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:

F=9 tkgmzk_N:kNJ
1000 s° N mg
F E

= M =0.00981 kN
1000

1

Fl
(b) Using the free body diagram of the book at the bottom, E T mg
2
mg
F,=F+— kN
2 11000 [kN]

=F = 0.00981+M =0.01962 kN
1000
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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?. (b) What-if Scenario: How would a change in atmospheric
pressure affect your answer (0: No change; 1: increase; -1 decrease)?

SOLUTION
F | kN
a) p=—; | —=kPa
CER
p= mg . S - (1)(9.81) ’
1000A (1000)(0.0025)
= p=3.924 kPa

(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 F =ma;,

gravity —

1.1png — pag = pa; — a=0.1g;
= a=(0.1)(9.81);

=a=0981 1
S
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0-1-4 [UF] A body weighs 0.05 kN on earth where g = 9.81 m/s®. Determine its weight
on (a) the moon, and (b) on mars with g = 1.67 m/s® and g = 3.92 m/s?, respectively.

SOLUTION
m= ﬂ; =m= —0'05X1000; = m=>5.097 kg;
g 9.81
5.097)(1.67
(a) On the moon: w:w ;= w=0.008512 kN
1000
(5.097)(3.92)

(b) On Mars: w= ; =>w=0.01998 kN

1000
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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® and (b) g = 9.78 m/s” respectively.

SOLUTION

(@) W:ﬂ; :sz; = w=0.49 kN
1000 1000

(b) W=% ;= w=0.489 kN
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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) Atsea level
W, = szl\/l _g,
R
= w, =(9.81)(1);

—w, =9.81 N

(b) Ath=45,000 ftx0.3048(10)° %m ~13.716 km

GmM GmM R® R?
21 = W= 2 2 :>W:g0—2
(R+h) R® (R+h) (R+h)

W=

m, = w=gm;

m
(9.81 s,ZJ (6,378 km)?

m
= g= s, = 9=9.76—;
(6,378 km+13.716 km) S

= w=(9.767)(1);
=w=9.76 N
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0-1-7 [UJ] The frictional force on a block of mass maresting on a table (see
accompanying figure) is given as F = uN, where N is the normal reaction force from the
table. Determine the maximum value for mg that can be supported by friction. Assume
the pulley to be frictionless.

SOLUTION
The maximum value of m, that can be supported by the friction:

_ HM\G . [ ]
A 1000
msg .
F.=—82: [kN
® 1000 [kN]
F,=F;;

=um, g =m; g,

= Mg = 1M,
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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 8 with the
horizontal, how would the answer change?

SOLUTION

m,g cose; [kN]
1000
A balance between the tension in the string and friction produces:

The normal force on the block is: N =

The normal force on t

4m,g cos® — mgg .
1000 1000’

= um, g cosd=mgg;

= m, = um, cose
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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°to the
horizontal. If us = 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

(@) As the block is about to slide down, friction acts upward and a force —F>
balance along the slope yields:

. mgsin @ y AETES
F cos@+ mgcos@+Fsing)=——:
#s(mg )="1000 N
ino 0 mg
:F(c050+yssin9):mg(sm —#4,C0 );
1000

_ mg(sin@— u, cosd)
1000(cos @+ u, sin @)’

(10)(9.81)(sin 25°—-0.6c0s 25°) .
(1000)(cos 25°+0.6sin 25°)
= F =-0.010248 kN

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:

4 (mg cos @+ Fsin@)+mgsing

Fcos@= ;
1000

mg (g, cosé@+sin9) ~F_ mg (, cos @ +sin )
1000 ’ 1000(cos & — 4, sin 0)

_ (10)(9.81)(0.6c0s 25°+5sin 25°) |

~ (1000)(cos 25°—0.6sin 25°)

= F(cosd— p,sin@)=

= F =0.1452 kN
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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? and a mass of 20 kg. Assume g = 9.81 m/s%. (b) What-if Scenario: What
would the pressure be if the orientation of the device were changed and it were now
upside down?

SOLUTION
m is| ong m kN po
(a) p; Ajiston = pOAbiston +ﬁa |:kpa'm2 = kgS_ZW:kN:| lll
Misond | _kN mkN 1 }
.= —_— kP - = k — T i
= P =P 1000) A { 9 N W ﬂfp.
m
= p. =100+ (20)(9'81) ; :
h= (1000)(0.2)
= p, =100.981 kPa
m is ong . m kN —
(b) P; AJiSIOﬂ + 1p0t00 = pOAJistom [kpa'mz = kgSTW_kN:|
— p — p _ mpistong .
I ’ (1000) Aﬁ)iston ’
b =100 (20)(9.81) _
b= (1000)(0.2)

= p, =99.019 KPa
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