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PHYSICS I

Part 1: Introduction & 1-D Kinematics

1.1 Dimensional Analysis/Units

1) A rectangular garden is 25 feet by 100 feet.  Find the area of the lot in square meters.

2) It takes 2 minutes to fill a 10-gallon gas tank.

a) Find the fill rate in gallons per second.

b) Find the fill rate in cubic meters per second.  (1 U.S. gallon = 231 in3.)

c) Determine how long it would take to fill a one cubic meter tank at the same fill rate.

3) One gallon of paint covers a wall area of 24 m2.  Find the thickness of the paint on the wall.  (1 U.S. gallon = 231 in3.)

4) An object is launched straight up at time t=0.  Its height is given by the equation h = 40t – 4.9t2 where h is in meters when t is in seconds.  (a) What are the units of the coefficient 40?  (b) What are the units of the coefficient 4.9?  (c) Rewrite the equation so that h is in feet if t is in seconds.

1.2 Vectors

1) If the rectangular coordinates of a point are (x, 4 m) and its polar coordinates are r, 25º, find x and r.

2) The position of an object is (-25 inches, 13 inches).  Find the magnitude and direction of this position.

3) An object undergoes the following three displacements: (3 m, -2 m), (-5 m, 5 m), (6 m, 4 m).  Find the resultant of these three displacements in polar form.

4) Consider the two vectors 
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5) From its nest, a bird flies 60 meters due south, then 50 meters northwest, then 20 meters due east.  How far and in which direction is the bird from its nest?

1.3 One-Dimensional Translational Motion

1) The position versus time plot of an object moving along the x-axis is shown in Figure 1.3.1.  Find the average velocity of the object in the time intervals (a) 0 to 2 s, (b) 0 to 4 s, (c) 2 s to 4 s, (d) 4 s to 7 s, and (e) 0 to 8 s.
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2) A person walks first at a constant speed of 5 m/s along a straight path from A to B and then back along the same line from B to A at a speed of 2 m/s.  Find her average speed over the entire trip and then her average velocity over the entire trip.
3) The position versus time plot for a particle moving in one dimension is shown in blue in Figure 1.3.3.  
a) Find the average velocity during the time interval from 1 to 4 seconds.
b) Find the instantaneous velocity at 2 seconds by calculating the slope of the orange tangent line.
c) At what time does the particle stop?
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4) For the particle in Problem 1.3.1, find the instantaneous velocity of the object at (a) t = 1 s, (b) t = 3 s, and (c) t = 4.5 s.

5) An object moves along the x-axis according to the equation x = 2  – 3t + t2, where x is in millimeters when t is in seconds.  At the time of 3 seconds, find (a) the position of the object, (b) its velocity, and (c) its acceleration.

6) A plane lands with a speed of 100 m/s and can slow down at a maximum rate of 5 m/s each second as it comes to rest.

a) What is the minimum time required for the plane to come to rest once it touches down?

b) Could the plane land at a small airport with a runway that is 850 m long?

7) For many years, Colonel John Stapp, USAF, held the world’s land speed record.  In 1954, he rode a rocket-propelled sled that reached a top speed of 632 mph.  The sled was brought to rest in 1.4 seconds.  Find (a) the acceleration Stapp experienced and (b) how far he traveled during this acceleration.

8) A car on a straight road starts from rest and accelerates at a constant rate of 1.5 m/s2 until it reaches a speed of 20 m/s.  Then the car travels for 15 seconds at a constant 20 m/s until the brakes are applied, stopping the car in a uniform manner in an additional 6 seconds.

a) How long is the car in motion?

b) What is the average velocity of the car for this total trip?

9) A ball starts from rest and accelerates at 0.5 m/s2 as it rolls down an inclined plane that is 5 meters long.  At the bottom, it rolls 7 meters up another inclined plane whereupon it stops.

a) How fast is the ball moving at the bottom of the first plane?

b) How long does it take to roll down the first plane?

c) What is the ball’s acceleration along the second plane?

