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1.4 Perform the following unit conversions:
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1.5 Perform the following unit conversions:
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1.6 Which of the following food items weighs approximately one newton?

a. a grain of rice

b. a small strawberry

c. a medium-sized apple
d. a large watermelon



1.7 A person whose mass is 150 Ib weights 144.4 Ibf. Determine (a) the local acceleration of
gravity, in ft/s?, and (b) the person’s mass, in Ib, and weight, in Ibf, if g = 32.174 ft/s°.

(@) Fgray =mg —

Forav _ 144.41bf [32.174 1b - ft/s?| _

= 30.97 ft/s*
m 150l | 1lbf |
(b) Mass value remains the same. So
Fgrav = Mg = (150 Ib)(32.174%\| 1bf 5 | = 150 Ibf
s? |32.174 b -t/s?|



1.8 The Phoenix with a mass of 350 kg was a spacecraft used for exploration of Mars.
Determine the weight of the Phoenix, in N, (a) on the surface of Mars where the acceleration of
gravity is 3.73 m/s* and (b) on Earth where the acceleration of gravity is 9.81 m/s.

KNOWN: Phoenix spacecraft has mass of 350 kg.

FIND: (a) Weight of Phoenix on Mars, in N, and (b) weight of Phoenix on Earth, in N.
SCHEMATIC AND GIVEN DATA:

m = 350 kg

gMars = 3.73 m/82

ENGINEERING MODEL.:
1. Acceleration of gravity is constant at the surface of both Mars and Earth.

ANALYSIS: Weight is the force of gravity. Applying Newton’s second law using the mass of
the Phoenix and the local acceleration of gravity

F=mg
(@ On Mars,
F = (350 kg)(3.73£2)$2 = 13055 N
s J|1kg-m/s
(b) On Earth,
F = (350 kg)(Q.Sl%]AZ = 34335 N
s J|1kg-m/s

Although the mass of the Phoenix is constant, the weight of the Phoenix is less on Mars than on
Earth since the acceleration due to gravity is less on Mars than on Earth.



PROBLEM 1.9

Eq. ).8 /s used ., both parts? n

-
-

/M, where M G fon Tables 4-/,

(«) W= Mn ;, where w = 20kmol.
Ave o w = ( 28.9% nsjkmm')(ZO RIMoJ) = 579. 4 K_j
€. 3 m = (12.01 ky/ kmol ) ( 20 nmd) = 240.2 K9
P S—
Hp 00  waz (1802 k) kol )(W kmol) = 3206, 4 kg
Co, : m = (44.0 kg/kmo/) (ZOKMJ) = 580.2 kg
(v) Nz m/M, Where m= 50 1b,
Hy: wz(seolb)](z.606 l6)ibmol) = 24,302 lbmio/
Nz_'. -

= ($216)/(28.00 Ib/lbmal) = 1.7 85 Ibwie/

a1 e——
NHg: h= (5018)/ (17,03 lo/lbwal) = 2.93C lbmo!/

GHg: n= (18) ] (4409 16 towal) = 1U34 jbmel



PROBLEM I.1D
Using magnidndes,

[E] = wioo] , lel=609
= m(éoa) 2 GOMS
| 165 _ ; —
2 o ( solb)3222 .{sf) T = 3000 lbf

rouncled




1.11 At the grocery store you place a pumpkin with a mass of 12.5 Ib on the produce spring
scale. The spring in the scale operates such that for each 4.7 Ibf applied, the spring elongates one
inch. If local acceleration of gravity is 32.2 ft/s?, what distance, in inches, did the spring
elongate?

KNOWN: Pumpkin placed on a spring scale causes the spring to elongate.
FIND: Distance spring elongated, in inches.

SCHEMATIC AND GIVEN DATA:

ENGINEERING MODEL.:
1. Spring constant is 4.7 Ibf/in.
2. Local acceleration of gravity is 32.2 ft/s?.

ANALYSIS:
The force applied to the spring to cause it to elongate can be expressed as the spring constant, k,

times the elongation, x.
F = kx

The applied force is due to the weight of the pumpkin, which can be expressed as the mass (m) of
the pumpkin times acceleration of gravity, (g).

F = Weight = mg = kx

Solving for elongation, x, substituting values for pumpkin mass, acceleration of gravity, and
spring constant, and applying the appropriate conversion factor yield

(12.51b 3221
(M9 _ 52 11bf

k (4.7'_”} ‘32.174Ib 1t

in. 82

=2.661in.




PROBLEM [.12

The spring is known to deflect 0.14 inch for every I Ibf of applied force. Thus, we begin
by determining the weight of the object (Fgray) using the deflection (Ax) givenas 1.8
inches.

Ax =1.8 inches = (0. 148:)(F,,,) - -

( 5 1.8 inches
o (0.14 4z

Ibf

=12.86 Ibf

== m=q
/g=3] fr/s?
Ay . Ax= 18 in,
The mass can be solved from the
expression Fg,,, = mg.

