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Exam #2 
 

February 13, 2026 
 
 
 

Name___________________________________ 
 

 
Please read and follow these instructions carefully: 
 

• Read all problems carefully before attempting to solve them. 
• Your work must be legible, and the organization clear. 
• You must show all work, including correct vector notation. 
• You will not receive full credit for correct answers without adequate explanations. 
• You will not receive full credit if incorrect work or explanations are mixed in with 

correct work.  So, erase or cross out anything you don’t want graded. 
• Make explanations complete but brief.  Do not write a lot of prose. 
• Include diagrams. 
• Show what goes into a calculation, not just the final number.  For example,

 
• Give standard SI units with your results unless specifically asked for a certain unit. 
• Unless specifically asked to derive a result, you may start with the formulas given 

on the formula sheet including equations corresponding to the fundamental 
concepts. 

• Go for partial credit.  If you cannot do some portion of a problem, invent a symbol 
and/or value for the quantity you can’t calculate (explain that you are doing this), 
and use it to do the rest of the problem. 

• Each free-response part is worth 6 points. 
 

 
 
 
 
 
 
 

I affirm that I have carried out my academic endeavors with full academic honesty. 
 

__________________________________________ 
 
 

Problem #1 /24 
Problem #2 /24 
Problem #3 /24 
Total /72 



1. Consider the circuit of resistors, each with 
resistance 𝑅, connected to a 100𝑉 battery 
shown on the right.  All of the resistors in the 
circuit are constructed out of gold with a 
diameter 6𝜇𝑚 and length 𝐿 = 1.3𝑚. 
	
a. What is the resistance 𝑅 of a resistor?  

Hint:  some useful data on gold: 𝜌 =
2.2 × 10!"Ω ∙ 𝑚, 𝜌# = 19300!"

#$, and 
𝑀 = 197 "

#%&. 
 

𝑅 =
𝜌𝐿
𝐴 =

2.2 × 10!"Ω ∙ 𝑚 × 1.3
𝜋(3 × 10!$𝑚)%  

 
𝑅 = 1011.5Ω = 1012Ω 

 
 
 
 
 
 

b. What is the current produced by the battery? 
 

𝑅%	and 𝑅& in parallel à '
('$

= '
('
+ '

($
= '

')'%*
+ '

')'%*
= %

')'%*
→ 𝑅%& = 506Ω 

 
𝑅+ and 𝑅$ in parallel à '

(()
= '

((
+ '

()
= '

')'%*
+ '

')'%*
= %

')'%*
→ 𝑅+$ = 506Ω 

 
𝑅" and 𝑅, in parallel à '

(*+
= '

(*
+ '

(+
= '

')'%*
+ '

')'%*
= %

')'%*
→ 𝑅", = 506Ω 

 
𝑅', 𝑅%&, 𝑅-, 𝑅+$, 𝑅., 𝑅",, and 𝑅') in series à 

  
𝑅/0 = 𝑅'%&-+$.",') = 𝑅' + 𝑅%& + 𝑅- + 𝑅+$ + 𝑅. + 𝑅", + 𝑅') 

 
𝑅/0 = 4𝑅' + 3𝑅%& = 4(1012Ω) + 3(506Ω) = 5566Ω 

 
 𝑉 = 𝐼12134𝑅/0 → 𝐼12134 =

5
(,-

= '))5
++$$*

= 0.0180𝐴 = 18.0𝑚𝐴 

 
 
 
 
 
 
 

𝑉	

𝑅'	

𝑅%	 𝑅&	

𝑅-	

𝑅+	 𝑅$	

𝑅.	

𝑅"	 𝑅,	

𝑅')	



c. What is the voltage (𝑉()) across resistor 𝑅$, the current (𝐼()) through resistor 𝑅$, 
and the energy dissipated across resistor 𝑅$ if the circuit is powered for 1ℎ𝑟? 

