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⋄ Answer all the questions.

⋄ Write the solutions expli
itly and 
learly.

Use the physi
al terminology.

⋄ You are allowed to use Formulae Sheet.

⋄ Cal
ulator is allowed.

⋄ You are not allowed to use any other

ele
troni
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ept that my examination

will not be valid otherwise.
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1. A) A for
e

~F = (cx − 3x2)x̂ a
ts on a parti
le as the parti
le moves

along an x axis, with

~F in newtons, x in meters, and c a 
onstant.

At x = 0, the parti
le's kineti
 energy is 20.0 J; at x = 3.00 m, it

is 11.0 J. Find c.
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B) You drop a 2.00 kg physi
s book to a friend who stands on the

ground at distan
e D=10.0 m below. If your friend's outstret
hed

hands are at distan
e d=1.50 m above the ground (see Figure),

i How mu
h work Wg does the gravita-

tional for
e do on the book as it drops

to her hands?

ii What is the 
hange ∆U in the gravi-

tational potential energy of the book�

Earth system during the drop?

If the gravitational potential energy U of that

system is taken to be zero at ground level,

iii what is U when the book is released?

iv what is U when it rea
hes her hands?

v Now take U to be 100 J at ground level

and again �ndWg, ∆U, U at the release

point, and U at her hands.
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2. A rod of length 30.0 
m has linear density (mass per length) given by

λ = 50.0 g

m
+ 20.0x g

m
where x is the distan
e from one end, measured

in meters.

i What is the mass of the rod?

ii How far from the x = 0 end is its 
enter of mass?
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3. A so

er player ki
ks a so

er ball of mass 0.40 kg that is initially at

rest. The foot of the player is in 
onta
t with the ball for 2.0× 10−3
s,

and the for
e of the ki
k is given by

F (t) = [(12.0× 109)t2 − (4.0× 1012)t3] N

for 0 ≤ t ≤ 2.0× 10−3
s, where t is in se
onds. Find the magnitudes of

i the impulse on the ball due to the ki
k,

ii the average for
e on the ball from the player's foot during the

period of 
onta
t,

iii the maximum for
e on the ball from the player's foot during the

period of 
onta
t,

iv the ball's velo
ity immediately after it loses 
onta
t with the

player's foot.
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4. The angular position of a point on a rotating wheel is given by θ(t) =
2.0 + 4.0t2 + 2.0t3 , where θ is in radians and t is in se
onds. At t = 0,

i what is the point's angular position?

ii what is its angular velo
ity?

iii what is its angular velo
ity at t = 4.0 s?

iv Cal
ulate its angular a

eleration at t = 2.0 s.

v Is its angular a

eleration 
onstant?
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5. A uniform ball, of mass M = 6.0 kg and radius R, rolls smoothly from

rest down a ramp at angle θ = 30.0◦ (see Figure, I = 2

5
MR2

)

i The ball des
ends a verti
al height h =
1.20 m to rea
h the bottom of the ramp.

What is its speed at the bottom?

ii What are the magnitude and dire
tion

of the fri
tional for
e (fs) on the ball as

it rolls down the ramp?
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