Physics 171 PRINCIPLES OF PHYSICS 1 AQ 2005

Final Exam

November 23, 2005
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INSTRUCTIONS: Complete all problems. Show all work in the space provided.

No books or notes allowed. Partial credit will be given for problems correctly set up even if
incorrectly answered. No credit will be given for a numerical answer without supporting
work One point will be deducted from each answer without correct units. The time limit
for this examination is 2 hours.

Good huek!




1. Projectile Motion

A plane with parachutists is flying horizontally at an altitude of 2500 m with a speed

of 120 m/s. A parachutist jumps off the back of the plane with a horizontal velocity of
S /s (relative to the plane) against the direction of the plane.

a. Draw a diagtam of the situation and choose a coordinate system. (1 point)
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b. How long does it take the parachutist to reach an altitude of 700 m, where he
opens his parachute? (2 points)
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c. How far did he move horizontally relative to the ground up to this point?(2 points}

qx:a) Voy = QOL\'-- S?:“SE‘_ L K, =0

kB gt s 0 (IS D)(19.175) > 2200w

d. What is his total velocity at this point? (Magnitude and direction) (2 points}
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2. Pipe down incline frickonless

AN
A holiow pipe of mass 1 2 kg and radius 5 cm rolls down adl incline of § = 20°. The
pipe starts its motion at a distance d = 2 8 m from the base of the incline.

a. Draw the situation and free body diagrtam and indicate your choice of a coordinate
system (1 point) 1%
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b Calculate the potential energy at the starting point. (2 point)
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¢. What is the normal force on the pipe? (2 points)
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d. Evaluate the moment of inertia (I = M R?) of the pipe. (1 point)
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¢. What will the speed of the pipe be at the base of the incline? (Hini. Write down the
total energy of the system as a function of the linear velocity. Remember the relation
between linear and angular velocity.) (3 points)
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3. Collision

Two cars crash head-on on an undivided highway. Obviously this is a totally inclastic
collision. One car is traveling at 55 mph and has a mass of 900 kg, the other traveling
at 40 mph has a mass of 1100 kg (Hint: 1 mile=1609 m)

a. Draw a schematic diagram illustrating the cars’ velocities before and after the
collision. (1 point)
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b Calcunlate the initial energy. (2 points)
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c. What are the velocities of the cars after the collision? (2 points)
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d. How much energy goes into deformation of the vehicles? (Hint: calculate the
kinetic energy after the collision) (2 points)
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4. Work oXM;*m-’sz%

A man pushes a box from one corner of a square room (the sides have length 3 5m) to
the distant comner at constant velocity, He is pushing the box at an angle of 45 degrees
to the ground. The coefficient of kinetic frictionis 02 \ AL 1200

a. Draw a diagram of the physical situation with your choice of a coordinate system

and also a free box diagram for the box. (2 points}
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b. Calculate the normal force on the box. (2 points)
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¢ Calculate the work done by friction on the box if it is pushed diagonally across
the room. (2 points)
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d. Calculate the work done by the man on the box if it is pushed along the sides of
the room to reach the distant cormer. {2 points)
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e. What is the total work done on the box in process d)? (1 point)
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5. Moment of Inertia and Angular Momentum

Consider the configuration of masses (m = 2 2 kg} shown below:
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a. Calculate the moment of inertia of the system shown in the figure about the vertical
axis (dashed line). (2 points})
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b. Deteymine the angular momentum of the system around this axis if it is spinning at
25 rpm'(magnitnde and direction). (2 points)
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¢. Evaluate the kinetic energy of the system. (2 points)
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