
Name________________________________________ 

Physics 111 Quiz #2, January 17, 2014 

Please show all work, thoughts and/or reasoning in order to receive partial credit.  The quiz is 
worth 10 points total. 

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

____________________________ 

A proton, initially very far from any charges, is accelerated to a speed of 

€ 

v = 2 ×107 m
s .  This 

proton is then directed toward a stationary copper nucleus.  Copper has a charge of 

€ 

QCu = 29e 
and a mass of 

€ 

mCu = 65mp .  When the proton approaches the copper nucleus, it interacts with the 
electric field produced by the copper nucleus.  This interaction of the proton with the electric 
field of the copper nucleus brings the proton momentarily to rest at some distance, known as the 
distance of closest approach, from the copper nucleus.  Since the electric force on the proton 
does not dissipate, the proton is repelled from the copper nucleus back along its original path.  
This is called backscattering. 

a. How much work was done in bringing the proton momentarily to rest? 
 
 

€ 

W = ΔKE = KE f −KEi = −KEi = − 1
2mpvi

2 = − 1
2 ×1.67 ×10

−27kg× 2 ×107 m
s( )
2

= −3.34 ×10−13J . 
 

b. When the proton momentarily comes to rest, what is the distance of closest approach?  
(Ignore the electrons that surround the copper nucleus.  The proton is traveling so fast that it 
hardly notices the electrons and proceeds toward the nucleus unabated.) 
 
 

€ 

W = −qΔV = −q VCu −V∞[ ] = −q kQCu

r
 

 
 

 

 
 

→ r = −
kqQCu

W
= −

9 ×109 Nm 2

C 2 ×1.6 ×10−19C × 29 ×1.6 ×10−19C( )
−3.34 ×10−13J

= 2 ×10−14m

 

 
c. With what electric field would the proton interact (due to the copper nucleus) when the 

proton momentarily comes to rest at this distance of closest approach? 
 

€ 

Enet,r =
kQCu

r2
=
9 ×109 Nm 2

C 2 × 29 ×1.6 ×10−19C

2 ×10−14m( )2
=1.04 ×1020 N

C  directed radially away from the 

Cu atom. 
 
 
 

 



d. What is the electric force exerted on the proton by the copper nucleus in this electric field? 
 
 

€ 

Fp,Cu = qEnet ,r =1.6 ×10−19C ×1.04 ×1020 N
C =16.7N  directed radially away from the Cu atom. 

 
 

e. Suppose that instead of a proton being fired at the copper nucleus, an alpha particle (a helium 
nucleus) were used.  An alpha particle has a charge 

€ 

Qα = 2e  and a mass 

€ 

mα = 4mp .  If the 
alpha particle had the same initial speed as the proton, the distance of closest approach for 
the alpha particle would be 
 
1. less, meaning the alpha particle would get closer to the copper nucleus than the proton. 
2. the same as for the proton. 
3. greater, meaning the alpha particle would not get as close to the copper nucleus as the 

proton. 
4. unable to be determined since the force on the alpha particle is not known. 

   

€ 

W = −qΔV = −q VCu −V∞[ ] = −q kQCu

rα

 

 
 

 

 
 = − 1

2mαv
2 →−2e 29ke

rα

 

 
 

 

 
 = − 1

2 4mp( )v 2

→ rα =
29ke2

mpv
2

W = −qΔV = −q VCu −V∞[ ] = −q kQCu

rp

 

 
  

 

 
  = −

1
2mpv

2 →−e 29ke
rp

 

 
 

 

 
 = − 1

2mpv
2

→ rp = 2 × 29ke2

mpv
2

 

 
 

 

 
 = 2rα ⇒ rα =

rp
2
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