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Summer 2024   
Physics 442 Exam 2                   
Dr. Colton, cell: 801-358-1970     
 
No time limit.  Student calculators are allowed. Notes not allowed. Books not allowed.  
 
 
Name ____________________________________ 
        
 
Instructions: Please label & circle/box your answers. Show your work, where appropriate.  
 
Griffiths front and back covers 
 

 
 

𝛁 ∙
𝐫ො
𝑟ଶ

ൌ 4𝜋𝛿ሺ𝐫ሻ 𝛁ଶ
1
𝑟
ൌ െ4𝜋𝛿ሺ𝐫ሻ Special case derivatives: 

(similar things true for ) 



 
 

Physics 442 Summer 2024 Exam 2 – pg 2

 

 
 
Potentially useful mathematical information 
 

quadratic formula: 𝑥 ൌ
ି௕േ√௕మିସ௔௖

ଶ௔
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௅
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׬ 𝐽଴ሺ𝑢଴௠𝑟ሻ
ଵ
଴ 𝐽଴ሺ𝑢଴௡𝑟ሻ𝑟𝑑𝑟 ൌ ቊ

0                        if 𝑛 ് 𝑚
ଵ

ଶ
൫𝐽ଵሺ𝑢଴௠ሻ൯

ଶ
   if 𝑛 ൌ 𝑚  

׬ 𝐽ఈሺ𝑢ఈ௠𝑟ሻ
ଵ
଴ 𝐽ఈሺ𝑢ఈ௡𝑟ሻ𝑟𝑑𝑟 ൌ ቊ

0                            if 𝑛 ് 𝑚
ଵ

ଶ
൫𝐽ఈାଵሺ𝑢ఈ௠ሻ൯

ଶ
  if 𝑛 ൌ 𝑚  

   
Some zeroes of the first few Bessel functions and the Bessel function derivatives, to five sig figs. 
 

𝑚 𝐽଴ 𝐽ଵ 𝐽ଶ 𝐽଴′ 𝐽ଵ′ 𝐽ଶ′ 
1 2.4048 3.8317 5.1357 3.8317 1.8412 3.0542 
2 5.5201 7.0156 8.4172 7.0156 5.3314 6.7061 
3 8.6537 10.173 11.620 10.173 8.5363 9.9695 
4 11.792 13.324 14.796 13.324 11.706 13.170 
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(14 pts) Problem 1. The Physics 441 scalar and vector potentials of an electric dipole are 𝑉 ൌ
௣

ସగఌబ

ୡ୭ୱఏ

௥మ
  

and  𝐀 ൌ 0.   

(a) Find a gauge transformation to a new set of potentials 𝑉ᇱ and 𝐀ᇱ such that 𝑉ᇱ ൌ 0. What is 𝐀ᇱ? 

  

 

 

 

 

 

 

 

 

 

 

 

 

(b) Explicitly determine the electric field predicted by your new set of potentials, as a function of 𝑟 and 𝜃.  
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(20 pts) Problem 2. Suppose you drop a charged ball (charge 𝑞) off a cliff; neglecting air resistance the 
ball falls at a constant acceleration 𝑔. From Physics 121 we know that the ball’s position vs. time is given 

by 𝑦 ൌ െ
ଵ

ଶ
𝑔𝑡ଶ (the origin is at the top of the cliff); and the ball’s velocity vs. time is given by 𝑣 ൌ െ𝑔𝑡.  

 
(a) Determine  as a function of time for yourself as the observer (i.e. the distance between yourself and 
the ball’s “shadow”). Hint: the quadratic formula is given on page 2 of the exam.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued on next page) 
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(b) The situation of 1-dimensional particle motion with observer on the axis of motion was treated in one 
of your homework problems, for which you should have found that (replacing all 𝑥’s with 𝑦’s) for field 
points with smaller 𝑦 than the observer: 
  

𝐄 ൌ െ
𝑞

4𝜋𝜀଴

1
ଶ  
𝑐 െ 𝑣
𝑐 ൅ 𝑣

 𝐲ො 

 
Here 𝑣 is the velocity of the shadow, and it is positive if the particle is traveling in the ൅𝐲ො direction and 
negative if traveling in the െ𝐲ො direction. Use that equation along with your answer from (a) to deduce 
𝐄ሺ𝑡ሻ at your location.  
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(16 pts) Problem 3. An oscillating electric dipole is 
at the origin, with dipole moment in the z-direction. It 
produces radiation which is detected at points P1, P2, 
and P3, whose locations are indicated in the diagram 
below. The length a is just a reference distance, with 

𝑎 ≫
௖

ఠ
≫ ሺ𝑠𝑖𝑧𝑒 𝑜𝑓 𝑑𝑖𝑝𝑜𝑙𝑒ሻ.  

