
Physics 103


Assignment 5

5.4.
Identify:   For the maximum tension, the patient is just ready to slide so static friction is at its maximum and the forces on him add to zero.

Set Up:   (a) The free-body diagram for the person is given in Figure 5.4a. F is magnitude of the traction force along the spinal column and 
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 is the person’s weight. At maximum static friction, 
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(b) The free-body diagram for the collar where the cables are attached is given in Figure 5.4b. The tension in each cable has been resolved into its x and y components.
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	Figure 5.4


Execute:   (a) 
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Evaluate:   The two tensions add up to 630 N, which is more than the traction force, because the cables do not pull directly along the spinal column.

5.5.
Identify:   Apply 
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 to the frame.

Set Up:   Let w be the weight of the frame. Since the two wires make the same angle with the vertical, the tension is the same in each wire. 
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Execute:   The vertical component of the force due to the tension in each wire must be half of the weight, and this in turn is the tension multiplied by the cosine of the angle each wire makes with the vertical. 
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Evaluate:   If 
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 Therefore, there must be an angle where 
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5.7.
Identify:   Apply 
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 to the object and to the knot where the cords are joined.

Set Up:   Let 
[image: image18.wmf]y

+

 be upward and 
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 be to the right.

Execute:   (a) 
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(b) Similar to part (a), 
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Adding these two equations, 
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Evaluate:   In part (a), 
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5.8.
Identify:   Apply Newton’s first law to the car.

Set Up:   Use x and y coordinates that are parallel and perpendicular to the ramp.

Execute:   (a) The free-body diagram for the car is given in Figure 5.8. The vertical weight w and the tension T in the cable have each been replaced by their x and y components.
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(c) 
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Evaluate:   We could also use coordinates that are horizontal and vertical and would obtain the same values of n and T.
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	Figure 5.8



5.12.
Identify:   Apply Newton’s second law to the rocket plus its contents and to the power supply. Both the rocket and the power supply have the same acceleration.

Set Up:   The free-body diagrams for the rocket and for the power supply are given in Figures 5.12a and b. Since the highest altitude of the rocket is 120 m, it is near to the surface of the earth and there is a downward gravity force on each object. Let 
[image: image41.wmf]y

+

 be upward, since that is the direction of the acceleration. The power supply has mass 
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Execute:   (a) 
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(b) 
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Evaluate:   The acceleration is constant while the thrust is constant and the normal force is constant while the acceleration is constant. The altitude of 120 m is not used in the calculation.
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	Figure 5.12



5.13.
Identify:   Use the kinematic information to find the acceleration of the capsule and the stopping time. Use Newton’s second law to find the force F that the ground exerted on the capsule during the crash.

Set Up:   Let 
[image: image50.wmf]y
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 be upward. 
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 The free-body diagram for the capsule is given in Figure 5.13.

Execute:   
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(b) 
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Evaluate:   The upward force exerted by the ground is much larger than the weight of the capsule and stops the capsule in a short amount of time. After the capsule has come to rest, the ground still exerts a force mg on the capsule, but the large 
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 force is exerted only for 0.0187 s.
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	Figure 5.13



5.14.
Identify:   Apply Newton’s second law to the three sleds taken together as a composite object and to each individual sled. All three sleds have the same horizontal acceleration a.

Set Up:   The free-body diagram for the three sleds taken as a composite object is given in Figure 5.14a and for each individual sled in Figure 5.14b–d. Let 
[image: image64.wmf]x

+

 be to the right, in the direction of the acceleration. 
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Execute:   (a) 
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(b) 
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Evaluate:   If we apply 
[image: image74.wmf]S=

xx

Fma

 to the 20.0 kg sled and calculate a from 
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 which agrees with the value we calculated in part (a).

	[image: image79.jpg]~<

Mot

M8

@)

~v

~

o

Ty

myo8

10.0 kg sled
(b)

y y
a a
— —
n
Moo 30
Ty Ty Tp
—Xx - —X P —— X
Ma08 L%og
20.0 kg sled 30.0 kg sled
(0 (d)





	Figure 5.14



5.15.
Identify:   Apply 
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 to the load of bricks and to the counterweight. The tension is the same at each end of the rope. The rope pulls up with the same force 
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 on the bricks and on the counterweight. The counterweight accelerates downward and the bricks accelerate upward; these accelerations have the same magnitude.

