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Instructions: 

1. Read questions carefully. If you do not understand meaning of English words, ask your 
assistant for explanations. 

2. Write solution with clarity and necessary comments (explanations).  
3. Use legible writing especially in formulas.  
4. Do not forget to check your results by means of analysis of dimensions. 

 
 

Note: Solutions will be available at www.fen.bilkent.edu.tr/~mb just after the exam. 

 

GOOD LUCK  



 

Question 1: We could measure the speed of light, c, 

by using a rotating slotted wheel. As shown in the 

Figure, a beam of light passes through one of the slots 

at the outside edge of the wheel, travels to a mirror, 

and returns to the wheel just in time to pass through 

the next slot in the wheel. Assuming that the angular 

speed of wheel in revolutions per second is w=1500 

rev/sȟ ÎÕÍÂÅÒ ÏÆ ÓÌÏÔÓ ÁÒÏÕÎÄ ×ÈÅÅÌȭÓ ÅÄÇÅ ÉÓ N=100, 

and the distance between the wheel and the mirror is 

L=1 km, estimate the speed of light c. (25 points) 

 

______________________________________________________________________________ 

 

Solution: 

In the time light takes to go from the wheel to the mirror and back again, the wheel turns through 

an angle 

Ў—=
2“

ὔ
 

The time is 

Ўὸ=
2ὒ

ὧ
 

So the angular velocity of the wheel is 

ύ=
Ў—

Ўὸ
=
“ὧ

ὔὒ
ᵼὧ=

ύὔὒ

“
=

2“ὼ1500ὼ100ὼ1000

“
= 3 ὼ108ά/ί 

 



 

Question 2:  A small block of mass m1=1.5 kg is released from 

rest at the top of a curve-shaped frictionless wedge of mass 

m2=3 kg, which sits on a frictionless horizontal surface as in the 

Figure. When the block leaves the wedge, its velocity is 

measured to be 4.00 m/s to the right.  

(a) What is the velocity of the wedge after 

the block reaches the horizontal surface? (10 points) 

(b) What is the height h of the wedge? (10 points) 

(c) Would the effect of the friction on the horizontal surface 

increase or decrease your answer in (a)? (5 points) 

______________________________________________________________________________ 

 

Solution: 

(a) Momentum is conserved: 

ὖὭ= 0,  ὖὪ= ά1ὺ1 ά2ὺ2 

ὖὭ=  ὖὪᵼ0 = 1.5ὼ4 3ὺ2  

ὺ2 = 2ά/ί 
 

(b) Energy is conserved: 

ὉὭ= ά1ὫὬ,  ὉὪ=
1

2
ά1ὺ1

2 +
1

2
ά2ὺ2

2 

ὉὭ= ὉὪᵼὬ= 1.2ά 

(c) Since we lost some energy for friction, the result decreases. 
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Question 3:  A constant force, F, is applied to a 

block of mass m on an inclined plane as shown 

in the Figure. The block is moved with a 

constant velocity by a distance s. The coefficient 

of kinetic friction between the inclined plane 

and the block is µk.  

(a) Draw free-body diagrams and find the 

force F. (10 points) 

(b) What is the net work done by F? (10 points) 

(c) Check case (b) if ɻ=0 and comment on the result. (5 points) 

 

______________________________________________________________________________ 

 

 

Solution: 

(a) From Newtonôs 2nd
 law: 

ВὊὼ= Ὂcos‌ ὪὯ άὫsin—= άὥὼ    (1)  

ВὊώ= ὔ Ὂsin‌ άὫcos—= άὥώ    (2) 

ὥx = 0,ὥy = 0 and ὪὯ= ‘Ὧὔ    (3) 

 

From (1), (2), and (3) 

 

Ὂ= άὫ
sin—+ ‘Ὧcos—

cos‌ ‘Ὧsin‌
 

 

ὡ = Ὂᴆ ɇίᴆ= Ὂcos‌ ὭǶὊsin‌ ὮǶɇίὭǶ= Ὂίcos‌ 
 

ὡ = άὫί
sin—+ ‘Ὧcos—

1 ‘Ὧtan‌
 

 

(b) ‌= 0 ᵼtan‌= 0 then 

 

ὡ = άὫίsin—+ ‘ὯάὫί cos— 
 

The first term is the work done against the gravitation, the second term is the work done 

against friction. 
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Question 4:  The two balls, m2 and m3, on the right 

of the Figure are slightly separated and initially are 

at rest; the left ball, m1, is incident on m2 with speed 

v0. Assuming head-on elastic collisions and no 

friction; 

(a)  Find speeds of m1 and m2 just after the first 

collision. (10 points) 

(b)  Assuming that m1=m2=m and m3 Ѕ m, show 

that there are two collisions and find all 

final velocities. (10 points) 

(c) Assuming that m1=m2=m and m3 > m, show that there are three collisions and find all final 

velocities. (5 points) 

______________________________________________________________________________ 

 

Solution: 

(a) Due to elastic collision, momentum and energy are conserved: 

ὖὭ= ά1ὺ0,   ὖὪ= ά1ὺ1 + ά2ὺ2 

ὉὭ=
1

2
ά1ὺ0

2,   ὉὪ=
1

2
ά1ὺ1

2 +
1

2
ά2ὺ2

2 

ὖὭ=  ὖὪᵼά1ὺ0 = ά1ὺ1 + ά2ὺ2    (1) 

ὉὭ=  ὉὪᵼ
1

2
ά1ὺ0

2 =
1

2
ά1ὺ1

2 +
1

2
ά2ὺ2

2    (2) 

From (1) and (2) 

ὺ1 =
ά1 ά2

ά1 + ά2
ὺ0    (3)  

 ὺ2 =
2ά1

ά1 + ά2
ὺ0   (4)  

(b) ά1 = ά2 = ά, ά3 ά 

After first collision between ά1 and ά2, ὺ1 = 0 and ὺ2 = ὺ0 

For the second collision, between ά2 and ά3, we do not need to solve the equations 

again, we can write directly from (3) and (4) 

ὺ2 =
ά ά3

ά+ ά3
ὺ0 

 ὺ3 =
2ά

ά+ ά3
ὺ0 

Since  ά3 ά, ά2 never returns back and collides with ά1, so we have only two 

collisions. 

(c) Similarly, since  ά3 ά, ά2 returns back and collides with ά1. In this case, we have 

three collisions. 

ὺ1 =
ά3 ά

ά+ ά3
ὺ0 

ὺ2 = 0 

 ὺ3 =
2ά

ά+ ά3
ὺ0 

 


