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1. A) A 24.0 m length of 2.0 mm diameter cylindrical conducting wire
carries a 140 A current when 28.0 V is applied to its ends.

i Calculate the resistance R and resistivity ρ of the conducting
wire.

ii Find the current density J and electric field E inside the con-
ducting wire.

iii If the current is maintained in the conductor for 3 hours,
calculate the dissipated energy in the conducting wire.

1



B) Figure shows a rectangular loop of wire immersed in a nonuniform
and varying magnetic field ~B that is perpendicular to and directed
into the page. The field’s magnitude is given by B = 4t2x2, with
B in teslas, t in seconds, and x in meters.

The loop has widthW = 3.0 m and height
H = 2.0 m. What are the magnitude and
direction of the induced emf ξ around the
loop at t = 0.10 s?

2



2. The circuit containing three ideal batteries and resistors is shown in
figure. If R1 = 10 Ω, R2 = 20 Ω, R3 = 30 Ω , ξ1 = 10 V , and
ξ2 = 20 V , ξ3 = 30 V ;

i Calculate the current through
each battery.

ii Calculate Vb − Va, the potential
difference between the points b
and a.

iii Find the total thermal energy
dissipation rate in the circuit.

3



3. What uniform magnetic field, applied perpendicular to a beam of
electrons moving at 1.30 × 106 m/s, is required to make the electrons
travel in a circular arc of radius of 0.35 m? (Hint: Centripetal
Force; Fc = mv2

R
)

4



4. Figure(a) shows two wires, each carrying a current. Wire 1 consists
of a circular arc of radius R and two radial lengths; it carries current
i1 = 3.0 A in the direction indicated. Wire 2 is long and straight; it
carries a current i2 that can be varied; and it is at distance R/2 from
the center of the arc. The net magnetic field B due to the two currents
is measured at the center of curvature of the arc.

Figure(b) is a plot of B in the direc-
tion perpendicular to the figure as a
function of current i2. The horizontal
scale is set by i2s = 2.00 A. What is
the angle subtended by the arc?

5



5. In Figure below, a 120-turn coil of radius 1.8 cm and resistance 5.3 Ω
is coaxial with a solenoid of 220 turns/cm and diameter 3.2 cm. The
solenoid current drops from 1.5 A to zero in time interval ∆t = 25 ms.

What current is induced in the coil
during ∆t?

6
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1. A) The circuit containing three cylindrical resistors, namely X , Y
and Z, which obey Ohm’s Law is shown in the figure below. The
resistors which have length of L and cross-sectional area of A are
connected to an ideal battery of emf ε. As shown an ammeter is
connected in series while voltmeter is connected to ends of resistor
Z. The resistors X and Y have a resistivity ρ and the resistor Z
has a resistivity 3ρ.

i Find the current i through the
ammeter.

ii Find the reading of voltmeter.

Express your result in terms of given quantities and constants (ε,
A, ρ, L). (Hint: Resistance is related to resistivity; R = ρL

A
)

1



B) What uniform magnetic field, applied perpendicular to a
beam of electrons moving at 1.30 × 106 m/s, is required to make
the electrons travel in a circular arc of radius of 0.35 m? (Hint:
Centripetal Force; Fc = mv2

R
)

2



2. Consider circuit as shown in figure which consists of two batteries. One
of the following batteries has an internal resistance r, while the other
battery is an ideal battery.

Calculate;

i Currents through each battery,

ii Total power dissipated by resistors.

iii Potential difference between points a
and b, Vab,

3



3. In Figure given below, R1 = 8.0 × 103 Ω, R2 = 10.0 × 103 Ω, C =
6×10−7 F , and the ideal battery has emf ǫ = 12.0 V . First, the switch
is closed a long time so that the steady state is reached. Then the
switch is opened at time t = 0.

What is the current in resistor 2 at t =
2.00× 10−3 s?

4



4. In Figure, two semicircular arcs have radii R2 = 2.6 cm and R1 =
1.05 cm, carry current i = 0.0937 A, and share the same center of
curvature C.

What are the

i magnitude

ii direction (into or out of the page, why?)

of the net magnetic field at C?
Hint: Use Biot-Savart Law.

5



5. In figure below, the magnetic flux through the circular loop of radius
r = 2.0 m increases according to the relation ΦB = 3t2 + 3t, where ΦB

is in Webers and t is in seconds.

i Find the magnitude of the induced
emf, ξ in the circular loop at t = 2.0 s.

ii What is the magnitude and direction of
the induced current in the circular loop
at t = 2.0 s if the loop has a total resis-
tance of R = 30 Ω?

6
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1. A) In Figure, R1 = 2.0 Ω, R2 = 6.0 Ω, and the ideal battery has emf
ε = 4.0 V .

i What are the size and direction (left
or right) of current i1?

ii How much energy is dissipated by all
four resistors in 3.00 minutes?

1



B) A 15.0 kΩ resistor and a capacitor are connected in series and then
a 12.0 V potential difference is suddenly applied across them. The
potential difference across the capacitor rises to 5.0 V in 1.30 µs.

a) Calculate the time constant of the circuit.
b) Find the capacitance of the capacitor.

2



2. In Figure, an electron accelerated from rest through potential differ-
ence V1 = 1.00 kV enters the gap between two parallel plates having
separation d = 10.0 mm and potential difference V2 = 50 V . The lower
plate is at the lower potential. Neglect fringing and assume that the
electron’s velocity vector is perpendicular to the electric field vector
between the plates.

