
 

   PHYS 102 – General Physics II Final Exam 

Duration: 120 minutes Sunday, 24 December 2023; 18:00 
 

 

1. Consider the circuit given. 

(a) (10 Pts.) At time 𝑡 = 0, a DC source is connected to the circuit so 

that the voltage across the points a and b is 𝑉. Find the currents in each 

resistor at time 𝑡 = 0, and after a very long time. 

(b) (10 Pts.) Instead of a DC source, an AC source 𝑉(𝑡) = 𝑉0 cos𝜔𝑡 is 

connected at the points a and b for a very long time (𝑡 → ∞). Find the 

time dependent currents in each resistor.  

(c) (5 Pts.) What is the average power dissipated in the circuit when the system is in resonance?  

Solution: 

(a) At time 𝑡 = 0, 𝐿 behaves like an open circuit. Therefore we have 𝐼1 = 𝑉 𝑅⁄ , and 𝐼2 = 0. In the limit 𝑡 → ∞, 𝐶 is 

fully charged, and hence no current passes through the capacitor. Therefore, we again have 𝐼1 = 𝑉 𝑅⁄ , and 𝐼2 = 0. 

 

(b) The current 𝐼1 is easily found using Ohm’s law 

𝐼1 =
𝑉0

𝑅
cos𝜔𝑡 . 

Phasor diagram for the RLC branch of the circuit is shown in the figure. Accordingly, we have 

𝑉0 = √𝑉𝑅0
2 + (𝑉𝐿0 − 𝑉𝐶0)

2 = 𝐼2√𝑅2 + (𝑋𝐿 − 𝑋𝐶)
2. 

Thus, total, impedance 𝑍, and the phase 𝜙 of the RLC branch is 

𝑍 =
𝑉0

𝐼2
= √𝑅2 + (𝜔𝐿 −

1

𝜔𝐶
)
2

 , 𝜙 = arctan(
𝜔𝐿 −

1
𝜔𝐶

𝑅
)  

and,  

𝐼2 =
𝑉0 cos(𝜔𝑡 − 𝜙)

√𝑅2 + (𝜔𝐿 −
1

𝜔𝐶)
2
 , 𝐼 = 𝐼1 + 𝐼2 . 

 

(c) When the system is in resonance, 𝜔𝐿 = 1 𝜔𝐶⁄    →      𝜙 = 0, and 𝐼 =
2𝑉0

𝑅
cos𝜔𝑡 . 

�̅� =
1

2
𝑉0𝐼0 =

𝑉0
2

𝑅
 . 
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2. A rectangular circuit containing a resistance R is pulled at a constant velocity �⃗�  
away from a long, straight wire carrying a current 𝐼0. (Figure on the right.)  

 

(a) (5 Pts.) Is the current induced in the circuit clockwise or counter clockwise? 

 

(b) (20 Pts.) Derive an equation that gives the current induced in the circuit as a 

function of the distance x between the near side of the circuit and the wire.  

 

Solution: 

(a) Magnetic field created by the infinite current at a point in the rectangular circuit is 

perpendicular to the plane of the rectangular circuit and inward. By the symmetry of 

the current, its magnitude only depends on the perpendicular distance to the current, 

and can be found using Ampère’s law by considering a circle of radius 𝑟 centered on the current.  

 

∮ �⃗⃗� ∙ 𝑑 �⃗� = 𝜇0𝐼0     →     𝐵(𝑟)(2𝜋𝑟) = 𝜇0𝐼0     →    𝐵(𝑥) =
𝜇0𝐼0
2𝜋𝑟

 . 

 

Flux of this magnetic field through the rectangular circuit is found as 

 

𝑑Φ = 𝐵 𝑑𝐴 = 𝐵(𝑟) 𝑎 𝑑𝑟   →     Φ =
𝜇0𝐼0𝑎

2𝜋
∫

𝑑𝑟

𝑟

𝑥+𝑏

𝑥

   →      Φ =
𝜇0𝐼0𝑎

2𝜋
ln (1 +

𝑏

𝑥
) . 

 

Since the flux decreases as x increases, by Lenz’s law, the current is clockwise to oppose the decrease. 

 

(b) By Faraday’s law, absolute value of the electromotive force induced araund the rectangular circuit is  

 

|ℰ| =
𝑑Φ

𝑑𝑡
   →     |ℰ| =

𝜇0𝐼0𝑎

2𝜋
(

𝑥

𝑥 + 𝑏
)(−

𝑏

𝑥2
)
𝑑𝑥

𝑑𝑡
   →       |ℰ| =

𝜇0𝐼0𝑎𝑏 𝑣

2𝜋𝑥(𝑥 + 𝑏)
 . 

 

Finally, we have 

 

𝐼ind =
|ℰ|

𝑅
=

𝜇0𝐼0𝑎𝑏 𝑣

2𝜋𝑅𝑥(𝑥 + 𝑏)
 . 

