PHYSICS 7A, Lecture 1 - Spring 2019
Midterm 1, C. Bordel
Monday, Feb. 25, 7-9 pm

e Student name:

o StudentID #:

o Discussion section #:
e Name of your GSI:

o Day/time of your DS:

Physics Instructions

All moving objects can be considered as point masses. You may assume that air resistance is
negligible (unless specified otherwise) and that the acceleration due to gravity has constant
magnitude g.

Remember that you need to show your work and justify your answers in order to get full
credit!

Math Information Sheet

—b+ b —4ac

e Solutions to equation ax’ + bx + ¢ = O are: x = o

e sin90°=cos 0°=-cos 180°=1

e sin 0°=cos 90° =sin 180° =0

o sin 45° = cos 45° =2/2

e cos(180°-8)=-cos 6

e sin (180°-8) =sin 6

® cos{(90°+0)=-cos(90°-0)=-sin b
e sin (90° + 6) =sin (90° -0) = cos 6

e cos’0+sin”H=1 :

¢ Circumference of circle: 2nR

o Area of disk: nR? ;
o Surface area of sphere: 4nR>

e Volume of sphere: 4nR*/3

o Volume of cylinder: nR’h

e Lateral area of cylinder: 2nRh



Problem 1 - Miniature rocket launch (25 pts)

Children are playing with a miniature
rocket which is initially at rest on the
ground. At time t=0, the propeller is
turned on and the toy is launched
vertically upward (Fig.1), experiencing a
constant acceleration of magnitude a with
respect to the ground. At time ¢; after the
launch, the propeller is remotely turned
off. Let upward be the positive
orientation of the y-axis, attached to the
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Time 0<t<t;

ground.

0 Figure 1

a- What is the instantaneous velocity v; of the rocket, with respect to the ground, when

the propeller is turned off?
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b- What maximum height  above the ground does the rocket reach?
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c- How long does it take the rocket to reach the highest point from the moment it takes
off?
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d- What is the velocity vy of the rocket, with respect to the ground, just before it hits the
ground?
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e- Make three qualitative plots representing the acceleration, velocity and position of the
rocket as a function of time, using the coordinate system defined in Fig.1.

Problem 2 - Dropping a package (25 pts)

Called on a rescue mission, a helicopter is
in vertical descending motion with
constant vertical speed v, right above a
boat drifting to the right at speed v4
(Fig.2). Both speeds are measured with
respect to the ground. At time #=0, the
helicopter is at an altitude H above the
boat and a package of emergency
supplies is thrown horizontally with
respect to the helicopter.

Time t=0

X

** Figure 2

a- What should be the initial speed v, and direction (left, right) of the package with
respect to the helicopter to ensure that it lands on the boat? ‘r
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b- Assuming that the previous condition is met, how long does it take for the package to

reach the boat? -
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c- Establish the equation y=f(x) describing the trajectory of the package for an observer
watching the maneuver from the shore.
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d- What is the total horizontal distance traveled by the package for the previous
observer?
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e- Find an expression for the angle between the velocity and the horizontal direction
when the package lands on the boat. Specify whether the velocity points above or
below the horizontal.
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Problem 3 - Block and bucket (25 pts)

/ A block of mass m lies on a rough "
horizontal table. It is connected to a -
bucket of mass M by an ideal rope going
over a massless and frictionless pulley
(Fig.3). The coefficients of static and
kinetic friction between the block and the
table are 4 and g respectively. The 113
bucket, initially empty, remains at rest Figure3 .
when the block is released.

a- Define the coordinate system(s) of your choice and determine the tension acting at
each end of the rope.
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b- Determine the minimum mass M, of the bucket that allows the system to be in
motion.
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The bucket is now filled with water so that its mass M is larger than Muin.
¢- Determine the acceleration of the block and that of the bucket.
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d- Determine the tension acting at each end of the rope.
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e- Assuming that the block is released from rest when the bucket is initially a distance D

/ / above the floor, how much time does it take the bucket to reach the floor?
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Problem 4 - Spinning block (25 pts)

A block of mass M is attached to an ideal o )
spring of stiffness constant k, whose other i ;
end is attached to a vertical post. The
whole spring-mass system rests on a
horizontal frictionless table and spins at
constant angular speed o (Fig.4.1). You
may assume that the spring does not
bend.

Figure 4.1 (top view)

a- Draw the free body diagram of the block (side view) and define the coordinate system
of your choice.
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b- Determine the change in length AL experienced by the spring between its equilibrium

length (when it is neither compressed nor stretched) and the length during its
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The spring is replaced by an ideal rope.
¢- Determine the magnitude of the normal force and tension force experienced by the

block.
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Now the block, initially launched with an angular speed ay, experiences kinetic friction
during its circular motion.

d- Determine how the angular speed and tension vary as a function of time.
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e- Determine how long it takes the block to get to a stop and what arc length it travels
until then.
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