10) A monkey throws a banana straight up to a second monkey that is 4 meters above the first monkey.  The second monkey catches the banana 1.5 seconds after it is thrown.  Find (a) the speed at which the banana was thrown and (b) the velocity of the banana just before it was caught.

11) A tennis ball launcher shoots a ball straight up at 70 m/s.   If air drag is negligible, find how high the ball travels and how long it is in the air.

12) A test rocket is launched vertically from a well by a catapult.  The rocket’s speed at ground level is 75 m/s whereupon its engine fires giving it an upward acceleration of 4 m/s2 until it reaches 100 meters above the ground at which point the engine is cut off.  The rocket then enters free-fall until it hits the ground.

a) How long is the rocket in flight above the ground?

b) How high does it reach above the ground?

c) What is its impact speed with the ground?

13) A person is on a bridge that is 50 meters above the water.  She throws two stones downward, one second apart, and observes that they make one splash.  The first stone is thrown downward at 2 m/s.

a) How long after release does it take the two stones to hit the water?

b) With what speed did she throw the second stone?

c) How fast is each stone moving just before impact with the water?

Part 2: 2-D Kinematics & Mechanics 
2.1 Two-Dimensional Translational Motion

1) In a local pub, a customer slides an empty beer mug down the bar counter for a refill.  The bartender is distracted and doesn’t see the mug, which slides off the counter and strikes the floor a distance d from the base of the bar.  The height of the counter is h.

a) Find an expression for the initial speed of the mug.

b) Find an expression for the direction the mug is traveling just before it hits the floor.

2) A place-kicker must kick a football 36 meters from the goal.  The ball has to clear the goal crossbar, which is 3 meters above the ground.  The ball is kicked at 20 m/s at an angle of 53° to the horizontal.

a) Does the ball clear the crossbar?  If so, by what height?  If not, how far is it below the bar when it passes the bar?

b) Is the ball on its way up or down when it passes the crossbar?
3) A basketball player covers 2.8 meters across the floor when he jumps for a dunk.  His center of mass follows a parabolic path during the jump.  Measured from the floor, his center of mass is at a height of 1.02 m when he begins the jump, reaches a maximum height of 1.85 m, and is at 0.90 m when he lands.  Determine the following.

a) the  hang time in the air (time of flight from take off to landing)

b) his launch angle
4) A tire has a radius of 0.55 m and rotates at 180 rpm.  Find the speed and acceleration of a pebble caught in the tread of the tire.
5) Suppose you have to sling a rock at a giant that is attacking you.  Which would give more launch speed to the rock in the sling: spinning a 60 cm-long sling at 8 revolutions per second or spinning a 90 cm-long sling at 6 times per second?  Which sling gives the rock more centripetal acceleration?
6) How long does it take a car traveling in the left lane at 40 mph to pull along side a truck traveling in the right lane at 25 mph if the front bumpers are initially 300 feet apart? 

7) A river has a steady current of 0.4 m/s.  Bob swims 1 km upstream, turns around, and swims downstream to the starting point.  He uses a constant stroke that gives him a speed of 1.2 m/s in calm water.  How long does the trip take?  How long would it take if the water was calm?
2.2 Translational Mechanics