 
𝑉(() = 𝑉(( = 𝑉() = 𝐼12134𝑅+$ = 0.018𝐴 × 506Ω = 9.1V 

 
 𝑉() = 𝐼()𝑅$ → 𝐼() =

5.)
()

= ,.'5
')'%*

= 0.009𝐴 = 9𝑚𝐴 
 
 𝑃() =

∆8.)
∆1

= 𝐼()
% 𝑅$ → ∆𝐸() = 𝐼()

% 𝑅$∆𝑡 = (0.009𝐴)% × 1012Ω × 3600𝑠 = 294𝐽 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d. What is the drift velocity of the charge carriers through resistor 𝑅$?  Assume that 
each gold atom donates 1 charge carrier to the current. 
 

𝐼() = 𝑛𝑒𝐴𝑣9 → 𝑣9 =
𝐼()
𝑛𝑒𝐴 =

0.009𝐴
5.910%"𝑚!& × 1.6 × 10!',𝐶 × 𝜋(3 × 10!$𝑚)% 

 
𝑣9 = 0.034#

:
= 3.4##

:
 

 
 
Where we calculate the number density of the charge carriers from: 
 
𝑛 = L

𝜌#
𝑀 𝑁;N × (𝑐ℎ𝑎𝑟𝑔𝑒	𝑐𝑎𝑟𝑟𝑖𝑒𝑟𝑠	𝑑𝑜𝑛𝑎𝑡𝑒𝑑	𝑝𝑒𝑟	𝑎𝑡𝑜𝑚) 

 

𝑛 = V
19300<=#$

0.197 <=
#24

× 6.022 × 10%&312#:
#24

W × 1>?3@=/	>3@@B/@
312#

= 5.9 × 10%"𝑚!& 

 
 
 

 



2. Two very long straight platinum wires are suspended 
from the ceiling using insulating strings of length 𝑙 =
50𝑐𝑚 as shown on the right.  Both wires have diameters 
2𝑚𝑚, currents 𝐼 flowing and the direction of the current 
in the left wire is shown. 

 
a. Due to the interactions of the currents, each wire 

makes an angle 𝜃 = 12) measured with respect to 
the vertical when in equilibrium.  What is the 
magnitude and direction of the current (be sure to 
explain how you got the direction) in the right wire?  
Hint:  some useful data on platinum:  𝜌 =
1.1 × 10!.Ω ∙ 𝑚, 𝜌# = 21090!"

#$, and 𝑀 = 195 "
#%&. 

 
 The magnetic field from the left wire at the right wire’s location points vertically 

up.  To exert a magnetic force to the right on the right wire, we need the current to 
point into the page, by the right-hand rule. 

 
In the x-direction: 
 

 𝐹C − 𝐹DE = 𝑚𝑎E = 0 → 𝐹C = 𝐹D sin 𝜃 = _ #=
FGHI

` sin 𝜃 → 𝐼𝐿𝐵 = 𝑚𝑔 tan 𝜃 
 

 𝐼𝐿 _J/K
%L@
` = J/M

%L@
𝐼% = 𝑚𝑔 tan 𝜃 → 𝐼 = d%L@#=

J/M
tan 𝜃 = d%L(%4 HOP I)#=

J/M
tan 𝜃 

 

 𝐼 = d-L4R;=
J/

sin 𝜃 tan 𝜃 

 

𝐼 = e
4𝜋 × 0.5𝑚 × f21090<=#$ × 𝜋(1 × 10!&𝑚)%g × 9.8#:'

4𝜋 × 10!.D#;
sin 12 tan 12 

 
𝐼 = 378.8𝐴 
 
In the y-direction: 
 

 𝐹DS − 𝐹T = 𝑚𝑎S = 0 → 𝐹D cos 𝜃 = 𝐹T = 𝑚𝑔 → 𝐹D =
#=
FGHI

 
 
 
 And we used the fact that 

 𝜌 = #
5
= #

;M
→ #

M
= 𝜌𝐴 

 
 
 

𝜃	 𝜃	

𝐼	



b.   What is the net magnetic field at the midpoint between the two wires? 
 
 
 By the right-hand rule to the right of the left wire the magnetic field points vertically 

up the page and to the left of the right wire it points vertically up.   
 
