
Official Starting Equations 
PHYS 2135, Engineering Physics II 

 
From PHYS 1135: 
 

𝑥 = 𝑥 + 𝑣 Δ𝑡 + 𝑎 (Δ𝑡)  𝑣 = 𝑣 + 𝑎 Δ𝑡  𝑣 = 𝑣 + 2𝑎 (𝑥 − 𝑥 )  ∑ �⃗� = 𝑚�⃗� 

 

𝐹 = −   𝑃 =    𝑝 = 𝑚�⃗�   𝑃 =   𝑊 = ∫ �⃗� ∙ 𝑑𝑠 

 
𝐾 = 𝑚𝑣  𝑈 − 𝑈 = −𝑊conservative  𝐸 = 𝐾 + 𝑈 𝐸 − 𝐸 = (𝑊other) →  𝐸 = 𝑃ave𝑡 

 
 
Constants: 
 
𝑔 = 9.8

m

s
 𝑚electron = 9.11 × 10 kg 𝑚proton = 1.67 × 10 kg  𝑒 = 1.6 × 10 C 

 

𝑐 = 3.0 × 10
m

s
       𝑘 = = 9 × 10

Nm

C
 𝜖 = 8.85 × 10

C

Nm
  𝜇 = 4𝜋 × 10

Tm

A
 

 
 
Electric Force, Field, Potential and Potential Energy: 
 

�⃗� = 𝑘 �̂�    �⃗� = 𝑘 �̂�  �⃗� = 𝑞�⃗�   Δ𝑉 = − ∫ �⃗� ∙ 𝑑𝑠  

 

𝑈 = 𝑘    𝑉 = 𝑘    Δ𝑈 = 𝑞Δ𝑉  𝐸 = −  

 
𝑝 = 𝑞𝑑 (from – to +)  𝜏 = 𝑝 × �⃗�  𝑈dipole = −𝑝 ⋅ �⃗� 
 

Φ = ∫ �⃗� ⋅ 𝑑𝐴   ∮ �⃗� ⋅ 𝑑𝐴 = enclosed 𝜆 ≡
charge

length
 𝜎 ≡

charge

area
 𝜌 ≡

charge

volume
 

 
 
Circuits: 
 

𝐶 =   = ∑   𝐶 = ∑ 𝐶   𝐶 =   𝐶 = 𝜅𝐶  

 

𝑈 = 𝐶𝑉 = = 𝑄𝑉   𝐼 =    𝐽 =   𝐽 = 𝑛𝑞�⃗�   

 

𝐽 = 𝜎�⃗�  𝑉 = 𝐼𝑅   𝑅 = 𝜌    𝜎 =   𝜌 = 𝜌 [1 + 𝛼(𝑇 − 𝑇 )]  

 

∑ 𝐼 = 0  ∑ Δ𝑉 = 0  = ∑   𝑅 = ∑ 𝑅  𝑃 = 𝐼𝑉 = = 𝐼 𝑅 

 
𝑄(𝑡) = 𝑄final 1 − 𝑒 /    𝑄(𝑡) = 𝑄 𝑒 /   𝜏 = 𝑅𝐶 

 
 
Integral: 
 

∫
( ) / = + 𝑐  

 



Magnetic Force, Field and Inductance: 
 
�⃗� = 𝑞 �⃗� + �⃗� × 𝐵   �⃗� = 𝐼𝐿 × 𝐵  Φ = ∫ 𝐵 ⋅ 𝑑𝐴  ∮ 𝐵 ⋅ 𝑑𝐴 = 0   
 

∮ 𝐵 ⋅ 𝑑𝑠 = 𝜇 𝐼enclosed  𝜇 = 𝑁𝐼𝐴  𝜏 = 𝜇 × 𝐵  𝑈dipole = −𝜇 ⋅ 𝐵 
 

𝐵 =
⃗× ̂

   𝑑�⃗� =
⃗× ̂

  ℰ = −𝑁   ∮ �⃗� ⋅ 𝑑𝑠 = −  

 

