
Official Starting Equations 
PHYS 2135, Engineering Physics II 

 
From PHYS 1135: 
 

𝑥 = 𝑥଴ + 𝑣଴௫Δ𝑡 +
ଵ

ଶ
𝑎௫(Δ𝑡)ଶ 𝑣௫ = 𝑣଴௫ + 𝑎௫Δ𝑡  𝑣௫

ଶ = 𝑣଴௫
ଶ + 2𝑎௫(𝑥 − 𝑥଴)  ∑ 𝐹⃗ = 𝑚𝑎⃗ 

 

𝐹௥ = −
௠௩೟

మ

௥
  𝑃 =

ி

஺
   𝑝 = 𝑚𝑣⃗   𝑃 =

ௗௐ

ௗ௧
  𝑊 = ∫ 𝐹⃗ ∙ 𝑑𝑠 

 
𝐾 =

ଵ

ଶ
𝑚𝑣ଶ 𝑈௙ − 𝑈௜ = −𝑊conservative  𝐸 = 𝐾 + 𝑈 𝐸௙ − 𝐸௜ = (𝑊other)௜→௙ 𝐸 = 𝑃ave𝑡 

 
 
Constants: 
 
𝑔 = 9.8

m

sమ 𝑚electron = 9.11 × 10ିଷଵkg 𝑚proton = 1.67 × 10ିଶ଻kg  𝑒 = 1.6 × 10ିଵଽC 

 

𝑐 = 3.0 × 10଼ m

s
       𝑘 =

ଵ

ସగఢబ
= 9 × 10ଽ Nmమ

Cమ  𝜖଴ = 8.85 × 10ିଵଶ Cమ

Nmమ  𝜇଴ = 4𝜋 × 10ି଻ Tm

A
 

 
 
Electric Force, Field, Potential and Potential Energy: 
 

𝐹⃗ = 𝑘
௤భ௤మ

௥భమ
మ 𝑟̂ଵଶ   𝐸ሬ⃗ = 𝑘

௤

௥మ 𝑟̂  𝐹⃗ = 𝑞𝐸ሬ⃗    Δ𝑉 = − ∫ 𝐸ሬ⃗ ∙ 𝑑𝑠
௙

௜
  

 

𝑈 = 𝑘
௤భ௤మ

௥భమ
   𝑉 = 𝑘

௤

௥
   Δ𝑈 = 𝑞Δ𝑉  𝐸௫ = −

డ௏

డ௫
 

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

Φா = ∫ 𝐸ሬ⃗ ⋅ 𝑑𝐴
ௌ

   ∮ 𝐸ሬ⃗ ⋅ 𝑑𝐴 =
௤enclosed

ఢబௌ
 𝜆 ≡

charge

length
 𝜎 ≡

charge

area
 𝜌 ≡

charge

volume
 

 
 
Circuits: 
 

𝐶 =
ொ

௏
  

ଵ

஼೅
= ∑

ଵ

஼೔
  𝐶் = ∑ 𝐶௜  𝐶଴ =

ఢబ஺

ௗ
  𝐶 = 𝜅𝐶଴ 

 

𝑈 =
ଵ

ଶ
𝐶𝑉ଶ =

ଵ

ଶ

ொమ

஼
=

ଵ

ଶ
𝑄𝑉   𝐼 =

ௗ௤

ௗ௧
   𝐽 =

ூ

஺
  𝐽 = 𝑛𝑞𝑣⃗ௗ  

 

𝐽 = 𝜎𝐸ሬ⃗   𝑉 = 𝐼𝑅   𝑅 = 𝜌
௅

஺
   𝜎 =

ଵ

ఘ
  𝜌 = 𝜌଴[1 + 𝛼(𝑇 − 𝑇଴)]  

 

