
5.14 • Three sleds arc being pulled horizontally on frictionless 
horizontal ice using horizontal ropes (Fig. E5.14). The pull is of 
magnitude 125 N. Find (a) the acceleration of the system and (b) 
the tension in ropes A and B. 

Figure E5.14 

30.0 kg 

5.15 .. Atwood's Machine. A 
15.0-kg load of bricks hangs from 
one end of a rope that passes over 
a small, frictionless pulley. A 28.()-. 
kg counterweight is suspended 
from the other end of the rope, as 
shown in Fig. E5.15. The syste m 
is released from rest. (a) Draw 
two free-body diagrams, one for 
the load of bricks and one for the 
counterweight. (b) What is the 
magnitude of the upward acceler
ation of the load of bricks? (c) 
\Vhat is the tension in t.he rope 
while the load is rnoving? How 
does the tension compare t.u the 
weight of the load of bricks? To 
the weight of the counterweight? 
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5.16 •• CP A 8.00-kg block of ice, released from rest at the top of 
a 1.50-m-long frictionless ramp. slides downhill, reaching a speed 
of 2.50 mjs at the bottom. (a) What is the angle between the ramp 
and the horizontal'? (b) What would be the speed of the ice at the 
bottom if the motion were opposed by a constant friction force of 
I 0.0 N parallel to the surface of the ramp? 
5.17 •• A light rope is attached to a block with mass 4.00 kg that 
rests on a frictionless, horizontal surface. The horizontal rope 
passes over a frictionlc;s, mas, less pulley, and a block with mass m 
is suspended from the other end. When the blocks are released, the 
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450 N. (a) Find the acceleration of the elevator (magnitude and 
direction). (b) What is the acceleration if the scale reads 670 N'? 
(c) If the scale reads zero, ; hould the student worry? Explain. 
(d) What is the tension in the cable in parts (a) and (c)? 
5.21 •• CP Bill Force During a Jump. An average person can 
reach a maximum height of abom 60 em when jumping straight up 
from a crouched position. During the jump itself, the person 's 
body from the knees up typically rises a distance of around 50 em. 
To keep the calculations simple and yet get a reasonable result, 
assume that the enrire body rises this much during the jump. 
(a) With what initial speed does the person leave the ground to 
reach a height of 60 cm'1 (b) Draw a free-body diagram of the per
son during the jump. (c) Tn terms of this jumper's weight •v, what 
force does the ground ex en on him or bcr during the jump? 
5.22 • • CP CALC A 2540-kg test rocket .is launched vertically from 
the launch pad. Its fuel (of negligible mass) provides a thrust force so 
that its vertical velocity us a function of time is g iven by v(t) = 

At + Br 2, where A and B arc constants and time is measured from the 
instant the. fuel is ignited. At the instant of ignition. the rocket has an 
upwanl acceleration of 1.50 m/ s2 and I .00 s later an upward velocity 
of 2.00 mjs. (a) Determine A and B. including their SJ units. (b) At 
4.00 s after fuel ignition, what is the acceleratjon of the rocket, and (c) 
what thrust force does the burning fuel exert on it, assuming no air 
resist<1.nce? Express the thmst in newtons and as a rnultiple of the 
rocket's weight. (d) 'Vhat was the initial tluust due to the fuel" 
5.23 •• CP CALC A 2.00-kg box is moviug to the right with speed 
9.00 m/s on a horizontal, frictionless surface. At I = 0 a horizon
tal force is applied to the box. The force is directed to the left and 
has magnitude F(r) = (6.00 N/s2)! 2 . (a) What distance does the 
box rnovc frorn its position at t = 0 before its speed is reduced to 
zero? (b) ff the force continues to he applied, what is the speed of 
the box at t = 3.00 s'? 
5.24 •• CP CALC A 5.00-kg crate is suspended from the end of a 
shon vertical rope o f negligible mass. An upward force F(t) is 
applied to the end of the rope. and the height of the crate above its 
initial position is given by y(t) = (2.80 mjs)t + (0 .6 10 mjs3 )t 3 

\Vhat is tile magnitude of the force F when 1 = 4.CX) s? 

tension in the rope is 10.0 N. (a) Draw two free-body diagrams, Section 5.3 Frictional Forces 
one for the 4.00-kg block and one for the block with mass m. 
(b) What is the acceleration of either block? (c) Find the mass m of 
the hanging block. (d) How does the tension compare to the weight 
of the hanging block? 
5.18 •• CP Runway Design. A transport plane. takes off from a 
level landing field with two gliders in ww. one behind the other. 
The mass of each glider is 700 kg, and the total resistance (air drag 
plus friction with the mnway) on each may be assumed constant 
and equal to 2500 N. The tension in the towrope between the trans
port plane and the first glider is not to exceed J 2,000 N. (a) .Tf a 
speed of 40 m/s is required for takeoff, what minimum length of 
mnway is needed? (b) What is the tension in the towrope between 
the two gliders while they arc accelerating for the takeoff? 
5.19 •• CP A 750.0-kg boulder is raised from a quarry 125 m 
deep by a long utriform chain having a mass of 575 kg. This chain 
is of uni form strength, but at any point it can support a maximum 
tension no greater than 2.50 times its weight without breaking. (a) 
\Vhat is the maximum acceleration the boulder can have and still 
get out of the quatry, and (b) how long does it take to be lifted out 
at max imum accclerat.ion if it started from rest? 
5.20 •• Apparent Weight. A 550-N physics student stands on a 
bathroom scale in an 850-kg (i ncluding the student) e le vator that is 

5.25 • 810 The Trendclenburg Position. fn emergencies with 
m<\jor blood loss, the doctor will order the pal'ient placed in the 
Trendelenburg position, in which the foot of the bed is raised to gel 
maximum blood flow to the brain. If the coefficient of static fric
tion between the typical patient and the bedsheets is 1.20, what is 
the maximum angle at which the bed can be tilted with respect ro 
the tloor before the patient begins to sl.ide'' 
5.26 • In a laboratory experiment on friction, a 135-N block rest
ing on a rough horiLontaltable is pulled by a horizontal wire. The 
pull gradually increases until the block begins ro move and contin
ues to increase thereafter. Figure E5.26 shows a graph of the fric
tion force on this block as a function of the pull. (a) Identify the 

Figur·e E5.26 
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supported by a cable. As the elevato r ;tarts moving, the scale reads 0 25.0 50.0 75.0 ttlO.O 125.0 150.0 
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