∮ 𝐵 ⋅ 𝑑𝑠 = 𝜇 𝐼enclosed + 𝜇 𝜖     𝐵 =    𝐵 = 𝜇 𝑛𝐼 

 
 
Electromagnetic Waves: 
 

𝐼 =    𝑢 = 𝜖 𝐸 + = 𝜖 𝐸 =   〈𝑢〉 = 𝜖 𝐸max + max = 𝜖 𝐸max = max 

 
= 𝑐 =   𝑆 = �⃗� × 𝐵  𝐼 = 〈𝑆〉 = 𝑐〈𝑢〉   〈𝑃rad〉 =  or   

 

𝑘 =    𝜔 = 2𝜋𝑓  𝑇 =     𝑣 = 𝑓𝜆 = =  

 
 
Optics: 
 

𝐼 = 𝐼max cos 𝜙  𝜃 = 𝜃    𝑛 = =    𝑛 sin 𝜃 = 𝑛 sin 𝜃  

 

+ =   𝑚 = = −   = (𝑛 − 1) −   𝑓 =  

 

+ =   𝑚 = = −   Δ𝐿 = 𝑚𝜆   Δ𝐿 = 𝑚 + 𝜆 

 

Δ𝐿 = 𝑑 sin 𝜃  𝜙 = 2𝜋   𝐼 = 𝐼 cos    𝑅 = = 𝑁𝑚 

 

𝑚𝜆 = 𝑎 sin 𝜃  𝛽 = 𝑎 sin 𝜃  𝐼 = 𝐼
( / )

/
  

 
 
 
Integral: 
 

∫
( ) / = + 𝑐  
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PHYS 2135 Exam II 
March 21, 2023 

 
Name:      Section:    

 
 
For questions 1-5, select the best answer.  For problems 6-10, solutions must begin 
with an Official Starting Equation, when appropriate.  Work must be shown to receive 
credit.  Calculators are not allowed.  Use appropriate units.  Provide answers in terms of 
given variable and fundamental constants. 
 
(8)  1.  A wire is connected across a potential difference 𝑉  resulting in an electric 

field in the wire of 𝐸 .  The potential is then increased to 2𝑉  resulting in an electric field 
in the wire of 𝐸 .  Select the correct statement. 

[A]  𝐸 = 𝐸  

[B]  𝐸 = 𝐸  
[C]  𝐸 = 2𝐸  
[D]  𝐸 = 4𝐸  

 
(8)  2.  A pair of resistors with resistances 𝑅  and 𝑅 > 𝑅  are connected in parallel.  

Select the correct statement about the combined resistance 𝑅 . 
[A]  𝑅 < 𝑅  
[B]  𝑅 < 𝑅 < 𝑅  
[C]  𝑅 < 𝑅  
[D]  There is insufficient information to determine which of the above options is correct. 

 
(8)  3.  A current loop is located in a region of uniform magnetic field as 

illustrated.  Select the direction of the magnetic torque on the loop. 
[A]  Right   [B]  Left 
[C]  Up    [D]  Into the page 

 
(8)  4.  An initially uncharged capacitor connected in series with a battery with ℰ = 𝑉  

and a resistor reaches half of its full charge in 𝑡 / .  In a second circuit, the same 
uncharged capacitor is connected in series with the same resistor and a battery with 
ℰ = 2𝑉 .  How long does it take the capacitor to reach half of its full charge in this 
second circuit? 

[A]   𝑡 /  

[B]  𝑡1/2 
[C]  2𝑡 /  
[D]  4𝑡 /  

 
(8)  5.  (Free) Select any correct statements about Gustav Kirchhoff. 