(a) Set Up:   The free-body diagrams for the bricks and counterweight are given in Figure 5.15.
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	Figure 5.15


(b) Execute:   Apply 
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 to each object. The acceleration magnitude is the same for the two objects. For the bricks take 
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Add these two equations to eliminate T:


[image: image92.wmf]2112

()()

-=+

mmgmma



[image: image93.wmf]22

21

12

280 kg150 kg

(980 m/s)296 m/s

150 kg280 kg

æö

æö

-.-.

==.=.

ç÷

ç÷

+.+.

èø

èø

mm

ag

mm


(c) 
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As a check, calculate T using the other equation.
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Evaluate:   The tension is 1.30 times the weight of the bricks; this causes the bricks to accelerate upward. The tension is 0.696 times the weight of the counterweight; this causes the counterweight to accelerate downward. If 
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 in this special case the counterweight is in free fall. Our general result is correct in these two special cases.


5.16.
Identify:   In part (a) use the kinematic information and the constant acceleration equations to calculate the acceleration of the ice. Then apply 
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 to find the acceleration and use this in the constant acceleration equations to find the final speed.

Set Up:   Figures 5.16a and b give the free-body diagrams for the ice both with and without friction. 
Let 
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 be directed down the ramp, so 
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 is perpendicular to the ramp surface. Let 
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 be the angle between the ramp and the horizontal. The gravity force has been replaced by its x and y components.

Execute:   (a) 
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Evaluate:   With friction present the speed at the bottom of the ramp is less.
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	Figure 5.16a, b



5.17.
Identify:   Apply 
[image: image127.wmf]S=

r

r

m

Fa

 to each block. Each block has the same magnitude of acceleration a.

Set Up:   Assume the pulley is to the right of the 4.00 kg block. There is no friction force on the 4.00 kg block; the only force on it is the tension in the rope. The 4.00 kg block therefore accelerates to the right and the suspended block accelerates downward. Let 
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Execute:   (a) The free-body diagrams for each block are given in Figures 5.17a and b.

(b) 
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(c) 
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(d) The weight of the hanging block is 
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Evaluate:   Since the hanging block accelerates downward, the net force on this block must be downward and the weight of the hanging block must be greater than the tension in the rope. Note that the blocks accelerate no matter how small m is. It is not necessary to have 
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 and in fact in this problem m is less than 4.00 kg.
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	Figure 5.17a, b



5.20.
Identify:   Apply 
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Set Up:   Let 
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 be upward. The free-body diagrams for the composite object and for the student are given in Figures 5.20a and b. T is the tension in the cable and n is the scale reading, the normal force the scale exerts on the student. The mass of the student is 
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Execute:   (a) 
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 The elevator has a downward acceleration of 
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(d) 
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Evaluate:   In part (b), 
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 The weight of the composite object is 8330 N. When the acceleration is upward the tension is greater than the weight and when the acceleration is downward the tension is less than the weight.
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	Figure 5.20a, b



5.27.
(a) Identify:   Constant speed implies 
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 Apply Newton’s first law to the box. The friction force is directed opposite to the motion of the box.

Set Up:   Consider the free-body diagram for the box, given in Figure 5.27a. Let 
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 be the horizontal force applied by the worker. The friction is kinetic friction since the box is sliding along the surface.
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	Figure 5.27a
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(b) Identify:   Now the only horizontal force on the box is the kinetic friction force. Apply Newton’s second law to the box to calculate its acceleration. Once we have the acceleration, we can find the 
distance using a constant acceleration equation. The friction force is 
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 just as in part (a).

Set Up:   The free-body diagram is sketched in Figure 5.27b.
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	Figure 5.27b
	
	


Use the constant acceleration equations to find the distance the box travels:
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Evaluate:   The normal force is the component of force exerted by a surface perpendicular to the surface. Its magnitude is determined by 
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5.33.
Identify:   Use 
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 to find the acceleration that can be given to the car by the kinetic friction force. Then use a constant acceleration equation.

Set Up:   Take 
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 in the direction the car is moving.

Execute:   (a) The free-body diagram for the car is shown in Figure 5.33. 
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(b) 
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Evaluate:   For constant stopping distance 
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 The answer to part (b) can be calculated as 
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	Figure 5.33



5.35.
Identify:   Apply 
[image: image205.wmf]m
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 to each crate. The rope exerts force T to the right on crate A and force T to the left on crate B. The target variables are the forces T and F. Constant v implies 
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Set Up:   The free-body diagram for A is sketched in Figure 5.35a
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	Figure 5.35a
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Set Up:   The free-body diagram for B is sketched in Figure 5.35b.
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	Execute:   
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	Figure 5.35b
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Use the first equation to replace T in the second:
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Evaluate:   We can also consider both crates together as a single object of mass 
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 in agreement with our answer in part (a).