 
 Taking up the page as the positive y-direction, we have: 
 

 𝐵U/1,S = 𝐵4/W1 + 𝐵@B=?1 =
J/K
%L@

+ J/K
%L@

= J/K
L@
=

-L×')012#3 ×&.".";

L×Y/.(#' HOP '%Z
= 2.9 × 10!&𝑇 

 
 
 

 
 

c.   An electron is accelerated from rest using the particle accelerator below, where the 
voltage across the plates ∆𝑉 = 1500𝑉. The electron is fired into the page at the 
midpoint between the two wires in part a.  What is the magnitude and direction of 
the initial force on the electron?  Be sure to explain your choice for the direction of 
the electron’s motion and how you arrived at that choice. 

 
 
 

 
 
 

Since the magnetic field points up the plane of the page and the velocity is into the 
page then by the right-hand rule, the magnetic force on the electron is given by the 
back of the hand and points to the left side of the page. 

 
 𝐹 = 𝑞𝑣𝐵 sin 𝜃 = 𝑞𝑣𝐵 sin 90 = 𝑞𝑣𝐵 = 1.6 × 10!"#𝐶 × 2.3 × 10$!" × 2.9 × 10

!%𝑇 
 

𝐹 = 1.1 × 10!"&𝑁 
 
 
 Where we determine the speed of the electron from the work done: 
 

 𝑊 = −𝑞∆𝑉 = ∆𝐾 = #
$𝑚𝑣'

( − #
$𝑚𝑣)

( = #
$𝑚𝑣'

( → 𝑣 = <(*
+
= <− (×(!"./×"0%#&1)×"3004

#.""×"0%'#56
 

 
→ 𝑣 = 2.3 × 10$+7  

 
 
 
 
 
 

∆𝑉	



d.   As the electron moves into the page it interacts with the magnetic 
field everywhere in space created by the currents in the two wires.  
When viewed from above, the resulting motion of the electron as it 
interacts with the net magnetic field is shown on the right.  Explain 
how this teardrop shaped motion is obtained.   

 
 

If the magnetic field were constant then the motion would be a circle of 
radius about the magnetic field (which is pointing up out of the page in 
this diagram) as the charge moves up the page between the two wires.   

 
However, here, the magnetic field generated by the wires varies as the 
inverse of the distance from the wires.  As the electron feels a force to the 
left initially and moves in that direction, the magnetic field increases.  
This makes the force increase and hence its orbital radius decreases and 
the circle gets smaller. 

 
At the very leftmost point in its motion, the velocity has changed direction and by the right 
hand rule the force changes direction and points to the right. 

 
As the electron moves to the right, the magnetic field decreases and the circular orbit gets 
larger.  The net effect of the motion is to produce the teardrop shape in one orbit.  Then the 
motion continues and we produce the series of teardrop shapes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝑣	



3.   Technetium is primarily a synthetic (human made) element being found in very trace 
amounts on earth and throughout the universe.  Technetium has several isotopes, with 
technetium-99𝑚 being the most useful.  Technetium-99𝑚 is a radioactive isotope of 
technetium that is used in medical procedures to image blood flow in the heart 
(myocardial profusion imaging), bone cancers (osteosarcomas), and the kidneys (renal 
scintigraphy).  However, when technetium-99𝑚 is being made, other isotopes of 
technetium are also produced.  Suppose you have two isotopes of technetium produced, 
𝑇𝑐-&

,,  and 𝑇𝑐-&
,.  and that you need to separate the technetium-99𝑚 from the technetium-

97.  To do this we use a mass spectrometer.  Singly ionized atoms are sent through the 
mass spectrometer and are separated in space due to their interaction with an externally 
applied magnetic field. 

 
 

a. To get the ions into the mass spectrometer, we ionize the sample and 
accelerate the ions using a potential difference as shown on the right.  
Suppose that we accelerate singly charged ions (with charge +1𝑒) 
through a potential difference of ∆𝑉 = 5000𝑉.  What are the speeds 
of 𝑇𝑐[-&

,, 	 and	 𝑇𝑐[-&
,. 	 ions?  Hint:  1𝑢 = 1.66 × 10!%.𝑘𝑔.  Do not 

round your answers.  Keep all the decimal places. 
 
