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trough problem solving 



A basketball star covers 2.80 m horizontally in a jump to dunk the ball. His motion through space can be modeled precisely as that of a 

particle at his center of mass. His center of mass is at elevation 1.02 m when he leaves the floor. It reaches a maximum height of 1.85 m 

above the floor, and is at elevation 0.900 m when he touches down again. Determine (a) his time of flight (his “hang time”), (b) his horizontal 

and (c) vertical velocity components at the instant of takeoff, and (d) his takeoff angle. (e) For comparison, determine the hang time of a 

whitetail deer making a jump with center-of-mass elevations  

yi =  1.20 m, ymax = 2.50 m, yf = 0.700 m.  

From the instant he leaves the floor until just before he lands, the basketball star is a projectile. 

His vertical velocity and vertical displacement are related by the equation  2 2
2yf yi y f iv v a y y   .  

For the downward part of the flight, the equation gives    2 2
0 2 9.80 m s 0.900 1.85  myfv     . 

Thus the vertical velocity just before he lands is 
 

 4.32 m syfv   . 

(a) His hang time may then be found from yf yi yv v a t  : 

 

  24.32 m s 4.03 m s 9.80 m s t     

 

  0.852 st . 



A basketball star covers 2.80 m horizontally in a jump to dunk the ball. His motion through space can be modeled precisely as that of a 

particle at his center of mass. His center of mass is at elevation 1.02 m when he leaves the floor. It reaches a maximum height of 1.85 m 

above the floor, and is at elevation 0.900 m when he touches down again. Determine (a) his time of flight (his “hang time”), (b) his horizontal 

and (c) vertical velocity components at the instant of takeoff, and (d) his takeoff angle. (e) For comparison, determine the hang time of a 

whitetail deer making a jump with center-of-mass elevations  

yi =  1.20 m, ymax = 2.50 m, yf = 0.700 m.  

(b) Looking at the total horizontal displacement during the leap, xix v t  becomes 

 

  2.80 m 0.852 sxiv  

 

 which yields 3.29 m sxiv  . 

c) 4.03 m syiv  . See above for proof. 

(d) The takeoff angle is: 1 1 4.03 m s
tan tan 50.8

3.29 m s
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A basketball star covers 2.80 m horizontally in a jump to dunk the ball. His motion through space can be modeled precisely as that of a 

particle at his center of mass. His center of mass is at elevation 1.02 m when he leaves the floor. It reaches a maximum height of 1.85 m 

above the floor, and is at elevation 0.900 m when he touches down again. Determine (a) his time of flight (his “hang time”), (b) his horizontal 

and (c) vertical velocity components at the instant of takeoff, and (d) his takeoff angle. (e) For comparison, determine the hang time of a 

whitetail deer making a jump with center-of-mass elevations  

yi =  1.20 m, ymax = 2.50 m, yf = 0.700 m.  

e) Similarly for the deer, the upward part of the flight gives  

  2 2
2yf yi y f iv v a y y   : 

 

    2 2
0 2 9.80 m s 2.50 1.20  myiv     

 

 so 5.04 m syiv  . 

 

 For the downward part,  2 2
2yf yi y f iv v a y y    yields 

   2 2
0 2 9.80 m s 0.700 2.50  myfv      and 5.94 m syfv   . 

 

 The hang time is then found as yf yi yv v a t  : 

 25.94 m s 5.04 m s 9.80 m s t     and 

 

 1.12 st . 

 



A thin uniform rectangular sign hangs vertically above the door of a shop. The sign is 

hinged to a stationary horizontal rod along its top edge.  The mass of the sign is 2.40 kg 

and its vertical dimension is 50.0 cm.   The sign is swinging without friction, becoming 

a tempting target for children armed with snowballs.  The maximum angular 

displacement of the sign is 25.0 on both sides of the vertical.  At a moment when the 

sign is vertical and moving to the left, a snowball of mass 400 g, traveling horizontally 

with a velocity of 160 cm/s to the right, strikes perpendicularly the lower edge of the 

sign and sticks there.  (a) Calculate the angular speed of the sign immediately before 

the impact.  (b) Calculate its angular speed immediately after the impact.   (c) The 

spattered sign will swing up through what maximum angle? 



Let  be the angular speed of the signboard when it is vertical. 
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(a) 

(a) Calculate the angular speed of the sign immediately before the impact. 



