

PHYSICS 150: SUPPLEMENTAL PROBLEMSPRIVATE 

PART 1

1A. (Vectors)

(a) You are at position A.  Position B is 50 m from A along the positive x-axis.  You walk 30 m at 30°.  Find the displacement vector that will put you at position B.  Express the vector in polar form.
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(b) Now suppose that there is a wall between positions A and B as shown.  You are at A and must get to B.  But you can only change direction once during your trip and you cannot dig any tunnels under the wall or punch holes in the wall!  Find two displacement vectors that will get you from A to B.  Give the magnitudes and angles of the two vectors.  (Unless specified otherwise, I'll assume that the positive x-axis points from A to B and that your angles are measured from the positive x-axis with counterclockwise being the positive angle direction.)

ANSWERS: (a) 

= 28.3 m, -32°  (b) Many possible vectors! (Hint: The angle of the first vector must be greater than 68.2°.  Why?)

1B. (Vectors)

Consider two displacement vectors, 

.  If you start from the origin, walk the first vector, and then the second vector, you end up at the position of 20.6 m, 14(.  If, however, you start from the origin, walk three times the first vector, and then along a vector that is twice the size of the second vector but directly opposite the second vector, you end up at the position of 40 m, 90(.  Find the vectors 

 in polar form.

(Hint: The above information can be expressed as 

 20.6 m, 14( and 

 40 m, 90(.)

ANSWERS: 

 12.8 m, 51.3(   

 13 m, -22.6(
1C. (1-D free fall)

A 6 foot tall person is standing near the edge of a cliff that is 64 ft above a river and is holding a rock in his hand.  He extends his hand over the edge of the cliff and tosses the rock upwards.  The rock leaves his hand when his hand is level with his head.  The rock is observed to hit the river below with a speed of 68 ft/s.

(a) What is the initial velocity of the rock?

(b) How high does the rock go above the person's head?

(c) How long is the rock in the air?

ANSWERS: (a) 12 ft/s, up  (b) 2.25 ft above his head  (c) 2.5 s

PART 2

2A. (2-D projectile motion)

You are on the roof of a building that is 150 m tall armed with a tennis ball launcher that fires tennis balls with a speed of 35 m/s.  Another building is 100 m away from your building.  You are trying to fire a tennis ball into a window of the other building that is 10 m below your current height.  Knowing that the ball will fall as it travels, you first align the launcher so that it is completely horizontal, hoping that it will fall the necessary 10 m as it reaches the building.

(a) How long does it take for the ball to reach the building?

(b) Does the ball go through the window?  If not, where does the ball hit the building?

(c) If you want the ball to go through the window, at what angles could you aim the launcher? (NOTE: There are two angles that work!  Find both!)

(d) For each angle in (c), find the time for the ball to reach the window.

(e) Sketch the two trajectories that the ball could take to go through the window.  Explain why the times you found in (d) are different.

ANSWERS: (a) 2.86 s  (b) no, 30 m below window  (c) One angle is 19.2°.  The other is greater than this.  

(d) The time for 19.2( is 3.03 s.  The other time is longer than this.    (e) Show me. Tell me. 

2B. (Uniform Circular Motion)
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An object is moving clockwise in a uniform circular orbit as shown.  It takes 4 seconds for the object to make one revolution.

(a) On the diagram, sketch the velocity and centripetal acceleration vectors for the object when it is at position A and when it is at position B.

(b) Find the period and frequency of the object's orbit.

(c) Find the angular speed of the object and the size of its centripetal acceleration.

ANSWERS: (a) Velocity is always tangent to the circle.  Centripetal acceleration is always perpendicular to the velocity and directed in toward the circle's center in the radial direction.  

(b) T = 4 s, f = 0.25 s-1  (c)  = 1.57 rad/s, ac = 4.93 m/s2  
2C. (Uniform Circular Motion)

An old "45" record has a radius of approximately 8 cm and rotates on a turntable at 45 rpm (revolutions per minute).  

(a) If a penny is placed on the outer edge of the record, find the following quantities for the penny: angular speed in rad/s,  tangential speed (linear speed) in m/s, centripetal acceleration in m/s2 

(b) If the penny were moved to a position closer to the center, which of your answers above would change?  Would their size increase or decrease?

ANSWERS: (a)  = 4.71 rad/s, v = 0.377 m/s, ac = 1.77 m/s2  (b) v (decrease) and ac (decrease) 

2D. (Uniform Circular Motion)

We can approximate the Earth orbiting about the Sun as uniform circular motion.  The radius of the orbit is approximately 93 million miles and the period is approximately 1 year. With these assumptions, find how fast we are traveling as we "zip" around the sun.