∑ 𝐼 = 0  ∑ Δ𝑉 = 0  
ଵ

ோ೅
= ∑

ଵ

ோ೔
  𝑅் = ∑ 𝑅௜ 𝑃 = 𝐼𝑉 =

௏మ

ோ
= 𝐼ଶ𝑅 

 
𝑄(𝑡) = 𝑄finalൣ1 − 𝑒ି௧/ఛ൧   𝑄(𝑡) = 𝑄଴𝑒ି௧/ఛ  𝜏 = 𝑅𝐶 

 
 
Integral: 
 

∫
ௗ௨

(௨మା௔మ)య/మ =
௨

௔మඥ௨మା௔మ
+ 𝑐  

 



 
Magnetic Force, Field and Inductance: 
 
𝐹⃗ = 𝑞൫𝐸ሬ⃗ + 𝑣⃗ × 𝐵ሬ⃗ ൯  𝐹⃗ = 𝐼𝐿ሬ⃗ × 𝐵ሬ⃗   Φ஻ = ∫ 𝐵ሬ⃗ ⋅ 𝑑𝐴  ∮ 𝐵ሬ⃗ ⋅ 𝑑𝐴 = 0   
 

∮ 𝐵ሬ⃗ ⋅ 𝑑𝑠 = 𝜇଴𝐼enclosed  𝜇 = 𝑁𝐼𝐴  𝜏 = 𝜇 × 𝐵ሬ⃗   𝑈dipole = −𝜇 ⋅ 𝐵ሬ⃗  
 

𝐵ሬ⃗ =
ఓబ

ସగ

௤௩ሬ⃗ ×௥̂

௥మ    𝑑𝐵ሬ⃗ =
ఓబூ

ସగ

ௗ௦⃗×௥̂

௥మ   ℰ = −𝑁
ௗ஍ಳ

ௗ௧
  ∮ 𝐸ሬ⃗ ⋅ 𝑑𝑠 = −

ௗథಳ

ௗ௧
 

 

∮ 𝐵ሬ⃗ ⋅ 𝑑𝑠 = 𝜇଴𝐼enclosed + 𝜇଴𝜖଴
ௗథಶ

ௗ௧
    𝐵 =

ఓబூ

ଶగ௥
   𝐵 = 𝜇଴𝑛𝐼 

 
 
Electromagnetic Waves: 
 

𝐼 =
௉

஺
   𝑢 =

ଵ

ଶ
ቀ𝜖଴𝐸ଶ +

஻మ

ఓబ
ቁ = 𝜖଴𝐸ଶ =

஻మ

ఓబ
  〈𝑢〉 =

ଵ

ସ
ቀ𝜖଴𝐸max

ଶ +
஻max

మ

ఓబ
ቁ =

ଵ

ଶ
𝜖଴𝐸max

ଶ =
஻max

మ

ଶఓబ
 

 
ா

஻
= 𝑐 =

ଵ

ඥఢబఓబ
  𝑆 =

ଵ

ఓబ
𝐸ሬ⃗ × 𝐵ሬ⃗   𝐼 = 〈𝑆〉 = 𝑐〈𝑢〉   〈𝑃rad〉 =

ூ

௖
 or 

ଶூ

௖
  

 

𝑘 =
ଶగ

ఒ
   𝜔 = 2𝜋𝑓  𝑇 =

ଵ

௙
    𝑣 = 𝑓𝜆 =

ఠ

௞
=

௖

௡
 

 
 
Optics: 
 

𝐼 = 𝐼max cosଶ 𝜙  𝜃௥ = 𝜃௜   𝑛 =
௖

௩
=

ఒబ

ఒ೙
   𝑛௥ sin 𝜃௥ = 𝑛௜ sin 𝜃௜ 

 
ଵ

௦
+

ଵ

௦ᇲ =
ଵ

௙
  𝑚 =

௬ᇲ

௬
= −

௦ᇲ

௦
  

ଵ

௙
= (𝑛 − 1) ቀ

ଵ

ோభ
−

ଵ

ோమ
ቁ  𝑓 =

ோ

ଶ
 

 
௡ೌ

௦
+

௡್

௦ᇲ =
௡್ି௡ೌ

ோ
  𝑚 =

௬ᇲ

௬
= −

௡ೌ௦ᇲ

௡್௦
  Δ𝐿 = 𝑚𝜆   Δ𝐿 = ቀ𝑚 +

ଵ

ଶ
ቁ 𝜆 

 