 

𝑊 = −𝑞∆𝑉 = ∆𝐾 = '
%
𝑚𝑣W% −

'
%
𝑚𝑣B% =

'
%
𝑚𝑣W% 

 

𝑣W, D>56$
++ = e−

2𝑞∆𝑉
𝑚 D>56$

++
= p−

2 × 1.6 × 10!',𝐶 × (−5000𝑉)

99𝜇 × 1.66 × 10
!%.𝑘𝑔

1𝜇

 

 
𝑣W, D>56$

++ = 98670.7#
:

 
 

 
And, 

𝑣W, D>56$
+1 = e−

2𝑞∆𝑉
𝑚 D>56$

+1
= p−

2 × 1.6 × 10!',𝐶 × (−5000𝑉)

97𝜇 × 1.66 × 10
!%.𝑘𝑔

1𝜇

 

 
𝑣W, D>56$

+1 = 99682.8#
:

 
 
 
 
 
 
 
 

∆𝑉	



b. When the ions exit the accelerator in part a, they 
encounter a region of space (the green box) with 
only a magnetic field present.  The net magnetic 
field in this region of space can be varied.  
Assume here that the magnetic field points out of 
the page perpendicular to the velocity of the ions 
and has a magnitude 𝐵 = 2𝑇.  Which detector, 𝐴 
or 𝐵 will the technetium ions strike (be sure to 
explain your choice and why you chose this 
detector) and what is the ratio of the orbital radii 
of 𝑇𝑐[-&

,,  to 𝑇𝑐[-&
,. ?  Again, don’t round.  Keep 

at least 4 decimal places in your answer. 	
 
 
 
 
 
 
 

Since both ions have a positive charge and they are moving to the right.  The 
magnetic field points out of the page and by the right-hand rule the magnetic force 
causes the ions to bend down and strike detector 𝐵. 

 
 
 The orbital radius: 
 

𝐹C = 𝐹\ → 𝑞𝑣𝐵 sin 𝜃 = 𝑚
(𝑣 sin 𝜃)%

𝑅 → 𝑅 =
𝑚𝑣
𝑞𝐵 sin 𝜃 =

𝑚𝑣
𝑞𝐵 sin 90 =

𝑚𝑣
𝑞𝐵  

 
 The ratio: 
 

𝑟 D>56$
++

𝑟 D>56$
+1

=

𝑚 D>56$
++ 𝑣 D>56$

++

𝑒𝐵
𝑚 D>56$

+1 𝑣 D>56$
+1

𝑒𝐵

=
𝑚 D>56$

++ 𝑣 D>56$
++

𝑚 D>56$
+1 𝑣 D>56$

+1
=
99𝜇 × 98670.7#:
97𝜇 × 99682.8#:

= 1.0103 

 
The orbital radii differ by about 1.03%.  That’s a small number to separate out the 
masses and leads to the sensitivity of the system. 

 
 
 
 
 
 
 
 

∆𝑉	

𝑑𝑒𝑡𝑒𝑐𝑡𝑜𝑟	𝐴	

𝑑𝑒𝑡𝑒𝑐𝑡𝑜𝑟	𝐵	



c. Suppose someone misaligns the magnetic field in the green box in such a way that 
the magnetic field no longer points out of the page, but is rotated toward the right 
(in the direction of the velocity of the ions) by an angle 𝜙 = 15).  What are the 
orbital radius and pitch of a 𝑇𝑐[-&

,,  ion?	
 

Tilting the magnetic field to the right makes the angle between the velocity and the 
magnetic field 𝜃 = 90) − 15) = 75). 

 
 The orbital radius is given by: 
 

𝐹C = 𝐹\ → 𝑞𝑣𝐵 sin 𝜃 = 𝑚
(𝑣 sin 𝜃)%

𝑅 → 𝑅 =
𝑚𝑣
𝑞𝐵 sin 𝜃 

 

𝑅 = s
𝑚 D>56$

++ 𝑣 D>56$
++

𝑒𝐵 t sin 𝜃 = u
99𝜇 × '.$$×')0'1<=

'J × 98670.7#:
1.6 × 10!',𝐶 × 2𝑇 v sin 75 

 
𝑅 = 0.0489𝑚 = 4.9𝑐𝑚 

 
The pitch is determined by the parallel component of the velocity: 

 

