University Physics Quiz 2

Name: SID: School/Department:
1. Ablock of mass m is sliding on a frictionless horizontal table. It is constrained inside a ring
which is fixed on the table and of radius r. At t =0, the block is moving along the inside of

the ring with tangential velocityV,, as shown in the accompanying figure. The coefficient of

kinetic friction between the inner surface of the ring and the block is (.

(a) Find the speed of block at any later time t.
(b) Find the position of the block at any later time t.
Solution: (a) The equation of motion is
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Substituting Eq.(1) into (2), we have
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Integrating both sides of above equation, we obtain
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2. A projectile of massm is launched from the surface of the earth at an angle ¢ from the

e

vertical. The initial speed isVv, = where M_and R, are the mass and radius of

e
the earth respectively. How high does the projectile rise? (The resistance of the air and the
rotation of the earth can be neglected.)
Solution:  The conservation of the angular momentum reads
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The conservation of mechanical energy reads
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From eq.(1), we have Vv . Substituting v =-2-""—""into eq.(2) we obtain
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Noting that V¢ = A ¢, we obtain
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Therefore,  (noting that r.., >R,)
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3. A particle of mass m moves in a circular orbit of radius R under the influence of a central force
F(r). The center of the central force lies at a point on the circle, as shown in the accompanying
figure. What is the force law of the central force? (Hint: the equation of the orbit can be written as
r =2Rcosé )
Solution: The equation of motion of the particle can be written in the component form as

m(f —ré?) =F(r),

m(ré+2r0)=0.
The integrating of the second equation will lead to
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4. A bead of mass M moves without friction along a stationary rod that lies along the YT
horizontal x-axis. A pendulum of length L is suspended from this bead with a mass

L
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m at its end. The pendulum swings in the xy-plane, where y is the vertical axis. X
Assuming small oscillations, what is the frequency at which the pendulum oscillates?

( Hint: To write the equation of motion of the pendulum in the noninertial frame of the
bead.)




Solution: The equation of motion of the pendulum is
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The equation of motion of the bead is
MX =F; siné@ (3)
(3) = (1)xsin @ — (1)xcos &:
(M +m)X=mL&?sin@—mLé cos (4)

For small oscillations, using the approximationssin@ =@, cos@ =1 and neglecting the high order small quantity,
equations (2) and (4) can be approximated as
—mgé—-mx =mLé (5)
and
(M +m)%=-mLé& (6)

Substituting X = —M— L& into (5) and after some algebra, we have the small oscillation equation
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