(b) f f i iI I mvL    represents angular momentum conservation 
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Calculate its angular speed immediately after the impact. 



(c) Let CMh   distance of center of mass from the axis of rotation. 
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 Apply conservation of mechanical energy: 
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The spattered sign will swing up through what maximum angle? 



X.42. A Chevrolet Corvette convertible can brake to a stop from a speed of 60.0 mi/h 
 in a distance of 123 ft on a level roadway.  What is its stopping distance on a roadway 
 sloping downward at an angle of 10.0? 



Problem-Solving Hints  
Newton’s Laws 

 Conceptualize the problem – draw a 
diagram 

 Categorize the problem  
 Equilibrium (SF = 0) or Newton’s Second 

Law (SF = m a) 

 Analyze 
 Draw free-body diagrams for each object 

 Include only forces acting on the object 



Problem-Solving Hints  
Newton’s Laws, cont 

 Analyze, cont. 
 Establish coordinate system 

 Be sure units are consistent 

 Apply the appropriate equation(s) in component 
form 

 Solve for the unknown(s) 

 Finalize 
 Check your results for consistency with your free- 

body diagram 

 Check extreme values 



Forces of Friction 

 When an object is in motion on a 
surface or through a viscous medium, 
there will be a resistance to the motion 

 This is due to the interactions between the 
object and its environment 

 This resistance is called the force of 
friction 



Forces of Friction, cont. 

 Friction is proportional to the normal force 

 ƒs  µs n and ƒk= µk n 

 These equations relate the magnitudes of the 
forces, they are not vector equations 

 The force of static friction is generally greater 
than the force of kinetic friction 

 The coefficient of friction (µ) depends on the 
surfaces in contact 



42. A Chevrolet Corvette convertible can brake to a stop from a speed of 60.0 mi/h 
 in a distance of 123 ft on a level roadway.  What is its stopping distance on a roadway 
 sloping downward at an angle of 10.0? 
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Kinematic Equations -- 
summary 



Kinematic Equations, specific 

 For constant a, 

 

 

 Gives final velocity in terms of 
acceleration and displacement 

 Does not give any information about 
the time 

 

 
2 2

2xf xi x f iv v a x x  



42. A Chevrolet Corvette convertible can brake to a stop from a speed of 60.0 mi/h 
 in a distance of 123 ft on a level roadway.  What is its stopping distance on a roadway 
 sloping downward at an angle of 10.0? 
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First we find the coefficient of friction: 
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42. A Chevrolet Corvette convertible can brake to a stop from a speed of 60.0 mi/h 
 in a distance of 123 ft on a level roadway.  What is its stopping distance on a roadway 
 sloping downward at an angle of 10.0? 
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First we find the coefficient of friction: 

 

1 mile = 1.61 km 

1 foot= 0.305 m 
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42. A Chevrolet Corvette convertible can brake to a stop from a speed of 60.0 mi/h 
 in a distance of 123 ft on a level roadway.  What is its stopping distance on a roadway 
 sloping downward at an angle of 10.0? 

1 mile =5280 ft 

1 foot= 0.305 m 

= 46.3 m 



If the coefficient of static friction between your coffee cup and the 

horizontal dashboard of your car is µ s = 0.800, how fast can you drive on 

a horizontal roadway around a right turn of radius 30.0 m before the cup 

starts to slide? If you go too fast, in what direction will the cup slide 

relative to the dashboard?  
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   2
0.8 9.8 m s 30 m 15.3 m ssv gr    

If you go too fast the cup will begin sliding straight across the dashboard to the left.  



 X.16. A hawk flies in a horizontal arc of radius 12.0 m at a constant speed of 4.00 m/s. 
 (a) Find its centripetal acceleration. 
(b) It continues to fly along the same horizontal arc but increases its speed at the rate 
 of 1.20 m/s2. Find the acceleration (magnitude and direction) under these conditions. 
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The distance between two telephone poles is 50.0 m. When a 1.00-kg bird 
   lands on the telephone wire midway between the poles, the wire sags 0.200 m. 
   Draw a free-body diagram of the bird. How much tension does the bird produce 
   in the wire? Ignore the weight of the wire. 

Balance forces, 
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A 650-kg elevator starts from rest.  It moves upward for 3.00 s with constant acceleration 

until it reaches its cruising speed of 1.75 m/s.  

