
 
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 
 
  



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 
End Material Test 

December 13, 2022 
 

Name:      
 

Recitation:    
 
Do not open test until instructed to do so by the proctors.  When instructed to open the 
test, remove only the Cover Sheet and Official Starting Equations from the test packet. 
 
Write clearly on this page the answer you believe is the best or most nearly correct 
answer.  You may also record the answers on your Official Starting Equations sheets for 
later comparison with the answer key, which will be posted after all students have taken 
the test.  When you finish both the End Material Test and the Final Exam, turn both into 
the test proctor with all pages, including this page, stapled together.  You may keep the 
Official Starting Equations sheets or leave them with the test proctor to be recycled. 
 
Calculators are not allowed! 
 
Each question is worth 6 points, except question 8 which is worth 8 points. 
 

Your Answers: 
 
 

1.  C      5.  B  

 

 

2.  A      6.  A  

 

 

3.  A      7.  C  

 

 

4.  D      8.    

  

Total 



End Material Test 
 
1. An object placed in front of a mirror produces a virtual image.  Considering the 

options of a plane mirror, convex mirror or concave mirror, select the correct 
statement. 

 
 [A] The mirror must be a concave mirror. 
 [B] The mirror must be a convex mirror. 
 [C] The mirror could be a plane mirror, convex mirror or concave mirror. 
 [D] The mirror could be a convex mirror or a concave mirror, but not a plane  

mirror. 
 
2. An object is placed infinitely far from a converging lens.  Select the correct 

statement. 
 

[A] The image will be at the focal point on the opposite side of the lens from 
the object. 

[B] The image will be a virtual image on the same side of the lens as the 
object. 

[C] The image will be infinitely far from the lens on the opposite side of the 
lens from the object. 

 [D] The image will be a real image at the location of the lens. 
 
3. A technician intends to make a converging lens with a focal length 𝑓௜௡௧௘௡ௗ௘ௗ out of 

a material with index of refraction 𝑛௜௡௧௘௡ௗ௘ௗ  The technician mistakenly uses a 
material with index of refraction 𝑛௔௖௧௨௔௟ > 𝑛௜௡௧௘௡ௗ௘ௗ, but does everything else 
correctly.  The actual lens has a focal length 𝑓௔௖௧௨௔௟.  Select the correct 
statement. 

 
 [A] 𝑓௔௖௧௨௔௟ < 𝑓௜௡௧௘௡ௗ௘ௗ 
 [B] 𝑓௔௖௧௨௔௟ = 𝑓௜௡௧௘௡ௗ௘ௗ 
 [C] 𝑓௔௖௧௨௔௟ > 𝑓௜௡௧௘௡ௗ௘ௗ 
 [D] The relative size of the two focal lengths cannot be determined from the  

given information. 
 
4. A light source shining on a diffraction grating produces a pair of spectrum lines 

on a screen that overlap.  Select the option that might be used to resolve the two 
lines. 

 
 [A] Move the screen closer to the diffraction grating. 
 [B] Move the screen farther away from the diffraction grating. 
 [C] Replace the diffraction grating with one with fewer lines per mm. 
 [D] Replace the diffraction grating with one with more lines per mm. 
 
  



5. A laser shining on a pair of slits produces the first bright fringe above the central 
maximum at a distance 𝑦ଵ஻ above the central maximum and the second dark 
fringe above the central maximum at a distance 𝑦ଶ஽ above the central maximum.  
Select the correct statement.  [Assume the angles are sufficiently small enough 
to use the small angle approximation.] 

 
 [A] 𝑦ଶ஽ =

ସ

ଷ
𝑦ଵ஻ 

 [B] 𝑦ଶ஽ =
ଷ

ଶ
𝑦ଵ஻ 

 [C] 𝑦ଶ஽ = 2𝑦ଵ஻ 

 [D] 𝑦ଶ஽ =
ହ

ଶ
𝑦ଵ஻ 

 
6. A laser shining on a single slit produces a first order bright fringe on a screen a 

distance 𝑦଴ from the central maximum.  The single slit is replaced by a wider 
single slit producing a first order bright fringe on the screen a distance 𝑦௙ from 
the central maximum.  Select the correct statement. 

 
 [A] 𝑦௙ < 𝑦଴ 
 [B] 𝑦௙ = 𝑦଴ 
 [C] 𝑦௙ > 𝑦଴ 
 [D] The relative sizes of 𝑦௙ and 𝑦଴ cannot be determined from the given  

information. 
 
7. A laser with wavelength 𝜆 shines normally on a thin film with index of refraction 

𝑛௙.  The film is on a plate with index of refraction 𝑛௣ < 𝑛௙.  Which equation gives 
the thicknesses of film that will result in maximum reflection? 

 

 [A] 𝑡 =
௠ఒ

ଶ௡೑
 

 [B] 𝑡 =
௠ఒ

ଶ௡೛
 

 [C] 𝑡 =
ቀ௠ା

భ

మ
ቁఒ

ଶ௡೑
 

 [D] 𝑡 =
ቀ௠ା

భ

మ
ቁఒ

ଶ௡೛
 

 
 
8. [8 Free points.] [Some mildly clever nonsense.] 
 
 [A] [Punny physics statement.] 
 [B] [More punishment.] 
 [C] [Punultimate option.] 
 [D] Ωπτιο𝜈 𝜐𝜎𝜄𝜈𝛾 𝜖𝜈𝛾𝜆𝜄𝜊𝜂 𝜏𝜖𝜌𝜇𝜎 𝛼𝜈𝜍 𝛾𝜌𝜖𝜖𝜅 𝜆𝜖𝜏𝜏𝜖𝜌𝜍. 