 

 

 

 

  



3. A circular loop of wire of radius 𝑟 is mounted on a vertical shaft oriented 

along the z axis and rotated at an angular frequency 𝜔 in a region of uniform 

magnetic field �⃗⃗� = 𝐵𝑥 �̂� + 𝐵𝑧�̂�. 

 (a) (10 Pts.) Find an expression for the time-dependent flux through the loop.  

(b) (15 Pts.) Determine the magnitude of the time-dependent current through 

the loop if it has a resistance R and inductance L. 

 

Solution: 

(a) The circular loop rotates around the z axis with angular frequency 𝜔 therefore, its normal vector at any time is 

�̂� = cos(𝜔𝑡 + 𝜙) �̂� + sin(𝜔𝑡 + 𝜙) �̂� 

 

where the phase 𝜙 is determined by the position of the loop at time 𝑡 = 0. The flux of the magnetic field through the 

loop is 

Φ = �⃗⃗� ∙ �⃗⃗� = �⃗⃗� ∙ �⃗⃗�  𝐴   →     Φ = 𝐵𝑥𝜋𝑟2 cos(𝜔𝑡 + 𝜙) . 

 

 

(b) By Faraday’s law, the emf induced around the loop is 

|ℰ| =
𝑑Φ

𝑑𝑡
  →     |ℰ| = −𝐵𝑥𝜋𝑟2𝜔 sin(𝜔𝑡 + 𝜙) . 

 

Magnitude of the time-dependent current through the loop is 

|𝐼| =
|ℰ|

𝑍
 

 

where 𝑍 is the impedance of the circuit. Since for an LR circuit 𝑍 = √𝑅2 + 𝑋𝐿
2 = √𝑅2 + 𝜔2𝐿2, we have 

|𝐼| =
𝐵𝑥𝜋𝑟2𝜔

√𝑅2 + 𝜔2𝐿2
 . 
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𝑧 

�⃗⃗�  



4. The electric field of an electromagnetic wave has the following components: 

𝐸𝑥 = (9 𝑁 𝐶⁄ ) cos(𝑘 𝑧 − 300 𝜋 𝑡) , 𝐸𝑦 = (9 𝑁 𝐶⁄ ) cos(𝑘 𝑧 − 300 𝜋 𝑡) , 𝐸𝑧 = 0 . 

Use 𝜇0 = 4𝜋 × 10−7  T.m A⁄ , and 𝑐 = 3 × 108 m/s for the speed of light to answer the following questions. 

Indicate the correct SI units for all numerical answers, and DO NOT use rounded value of 𝜋. Leave it as a symbol. 

(a) (3 Pts.) What is the value of 𝑘? (𝑘 > 0) 

(b) (3 Pts.) What is the wavelength of this electromagnetic wave? 

(c) (3 Pts.) In which direction is the wave moving? 

(d) (5 Pts.) Find the x, y and z components of the magnetic field of this wave. 

(e) (5 Pts.) What is the maximum magnitude of the Poynting vector?   

(f) (3 Pts.) What is the time averaged power passing through a surface area of 1 m2 in the xy plane? 

(g) (3 Pts.) What is the time averaged power passing through a surface area of 1 m2 in the xz plane? 

 

Solution: (a)  

𝜔 = 300 𝜋 = 𝑐𝑘   →     𝑘 =
300𝜋

3 × 108
= 𝜋 × 10−6 m−1 

(b) 

𝜆 =
2𝜋

𝑘
   →     𝜆 = 2 × 106 m 

(c) 

�̂� direction (+𝑧 direction) 

(d) 

|�⃗⃗� | =
|�⃗� |

𝑐
 , �⃗⃗�  ∙ �̂� = 0   →     𝐵𝑧 = 0 

�⃗⃗�  ∙ �⃗� = 0   →     𝐵𝑥𝐸𝑥 + 𝐵𝑦𝐸𝑦 = 0   →      𝐵𝑥  ~  ± 𝐸𝑦 , 𝐵𝑦 ~  ∓ 𝐸𝑥 

�⃗⃗� =
1

𝜇0
�⃗� × �⃗⃗� =

𝐸𝐵

𝜇0
�̂�    →      𝐸𝑥𝐵𝑦 − 𝐸𝑦𝐵𝑥 > 0 

𝐵𝑥 = (−3 × 10−8 T) cos(𝑘 𝑧 − 300 𝜋 𝑡) , 𝐵𝑦 = (3 × 10−8 T) cos(𝑘 𝑧 − 300 𝜋 𝑡) 

(e) 

|�⃗⃗� | =
1

𝜇0
|�⃗� × �⃗⃗� | =

𝐸𝐵

𝜇0
=

𝐸2

𝜇0𝑐
=

2(81)

(4𝜋 × 10−7)(3 × 108)
=

27

2𝜋
× 10−1  W m2⁄  

(f) 

1

2
|�⃗⃗� | =

27

4𝜋
× 10−1 W 

(g) 

0 