ANSWER: 66700 mph (~107400 km/hr ~29800 m/s)  

2E. (Relative Velocity)

You are sitting in your car at a railroad crossing waiting for the train to pass. (A fairly common occurrence in Memphis!)  The train is traveling at 10 m/s (~22 mph).  You see a hobo riding on a flatcar of the train.  Right when he is in front of you, he throws an apple.  You see the apple go straight up and come straight down.

(a) As always, make a sketch of the situation.  Clearly indicate the direction that the train is traveling and the direction that the hobo throws the apple.

(b) If the hobo throws the apple at 16 m/s, find the angle between the track and the direction that the apple is thrown. 

(c) How high does the apple go?

(d) What is the speed of the apple when it reaches its maximum height measured by you?  Explain your answer.

(e) What is the speed of the apple when it reaches its maximum height measured by the hobo?  Explain your answer.

ANSWERS: (a) Show me. (b) 51.3(  (c) 8 m above hobo (d) Tell me and explain. (e) Tell me and explain.    

2F. (Frictional Force at the Drag Races)

A top fuel dragster can reach a speed of over 310 mph at the end of a quarter mile track in a little under 5 seconds.  However, the acceleration is not constant over the entire race.  The acceleration starts out very large and then decreases.  The dragster typically goes from 0 to 100 mph in the first second.

(a) Find the acceleration of the dragster in going from 0 to 100 mph assuming it is constant.  

(b) How does this acceleration compare to the acceleration due to gravity? (i.e. How many "g"s does the driver feel during this second?)

(c) Find the coefficient of friction between the tires and track assuming that f = N.

(d) The coefficient of friction between rubber and cement at room temperature is approximately one.  Why do the drivers spin the dragster's rear tires before starting the race?

ANSWERS: (a) 45 m/s2 (100 mph/s)  (b) a/g = 4.6  The driver is "pulling 4.6 gees".  This is a tremendous acceleration to experience.  It would somewhat feel like you weigh 4.6 times your present weight! (c) 4.6  (d) Think about it!  Another hint: The engines of these dragsters have special headers that direct the hot exhaust gas towards the tires.

2G. (Centripetal Acceleration of Earth)

(a) What is the size of the centripetal acceleration experienced by a laboratory on Earth due to the Earth orbiting the Sun?  (Assume a circular orbit with a radius of 93 million miles and a period of 1 year.)

(b) What is the size of the centripetal acceleration experienced by a laboratory on Earth due to the Earth rotating on its axis?  (Assume the Earth is a sphere with a radius of 6380 km and evaluate the acceleration for a laboratory at the equator.  Assume a period of 24 hours.)

(c) Compare these accelerations to the acceleration due to Earth's gravity that all object's experience near the Earth's surface.  Are we justified in neglecting these centripetal accelerations  and assuming that a laboratory on Earth is a nonaccelerating frame of reference (i,e. an inertial frame)?

ANSWERS: (a) 0.0059 m/s2  (b) 0.034 m/s2   (c) These accelerations are 0.06% and 0.35% of g = 9.8 m/s2.  Thus, they can be neglected most of the time in analyzing the motion of an object near the Earth's surface.  For this reason, we can say that any lab on the Earth is an inertial frame.  

2H. (Geostationary Satellite)

(a) The latitude of Memphis is approximately 35(.  Find the tangential speed of our classroom due to the spinning of the Earth.  The Earth's radius is 6380 km.

(b) Find the tangential speed in m/s that we would be traveling if our classroom were located on Jarvis Island.  Jarvis Island is approximately on the Equator in the South Pacific Ocean.

(c) Find the angular speed in rad/sec of our Jarvis Island classroom.

(d) Starting with Newton's Second Law, found how high above the Earth's surface a satellite must be so that it is constantly over our Jarvis Island classroom.  Use 5.98x1024 kg for the Earth's mass.  (Such a satellite is in a "geostationary" orbit.)

(e) What is the tangential speed in m/s of such a satellite?

* Geostationary satellites are routinely used for weather tracking, geological surveying, communications, and other applications.  Our problem is simplified somewhat since we assume that the Earth is a perfect sphere, we have located our classroom on the equator, and we assume a perfect circular orbit.

ANSWERS: (a) 380 m/s (~840 mph)  (b) 464 m/s (~1040 mph)  (c) 7.27x10-5 rad/s  (d) 35870 km  (e) 3072 m/s (~6870 mph)   

2I. (Air Resistance: Skydiving)

A 176 pound skydiver jumps from a slow moving plane and she reaches a terminal speed of 110 m.p.h.