In unit-vector notation, what uni-
formmagnetic field allows the elec-
tron to travel in a straight line in
the gap?

3



3. A long wire carries a 10 A current from left to right. An electron
1.0 cm above the wire is traveling to the right at a speed of 1.0 × 107

m/s. What are the magnitude and the direction of the magnetic force
on the electrons?

4



4. In Figure, two semicircular arcs have radii R2 = 3.9 cm and R1 =
1.575 cm, carry current i = 0.1405 A, and share the same center of
curvature C.

What are the

i magnitude

ii direction (into or out of the page, why?)

of the net magnetic field at C?
Hint: Use Biot-Savart Law.

5



5. A square wire loop with 3.00m sides and resistance 3 Ω is perpendicular
to a uniform magnetic field, with half the area of the loop in the field
as shown in figure. The loop contains an ideal battery with emf (ε)
20.0 V . The magnitude of the field varies with time according to B =
0.0420− 0.3870t, with B in teslas and t in second.

i Find the value and direction of the in-
duced ε.

ii What is the net emf in the circuit?

iii Find the magnitude and the direction of
the net current around the loop?

Hint: Magnetic field is decreasing.

6
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1. A) The magnitude J of the current density in a certain lab wire with
a circular cross section of radius R=15.00 mm is given by J =
(6.00 × 107)r2, with J in amperes per square meter and radial
distance r in meters. What is the current through the outer section
bounded by r=0.200R and r=0.600R?

1



B) For the circuit shown find

i the current delivered by
the battery,

ii the potential difference
across the 20 Ω resistor.

2



2. The circuit containing three cylindrical resistors, namely X , Y and Z,
which obey Ohm’s Law is shown in the figure below. The resistors
which have length of L and cross-sectional area of A are connected to
an ideal battery of emf ε. As shown an ammeter is connected in series
while voltmeter is connected to ends of resistor Z. The resistors X and
Y have a resistivity ρ and the resistor Z has a resistivity 3ρ.

i Find the current i through the
ammeter.

ii Find the reading of voltmeter.
(Hint: Multi-loop circuit. Apply
junction and loop rules.)

Express your result in terms of given quantities and constants (ρ, ε, A, L).
(Hint: Resistance is related to resistivity.)

3



3. A proton of kinetic energy 2.10 keV circles in a plane perpendicular to
a uniform magnetic field.The orbit radius is 25.0 cm. Find

i the proton’s speed,

ii the magnetic field magnitude,

iii the circling frequency,

iv the period of the motion.

4



4. A long wire carries a 10 A current from left to right. An electron
1.0 cm above the wire is traveling to the right at a speed of 1.0 × 107

m/s. What are the magnitude and the direction of the magnetic force
on the electrons?

5



5. In figure below, the magnetic flux through the circular loop of radius
r = 2.0 m increases according to the relation ΦB = 6t2 + 6t, where ΦB

is in Webers and t is in seconds.

i Find the magnitude of the induced
emf, ξ in the circular loop at t = 2.0 s.

ii What is the magnitude and direction of
the induced current in the circular loop
at t = 2.0 s if the loop has a total resis-
tance of R = 60 Ω?

6
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1. A) A parallel-plate air-filled capacitor has a capacitance of 50 pF .

i If each of its plates has an area of 0.35 m2, what is the sepa-
ration?

ii If the region between the plates is now filled with material
having k=5.6,what is the capacitance?

1



B) In Figure given below, the magnetic flux through the loop in-
creases according to the relation ΦB = 6.0t2 + 7.0t, where ΦB is
in miliwebers and t is in seconds.

i What is the magnitude of the emf (ε) induced
in the loop when t = 2.0 s?

ii Is the direction of the current through R to the
right or left?

2



2. The magnitude J of the current density in a certain lab wire with a
circular cross section of radius R=5.00 mm is given by J = (2.00 ×

107)r2, with J in amperes per square meter and radial distance r in
meters. What is the current through the outer section bounded by
r=0.800R and r=R?

3



3. Consider circuit as shown in figure which consists of two batteries. One
of the following batteries has an internal resistance r, while the other
battery is an ideal battery. Calculate;

i Currents through each bat-
tery,

ii Potential difference between
points a and b, Vab,

iii Total power supplied by bat-
teries,

iv Total power dissipated by re-
sistors.

4



5



4. In Figure, an electron accelerated from rest through potential differ-
ence V1 = 1.00 kV enters the gap between two parallel plates having
separation d = 20.0 mm and potential difference V2 = 100 V . The
lower plate is at the lower potential. Neglect fringing and assume that
the electron’s velocity vector is perpendicular to the electric field vector
between the plates.

In unit-vector notation, what uni-
formmagnetic field allows the elec-
tron to travel in a straight line in
the gap?

6



5. Figure(a) shows two wires, each carrying a current. Wire 1 consists
of a circular arc of radius R and two radial lengths; it carries current
i1 = 3.0 A in the direction indicated. Wire 2 is long and straight; it
carries a current i2 that can be varied; and it is at distance R/2 from
the center of the arc. The net magnetic field B due to the two currents
is measured at the center of curvature of the arc.

Figure(b) is a plot of the component of B
in the direction perpendicular to the figure
as a function of current i2. The horizontal
scale is set by i2s = 2.00 A. What is the
angle subtended by the arc?
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