1) A force applied to an object of mass m1 gives it an acceleration of 3 m/s2.  The same force applied to an object of mass m2 gives it an acceleration of 2 m/s2.
a) Find the ratio of the masses.
b) If the two masses are combined and acted upon by the same force, find their acceleration.
2) One of the largest-caliber antiaircraft guns used by the Germans during WWII was the 12.8-cm Flak 40.  It fired a 25.8-kg shell out of a 6-m long barrel with a muzzle velocity of 880 m/s.  Assuming the shell had a constant acceleration while in the barrel, find the force exerted upon the shell. (Assume the barrel is horizontal.)
3) A person weighs 135 lbs.  Find the person’s weight in Newtons and mass in kilograms. 
4) A block starts at rest and slides 1.5 meters down a frictionless ramp.  The ramp angle is 15° with respect to the horizontal.  Find (a) the acceleration of the block and (b) its speed when it reaches the bottom of the ramp.
5) Consider the system shown in Figure 2.2.5 where a horizontal force P acts on the 8-kg block.  The horizontal surface is frictionless. 
a) For what values of P does the 2-kg block accelerate upwards?
b) For what values of P is the tension in the cord zero?
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6) Two boxes connected by a light string are being dragged across a frictionless floor by a horizontal force P as shown in Figure 2.2.6.  The mass of box 1 is 10 kg and that of box 2 is 16 kg.  Find the tension in the string if P = 50 N.
[image: image15.emf]0

2

4

6

8

10

12

14

16

18

20

0 1 2 3

t (ms)

Fig. 3.5.1

F (kN)


7) Consider the block in Figure 2.2.7 that is released from rest at the top of the ramp.  The ramp’s surface is very smooth.  Find the value of R if ( = 20 degrees, h = 0.75 meters, and H = 1.5 meters.  Air drag is negligible.
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8) A child is dragging a 20-kg box across a rough floor at a constant speed by means of a rope.  He pulls on the rope with 35 N of force and the friction force acting on the box is 20 N.
a) What angle does the rope make with the horizontal?

b) Find the size of the force exerted by the floor on the box.

9) A 3-kg block starts from rest at the top of a 30° degree incline and slides 2 meters down the incline in 1.5 seconds.  Find

a) the acceleration of the block

b) the coefficient of friction between the block and incline

c) the size of the friction force acting on the block

d) the speed of the block at the bottom of the incline

10) A book with a mass of 1.5 kg is pushed against a wall with a force that makes an angle of 50° as shown in Figure 2.2.10.  The coefficient of static friction between the wall and book is 0.25.  Find the possible force values that prevent the book from sliding.

11) Two boxes connected by a light string are being dragged across a floor by a horizontal force P as shown in Figure 2.2.6.  The mass of box 1 is 10 kg and that of box 2 is 16 kg.  The coefficient of kinetic friction between the floor and boxes is 0.1.  If the boxes are being dragged at a constant speed, find the force P and the tension in the string.
2.3 Gravity

1) Two objects attract each other with a gravitational force of 10-8 N when they are separated by 20 cm.  The sum of their masses is 5 kg.  Find the mass of each object. 
2) On the way to the Moon, the Apollo astronauts reached a point where the Earth’s and Moon’s gravitational pulls balanced each other. 

a) How far is this point from the center of the Earth?

b) What is the acceleration provided by the Earth’s pull at this point?

3) A man weighs 220 pounds on Earth.  What is his weight near the surface of Jupiter?  The acceleration due to gravity near Jupiter’s surface is 25.9 m/s2.

2.4 Circular Motion Mechanics
1) In a particular cyclotron, a deuteron (H-2 nucleus) reaches a final speed of 10% the speed of light in vacuum while moving in a circle with a radius of 48 cm.  The centripetal force is provided by a magnet.  What size force is necessary?  Take the mass of the deuteron to be 2 u.  (1kg = 6.022x1026 u)
2) A pail of water is rotated in a vertical circle of radius 90 cm.  What is the minimum speed of the pail at the top of the loop if no water is to spill out? 
3) A roller coaster car has a mass of 500 kg when fully loaded.  It is zipping along the track shown in Figure 2.4.3.

a) What is the size of the force exerted by the track on the car at point A if the car is traveling at 20 m/s there?
b) What is the maximum speed the car can have at point B so that it doesn’t leave the track?


4) Due to the rotation of the Earth, a point on the equator experiences a centripetal acceleration of 0.0337 m/s2 while a point at either of the poles experiences no acceleration.  The true weight of an object is the gravitational force acting on the object.  The normal force exerted by the supporting surface like the ground or a floor is sometimes called the apparent weight of the object.  
a) Show that an object’s true weight equals its apparent weight at a pole but that its true weight exceeds its apparent weight at the equator.

b) Find the true and apparent weights of a 75-kg person at the equator.