Δ𝐿 = 𝑑 sin 𝜃  𝜙 = 2𝜋 ቀ
୼௅

ఒ
ቁ  𝐼 = 𝐼଴ cosଶ థ

ଶ
   𝑅 =

ఒ

୼ఒ
= 𝑁𝑚 

 

𝑚𝜆 = 𝑎 sin 𝜃  𝛽 =
ଶగ

ఒ
𝑎 sin 𝜃  𝐼 = 𝐼଴ ቂ

ୱ୧୬(ఉ/ଶ)

ఉ/ଶ
ቃ

ଶ

  

 
 
 
Integral: 
 

∫
ௗ௨

(௨మା௔మ)య/మ =
௨

௔మඥ௨మା௔మ
+ 𝑐  
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PHYS 2135 Exam II 
March 22, 2022 

 
Name:      Section:    

 
For questions 1-5, select the best answer.  For problems 6-9, 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 
variables and fundamental constants. 
 
(8) C 1.  A parallel plate capacitor with an air gap holds a charge 𝑄଴ when 

connected to a particular battery.  While the capacitor is still connected to the 
battery, the gap is filled with a dielectric with 𝜅 > 1 and now holds a charge 𝑄௙.  
Select the correct statement. 
[A]  𝑄௙ < 𝑄଴ 
[B]  𝑄௙ = 𝑄଴ 
[C]  𝑄௙ > 𝑄଴ 
[D]  There is not enough information provided to select one of the other answers. 

 
(8) B 2.  Which of the following is a valid 

application of Kirchhoff’s Loop Rule for the given 
circuit with the current directions indicated? 
[A]  𝑉஻ − 𝐼ଵ𝑅ଵ + 𝐼ଶ𝑅ଶ = 0 
[B]  −𝐼ଵ𝑅ଵ + 𝐼ଶ𝑅ଶ = 0 
[C]  −𝐼ଵ𝑅ଵ − 𝐼ଶ𝑅ଶ = 0 
[D]  𝐼் = 𝐼ଵ + 𝐼ଶ 

 
(8) C 3.  RC circuit 1 consists of a 8V battery, a 24𝜇F capacitor and a 3000Ω 

resistor and gains half of its total charge in time 𝑡ଵ.  RC circuit 2 consists of a 4V 
battery, a 24𝜇F capacitor and a 1500Ω resistor and gains half its total charge in 
time 𝑡ଶ.  Select the correct statement. 

 [A]  𝑡ଵ < 𝑡ଶ 
[B]  𝑡ଵ = 𝑡ଶ 
[C]  𝑡ଵ > 𝑡ଶ 
[D]  There is not enough information provided to select one of the other answers. 

 
(8) A 4.  A current loop is in a region of uniform magnetic field as 

illustrated.  Select the correct statement. 
 [A]  The potential energy is at the minimum. 
 [B]  The potential energy is zero. 

[C]  The potential energy is at the maximum.    
[D]  The potential energy is infinite. 

 
(8)  5.  (Free) True or False, “Current students should 

not be forced to field these silly free questions.  They can 
reach their potential by exercising their power to resist.”  

Exam Total 
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6. When an air-filled parallel plate capacitor is connected to a power supply the 
energy stored in the capacitor is U0.  The capacitor is kept connected to the 
supply while a dielectric slab with dielectric constant κ is inserted into and 
completely fills the space between the capacitor plates.  This increases the 
energy stored in the capacitor by ΔU. 

 
(20) Determine the dielectric constant κ of the slab in terms of ΔU and U0? 
 
