagating in the —y direction in vacuum. The wavelength
of this wave is 7 x 107® m, the electric field vector is parallel
to the x-axis, and its maximum amplitude is given as

E.x = 3.0 x 10° V/m. Take the speed of light in vacuum as
c=3.0x10%m/s.

a. Find the wave number (k) and angular frequency (w)
of this wave.

b. Write the vector equations of the electric field (E) and
magnetic field (B) as functions of position and time.
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2. The electric field of an electromagnetic wave propagating
in the +z direction in vacuum is of the form

E(z,t) = E, cos(kz — wt)i. Here, take E, = 6.0 x 10% V/m,
Uo = 4.0 x 1077 T-m/A, and ¢ = 3.0 x 108 m/s.

a. Obtain the time-dependent expression for the Poynting

vector (§) and write its SI unit.

b. Express the average intensity of the wave in terms of

E,. Calculate its numerical value.

c. The wave is completely absorbed by a surface of area
A= 2.0 m? perpendicular to the direction of
propagation. Find the average power transferred to the

surface.
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3. The intensity of an electromagnetic wave beam
propagating in vacuum is given as I = 1.2 x 103 W/m?. This Cevaplqr
wave beam is normally incident on a plane surface of area Sira sende sorular
A= 5.0 m? perpendicular to the direction of propagation.

Assume that the wave reaches the surface for a duration of

1  Go to the video.
At =10 s. Take the speed of light in vacuum as

c=3.0x108m/s. a.A=60m, T=20x102%s

a. Calculate the total energy carried by the wave beam to b. B=(2.0x 1076 T)IA<

the surface during this time interval.

_ =2
b. Assume that the surface completely absorbs the wave 2 By = LT

3
beam. In this case, calculate the magnitude of the total b.B,,,=26x10"°T
momentum transferred to the surface.
— 3 2
c. Find the radiation pressure exerted on the surface in 4 A Sy =1.9x10°W/m
the case of complete absorption. b.P. =1.1x10°° Pa
. Py =1.

d. Now assume that the wave beam is completely
reflected from the surface. In this case, calculate the
magnitude of the total momentum transferred to the

Alistirmalar ve problemler
surface.

e. Find the radiation pressure exerted on the surface in a. k=2.0x10°rad/m, w = 6.0 x 10'* rad/s

the case of complete reflection. .
1 b. E(y,t)=(3.0 x 10° V/m) cos(ky + wt)i

B(y,t)= (1.0 x 102 T) cos(ky + wt)k
- 2 "
a. S(z,t) = :—;’C cos*(kz — wt)k,  Unit: W/m>
ES 2 2
2 b.I=m=4.8X10 W/rn

C Py =9.5x 102 W

a. U=6.0x10*J
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b. p=2.0x10"*kg-m/s
3 ¢ P=40x10"°N/m?
d. p’=4.0x10"*kg-m/s

e. P’ =8.0 x 10°® N/m?