𝑣∥ = 𝑣 cos 𝜃 =
𝐿
𝑇 → 𝐿 = 𝑣𝑇 cos 𝜃 = 98670.7#

:
× 3.1 × 10!$𝑠 × cos 75 

 
𝐿 = 0.0797𝑚 = 8𝑐𝑚 

 
Where the time is determined from the perpendicular component of the velocity 
over half of an orbit before it strikes a detector: 

 
 𝑣^ = 𝑣 sin 𝜃 = %L(

D
→ 𝑇 = L(

_
= L×).)-,#

,"$.)..#7
= 1.6 × 10!$𝑠 = 1.6𝜇𝑠 

 
 
 

d. From the time a 𝑇𝑐[-&
,,  ion leaves the accelerator until it strikes either detector 𝐴 or 

𝐵, how long is it in flight? 
 
For the case in part a or in part c: 
 

𝑇 =
𝜋𝑅
𝑣^

=
𝜋𝑅

_𝑒𝑅𝐵𝑚 `
=
𝜋𝑚
𝑒𝐵 =

𝜋 ∙ 99𝜇 × '.$$×')0'1<=
'J

1.6 × 10!',𝐶 × 2𝑇 = 1.6 × 10!$𝑠 = 1.6𝜇𝑠 

 
 Where the perpendicular component of the velocity is found from: 
  
 𝐹C = 𝑚𝑎> → 𝑒𝑣^𝐵 = 𝑚 _8

'

(
→ 𝑣^ =

/(C
#

 



Physics 111 Formula Sheet 
 
Electrostatics       Magnetism 
𝐹 = 𝑘 8#8$

9$
       𝐹⃗ = 𝑞𝑣⃗ × 𝐵)⃗ → 𝐹 = 𝑞𝑣𝐵 sin 𝜃 

𝐹⃗ = 𝑞𝐸)⃗ ; 					𝐸:; = 𝑘 8
9$
; 				𝐸:<=>? =

8
@(A

    𝐹⃗ = 𝐼𝐿)⃗ × 𝐵)⃗ → 𝐹 = 𝐼𝐿𝐵 sin 𝜃   

𝐸 = − ∆4
∆C

       𝑉D=<< = 𝑤𝑣E𝐵 

𝑉:; = 𝑘 8
9
       𝐵 = F(G

(H9
 

𝑈? = 𝑘 8#8$
9
= 𝑞𝑉      𝜀 = ∆𝑉 = −𝑁 ∆I)

∆>
 

𝑊 = −𝑞∆𝑉 = −∆𝑈? = ∆𝐾     𝜙J = 𝐵𝐴 cos 𝜃 
 
Electric Circuits - Capacitors     Electric Circuits - Resistors 
𝑄 = 𝐶𝑉; 				𝐶 = K@(A

E
      𝐼 = ∆L

∆>
  

𝐶:=9=<<?< = ∑ 𝐶)M
)N"       𝐼 = 𝑛𝑒𝐴𝑣E; 			𝑛 =

OM*
+

  
"

1"+,-+"
= ∑ "

1-
M
)N"        𝑉 = 𝐼𝑅  

𝑄;P=96)Q6(𝑡) = 𝑄+=C J1 − 𝑒
!./L    𝑅 = OR

A
 

𝑄E)7;P=96)Q6(𝑡) = 𝑄+=C𝑒
!./     𝑅7?9)?7 = ∑ 𝑅)M

)N"  

𝐼(𝑡) = 𝐼+=C𝑒
!./ = L!01

S
𝑒!

.
/     "

T20,033+3
= ∑ "

T-
M
)N"  

𝜏 = 𝑅𝐶                   𝑃 = ∆U
∆>
= 𝐼𝑉 = 𝐼(𝑅 = 4$

T
 

𝑈1 = #
$𝑞𝑉 =

#
$𝐶𝑉

( = L$

(1
   

  
Light as a Wave      Light as a Particle/Relativity 
𝑐 = 𝑓𝜆        𝐸 = ℎ𝑓 = P;