5) An amusement park ride consists of a rotating, cylindrical platform 8 meters in diameter from which 10-kg seats are suspended from 2.5-m chains as shown in Figure 2.4.5.  A 40-kg child is in a seat and the chain makes an angle of 28° with the vertical at full rotation.  Find (a) the speed of the child and (b) the tension in the chain.  You can neglect the mass of the chain.
2.5 Drag Forces

1) A fire helicopter carries a 620-kg bucket at the end of a cable 20-m long as shown in Figure 2.5.1.  As the helicopter flies at 40 m/s, the cable makes an angle of 40° with the vertical.  The bucket presents a cross-sectional area of 3.8 m2 to the air.  Find the drag coefficient of the bucket.

Part 3: Energy & Linear Momentum
3.1 Work
1) A block with a mass of 2.5 kg is pushed 2.2 meters along a smooth horizontal table by a constant force of 16 Newtons directed 25° below the horizontal.  Friction is negligible.  Find the work done by (a) the pushing force, (b) the normal force, and (c) the gravitational force.
2) A mother pushes a baby stroller with a force of 35 Newtons directed 25° downward from the horizontal.  How much work does she do if she pushes the stroller 50 meters?
3) A 15-kg block is dragged 5 meters along the floor by a 70-N force directed upward 20° from the horizontal.  The coefficient of friction is 0.30.
a) Find the net work done on the block.

b) Find the change in the block’s kinetic energy over the 5 meters.

4) A single force directed in the positive x-direction acts on a 5-kg object.  The force varies with position x as given by F = 2x+1 where F is in Newtons when x is in meters.  The object moves along the x-axis from x=0 to x=5 m.  Find (a) the work done by the force and (b) the object’s speed at x=5 m if it was at rest at x=0.
3.2 Power

1) A 700-N man climbs a 10-m vertical rope in 8 seconds.  Find the man’s power output.
2) A 70-kg skier is pulled up a 30°-slope at a constant 2 m/s by a motor-driven cable.  Friction is negligible.

a) How much work is required to pull him 60 meters up the slope?

b) What power must the motor provide to do this?

3.3 Kinetic Energy (Work-Energy Theorem)
1) A particle with a mass of 500 grams has a speed of 2 m/s at point A and a kinetic energy of 7.5 J at point B.
a) What is the kinetic energy of the particle at point A?
b) What is its speed at point B?
c) How much work is done on the particle as it moves from point A to B?
2) A plastic bucket is given a kick across a frozen pond.  The bucket leaves the boot at 2 m/s and the coefficient of friction is 0.10.  Find how far the bucket slides by using the work-energy model.

3) A box of mass m, initially at rest, is slid across a floor a distance d by a constant horizontal pushing force of P.  A friction force of f also acts on the box.  Find an expression for the final speed of the box that contains m, d, P, and f.

3.4 Potential Energy & Conservation of Energy


1) A particle is released at the top of a track and slides without friction around the loop in Figure 3.4.1.  
a) Find its speed at the top of the loop.
b) What is the minimum launch height so that it just makes it around the loop?

2) A 250-gram ball is placed on top of a spring with a spring constant of 5000 N/m.  The spring is compressed by 10 cm to point A and released.  How high above point A does the ball rise?  Air drag is negligible. 
3) A daredevil plans to bungee-jump from a bridge that is 65 meters above the water.  She wants to stop right at the surface of the water.  The elastic force provided by the bungee cord obeys Hooke’s law.  In a preliminary trial, she finds that a 5-meter length of cord is stretched to 6.5 meters by her body weight of 110 pounds.  What length of cord should she use when she jumps from the bridge?
4) A 10-kg block is released from point A as shown in Figure 3.4.4.  The track is frictionless except for a rough section between points B and C.  The block hits a spring with an elastic constant of 2250 N/m and compresses it 30 cm before momentarily stopping.  Find the coefficient of friction between the rough section and the block.