 𝑈଴ + Δ𝑈 =

ଵ

ଶ
𝐶௙𝑉ଶ =

ଵ

ଶ
𝜅𝐶଴𝑉ଶ = 𝜅𝑈଴ 

 

 
௎బା୼௎

௎బ
= 𝜅 

 
 
 
 
 
 
 
 
 
 
 
7. A rectangular wire made from a material 

with resistivity ρ = 5.00 x 10-7 Ω-m has 
sides of length 2.0 cm, 1.0 cm, and 4.0 cm 
along the x, y, and z axes respectively.  A 
potential difference of 2.0 mV is 
established across the wire so that the 
current is along the z axis.   

 
(20) Determine the magnitude of the  

current density in the wire. 
 

 𝐽 =
ூ

஺
=

௏

஺ோ
=

௏஺

஺ఘ௅
=

௏

ఘ௅
 

 

 𝐽 =
ଶ×ଵ଴షయV

(ହ×ଵ଴షళஐ-m)(ସ×ଵ଴షమm)
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 z 

 x 

4.0 cm 

2.0 cm 
1.0 cm 

 y 

𝜅 = 1 +
Δ𝑈

𝑈଴
 

𝐽 = 1 × 10ହA/mଶ 



8. Consider the illustrated circuit.  The battery has an 
internal resistance 𝑟 = 2Ω.  The other resistors have 
resistances 𝑅ଵ = 8Ω, 𝑅ଶ = 9Ω and 𝑅ଷ = 15Ω. 

 
(15) a. Determine 𝑅ா the equivalent resistance for  

the circuit, including the internal resistance  
of the battery. 

 
 𝑅ଶଷ = 𝑅ଶ + 𝑅ଷ = 9Ω + 15Ω = 24Ω 
 

 𝑅ଵଶଷ = ቀ
ଵ

ோమయ
+

ଵ

ோభ
ቁ

ିଵ

= ቀ
ଵ

ଶସஐ
+

ଵ

଼ஐ
ቁ

ିଵ

= 6Ω 

 
 𝑅ா = 𝑟 + 𝑅ଵଶଷ = 2Ω + 6Ω 
 
 
 
 
(15) b. The rate at which energy is dissipated in 𝑅ଶ is 36W.  Determine 𝐼ଵ, the  

current through 𝑅ଵ, and 𝑉ଷ, the potential across 𝑅ଷ. 
 

 𝐼ଶ = ට
௉మ

ோమ
= ට

ଷ଺W

ଽஐ
= 2A 

 
 𝑉ଷ = 𝐼ଷ𝑅ଷ = 𝐼ଶ𝑅ଷ = (2A)(15Ω) = 30V 
 

 𝐼ଵ =
௏భ

ோభ
=

௏మయ

ோభ
=

ூమయோమయ

ோభ
=

ூమோమయ

ோభ
=

(ଶA)(ଶସ )

଼ஐ
= 6A 

 
 
 
 
 
 
 
(10) c. 𝑅ଵ is made of a material with a resistivity temperature coefficient of  

0.005/°C.  Determine the final resistance of 𝑅ଵ௙ if it heats up by 100°C.   
Note that the initial resistance prior to heating was 𝑅ଵ௜ = 8Ω. 

 
 𝑅ଵ௙ = 𝜌

௅

஺
= 𝜌଴

௅

஺
[1 + 𝛼Δ𝑇] = 𝑅ଵ௜[1 + 𝛼Δ𝑇] 

 
 𝑅ଵ௙ = (8Ω)[1 + (0.005/℃)(100℃)] = 12Ω  
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𝑅ா = 8Ω 

𝐼ଵ = 6A 

𝑉ଷ = 30V 

𝑅ଵ௙ = 12Ω 



9. A circuit consists of a battery with an emf ℰ and 
an internal resistance of 𝑟, a resistance 𝑅, and a 
capacitance 𝐶, as shown. The capacitor is not 
initially charged. Give your answers only in 
terms of 𝓔, 𝒓, 𝑪 and 𝑹. 

 
(8) a. What is the initial current through the  

resistors immediately after the switch is set  
to position ‘A’? 

