Problem (1-9)

-9 At 457 latitude, the gravitational acceleration as a func-

tion of elevation 7 above sea level 1s given by ¢ = a — bz,

where ¢ = 9.807 m/s® and b = 3.32 *% 1079 572, Determine

the height above sea level where the weight of an object will

decrease by 1 percent. Answer: 29,539 m




Problem (1-9)

1-9 The variation of gravitational acceleration above the sea level 15 given as a function of altitude. The
height at which the weight of a body will decrease by 1% 15 to be determined.

Analysis  The weight of a body at the elevation z can be expressed as 4
W =mg=m(9807-332x10%z)

In our case,
V=099 = 099mg, = 0.99(m)(9.807)

Substituting, 0
099(9.81)=(9.81-3.32x107° ) —> =29,539 m SE;E;



Problem (1-12)

1-12 ;% A 5-kg rock 1s thrown upward with a force of

<6y 150 N ata Iﬂcauu m where the local gravitational
acceleration 15 9.79 m/s?. Determine the acceleration of the
rock. in m/s”.




Problem (1-12)

1-12 A rock 1s thrown upward with a specified force. The acceleration of the rock 1s to be determined.

Analysis The weight of the rock 1s

b

| IN
W =mg=(5kg)0.79 mis"} ——— ‘ 4895 N \

lkg-m/s™

1
b &

Then the net force that acts on the rock 15

Fo =Fy ~Fjopy =150-4895=101.05N

From the Newton's second law, the acceleration of the rock becomes

s
i

1 ke m/s’ )
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F lﬂl.DfﬂN[
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m S kg

‘:20.2 mis?
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Problem (1-33)

Given:T =18 °C

1-33 A temperature 1s given m “C. It 1s to be expressed in °F. K. and B

Analysis Using the conversion relations between the various temperature scales,

TIK]=T("C)+273=18°C +273=291 K
T(°F]=18T(°C) +32=(1.8)(18) + 32 = 64.4°F
TR]=T(°F)+460 =644+ 460 =5244 R




Problem (1-53) (S Ik

Given: p, =1050kPa, p, =1400kPa

1-53 The pressure in chamber 3 of the two-piston cylinder shown m the figure 1s to be determined.

Analysis The area upon which pressure 1 acts 1s

D; : F
A =72 = 7 8 5097 o’ l
] 4

and the area upon which pressure 2 acts 1s

ﬂ‘}' k 2 i
4y =72 =7 O 19 6302
I 4

The area upon which pressure 3 acts 1s given by

Ay = 4 - 4, =50.27-19.63=30.64 cm” T
F

The force produced by pressure 1 on the piston 15 then

-
F4

lm

o
R =R4 :ﬂﬂiﬂm-'m%i — (5027 cm’) = 52784
cm”



Problem (1-53)

while that produced by pressure 2 15

lm” }(19.63 em?) = 2748 KN
1000 cm™

F, =P 4, =(1400kN/m*)

11 i

According to the vertical force balance on the piston free body diagram
Fy=F-F=378-2748=1253kN

Pressure 3 15 then

, ,
f

P 1000 cm* 'nf lkPﬂj .I]:EEEHF'E

4 30 64 cm’ \ kN/m™ )

F,  253KN

1m’

|
s



Problem (1-62

Given : h =30m, barometric pressure =101kPa, S.G =1.03

1-62 A diver 1s moving at a specified depth from the water surface. The pressure exerted on the surface of
the diver by water 1s to be determined.

Assumptions The vanation of the density of water with depth 1s negligible.

Properties The specific gravity of seawater 1s given to be SG = 1.03. We take the density of water to be

1000 kg/m’.
Amnalysis The density of the seawater 1s obtained by multiplying its P
specific gravity by the density of water which 1s taken to be 1000
kg/m’: Sen
0 =SGx pg.o = (1.03)(1000 kg/m’) = 1030 kg/m’ _ h
B

The pressure exerted on a diver at 30 m below the free surface of
the sea is the absolute pressure at that location:

P=P_ +pch
= (101 kPa) + (1030 kg/m*)(9.807 m/s°)(30 m)
—404.0 kPa

[ 1kPa |
1000 N/m? )




Problem (1-81)

1-81 The top part of a water tank 15 divided wto two compartments, and a flmd with an unknown density 15
poured wto one side. The levels of the water and the liquid are measured. The density of the flud 1s to be
determined.




Problem (1-81)

1-81 The top part of a water tank 1s divided into two compartments, and a fluid with an unknown density 1s

poured into one side. The levels of the water and the liquid are measured. The density of the flmd 1s to be
determuned.

Assumptions 1 Both water and the added liquid are

mcompressible substances. 2 The added liquid does not nux
with water.

Properties We take the density of water to be p =1000 kg/m’.

Analysis Both fluids are open to the atmosphere. Noting that the
pressure of both water and the added fluid 1s the same at the
contact surface, the pressure at this surface can be expressed as

'FEDDIEEI = Patm + Jﬂfg‘;?f = Patl:u + :ﬂwghw

Simplifying and solving for p; gives

peghe = poghy = py= ;z o, = “;':’Z(luﬂﬂkgm)_-,ﬁISkg,m Contact Surface
i

Discussion Note that the added flud 1s lighter than water as expected (a heavier flud would sink 1n water).