(a) What is the average power of the elevator motor during this period? 

(b) How does this power compare with the motor power when the elevator moves at its  

cruising speed? 

X.40 



A 650-kg elevator starts from rest.  It moves upward for 3.00 s with constant acceleration 

until it reaches its cruising speed of 1.75 m/s.  

(a) What is the average power of the elevator motor during this period? 

(b) How does this power compare with the motor power when the elevator moves at its  

cruising speed? 

X.40 



Power 

 The time rate of energy transfer is 
called power 

 The average power is given by 

 

 

  when the method of energy transfer is 
work 
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Work Is An Energy Transfer 

 This is important for a system approach 
to solving a problem 

 If the work is done on a system and it 
is positive, energy is transferred to the 
system 

 If the work done on the system is 
negative, energy is transferred from the 
system 



Work Is An Energy Transfer 

 If a system interacts with its 
environment, this interaction can be 
described as a transfer of energy across 
the system boundary 

 This will result in a change in the amount 
of energy stored in the system 



Ways to Transfer Energy Into 
or Out of A System 

 Work – transfers by applying a force 
and causing a displacement of the point 
of application of the force 

 Mechanical Waves – allow a 
disturbance to propagate through a 
medium 

 Heat – is driven by a temperature 
difference between two regions in 
space 

 



A 650-kg elevator starts from rest.  It moves upward for 3.00 s with constant acceleration 

until it reaches its cruising speed of 1.75 m/s.  

(a) What is the average power of the elevator motor during this period? 

(b) How does this power compare with the motor power when the elevator moves at its  

cruising speed? 

(a) The distance moved upward in the first 3.00 s is  
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A 650-kg elevator starts from rest.  It moves upward for 3.00 s with constant acceleration 

until it reaches its cruising speed of 1.75 m/s.  

(a) What is the average power of the elevator motor during this period? 

(b) How does this power compare with the motor power when the elevator moves 

 at its cruising speed? 
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When moving upward at constant speed  

 the applied force equals the  
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A glider of mass m is free to slide along a horizontal air track. It is pushed against a 

launcher at one end of the track.  Model the launcher as a light spring of force constant 

k, compressed by a distance x.  The glider is released from rest.    

(a) Show that the glider attains a speed  v = x (k/m)1/2.  

(b) Does a glider of large or of small mass attain a greater speed?  

(c) Show that the impulse imparted to the glider is given by the expression x(k m)1/2. 

(d) Is a greater impulse injected into a large or a small mass? 

(e) Is more work done on a large or a small mass? 

v 

X.14 



Conservation of Mechanical 
Energy 

 The mechanical energy of a system is the 
algebraic sum of the kinetic and potential 
energies in the system 

 Emech = K + U 

 The statement of Conservation of Mechanical 
Energy for an isolated system is  

 Kf + Uf = Ki+ Ui 

 An isolated system is one for which there are no 
energy transfers across the boundary 

 



Conservation of Energy 

 Choose point A as the initial point and 
C as the final point 

 EC = EA 

KC + UgC + UsC= KA + UgA + UsA  

0 +  mgh + 0  = 0 + 0 +½ kx2  

 EB = EA 

KB + UgB + UsB = KA + UgA + UsA  

1/2 mvB
2 +  mgxB + 0  = 0 + 0 +½ kx2  

 



Conservation of Energy 

 Initial conditions: 

 Ei = Ki + Ui = mgh 

 The ball is dropped, so Ki = 0 

 The configuration for zero 
potential energy is the 
ground 

 Conservation rules applied 
at some point y above the 
ground gives 

 ½ mvf
2 + mgy = mgh 
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A glider of mass m is free to slide along a horizontal air track. It is pushed against a 

launcher at one end of the track.  Model the launcher as a light spring of force constant 

k, compressed by a distance x.  The glider is released from rest.    

(a) Show that the glider attains a speed  v = x (k/m)1/2.  

(b) Does a glider of large or of small mass attain a greater speed?  

(c) Show that the impulse imparted to the glider is given by the expression x(k m)1/2. 

(d) Is a greater impulse injected into a large or a small mass? 

(e) Is more work done on a large or a small mass? 
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(a) Energy is conserved for the spring-mass system: 
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A glider of mass m is free to slide along a horizontal air track. It is pushed against a 

launcher at one end of the track.  Model the launcher as a light spring of force constant 

k, compressed by a distance x.  The glider is released from rest.    