 

 𝐼 =
௏ೃ

ோା௥
=

ℰି௏಴

ோା௥
=

ℰ

ோା௥
  OR 𝐼 =

ௗ

ௗ௧
ൣ𝑄௙൫1 − 𝑒ି௧/ோ೅஼൯൧ 

    𝐼 =
ொ೑

ோ೅஼
𝑒ି௧/ோ஼ =

ℰ

ோ೅
𝑒ି௧/ோ஼ =

ℰ

ோା௥
 

 

(12) b. How long does it take for the capacitor to be charged up to 2/3 of the final  
charge? 
 

 
ଶ

ଷ
𝑄௙ = 𝑄௙൫1 − 𝑒ି௧/ோ೅஼ ൯  −

௧

ோ೅஼
= ln ቀ

ଵ

ଷ
ቁ 

 

 𝑒ି௧/ோ೅஼ =
ଵ

ଷ
    𝑡 = −𝑅்𝐶 ln ቀ

ଵ

ଷ
ቁ 

 

The switch is set to position ‘B’ after the capacitor is charged for a long time.  

(8) c. What is the charge on the capacitor right after the switch is set to ‘B’? 

 
 𝑄 = 𝐶𝑉஼ = 𝐶ℰ 
 
 
 
(12)  d. How long does it take for the power dissipated in R to be 1/4 of its initial  

value after the switch is set to position ‘B’?  
 

 
ଵ

ସ
𝑃଴ = 𝑃 =

௏ೃ
మ

ோ
=

௏಴
మ

ோ
=

ொమ

ோ஼మ
=

ொబ
మ

ோ஼మ
൫𝑒ି௧/ோ஼൯

ଶ
= 𝑃଴൫𝑒ି௧/ோ஼൯

ଶ
 

 

 ln ቀ
ଵ

ଶ
ቁ = −

௧

ோ஼
 

 

 −𝑅𝐶 ln ቀ
ଵ

ଶ
ቁ = 𝑡   
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𝐼 =
ℰ

𝑅 + 𝑟
 

𝑡 = (𝑅 + 𝑟)𝐶 ln(3) 

𝑄 = 𝐶ℰ 

𝑡 = 𝑅𝐶 ln(2) 



10. A single rectangular current loop carries a 
counter-clockwise current 𝐼଴ in a region of 
uniform magnetic field 𝐵ሬ⃗ =  𝐵଴𝚤.̂  One side of 
the loop has length 2𝑎 and is parallel to the x-
axis and another side has length 𝑎 and is 
parallel to the y-axis.  

 
(10) a. Determine the magnetic force  

(magnitude and direction) on the  
top side of the loop.  

 
 𝐹⃗ = 𝐼𝐿ሬ⃗ × 𝐵ሬ⃗  
 
 𝐹⃗௧௢௣ = 𝐼଴2𝑎(−𝚤̂) × 𝐵଴𝚤̂ 
 
 
 
(10) b. Determine the magnetic force (magnitude and direction) on the left side  

of the loop.  
 
 𝐹⃗ = 𝐼𝐿ሬ⃗ × 𝐵ሬ⃗  
 
 𝐹⃗௟௘௙௧ = 𝐼଴𝑎(−𝚥̂) × 𝐵଴𝚤̂ 
 
 
 
 
(10) c. Determine the torque (magnitude and direction) on the loop.  
 
 𝜏 = 𝜇 × 𝐵ሬ⃗  
 
 𝜏 = 𝑁𝐼𝐴 × 𝐵଴𝚤 ̂
 
 𝜏 = 𝐼଴(2𝑎ଶ)𝑘෠ × 𝐵଴𝚤̂ 
 
 
(10) d. Determine the potential energy of the loop. 
 
 𝑈 = −𝜇 ⋅ 𝐵ሬ⃗  
 
 𝑈 = −𝐼଴(2𝑎ଶ)𝑘෠ ⋅ 𝐵଴𝚤̂     
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𝐹⃗௧௢௣ = 0 

𝐹⃗௟௘௙௧ = 𝐼଴𝑎𝐵଴𝑘෠ 

𝜏 = 2𝐼଴𝑎ଶ𝐵଴𝚥 ̂

𝑈 = 0 