Problem (1-83)

1-83 A multi-fluid container 1s connected to a U-tube. For the given specific gravities and fluid column
heights, the gage pressure at A and the height of a mercury column that would create the same pressure at

A are to be determuned.

Assumptions 1 All the liqmds are mcompressible.

2 The multi-fluid contaner 1s open to the

A
atmosphere.
Properties The specific gravities are given to be 70 cm | Ol
1.26 for glycerin and 0.90 for oil. We take the 5G=0.90
standard density of water to be 8, =1000 kg/m’, ¥
and the specific gravity of mercury to be 13.6.
— . 30 cm Water
Analysis Starting with the atmospheric pressure
on the top surface of the container and moving Glveer
long the tube by adding (as we go dow yee
along the tube by adding (as we go down) or 0 em SC1 %6

subtracting (as we go up) the pegfi terms until we

reach point 4. and setting the result equal to Py
give

sz:u + Jﬂu-ilgh-:-il +pwgh“. _pgl}-ghgl}' = PJ!L

90 cm




Problem (1-83)

Rearranging and using the defimtion of specific gravity,
PA _Patm = SGDL[ pu'ghuﬂ +SG ]'.'Fr‘-l. glr?”. _SG ely l'ﬂu'ghgl}'

PA:gage =EP, (SGnil h-:-i] + SGL ;?1 - SGgl}' h gl}')

Substituting,

N

1000kg -m/s” |

Py ree = (9-81m/s?)(1000 kg/m*)[0.90(0.70 m)+1(0.3 m) ~1.26(0.70 m;j

1
!

= 0.471kN/m’ = 0.471kPa

The equivalent mercury column height 1s

P Zage 0471kN/ ’ Irlﬂm}k -m/ 2
_Page _ m £-m® ‘:ﬂ.ﬂt}ﬁ}m:ﬂ.ﬁﬁﬁﬂm
J

g (13.600kgm’)(1000kgm’)98ImsY)|  1kN

hy

Discussion Note that the high density of mercury makes 1t a very suitable flmd for measuring high
Pressures in manometers.



Problem (1-97)

1-97 The thrust developed by the jet engine of a Boewng 777 15 given to be 83,000 pounds. This thrust 15 to
be expressed m N and kef

Analysis Noting that | [bf=4448 N and T kgf =081 N, the thrust

developed can be expressed m two other units as

Throstin No - Thrust = (85,000 1bf \%‘ 3.78x10° N

1kgf

Throstin kef:  Thrust=(37.8x10° N ‘ ] 385:10* kof



Problem (1-111)

1-111 A glass tube open to the atmosphere 1s attached to a water pipe, and the pressure at the bottom of the
tube 1s measured. It 1s to be determined how high the water will rise 1n the tube.

Praperties The density of water is given to be p = 1000 kg/m’

Analysis The pressure at the bottom of the tube can be expressed as

P=P, +(pgh) s

Solving for #, K
Pu=92kPa [
;?:P_Pm P =115kPa m=——— - —
& | g - Water PRI Sh iy
(115-92)kPa | 1kg-mss’ H 1000 N/ ‘ By
~(1000kgm’)081mi?)|  IN | 1kPa
=2.34m



Problem (1-116)

P

L . atm
1-116 A water pipe 15 connected to a double-U manometer Ol

whose free arm 15 open to the atmosphers. The absolute /\
pressure at the center of the pipe 15 to be determmed. P =7 m

Center ' 11

=]

Assumptions 1 All the hquds are mcompressible. 2 The —
solubility of the liquids m each other 1s neghgible,

Properties The specific gravities of mercury and o1l are given Oil
to be 13.6 and ﬂ'ﬂ[}f rfsgecm-'eli'. We take the density of water 00 by
to be p,, = 1000 kg/m’" 100

Analysis Starting with the pressure at the center of the water 150 cm
pipe. and moving along the tube by adding (as we go down) or A

subtracting (as we go up) the ggh terms until we reach the

free surface of oil where the o1l tube 15 exposed to the
atmosphere, and setting the result equal to Py, gives

P _n Mercury
Center —




Problem (1-116)

P waterpipe Prater & h‘ﬁ'ﬁtﬂ' T P& JTEu:-il —F He & hHg ~Pul & J?3::-1'1 =F fatm

th-iﬂg fﬂr P WATET [pe, N
P Water pipe F am T Prater & (hwater B lS"thil’? Toil SGHEIIHg t SGu-ilJri'.;.il} BRI
Substifuting, o0k ) "
Prsarspe = 98K+ (1000 kg/m™)(9.81 m/s*)[0.90 m-0.8(1.5 m) t5deml |} | |
i _ ‘-.I Fil 3 N C
1N 1 kP Water v 1l
+13.6(0.4 m)+0.8(Tm)] O proe ; ;_ \\l e
-156 kPa Al

Therefore, the absolute pressure 1n the water pipe 15 136 kPa.

Discusston Note that jumping horizontally from one tube to the next and realizing that pressure remains the
same 11 the same fluid stmplifies the analysis greatly.



THE END



	Problem (1-62)