[A]  He wrote his current and voltage laws while he was a student. 
[B]  He and Bunsen (as in burner) invented the spectroscope. 
[C]  He coined the phrase “black-body radiation” describing 

emission by a perfect absorber/emitter. 
[D]  He discovered the relationship between enthalpy 

differences and heat capacity. 

Exam Total 

 

/200 

 

/40 



6. Two capacitors with capacitance C1 = C and C2 = 2C are connected across a 
potential difference V0 as shown.  While the capacitors are left connected to the 
battery, a dielectric slab with an unknown dielectric constant is inserted into 
capacitor C1 completely filling the region between its plates.  The total energy 
stored in the two capacitors is found to increase by a factor of 4. Calculate 

 
(20) a. the total energy stored in the two capacitors before the dielectric is  

inserted, and 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(20) b.  the dielectric constant of the slab. 
 
 
 
 
 
 
 

 

 

 
 
 
  

 

/40 

 
V0 

C2 

C1 

After: κ = 

 
V0 

C2 

C1 

Before: 

𝑈 = 

𝜅 = 



7. Consider an electric circuit shown here with  
the given values: R1 = 0.5 𝛀, R2  = 1.5 𝛀, 
R3 = 2 𝛀, R4 = 0.5 𝛀 andVB =1.5 V. 

 

 

 

(15) a. Calculate the equivalent resistance of  
the entire circuit. 

 

 

 

 

(10) b. Find the voltage across R3 when I1 = 0.5 A. 

 

 

 

 

(5) c. Provide the total electric power consumed by the entire circuit in terms of  
VB and I4 (current through R4).    

 

 

 

 

(10) d. Assume the resistor R4 is in the shape of a long cylinder and is made of  
materials with an electrical resistivity of 0.5 𝛀 m. What is its diameter when  
it is 1.0 m long? Express your answer in terms of 𝜋. 

 

  

 

/40 

𝑅 = 

𝑉 = 

𝑃 = 

𝑑 = 

𝑉  



8. A battery with emf ℰ is connected to an initially uncharged 
capacitor and a resistor with resistance 𝑅, as illustrated.  The 
circuit is connected at 𝑡 = 0.  At 𝑡 = 𝜏 ln 4, the charge on the 
capacitor is 𝑄 . 

 
(15) a. Determine the charge on the capacitor after a long time.   

[Answer in terms of 𝑸𝟏, ℰ and 𝑹, not in terms of 𝐶 or 𝜏.] 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
(10) b. Determine 𝑉  the potential across the capacitor at 𝑡 = 𝜏 ln 4. 
  [Answer in terms of 𝑪, 𝑸𝟏, ℰ and 𝑹.] 
 
 
 
           
 
 
 
 
          
 
 
(15) c. Determine 𝐼  the current through the resistor at 𝑡 = 𝜏 ln 4. 
  [Answer in terms of 𝑪, 𝑸𝟏, ℰ and 𝑹.]      
  
 
 
 
  

 

/40 

𝑄 = 

𝑉 = 

𝐼 = 



9. An electron (mass 𝑚 and charge −𝑒) experiences a  
helical motion under the influence of a uniform magnetic 
field. It has a constant motion along z axis, while it has a 
circular motion with velocity 𝑣 and period 𝑇 in (x,y) plane, 
as shown.  

 
 
(10) a. Determine the radius of the circular motion in terms      
                      of given symbols. 
          
 
 
 
 
 
 
 
 
(15) b. Determine the magnetic field. Give an answer in a vector notation with  

           given symbols.  
 
 
 
 
 
 
 
 
 
 
10. A loop carries a current 𝐼  in a uniform magnetic field 

𝐵 = 𝐵  𝚥̂  +  𝑘 . The loop is an isosceles right triangle 
with length 𝐿 as illustrated. 

 
(15) c. Determine the magnetic force on the portion PQ.      

Give an answer in a vector notation. 
 
 
 
 
 
 
 
 

 

/40 

𝑅 = 

𝐵 = 

�⃗� = 