V
  

𝑆(𝑡) = Energy
time×Area

= 𝑐𝜖0𝐸((𝑡) = 𝑐 J
$(>)
F(

                𝐾+=C = ℎ𝑓 − 𝜙  

𝐼 = 𝑆=b6 = #
$𝑐𝜖0𝐸+=C

( = 𝑐 J!01
$

(F(
                 ∆𝜆 = 𝜆c − 𝜆 = P

+;
(1 − cos𝜙) 

𝑃 = U
d
;
; 		absorbed

(d
;
; 			reflected

      "
Uc
= "

U
+ ("!efgI)

U,+".
; 			𝐸9?7> = 𝑚𝑐(  

𝑆 = 𝑆0 cos(		 𝜃       𝛾 = "

i"!4
$
5$

  

𝑣 = ;
Q
        𝑝 = 𝛾𝑚𝑣  

𝜃)ncident = 𝜃reflected      𝐸>n>=< = 𝐸9?7> + 𝐾 = 𝛾𝑚𝑐( 
𝑛" sin 𝜃" = 𝑛( sin 𝜃(      𝐾 = (𝛾 − 1)𝑚𝑐( 
𝑃 = "

'
= "

E(
+ "

E-
      𝐸>n>=<( = 𝑝(𝑐( +𝑚(𝑐& 

𝑀 = E-
E(
; 			|𝑀| = P-

P(
  

 
 
 



Nuclear Physics    Physics 110 Formulas 
𝑁 = 𝑁0𝑒!V>     𝐹⃗ = 𝑚𝑎⃗;				𝐹o =

op#+$
9$

; 			𝐹7 = −𝑘𝑦;		𝑎; =
b$

9
 

𝑚 = 𝑚0𝑒!V>     𝑊 = −∆𝑈6 − ∆𝑈7 = ∆𝐾 
𝐴 = 𝐴0𝑒!V>     𝑈6 = 𝑚𝑔𝑦 
𝐴 = 𝜆𝑁     𝑈7 = #

$𝑘𝑦
(  

𝑡#
$
= qr (

V
     𝐾 = #

$𝑚𝑣
(     

      𝑟' = 𝑟) + 𝑣)𝑡 + #
$𝑎⃗𝑡

( 
Constants     𝑣⃗' = 𝑣⃗) + 𝑎⃗𝑡   
𝑔 = 9.8!"$     𝑣'( = 𝑣)( + 2𝑎9∆𝑟     
1𝑒 = 1.6 × 10!"#𝐶      
𝑘 = "

&H@(
= 9 × 10#6!$

7$    Common Metric Units 

𝜖0 = 8.85 × 10!"( 7$

6!$																																													𝑛𝑎𝑛𝑜	(𝑛) = 	10!#	     
1𝑒𝑉 = 1.6 × 10!"#𝐽																																																	𝑚𝑖𝑐𝑟𝑜	(𝜇) = 	10!/  
𝜇0 = 4𝜋 × 10!$8!* 																																																				𝑚𝑖𝑙𝑙𝑖	(𝑚) = 	10

!%  
𝑐 = 3 × 10s!" 																																																													𝑐𝑒𝑛𝑡𝑖	(𝑐) = 	10

!(  
ℎ = 6.63 × 10!%&𝐽𝑠 = 4.14 × 10!"3𝑒𝑉𝑠												𝑘𝑖𝑙𝑜	(𝑘) = 	10%  
𝑁A = 6.02 × 10(%																																																						𝑚𝑒𝑔𝑎	(𝑀) = 	10/	     
1𝑢 = 1.66 × 10!($𝑘𝑔 = 931.5p?4;$  
𝑚: = 1.67 × 10!($𝑘𝑔 = 937.19+:5$   Geometry/Algebra 
𝑚Q = 1.69 × 10!($𝑘𝑔 = 948.39+:5$   Circles:  𝐴 = 𝜋𝑟( 𝐶 = 2𝜋𝑟 = 𝜋 
𝑚? = 9.11 × 10!%"𝑘𝑔 = 0.5119+:5$   Spheres: 𝐴 = 4𝜋𝑟( 𝑉 = &

%
𝜋𝑟% 

      Triangles:          𝐴 = "
(
𝑏ℎ 

      Quadratics: 𝑎𝑥( + 𝑏𝑥 + 𝑐 = 0 → 𝑥 = !t±√t$!&=;
(=

  
       

 