(a) Find the b coefficient for the skydiver assuming that the drag force due to air resistance is proportional to the square of her speed.

(b) Find her acceleration when her speed is 60 mph.

(c) Find the size of the drag force when her speed is 60 mph.

(d) Find the size of the drag force when she reaches her terminal velocity.

ANSWERS: (a) 0.0145 lb/(mph)2 = 0.324 N/(m/s)2  (b) 22.5 ft/s2 = 6.9 m/s2  (c) 52.2 lb = 233 N  (d) 176 lb = 784 N (equal to her weight)

2J. (Air Resistance: Fuel Economy)

You are probably aware that your car can get more miles to the gallon if you drive at lower speeds.  This was the major reason why the speed limits on highways came down to 55 mph during the energy crisis in the 1970’s.  Let’s examine why this is so.  Consider a car that is 6 feet wide and 5 feet tall.  The drag coefficient for a typical sedan is 0.5.  Take the density of air to be 1.2 kg/m3.  We will assume that air resistance provides a drag force on the car with a size of 

.

(a) Show that the size of the force that propels the car forward (friction force) is given by 

 if the car travels at a constant speed.

(b) Calculate the b coefficient of the car.

(c) Find the necessary propelling force if the car is to travel at constant speeds of 25 mph, 40 mph, 55 mph , and 70 mph.

(d) Notice that for every increase in speed of 15 mph, the propelling force increases by a larger and larger amount.  This is because of the v2 dependence of the drag force.  Since the amount of fuel consumed is directly related to the force f, a relatively large amount of fuel can be saved by driving at 55 mph versus 70 mph.  Find the ratio of f at 70 mph to f at 55 mph.

ANSWERS:  (a) Show me.  (b) 0.836 kg/m  (c) f (N) = 104.4, 267.3, 505.3, 818.5  for v (mph) = 25, 40, 55, 70  (d) ratio = 818.5 N / 505.3 N = 1.6  

2K.(Nonconstant Forces - Iteration of Newton's 2nd Law for Mass on Spring)

A 380 gram ball hangs from a spring with a spring constant of 15 N/m.  The ball is pulled down 10 cm from its equilibrium position and released.  You are to find the position of the ball one second after it is released using the iterative method outlined below.

(a) Let down be the negative direction so that the initial position of the ball is -10 cm.  You also know that the initial velocity of the ball is zero.  Now find the initial force on the ball (F)  and the ball's initial acceleration (a).  Now break the 1 second into 4 equal time intervals of t=0.25 seconds.  Assume that the initial acceleration is constant over the first time interval.  Use the equations of motion for constant acceleration to find the position and velocity at 0.25 s.  Now find the new force and new acceleration.  Assume this new acceleration is constant over the next 0.25 s.  Again use the equations of motion for constant acceleration to find the position and time at 0.50 s.  Note: Use the position and velocity at 0.25 s as the initial position and velocity in the equations to find the position and velocity at 0.50 s.  Proceed until you obtain the position at 1 s.  Complete the table as you proceed.

	t (s)
	x (m) 
	v (m/s) 
	F (N)
	a (m/s2)

	0
	-0.1
	0
	
	

	0.25
	
	
	
	

	0.50
	
	
	
	

	0.75
	
	
	
	

	1.00
	
	
	
	


(b) According to your results in (a), the mass should be at -43.7 cm at t=1  s.  This is 33.7 cm below the original starting point!  There is no way that the mass can go below the starting point if the spring force and gravity are the only forces acting upon it.  The problem is that the time interval of 0.25 seconds is too large and the approximation that the force is constant over the 0.25 seconds is not a good one.  Try the iteration again but this time use a time interval of 0.1 seconds.  You may want to make your own table.  You should find that this time interval yields a position of -24.8 cm at t=1 s.  Again, the position is below the original starting point but by a smaller distance than in (a).  This means that while your approximation is still not good, it is getting better.

(c) Write a program on a computer or calculator that can do the iteration for even smaller time intervals.  You could also use a spreadsheet application like QuatroPro or Excel to do the iteration.  You should find that as the time interval gets smaller, the position at t=1 s approaches x=-10 cm.  To check your program, show that the position is -10.5 cm for t=0.005 s (200 iterations). 

Later in the course, we will solve this mass-spring problem exactly by solving the differential equation provided by Newton's Second Law.  We will find that this mass should return to its original starting point of -10 cm each and every second (if there are no resistive forces!)