(a) Which of the three points will detect the LEAST amount of radiation? 

(b) If we call the amount of radiation detected at that point, “X”, in terms of X how much radiation is 
detected at the other two points?  

 
 
 
 
 
 
 

 
  

+y 

+z 

+x 

𝑃ଵ ൌ ሺ𝑎, 0, 𝑎ሻ 
𝑃ଷ ൌ ቀ0,

𝑎
2

, 𝑎ቁ 

𝑃ଶ ൌ ሺ0,3𝑎, 0ሻ 
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(20 pts) Problem 4. (a) Apply Liénard’s generalization of the Larmor formula to the situation of a particle 
going in a circle, to deduce the power radiated by the particle as a function of charge 𝑞, relativistic 
gamma factor 𝛾, acceleration 𝑎, and fundamental constants 𝜇଴ and 𝑐. 

 

 

 

 

 

 

(b) The Advanced Light Source synchrotron at LBNL sends electrons around in a circle with a relativistic 
energy of 1.9 GeV (ൌ 𝛾𝑚𝑐ଶ). During one section of the synchrotron the electrons are bent around a part 
of a circle with radius of 5 m. How much power does an electron radiate in that section? How much 
power would the regular Larmor formula predict?  Hints: 1 eV ൌ  1.602 ൈ 10ିଵଽ J. Also, centripetal 

acceleration is still 
௩మ

ோ
 even for relativistic situations.  
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(16 pts) Problem 5. At ሺ𝑥, 𝑡ሻ஺௡ௗ௥௘௪ ൌ ሺ0,0ሻ Andrew offers a prayer for his sister who is located at 
𝑥஺௡ௗ௥௘௪ ൌ 10଺ m. At ሺ𝑥, 𝑐𝑡ሻ஺௡ௗ௥௘௪ ൌ ሺ10଺, 10ହሻ m, a truck nearly misses his sister. Event A is “Andrew 
offers prayer” and event B is the near miss. Meanwhile, Josh is speeding along (moving to the right 
relative to Andrew) and passes Andrew just as Andrew offers the prayer. How fast does Josh need to be 
moving relative to Andrew for event B to come at 𝑐𝑡௃௢௦௛ ൌ െ10ହ m? In other words, in Josh’s frame 
event the near miss occurs before the prayer that was offered. Draw space-time diagrams from both 
Andrew’s and Josh’s point of view. Include worldlines for Andrew, Josh, Andrew’s sister, and mark the 
two events on each diagram.  Remember to include the space contraction of the distance between Andrew 
& his sister, in Josh’s frame.  
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(14 pts) Problem 6. In class we discussed the twin paradox in this context:  Josh and Andrew are twins. 
Josh leaves the Earth on their birthday in a rocket ship traveling at 0.8c (which has 𝛾=5/3), going to a 
planet which is 4 light years away from the Earth. Josh arrives at the planet exactly 3 years (to him) later, 
having celebrated two birthdays along the way and the third right as he arrives. Then Josh immediately 
turns around and returns home at that same speed, celebrating another two birthdays on the trip and the 
final one (the sixth) just as he arrives back home. Therefore, to Josh himself, he has aged 6 years.  
 
(a) To Andrew, how many years has Josh aged?  
 
 
 
 
(b) To Andrew, how many years has Andrew aged?  
 
 
 
 
 
 
(b) On his fifth birthday away (to Josh), Josh sends a “Happy Birthday!” message to Andrew at the speed 
of light. When exactly does that message reach Andrew?  Hint: the coordinates of a point on a line which 
is a fraction 𝑓 along the way between two endpoints is ሺ1 െ 𝑓ሻ ൈ ሺ𝑐𝑜𝑜𝑟𝑑𝑠. 𝑜𝑓 𝑠𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡ሻ ൅
𝑓 ൈ ሺ𝑐𝑜𝑜𝑟𝑑𝑠. 𝑜𝑓 𝑒𝑛𝑑𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡ሻ.  
 
 

 
  
 
 
 
 


