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Rec Sec Number TEST 1 (4 pages) and First Name:

For questions on this page, write the letter which you believe to be the best
answer in the underlined space provided to the left of the question number.
For problems on subsequent pages: your solution to a question with OSE in | Test Total = /200
front of it must begin with an Official Starting Equation. The expression for the

final result must be in system parameters and simplified as far as possible. Draw a box around your answer to
each question. Neglect air resistance. Calculators and notes cannot be used during the test. If you have any
questions, ask the proctor. You must put your name on each page of the test.
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_~~ 1.(10 points). A child throws a ball at 30° above the horizontal. When the ball reaches its maximum
height,

A) its acceleration and speed are both zero.

B) its acceleration is zero, but its speed is not zero.

C) its speed is zero, but its acceleration is not zero.

[33}1'15 acceleration and speed are both not zero. a= 3 \L A T

e

l>_ 2. (10 points) The y-component of an object’s position is given as a function of time by
y(t) = a + bt* — ct® where a, b, and ¢ are positive constants. What can be said about the position, velocity,
and acceleration in the y-direction at time t = 07?
A)y=0,v,=0,anda, <0 B)y>0 v, <0,anda, >0
C)y>0,v,=0,anda, =0 \_[lﬁy>0vy 0,and a, > 0

Vy= 26t -3ct? =0 @0

C 3. (10 points) A block of mass M is resting on an inclined plane which forms an angle 6 with the
horizontal. Which of the following is true about the magnitude of the normal force?
A)N = Mg B)N > Mg C) N < Mg } D) There is no normal force acting on the block.

NG

4. (10 points) A block of mass m is pulled at a constant velocity v along a

surface with kinetic coefficient of friction y; by a rope that makes an angle 6 yL
above the horizontal. If the magnitude of the tension force acting on the block by m /

the rope is 7, which of the folloxv;ngls%? =0

A) pmg =T B)zE. =0/ i
C)uymg =Tcos8 D) ZF, = mg

A 5. (10 points) A particle rotates in a circle with centripetal acceleration a. If the period is doubled
without changing the radius, the new acceleration will be

(A)Yia) B) % a C)2a D)4 a
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6. Students shoot a plastic ball into a container filled with <
a dense frictionless fluid. The ball enters the fluid with
speed V), at an angle 6 with respect to the vertical wall of
While the ball is in the fluid, it has a
constant upward acceleration of magnitude of /4 g due |- j‘@b.: H =

the container.

to buoyancy. It reaches a maximum depth after which it
comes to the surface again along the path shown.

Use the mandated coordinate system.

a) (10 points) Complete the diagram with all

information needed to solve parts b and ¢ below.

D?

N

b) (20 points) Derive an expression, in terms of system parameters, for the maximum depth H the ball reaches.
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a) (20 points) Derive an expression, in terms of system parameters, for the horizontal distance D after which the

ball returns to the surface.

X =X, -f/(/w/‘f‘
D= Xz
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7. (50 points) A block of mass m moves up a rough

vertical wall. The coefficient of kinetic friction between the

block and the wall is u. The block is connected to a

hanging block of mass M by a massless string passing over
a massless frictionless pulley. An external force of constant

magnitude P retards the motion by pushing the block at a
angle @ with the horizontal; the block maintains contact
with the surface of the wall at all times. Block M moves
down at a constant speed v.

a)(10 points) In the figure, superimpose free-body diagrams

for each block containing all information needed to solve
part b.
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b)(OSE) (40 points) Derive an expression for the value of P for which the blocks move at a constant speed, in

terms of relevant system parameters.
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8. (50 points) A ball of mass M is attached to a string of length L whose other
end is attached to point C. The ball is moving in a vertical circle about C. Ata
certain instant of time, the speed of the ball is " and the angle between the string
and the vertical is 9.

a) (10 points) Complete the diagram with all information needed to solve parts b
and c below.

b) (25 points) Derive an expression for the tension in the string at the moment
shown in the diagram, in terms of system parameters.
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c) (15 points) In terms of system parameters, derive an expression for the rate at which the ball’s speed changes,
i.e. dv/dt, at this instant.
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