PART 3
3A. (Work-Energy Theorem vs. Equations of Motion)

A 50 kg bobsled, initially moving forward at 0.4 m/s, is pushed over a distance of 10 m with a constant force of 100 N.  The coefficient of kinetic friction between the sled runners and the ice is 0.08.  

(a) Find the speed of the bobsled at the end of the 10 m distance by two different methods:

(i) calculate the acceleration of the sled using Newton's second law and then use Newton's equations of motion for constant acceleration

(ii) find the net work done on the sled and use the work-energy theorem

(b) Do your two answers agree?  Should they agree?

(c) What information about the motion do you not obtain by using the work-energy theorem that you do obtain using Newton's equations of motion? 

ANSWERS: (a) 4.95 m/s for both (i) & (ii)  (b) Tell me.  (c) Tell me.

3B. (Conservation of Energy)

A 25 kilogram child on a swing 2 meters long is released from rest when the swing chain makes an angle of 30° with the vertical.

(a) Neglecting friction and air resistance, find his speed at the lowest point.

(b) If his speed at the lowest point is 2 m/s, how much energy was lost due to friction and air resistance?

ANSWERS: (a) 2.29 m/s  (b) 15.6 J

3C. (Conservation of Energy Meets Loony Tunes)
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Wiley Coyote sees The Roadrunner standing on top of a cliff.  Wiley purchases one super spring with a spring constant of 8000 N/m, a pair of roller skates, and some lumber from the Acme Company.  He builds a ramp, puts on the roller skates, and prepares to launch himself up the ramp by compressing the spring by 1 m from its equilibrium position.  The situation is sketched below.  Wiley launches himself and flies off the ramp.  During his trip across the ramp, 120 J of heat is generated due to friction.  Unfortunately, Wiley does not reach The Roadrunner but instead plummets to the road below (where he is promptly run over by the bus which is coming toward you on the sketch).  On his plummet, he loses 1580 J of energy due to air resistance.  Assuming Wiley has a mass of 40 kg, find his speed at the following points.  Use the Conservation of Energy Law to find the speeds at the following two positions:

(a) at pt. A (right at the end of the ramp)

(b) at pt. B (as he hits the road)

ANSWERS: 

(a) 6.1 m/s  (b) 20.2 m/s 

3D. (Impulse at the Archery Range)

You shoot a 250 gram arrow at a target.  The speed of the arrow immediately before it hits the target is 40 m/s.  It travels 5 cm into the target and stops.  Assuming that the arrow slowed down uniformly (i.e. uniform acceleration), find the following:

(a) the time for the arrow to stop

(b) the size of the impulse delivered to the target

(c) the average force experienced by the target due to the arrow

ANSWERS: (a) 2.5 ms  (b) 10 kg m/s  (c) 4000 N

3E. (Conservation of Linear Momentum)

You are doing repairs on your space ship when suddenly your safety line is snapped.  You are motionless and 15 m from your ship with only 30 s of oxygen left in your space suit.  To make matters worse, there is a 95 kg hostile Cardassian (an alien from the planet Cardassia) approaching you slowly at 0.2 m/s from your other side. Being a good physicist, though, you figure out how to get yourself back to the ship and to repel the Cardassian with one simple action.  You throw a 2 kg wrench at him with an initial speed of 30 m/s.  Does this really work?  Let's see:

(a) What is your speed after you throw the wrench?  You and your space suit have a mass of 80 kg.

(b) Are you going towards the ship?  Explain your reasoning.

(c) How long does it take you to get back to the ship?  Will your oxygen hold out? 

(d) Assuming the Cardassian catches the wrench, find his final speed.

(e) Is his direction reversed?  Explain your reasoning.

ANSWERS: (a) 0.75 m/s  (b) Tell me. (Hint: Pay attention to signs.)  (c) Tell me.  (You do make it back.) 

(d) 0.42 m/s  (e) Tell me. (Hint: Again, pay attention to signs.)

PART 4

4A. (Rotational Motion with Uniform Acceleration)

After final exams, you hop into your car and speed away from CBU.  Assuming that you accelerate uniformly from rest at t=0 to a speed of 15 m/s in 5 seconds and that the diameters of your tires are 60 cm, answer the following questions:

(a) What is the angular acceleration of one of your tires?

(b) What is the angular speed of this tire at t=5 s?  

(c) How many revolutions does one of your tires make during this time?

(d) If a stone is caught in the tread of this tire, what is the tangential acceleration of the stone?

(e) What is the radial acceleration of this stone at t=5 s? 