5) Consider Figure 3.4.5.  The coefficient of friction between the block and the table is 0.4.  If the ball is released from rest, find its speed after it has fallen 1.5 m.

6) A 5-kg block is launched up a 30° incline at 8 m/s.  It slides 3 meters before coming to rest.  Using the Law of Conservation of Energy, find the friction force acting on the block and the coefficient of friction between the block and incline.

7) A toy gun uses a spring with a force constant of 8 N/m to fire a 5.3-gram rubber ball.  The spring is compressed by 5 cm before firing.  As the ball moves through the 15 cm barrel, it feels a constant friction force of 0.032 N.
a) With what speed does the ball leave the barrel of the gun if the barrel is horizontal?

b) At what point does the ball have maximum speed?

c) What is the maximum speed?

d) Now find the speed of the ball as it leaves the barrel if the gun is pointed straight up.

8) A space probe is launched from Earth’s surface at 20 km/s.  What is its speed when it is very far from Earth?  Ignore air drag.
9) The Moon has a mass of 7.36x1022 kg and a radius of 1.74x106 m.

a) Find the escape speed of a projectile launched from the Moon.

b) In Robert Heinlein’s “The Moon is a Harsh Mistress”, the colonists on the Moon threaten to launch rocks at the Earth if they are not given representation.  Suppose they build a rail gun that gives a rock the escape speed found in (a).  How fast would the rock be moving when it reaches the Earth?  (Be sure to include the potential energies of the rock due to the Moon’s and Earth’s gravitational pulls.)

3.5 Linear Momentum & Impulse
1) The approximate force versus time curve for a ball struck by a bat is shown in Figure 3.5.1.  Use the plot to find (a) the impulse delivered to the ball and (b) the average force exerted on the ball.

2) A 1-kg ball hits a wall at 10 m/s.  It bounces straight back in the opposite direction at 9.5 m/s.  If it is in contact with the wall for 0.2 s, find the average force exerted on the ball.
3) A tennis player receives a 60-gram ball traveling at 50 m/s and returns the ball in the opposite direction at 40 m/s.
a) Find the impulse delivered to the ball by the racket.
b) Find the work done by the racket on the ball.
3.6 Conservation of Linear Momentum
1) A 10-gram bullet is fired into a stationary block of wood with a mass of 4 kg.  The bullet is embedded in the wood and the block travels at 0.6 m/s immediately after the collision.  Find the speed of the bullet just before it hit the block.

2) Two identical blocks are free to slide on the frictionless track shown in Figure 3.6.2.  Block A is released from rest.  When it hits block B, which is also initially at rest, the blocks stick together and travel to the right.  Find how fast they travel after the collision.
3) A 45-kg girl is standing on a 150-kg plank.  The plank, initially at rest, is free to slide on a frozen lake.  Friction is negligible between the lake surface and the plank.  The girl begins to walk at 1.5 m/s relative to the lake surface.
a) What is the speed of the plank relative to the lake surface?

b) What is the girl’s speed relative to the plank?

4) A 4000-kg truck and an 800-kg car are both traveling at 8 m/s in opposite directions.  They collide head on in a perfectly inelastic collision.  The drivers both have masses of 80 kg.
a) Find the velocity of the truck-car combination right after the collision.

b) Which vehicle experiences the greater force during the collision, the truck or the car?

c) Who feels a greater force from their seatbelt during the collision?

