
PHY 2049 Spring 2014 – Korytov, Takano          Exam2 solutions 

1.  

 

 

2.   

The drift speed v of the electrons is proportional to the strength of the electric 

field, which is inversely proportional to the length d of the conductor along which 

the potential difference is applied. Thus b(d=L) > c(d=2L) > a(d=3L). 

 

3.   

 

4. The currents in the two section are the same. Thus,  

 

5.  

(V4 is a typo. Meant to be V1.) 

because V2+box = V3.    

Thus the “box” is a 24 V battery. 

 

6.  (Note: i is defined to be 

the current through either of the two bottom resistors. So 2i is the total current.) 

 (2i x ¾ flows through R at the top right, whereas 

i flows through R below it. The difference must be IA that flows through the 

ammeter.)  



7. Rate of energy transfer from an ideal battery to a resistor or a combination of resistors
is given by :

P = E i =
E2

Rnet

(1)

where Rnet is the net resistance attached across the battery. For maximum power transfer,
we should minimize Rnet. In the problem, this is achieved by making R2 zero. With R1 =
16Ω.

Pmax =
E2

R1

= 9 W. (2)

8. Time constant of the RC circuit is τ = RC = 15 s. Charge at any time on the capacitor
while charging is given by

q(t) = q0(1− e−t/τ ) (3)

where q0 = CE = 90 µC is the steady state charge. Rate at which charge on the capacitor
increases is

dq

dt
=
q0
τ
e−t/τ . (4)

At t = 2 s Eq (5) yields 5.3× 10−6A.

9. Force on a charged particle moving in an external magnetic and electric field is

~F = q( ~E + ~v × ~B) = e[4k̂ + 2000ĵ × (−0.003̂i)] = 1.6× 10−18k̂ N (5)

10. The trajectory of the charged particle is a helix. Let us decompose the velocity vector
parallel and perpendicular to the magnetic field :

v‖ = v cos(70◦) v⊥ = v sin(70◦) (6)

where v =
√

2K
m

, K is the kinetic energy (use conversion 1 eV = 1.6 × 10−19J, which can

be recalled by noting that e = 1.6 × 10−19C and U = qV ). v ‖ is responsible for the pitch
length and v⊥ is responsible for the circular motion with the magnetic field as the central
axis. Time period of one cycle is

T =
2πm

qB
(7)



during this period v‖ causes the particle to move along the magnetic field, which is the pitch.
Therefore pitch length p is

p = v‖ T = 3.2× 10−3m. (8)

11. With no current in wire C, the magnetic field at the location of wire B due to wire A
points vertically down, therefore the force F on wire B is to the left. For wire B to experience
a force 3F in the same direction as F after turning on the current in wire C, the magnetic
field due to wire C should also point vertically down at the location of B. Therefore wire C
must carry current out of the page. The force on B due to A is

F =
µ0I

2

2πd
. (9)

To experience a force 3F , the current in wire C should be 2I, because then the additional

force on B due to wire C is 2µ0I2

2πd
, which leads to a net force of 3F to the left.

12. Magnetic torque on a current carrying loop due to external magnetic field is

~τ = ~µ× ~B (10)

where ~µ is the dipole moment vector of the loop, which is perpendicular to the plane of the
loop. Therefore for maximum torque, the loop should be parallel to the magnetic field, since
τ = µB sin(θ) is maximum for θ = 90◦.

13. At the center of the pipe the net magnetic field is only due to the wire (magnetic field
due to the pipe is zero using Ampere’s law), whose magnitude is µ0iw

2π(3R)
. At P the magnetic

field is due to the pipe as well as the wire

BP = Bpipe (to the left) +Bwire (same direction as at the center of the pipe ) (11)

Magnetic field due to the pipe at P can be found using Ampere’s law, pick an Ampere’s
loop which is a circle of radius 2R and centered at the pipe’s center.∮

~B · ~dl = µ0ienc ⇒ Bpipe =
µ0I

2π(2R)
(12)

where I is the total current through the pipe. If the magnetic field at the center of the pipe
has to be in the opposite direction of the magnetic field at point P then the magnetic field
due to the wire must be to the right, which means the wire must carry current out of the
page. The magnitude is found by equating the magnitudes of the magnetic fields

µ0iw
2π(3R)

=
µ0I

2π(2R)
− µ0iw

2πR
⇒ iw =

3

8
I = 3.75 mA (13)