(f) Suppose you continue to accelerate at the same rate for another five seconds.  Reanswer (a) through (e) at t=10 s.  State whether a quantity increases, decreases, or remains unchanged.  If it increases or decreases, state by what factor.  For example, “The angular speed increased by a factor of......”.
ANSWERS: (a) 10 rad/s2  (b) 50 rad/s  (c) 19.9 revs  (d) 3 m/s2  (e) 750 m/s2  (f) You do this.  Answers (a) & (d) are unchanged.

4B. (Rotational Motion and Big Tires)

A speedometer monitors the angular frequency of a tire and converts this into a translational speed.  A speedometer must be calibrated with the tire diameter to work properly.  Suppose you buy a truck equipped with 24 inch diameter tires.

(a) When the speedometer reads 60 mph, what is the angular speed of one of the tires?

(b) Suppose you now customize the truck and replace the standard tires with 40 inch diameter tires without calibrating the speedometer.  When the speedometer reads 60 mph, what is your actual speed?

ANSWERS: (a) 88 rad/s  (b) 100 mph !!



4C. (Moment of Inertia)

Consider a thin rod of length L and mass M.  The rod has a uniform linear density, .

(a) Obtain an expression for the rod's moment of inertia if it is rotated about its symmetry axis (CM axis) as shown.  Set up the integral and perform the integration.

(b) Obtain an expression for the rod's moment of inertia if it is rotated about one of its end as shown.  Again, perform the integration.

(c) Recalculate this moment of inertia in (b) using your result in (a) and the parallel-axis theorem.  Do you get the same result?

(d) Obtain a numerical value for both moments of inertia if the rod's mass is 500 grams and its length is 75 cm.

ANSWERS: (a) ICM = ML2/12  (b) Iend = ML2/3  (c) I = ICM + MD2 = ML2/3  

(d) ICM = 0.02344 kg m2   Iend = 0.09375 kg m2
4D. (The Rolling Yo-Yo)




A yo-yo has an inner radius of 0.5 cm, an outer radius of 3 cm, a mass of 0.5 kg, and a moment of inertia of 1.85 kg cm2 about an axis through its center.  We saw in class that the yo-yo will roll to the right regardless of whether the string comes off of the top of the axle (Orientation 1) or the bottom of the axle (Orientation 2).

(a) If you pull on the string in Orientation 1, find the tension needed to provide an acceleration of 20 cm/s2 to the right.

(b) If you pull on the string in Orientation 2, find the tension needed to provide the same acceleration to the right.

(c) Make a table listing the size of the tension forces, friction forces, tension torques, and friction torques experienced by the two yo-yos in the two orientations.  Express the forces in Newtons and the torques in units of N-cm.  Find the torques about the center axis.

(d) Do you have to pull harder for Orientation 1 or 2?  Why?

** Be careful of your signs for angular and linear accelerations!

ANSWERS: (a) 0.121 N  (b) 0.169 N  (c) You find the values and fill out the table.  (d) Tell me. 

4E. (The Rolling Yo-Yo & Energy)

Consider the same yo-yo described in the above problem.

(a) How long does it take the yo-yo to reach a speed of 20 cm/s for each orientation?

(b) Find the amount of work performed by the tension force for each orientation. (Note that the friction force does no work since it is a static force.)

(c) Through what distance must the tension force be exerted to achieve this speed for each orientaiton? (Note that in orientation 1 this distance is the amount of string that is unwound from the yo-yo.  In orientation 2, it is the amount of string that is wound on the yo-yo.)

ANSWERS:  (a) 1 s  (b) 14.1 mJ for both orientations  (c) 11.75 cm for orientation 1 and 8.29 cm for orientation 2

4F. (Rolling and Sliding Along)

A block and disk with equal masses are released from the same height on a 30° incline.  The block slides down the ramp while the disk rolls.  If they both reach the bottom at the same time, what must be the coefficient of kinetic (sliding) friction?

ANSWER: k = (1/3)tan  = (1/3)tan(30°) = 0.192

4G. (Simple Harmonic Oscillator)

A 0.5 kg object is attached to a spring with a spring constant of 250 N/m.  The mass reaches a maximum distance of 3.5 cm from its equilibrium position.

(a) Find the total energy of the object.

(b) Find the maximum speed of the object. At what position does this occur?

(c) Find the maximum acceleration of the object. At what position does this occur?

ANSWERS: (a)0.153 J  (b) 0.783 m/s at x=0  (c) 17.5 m/s2 at x=±3.5 cm
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