(a) Show that the glider attains a speed  v = x (k/m)1/2.  

(b) Does a glider of large or of small mass attain a greater speed?  

(c) Show that the impulse imparted to the glider is given by the expression x(k m)1/2. 

(d) Is a greater impulse injected into a large or a small mass? 

(e) Is more work done on a large or a small mass? 

:  
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(b) From the equation, a smaller  value of m makes  

 larger. 
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A glider of mass m is free to slide along a horizontal air track. It is pushed against a 

launcher at one end of the track.  Model the launcher as a light spring of force constant 

k, compressed by a distance x.  The glider is released from rest.    

(a) Show that the glider attains a speed  v = x (k/m)1/2.  

(b) Does a glider of large or of small mass attain a greater speed?  

(c) Show that the impulse imparted to the glider is given by the expression x(k m)1/2. 

(d) Is a greater impulse injected into a large or a small mass? 

(e) Is more work done on a large or a small mass? 

:  
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Impulse and Momentum 

 From Newton’s Second Law, F = dp/dt 

 Solving for dp gives dp = Fdt 

 Integrating to find the change in 
momentum over some time interval 

 

 

 The integral is called the impulse, I, of 
the force F acting on an object over t 
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Impulse-Momentum Theorem 

 This equation expresses the impulse-
momentum theorem:The impulse of the 
force F acting on a particle equals the change 
in the momentum of the particle 

 

This is equivalent to Newton’s Second Law 
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A glider of mass m is free to slide along a horizontal air track. It is pushed against a 

launcher at one end of the track.  Model the launcher as a light spring of force constant 

k, compressed by a distance x.  The glider is released from rest.    

(a) Show that the glider attains a speed  v = x (k/m)1/2.  

(b) Does a glider of large or of small mass attain a greater speed?  

(c) Show that the impulse imparted to the glider is given by the expression x(k m)1/2. 

(d) Is a greater impulse injected into a large or a small mass? 

(e) Is more work done on a large or a small mass? 
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A glider of mass m is free to slide along a horizontal air track. It is pushed against a 

launcher at one end of the track.  Model the launcher as a light spring of force constant 

k, compressed by a distance x.  The glider is released from rest.    

(a) Show that the glider attains a speed  v = x (k/m)1/2.  

(b) Does a glider of large or of small mass attain a greater speed?  

(c) Show that the impulse imparted to the glider is given by the expression x(k m)1/2. 

(d) Is a greater impulse injected into a large or a small mass? 

(e) Is more work done on a large or a small mass? 

:  
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(d) From the equation, a  larger value of m makes 

 larger. 
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A glider of mass m is free to slide along a horizontal air track. It is pushed against a 

launcher at one end of the track.  Model the launcher as a light spring of force constant 

k, compressed by a distance x.  The glider is released from rest.    

(a) Show that the glider attains a speed  v = x (k/m)1/2.  

(b) Does a glider of large or of small mass attain a greater speed?  

(c) Show that the impulse imparted to the glider is given by the expression x(k m)1/2. 

(d) Is a greater impulse injected into a large or a small mass? 

(e) Is more work done on a large or a small mass? 
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Elastic Potential Energy 

 Elastic Potential Energy is associated with 
a spring 

 The force the spring exerts (on a block, for 
example) is Fs = - kx 

 The work done by an external applied force 
on a spring-block system is 
 W = ½ kxf

2 – ½ kxi
2 

 The work is equal to the difference between the 
initial and final values of an expression related to 
the configuration of the system 
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A glider of mass m is free to slide along a horizontal air track. It is pushed against a 

launcher at one end of the track.  Model the launcher as a light spring of force constant 

k, compressed by a distance x.  The glider is released from rest.    

(a) Show that the glider attains a speed  v = x (k/m)1/2.  

(b) Does a glider of large or of small mass attain a greater speed?  

(c) Show that the impulse imparted to the glider is given by the expression x(k m)1/2. 

(d) Is a greater impulse injected into a large or a small mass? 

(e) Is more work done on a large or a small mass? 

:  

   

2 21 1
0

2 2
f iW K K mv kx    

(e) For the glider,  

  

The mass makes no difference to the work 

k
v x

m
 v2 =x2 k/m 
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