5) An unstable particle is at rest when it suddenly decays into three particles.  Particle 1 shoots off in the +y direction at 6x106 m/s and particle 2 shoots off in the +x direction at 4x106 m/s.  Find the velocity of the third particle.  The particle masses are m1 = 5x10-27 kg, m2 = 8.4x10-27 kg, and m3 = 3.6x10-27 kg.
6) The Saturn V rocket was the main rocket used by NASA during and after the Apollo missions.  Its first stage consumed fuel at a rate of 15 000 kg/s and exhausted it at 2600 m/s.   The rocket with payload had a mass of approximately 3 000 000 kg at launch.  Find (a) the thrust provided by the rocket and (b) the initial acceleration of the rocket as it left the launch pad.
7) A deep space rocket needs to boost a total load (payload plus rocket with no fuel) of 3000 kg to a speed of 10 000 m/s.  (a) How much fuel is required if the engines exhaust the gas at 2000 m/s? (b) What if the exhaust speed can be increased to 5000 m/s?

Part 4: Rotational Motion & Oscillations
4.1 Rotational Motion 
1) A wheel starts from rest and speeds up uniformly to an angular speed of 12 rad/s in 3 s.  Find (a) the angular acceleration and (b) the number of revolutions made during this 3 seconds.
2) A wheel 2 meters in diameter lies in a vertical plane and is at rest at t = 0.  Point P on the rim is at position 1 m, 57.3° from the center of the wheel.  The wheel is now rotated with an angular acceleration of 4 rad/s2.  At t = 2 s, find (a) the angular speed of the wheel, (b) the tangential speed of point P, and (c) the position of point P from the center of the wheel.
3) A disk with a radius of 8 cm rotates at 1200 rpm about its central axis.  Find the following.
a) angular speed of the disk
b) tangential speed and radial acceleration of a point 3 cm from the center
c) tangential speed and radial acceleration of a point on the edge of the disk
d) total distance a point on the edge travels in 2 seconds
4) Consider the J-shaped object in Figure 4.1.4.  Section A is a uniform, thin rod with a mass of 0.5 kg and a length of 30 cm.  Welded to this is Section B, a solid cylinder with a mass of 1.5 kg and a radius of 2 cm.  The object is rotated about the central axis of section B as shown.  Find the moment of inertia of the object about this axis.  
5) Find the net torque on the wheel in Figure 4.1.5 about the central axle.  The two radii are a = 10 cm and b = 25 cm.  All three forces are tangent to their respective circles.

6) A model airplane with a mass of 750 grams is tethered by a wire so that it flies in a circle with a diameter of 60 m.  Its engine provides a force of 0.8 N directed perpendicular to the wire.  Estimate the torque provided to the plane about the center of its flight circle.
7) Consider Figure 4.1.7 which shows two masses connected to a rope that is run through a pulley.  The rope has negligible mass and doesn’t slip on the pulley.  The pulley can be treated as a solid disk and its axis is essentially frictionless.  The objects start from rest with their centers 3 m apart.  Find their speed as their centers pass each other.

8) A block is held stationary on a frictionless incline by the rope and wheel system shown in Figure 4.1.8. The radius of the outer wheel is three times the radius of the inner wheel.  The ramp angle is 45 degrees.  Find mass m. 


9) A 2-kg uniform board with a length of one meter is connected to a wall at one of its ends by a hinge as shown in Figure 4.1.9.   You need to keep the board horizontal by pushing straight up at a point 80 cm from the hinge.  What size pushing force is necessary?

10) A 1500-kg car has a wheel base (distance between axles) of 3 meters.  The center of mass of the car is on the center line at a point 1.2 m behind the front axle.  Find the force exerted by the ground on each wheel.
4.2 Rolling Motion

1) A cylinder of mass 19 kg  is rolling along at 10 m/s.  Find (a) its translational kinetic energy, (b) its rotational kinetic energy about its center of mass, and (c) its total kinetic energy.
2) (a) Consider a uniform solid disk rolling down an incline with a ramp angle (.  Find an expression for its acceleration.  (b) A piece of a dowel rod with a diameter of 1 inch starts from rest and rolls down a 30°-incline.  Find its speed after it has rolled 50 cm down the incline.
3) A uniform solid disk and a uniform hoop are placed side by side at the top of an incline of height h.  If they are released from rest and roll without slipping, which object reaches the bottom first?  Verify your answer by finding their speeds at the bottom of the ramp in terms of h.

