
0-1-1 [US] Two thermodynamics books, each with a mass of 1 kg, are stacked one on top 

of another. Neglecting the presence of atmosphere, draw the free body diagram of the 

book at the bottom to determine the vertical force on its (a) top and (b) bottom faces in 

kN. 

 

SOLUTION 

(a) From the free body diagram of the book at the top, a 

vertical force balance produces: 

  

1 2

1

m kN
         kg k

0.00981 kN

N
1000 s N

1 9.81
      

1000

mg
F

F

 
  

 

  

 

 

(b) Using the free body diagram of the book at the bottom,
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0-1-2 [UA] Determine (a) the pressure felt on your palm to hold a textbook of mass 1 kg 

in equilibrium. Assume the distribution of pressure over the palm to be uniform and the 

area of contact to be 25 cm
2
. (b) What-if Scenario: How would a change in atmospheric 

pressure affect your answer (0: No change; 1: increase; -1 decrease)? 

 

SOLUTION 

(a) 
2

kN
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m

F
p
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mg
p p

A
      

3.924 kPap   

 

(b) A change in atmospheric pressure would not affect the answer because the net force 

created by a uniform pressure around any object is zero. Answer: 0 
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0-1-3 [UH] The lift-off mass of a Space Shuttle is 2 million kg. If the lift off thrust (the 

net force upward) is 10% greater than the minimum amount required for a lift-off, 

determine the acceleration. 

 

SOLUTION 

thrust gravity ;                

1.1 ;  0.1 ;

F F ma

mg mg ma a g
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0-1-4 [UF] A body weighs 0.05 kN on earth where g = 9.81 m/s
2
. Determine its weight 

on (a) the moon, and (b) on mars with g = 1.67 m/s
2
 and g = 3.92 m/s

2
, respectively. 

 

SOLUTION 

0.05 1000
;     ;     5.097 kg;

9.81 

w
m m m

g


      

(a) On the moon: 
  5.097 1.67

 ;     
10

0.00
0

8 12 k
0

5  Nw w    

 

(b) On Mars: 
  5.097 3.92

 ;  0.01998   N 
00

k
1 0

w w    
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0-1-5 [UD] Calculate the weight of an object of mass 50 kg at the bottom and top of a 

mountain with (a) g = 9.8 m/s
2
 and (b) g = 9.78 m/s

2
 respectively. 

 

SOLUTION 

(a)   50 9.8
;      ;     

1000 100
0.49 k

0
N

mg
w w w      

 

(b)   50 9.78
 ;     0.489 k

1000
Nw w    

This
 w

ork
 is

 pr
ote

cte
d b

y U
nit

ed
 S

tat
es

 co
py

rig
ht 

law
s  

an
d i

s p
rov

ide
d s

ole
ly 

for
 th

e u
se

 of
 in

str
uc

tor
s i

n t
ea

ch
ing

  

the
ir c

ou
rse

s a
nd

 as
se

ss
ing

 st
ud

en
t le

arn
ing

. D
iss

em
ina

tio
n  

or 
sa

le 
of 

an
y p

art
 of

 th
is 

work
 (in

clu
din

g o
n t

he
 W

orl
d W

ide
 W

eb
) 

will 
de

str
oy

 th
e i

nte
gri

ty 
of 

the
 w

ork
 an

d i
s n

ot 
pe

rm
itte

d.

© 2015 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



0-1-6 [UM] According to Newton's law of gravity, the value of g at a given location is 

inversely proportional to the square of the distance of the location from the center of the 

earth. Determine the weight of a textbook of mass 1 kg at (a) sea level and (b) in an 

airplane cruising at an altitude of 45,000 ft. Assume earth to be a sphere of diameter 

12,756 km. 

 

SOLUTION 

(a) At sea level 

0 02
;

GmM
w g m

R
   

  0 9.81 1 ; w   

0 9.81 Nw   
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3 km
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h
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9.767 1 ;

g g

w

 
 
    



 

 

9.76 Nw   
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0-1-7 [UJ] The frictional force on a block of mass mA resting on a table (see 

accompanying figure) is given as F = μN, where N is the normal reaction force from the 

table. Determine the maximum value for mB that can be supported by friction. Assume 

the pulley to be frictionless. 

 

SOLUTION 

The maximum value of Bm  that can be supported by the friction: 
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0-1-8 [UW] If the block A in problem 0-1-7 [UJ] sits on a wedge with an angle θ with the 

horizontal, how would the answer change? 

 

SOLUTION 

The normal force on the block is:  
cos

;  kN  
1000

Am g
N


  

A balance between the tension in the string and friction produces: 

The normal force on t 

cos
;

1000 1000

A Bm g m g 
  

cos ;A Bm g m g     

cosAB mm     
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0-1-9 [XR] A block with a mass of 10 kg is at rest on a plane inclined at 25
o
 to the 

horizontal. If μs = 0.6, determine the range of the horizontal push force F if the block is 

(a) about to slide down, and (b) about to slide up. 

 

SOLUTION 

(a) As the block is about to slide down, friction acts upward and a force 

balance along the slope yields: 

 
sin

cos cos sin ;
1000

s
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F mg F
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0.010248 kNF   

The negative sign indicates that a slight pull force is necessary to overcome friction 

for the block to slide down.  

 

(b) As the block is about to slide up, friction acts downward and a force balance along 

the slope yields: 

 cos sin sin
cos ;

1000

s mg F mg
F
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s s
s

s

mg mg
F F

F

     
  

  

 
    



 
 

 

 

0.1452 kNF   
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0-1-10 [XO] A vertical piston cylinder device contains a gas at an unknown pressure. If 

the outside pressure is 100 kPa, determine (a) the pressure of the gas if the piston has an 

area of 0.2 m
2
 and a mass of 20 kg. Assume g = 9.81 m/s

2
. (b) What-if Scenario: What 

would the pressure be if the orientation of the device were changed and it were now 

upside down? 

 

SOLUTION 

(a) piston 2

piston 0 piston 2

m kN
;                   kPa m kg =kN

1000 s N
i

m g
p A p A
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0 2 2 2
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kN m kN 1
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20 9.81
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1000 0.2  
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100.981 kPaip   

 

(b) piston 2

piston 0 piston 2

m kN
;                   kPa m kg =kN

1000 s N
i

m g
p A p A
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0
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99.019  kPaip   

po 
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mg 
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