5.42.
Identify:   The acceleration of the car at the top and bottom is toward the center of the circle, and Newton’s second law applies to it.

Set Up:   Two forces are acting on the car, gravity and the normal force. At point B (the top), both forces are toward the center of the circle, so Newton’s second law gives 
[image: image229.wmf].
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 At point A (the bottom), gravity is downward but the normal force is upward, so 
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Execute:   Solving the equation at B for the acceleration gives 
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 Solving the equation at A for the normal force gives 
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Evaluate:   The normal force at the bottom is greater than at the top because it must balance the weight in addition to accelerate the car toward the center of its track.


5.44.
Identify:   Since the car travels in an arc of a circle, it has acceleration 
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 directed toward the center of the arc. The only horizontal force on the car is the static friction force exerted by the roadway. 
To calculate the minimum coefficient of friction that is required, set the static friction force equal to its maximum value, 
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 Friction is static friction because the car is not sliding in the radial direction.

Set Up:   The free-body diagram for the car is given in Figure 5.44. The diagram assumes the center of the curve is to the left of the car.

Execute:    (a) 
[image: image235.wmf]yy

Fma

S=

 gives 
[image: image236.wmf].

nmg

=

 
[image: image237.wmf]xx

Fma

S=

 gives 
[image: image238.wmf]2

s

.

v

nm

R

m

=

 
[image: image239.wmf]2

s

v

mgm

R

m

=

 and 
[image: image240.wmf]22

s

2

(250 m/s)

0290

(980 m/s)(220 m)

v

gR

m

.

===.

.


(b) 
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Evaluate:   A smaller coefficient of friction means a smaller maximum friction force, a smaller possible acceleration and therefore a smaller speed.
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	Figure 5.44



5.47.
Identify:   Apply 
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 to the composite object of the person plus seat. This object moves in a horizontal circle and has acceleration 
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Set Up:   The free-body diagram for the composite object is given in Figure 5.47. Let 
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 be to the right, in the direction of 
[image: image248.wmf]rad

.

a

r

 Let 
[image: image249.wmf]y

+

 be upward. The radius of the circular path is 
[image: image250.wmf]750 m.

R

=.

 The total mass is 
[image: image251.wmf]2

(255 N825 N)/(980 m/s)1102 kg.

+.=.

 Since the rotation rate is 
[image: image252.wmf]320 rev/min05333 rev/s,

.=.

 the period T is 
[image: image253.wmf]1

1875 s.

05333 rev/s

=.

.


Execute:   
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The tension in the horizontal cable is 8370 N and the tension in the other cable is 1410 N.

Evaluate:   The weight of the composite object is 1080 N. The tension in cable A is larger than this since its vertical component must equal the weight. 
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 The tension in cable B is less than this because part of the required inward force comes from a component of the tension in cable A.
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	Figure 5.47



5.49.
Identify:   The acceleration due to circular motion is 
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Set Up:   
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 is the number of revolutions per second.

Execute:   (a) Setting 
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so the number of revolutions per minute is 
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(b) The lower acceleration corresponds to a longer period, and hence a lower rotation rate, by a factor of the square root of the ratio of the accelerations, 
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Evaluate:   In part (a) the tangential speed of a point at the rim is given by 
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 the space station is rotating rapidly.


5.50.
Identify:   
[image: image271.wmf]2
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 The apparent weight of a person is the normal force exerted on him by the seat he is sitting on. His acceleration is 
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 directed toward the center of the circle.

Set Up:    The period is 
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Execute:   (a) 
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 Note that 
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(b) The free-body diagram for the person at the top of his path is given in Figure 5.50a. The acceleration is downward, so take 
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The free-body diagram for the person at the bottom of his path is given in Figure 5.50b. The acceleration is upward, so take 
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 upward. 
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(c) Apparent weight
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(d) 
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 twice his true weight.

Evaluate:   At the top of his path his apparent weight is less than his true weight and at the bottom of his path his apparent weight is greater than his true weight.
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	Figure 5.50a, b



5.51.
Identify:   Apply 
[image: image294.wmf]m
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 to the motion of the pilot. The pilot moves in a vertical circle. The apparent weight is the normal force exerted on him. At each point 
[image: image295.wmf]rad
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 is directed toward the center of the circular path.
(a) Set Up:   “the pilot feels weightless” means that the vertical normal force n exerted on the pilot by 
the chair on which the pilot sits is zero. The force diagram for the pilot at the top of the path is given in Figure 5.51a.
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	Figure 5.51a
	
	


Thus 
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(b) Set Up:   The force diagram for the pilot at the bottom of the path is given in Figure 5.51b. Note that the vertical normal force exerted on the pilot by the chair on which the pilot sits is now upward.
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This normal force is the pilot’s 
apparent weight.