4.3 Angular Momentum
1) A light rigid rod joins two uniform spheres as shown in Figure 4.3.1.  The assembly rotates about the z axis at the center of the rod.  Find the angular momentum of the system when the tangential speed of the balls is 5 m/s.

2) Big Ben in London has hour and minute hands with lengths of 2.7 m and 4.5 m, and masses of 60 kg and 100 kg, respectively.  Calculate the angular momentum of each hand about the center point of the clock face.  Treat each hand as a uniform rod rotated about its end.
3) A merry-go-round at a playground has a radius of 2 m and a moment of inertia of 250 kg-m2 about its center axle.  It is rotating at 10 rpm when a 25-kg child jumps onto the edge and sits down.  What is the new frequency of the merry-go-round? 
4.4 Simple Harmonic Motion
1) The position of an object is given by the expression x(t) = 8 cos(3(t) where x is in cm when t is in s.  Find (a) the frequency and period of the motion, (b) the amplitude of the motion, and (c) the position of the particle at 2.5 s.
2) A 0.5-kg ball attached to a spring with a force constant of 8 N/m oscillates in simple harmonic motion with a 10-cm amplitude.  Calculate (a) the highest speed of the object, (b) the largest acceleration of the object, and (c) the speed of the object when it is 6 cm from the equilibrium position.
3) A 500-gram object is attached to a spring, pulled 10 cm from the equilibrium position, and released.  The next time that the object’s speed is zero is 0.5 s later.  Drag is negligible.  Find the maximum speed of the object.
4) The amplitude of an object moving in simple harmonic motion is doubled.  What happens to (a) the total energy of the object, (b) the maximum speed, (c) the maximum acceleration, and (d) the period? 

PHYSICS I: ANSWERS TO PRACTICE PROBLEMS



1-1.
1. 232.3 m2
2. (a) 1/12 gal/s  (b) 3.154x10-4 m3/s  (c) 52.84 minutes

3. 158 (m

4. (a) m/s  (b) m/s/s  (c) h = 131.2t – 16t2
1-2.
1. x = 8.58 m  r = 9.47 m

2. 28.2 in., 152.5°

3. 8.1 m, 60.2°

4. (a) 4i – 4j , (32 ,  -45°  (b) 6i – 10j , (136 ,  -59°  

5. 29 m, 238°

1-3.
1. (a) 4 m/s  (b) 1.75 m/s  (c) -0.5 m/s  (d) -3 m/s  (e) 0

2. average speed = 2.86 m/s ,  average velocity = 0

3. (a) -2.67 cm/s  (b) -3 cm/s  (c) 5 s

4. (a) 4 m/s  (b) -0.5 m/s  (c) -3.5 m/s

5. (a) 2 mm  (b) 3 mm/s  (c) 2 mm/s2
6. (a) 20 s  (b) No, it takes at least 1000 m to stop.

7. (a) 202 m/s2  (b) 198 m

8. (a) 34.33 s  (b) 14.37 m/s

9. (a) 2.24 m/s  (b) 4.48 s  (c) -0.358 m/s2
10. (a) 10 m/s  (b) -4.7 m/s

11. (a) 250 m  (b) 14.3 s

12. (a) 18.8 s  (b) 428 m  (c) 91.3 m/s

13. (a) 3 s  (b) 15.2 m/s  (c) first stone: 31.4 m/s  second stone: 34.8 m/s

2-1.
1. (a) 
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  (b) tan-1 (2h/d)

2. (a) Yes!  3.9 m  (b) down  (vertical velocity component is -13.4 m/s)

3. (a) 0.852 s  (b) 50.8°

4. 10.37 m/s  and 195 m/s2
5. The longer sling gives the rock a higher launch speed (33.9 m/s compared to 30.2 m/s).  The shorter sling gives the rock a higher centripetal acceleration (1516 m/s2 compared to 1279 m/s2).

