Pre- Exam - Unit6-FRQ — LEY

1) One end of a spring of spring constant k is attached to a wall, and the other end is attached to a block of
mass M, as shown above. The block is pulled to the right, stretching the spring from its equilibrium
position, and is then held in place by a taut cord, the other end of which is attached to the opposite wall.
The spring and the cord have negligible mass, and the tension in the cord is Fr. Friction between the block

and the surface is negligible. Express all algebraic answers in terms of M, k, Fr, and fundamental constants.
e —
a) Onthe dot below that represents the block, draw and label a Ia?} cord

free-body diagram for the block.
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b) Calculate the distance that the spring has been stretched from its equilibrium position.
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The cord suddenly breaks so that the block initially moves to the left and then oscillates back and forth.

c) Calculate the speed of the block when it has moved half the distance from its release point to its
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d) Calculate the time after the cord breaks until the block first reaches its position furthest to the left
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e) Suppose instead that friction is not negligible and that the coefficient of kinetic friction between the
block and the surface is pk . After the cord breaks, the block again initially moves to the left. Calculate

the initial acceleration of the block Lust after the cord breaks.
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2) In an experiment to determine the spring constant of an elastic cord of length 0.60 m, - j
a student hangs the cord from a rod as represented above and then attaches a variety of
weights to the cord. For each weight, the student allows the weight to hang in
equilibrium and then measures the entire length of the cord. The data are recorded in
the table below:
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Weight(Ny | 0O 10 1
Lengthim) | 060 | 097 | 1.24 | 1.37 | 1.64

a) Use the data to plot a graph of weight versus length on the axes below. Sketch a best-fit straight line

through the data.
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b) Use the best-fit line you sketched in part (a) to determine an expenmental value for the sprmg)constant

kof the cord. Slppe =¥ = b%z:i = %’.‘i{_-jfﬁ Q?CL PO :z\:gpn;ﬁ.;
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The student now attaches an object of unknowi mass m to the cord and holds the
object adjacent to the pomt at which the top of the cord is tied to the rod, as
shown. When the object is released from rest, it falls 1.5 m before stopping and
turning around. Assume that air resistance is negligible.
¢) ¥Calculate the value of the unknown mass m of the object.
)" Determine the magnitude of the force in the cord when the when the
mass reaches the equilibrium position.
) Determine the amount the cord has <fretched when the mass reaches the a)
equilibrium position. ) IL)-
iii) Calculate the speed of the object at the equilibrium position
® iv) Is the speed in part iii above the maximum speed, explain your answer. b B Fep- ’“é =0
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. iv) This is the maximum speed because this is the point when the spring force and weight were equal to each other
K and the acceleration was zero. Past this point, the spring force will increase above the value of gravity causing
i an upwards acceleration which will slow the mass down until it reaches its maximum compression and stops
—1r momentarily.
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3) A 2-kilogram block is dropped from a height of 0.45 meter above an

uncompressed spring, as shown above. The spring has an elastic constant of 2kg [ -~ - y,=0
200 newtons per meter and negligible mass. The block strikes the end of the T
spring and sticks to it. 045m
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a) Determine the speed of the block at the instant it hits the end of the spring
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b) Determine the force in the sprmg when the block reaches the equilibrium
position F’pd- mﬁ.
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c) Determine the distance that the sprlng is compressed at the equilibrium position
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d) Determine the speed of t;!e block at the equnllbrlu(m position
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e) Determine the resultmg amplitude of the oscillation that ensues Vz - Z{ 5.31- 0.4Y8)
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f) Isthe speed of the block a maximum at the equilibrium position, explain.

f) This is the maximum speed because this was the point when the spring force and weight were equal to each other
and the acceleration was zero. Past this point, the spring force will increase above the value of gravity causing
an upwards acceleration which will slow the box down until it reaches its maximum compression and stops
momentarily.

g) Determine the period of the simple harmonic motion that ensues
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