	Figure 5.51b
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Thus 
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Evaluate:   In part (b), 
[image: image310.wmf]nmg
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 since the acceleration is upward. The pilot feels he is much heavier than when at rest. The speed is not constant, but it is still true that 
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5.54.
Identify:   The ball has acceleration 
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 directed toward the center of the circular path. When the ball is at the bottom of the swing, its acceleration is upward.

Set Up:   Take 
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 upward, in the direction of the acceleration. The bowling ball has mass 
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Execute:   (a) 
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(b) The free-body diagram is given in Figure 5.54. 
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Evaluate:   The acceleration is upward, so the net force is upward and the tension is greater than the weight.
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	Figure 5.54



5.56.
Identify:   Apply Newton’s first law to the person. Each half of the rope exerts a force on him, directed along the rope and equal to the tension T in the rope.

Set Up:   (a) The force diagram for the person is given in Figure 5.56.
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	Figure 5.56
	
	


Execute:   
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This says that 
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 (The tension is the same on both sides of the person.)
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But 
[image: image328.wmf]12

,

TTT

==

 so 
[image: image329.wmf]2sin

Tmg

q

=



[image: image330.wmf]2

(90.0 kg)(9.80 m/s)

2540 N

2sin2sin10.0

mg

T

q

===

°


(b) The relation 
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Evaluate:   
[image: image336.wmf]/(2sin)

q

=

Tmg

 says that 
[image: image337.wmf]/2

=

Tmg

 when 
[image: image338.wmf]90

q

=°

 (rope is vertical).


[image: image339.wmf]T

®¥

 when 
[image: image340.wmf]0

q

®

 since the upward component of the tension becomes a smaller fraction of the tension.


5.58.
Identify:   Apply 
[image: image341.wmf]m
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Set Up:   The free-body diagrams are sketched in Figure 5.58. 
[image: image343.wmf]1
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 is the tension in the lower chain, 
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 is the tension in the upper chain and 
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 is the tension in the rope.

Execute:   The tension in the lower chain balances the weight and so is equal to w. The lower pulley must have no net force on it, so twice the tension in the rope must be equal to w and the tension in the rope, which equals F, is 
[image: image346.wmf]/2.
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 Then, the downward force on the upper pulley due to the rope is also w, and so the upper chain exerts a force w on the upper pulley, and the tension in the upper chain is also w.

Evaluate:   The pulley combination allows the worker to lift a weight w by applying a force of only 
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	Figure 5.58



5.64.
Identify:   We can use the standard kinematics formulas because the force (and hence the acceleration) is constant, and we can use Newton’s second law to find the force needed to cause that acceleration. Kinetic friction, not static friction, is acting.

Set Up:   From kinematics, we have 
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 applies. Forces perpendicular to the ramp balance. The force of kinetic friction is 
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Execute:   Call +x upward along the surface of the ramp. Kinematics gives 
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 Solving for F gives 
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Evalute:   As long as the box is moving, only kinetic friction, not static friction, acts on it. The force can be less than the weight of the box because only part of the box’s weight acts down the ramp.


5.66.
Identify:   The horizontal force has a component up the ramp and a component perpendicular to the surface of the ramp. The upward component causes the upward acceleration and the perpendicular component affects the normal force on the box. Newton’s second law applies. The forces perpendicular to the surface balance.
Set Up:   Balance forces perpendicular to the ramp: 
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 Apply Newton’s second law parallel to the ramp surface: 
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Execute:   Using the above equations gives 
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 Solving for F gives 
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Evaluate:   Even though the push is horizontal, it can cause a vertical acceleration because it causes the normal force to have a vertical component greater than the vertical component of the box’s weight.


5.68.
Identify:   This is a system having constant acceleration, so we can use the standard kinematics formulas as well as Newton’s second law to find the unknown mass 
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Set Up:   Newton’s second law applies to each block. The standard kinematics formulas can be used to find the acceleration because the acceleration is constant. The normal force on 
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Execute:   Standard kinematics gives the acceleration of the system to be 
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 Applying Newton’s second law to 
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 where T is the tension in the cord. Solving for T gives 
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 Newton’s second law for 
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Evaluate:   This problem is similar to Problem 5.67, except for the sloped surface. As in that problem, we could treat these blocks as a two-block system. Newton’s second law would then give 
[image: image378.wmf]21k112

sincos(),

mgmgmgmma

ama

--=+

 which gives the same result as above.
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