6. 13.64 s

7. 1875 s (1667 s in calm water)

2-2.
1. (a) m1 / m2 = 2/3  (b) 1.2 m/s2
2. 1.66 MN

3. 60.17 N weight and 61.4 kg mass

4. (a) 2.54 m/s2  (b) 2.76 m/s2
5. (a) P > 19.6 N  (b) P < -78.4 N

6. 19.2 N

7. 1.57 m

8. (a) 55°  (b) 167.3 N

9. (a) 1.78 m/s2  (b) 0.368  (c) 9.37 N  (d) 2.67 m/s

10. P must be at least 15.86 N or greater

11. P 25.48 N and the tension is 9.8 N

2-3.
1. 2 kg and 3 kg

2. (a) 3.46x108 m  (b) 0.0033 m/s2 towards Earth

3. 581.4 lbs.

2-4.
1. 6.23x10-12 N

2. 8.82 m/s

3. (a) 24 900 N  (b) 12.1 m/s

4. (a) True weight is the apparent weight minus mac.  (b) true weight = 735 N,  apparent weight = 732.8 N

5. (a) 5.2 m/s  (b) 555 N

2-5.

1. 1.29

3-1.
1. (a) 31.9 J  (b) 0  (c) 0

2. 1586 J

3. (a) 144.5 J  (b) 144.5 J

4. (a) 30 J  (b) 3.46 m/s

3-2.
1. 875 W

2. (a) 20 580 J  (b) 686 W

3-3.
1. (a) 1 J  (b) 5.48 m/s  (c) 6.5 J

2. 2.04 m

3. 
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3-4.
1. (a) 1.98 m/s  (b) 0.5 m

2. 10.2 m

3. 51 m

4. 0.328

5. 3.74 m/s

6. friction force = 28.8 N,  coefficient of friction = 0.68

7. (a) 1.4 m/s  (b) 4.6 cm from the release point  (c)  1.79 m/s  (d) it doesn’t have enough energy to make it out of the barrel

8. 16.582 km/s

9. (a) 2375 m/s  (b) 11 205 m/s

3-5.
1. (a) 13.5 N-s  (b) 9000 N

2. 97.5 N

3. (a) 5.4 N-s  (b) -27 J

3-6.
1. 240.6 m/s

2. 4.95 m/s

3. (a) 0.45 m/s  (b) 1.95 m/s

4. (a) 5.16 m/s  (b) the vehicles experience the same force  (c) the car driver experiences a greater impulse and feels a larger force from the seatbelt

5. 8.5x106 m/s, 258.4°

6. (a) 39 MN  (b) 3.2 m/s2 upward

7. (a) 442 240 kg  (b) 19 167 kg

4-1.
1. (a) 4 rad/s2  (b) 2.86 revs

2. (a) 8 rad/s  (b) 8 m/s  (c) 1 m, 155.7°

3. (a) 40( rad/s  (b) 3.7 m/s and 474 m/s2  (c) 10.05 m/s and 1263 m/s2  (d) 20.1 m

4. 0.0153 kg-m2
5. 3.55 N-m

6. 24 N-m

7. 2.36 m/s

8. 11.8 kg

9. 12.25 N

10. Each front wheel exerts 4410 N.  Each rear wheel exerts 2940 N.

4-2.
1. (a) 950 J  (b) 475 J  (c) 1425 J

2. (a) (2/3)gsin(  (b) 1.8 m/s

3. (a) The disk wins.    disk speed =
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  and hoop speed =  
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4-3.
1. 17.5 kg-m2-rad/s

2. 0.254 kg-m2-rad/s for hour hand and 70.7 kg-m2-rad/s for minute hand

3. 7.1 rpm

4-4.
1. (a) 1.5 Hz  (b) 2/3 s  (c) 0

2. (a) 40 cm/s  (b) 160 cm/s2  (c) 32 cm/s

3. 20( cm/s

(a) quadruples  (b) doubles  (c) remains the same
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