VVVAAN -

r'und&
32.2ft-1b/ |
m= ) _ 12.861bf 281 =13 .361b
g 315 1Ibf

h,
»

m=13.361b T



PROBRLEM 1.|3
Weish't. refers +o Ha force of gnw"ﬁ’i FSn.v = mgq .

Thus, when her wass is 12olb and weight Ha lef; we have

Fyrav

3= W " ize lb

119 Ibf l J2.174 "."H'}it' ] b 3‘.‘?06 ‘.‘t/si- e R
1 b+

When her mass w 2o lb and g= 3;.:35‘-{&/;“1 e have

o 16 ’ il
Frav: wq = (zolb)(32.06 F/U]Wsa.]

= 119.5%4 lb-f: -

COMMENT, Her wmass remains constant, bPut weght depends
on the locel accelerathon of fjf"ﬂ\'l'*&.

PROBLEM |-14
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PROBLEM LIS~
m= 45 (b
a=3g, whee g=322F/s"
l ZE = ma
thltcﬂn: air rfhshnf_f‘,
qud\'

F‘Fgr:.v = oo
5 F=wa -+ fRQav

mo. + m9 :m(‘aa)+nn3
m(43)
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nN—_—>
r—‘-'ilu
i P




PROBLEM .6

The FBD of the object is as shown with an upward applied force of 10 Ibf and the force
downward due to gravity where £, grav=mg and g is given as 32.2 ft/s’. Summing forces
yields the following equation that can be rearranged to solve for acceleration. It is
assumed that up is positive.

Fopia =10 Ibf
m =501b
F s
ft applied
=322—
£ 52
ft
a = ‘?S_“T
"F‘appllcd - Fgrnv = ma
Fmv =mg I —_—
grav_
g = Fapplicd = Fgrav = Fapptied —mg - Fappllud o A 4
m M Ht
3221t - Ib//3
_ 101bf ! _322%
501b 1bf S

a=-2528 if— downward
o2




1.17 A communications satellite weighs 4400 N on Earth where g = 9.81 m/s?>. What is the
weight of the satellite, in N, as it orbits Earth where the acceleration of gravity is 0.224 m/s*?
Express each weight in Ibf.

KNOWN: Weight of communications satellite on Earth.

FIND: Determine weight of the satellite, in N, as it orbits Earth where the acceleration of
gravity is 0.224 m/s®>. Express the satellite weight, in Ibf, on Earth and in orbit.

SCHEMATIC AND GIVEN DATA:

WSat(Earth) = 4400 N
Jorvit = 0.224 m/s?

ENGINEERING MODEL.:

1. Gravitational acceleration on Earth is constant at 9.81 m/s®.
2. Gravitational acceleration at orbital altitude is constant at 0.224 m/s?.

ANALYSIS: Weight of the satellite is the force of gravity and varies with altitude. Mass of the
satellite remains constant. Applying Newton’s second law to solve for the mass of the satellite
yields

W=mg — m=WI/g

On Earth,
M = Wsatarthy/9€arth

_ (4400N) [1kg-mis?|_

448.5 kg
m) IN |
9.81—2
S
Solving for the satellite weight in orbit,
Wsat(orbity = MYorbit
m IN
Wsat(orbit) = (448.5 kg)(0.224—j =100.5N
at(orbit) 52 1kg- m/SZ

Although the mass of the communications satellite is constant, the weight of the satellite is less at
orbital altitude than on Earth since the acceleration due to gravity is less at orbital altitude than
on Earth.



To determine the corresponding weights in Ibf, apply the conversion factor, 1 Ibf = 4.4482 N.

11bf

W. = (4400 N)————|=989.2 Ibf
Sat(Earth) ( )‘4.4482 N‘
11bf
Waat(orbit) = (100.5 N)——— | = 22.6 Ibf
Sat(orbit) ( )‘4.4482 N‘



PROBLEM | |8

(a) Mevico C.H?t) 3:.' 9. 379 W-fsz"

Fravz wag = Be Kj)(?-??'?ﬁ

4
d.tj-w}s"l
= 732.32 N

o) Cope Town , g° 9.7 w5+

Farar = mg = (Bokg )(9 ?-mm) I “a T

= TF8368 N

)  Tokyo, g A.F93 m/3-

1)

Fane= ™9 (80:3)(17-13__ |¢=sn}s=-|

783. 84 N

@) Chicago, 9= 9.803 W/t

frav = wa = (Boxp) 9. 303_1._)

5.!3 m/J‘
= ¥34.24 N
) Copcnkajen’ %: 9.8y m/s ™

Frav = W9 = Eora) (1airwfst) | AL |

= FE.2Z N



PROBLEM 119

1. The weight of the tower itself is ignored.
2. Local acceleration of gravity is 32.1 ft/s>.

3. P = 62.4 I/}

The structure must exert a minimum force equivalent to the weight of the water, which can be
expressed as the mass (m) of the water times acceleration of gravity, g.

F= Weight = mg
The mass of the water can be determined from its density times the volume the water occupies

3
m=pV= (62.4%](1,000,000 gal*&mﬂ

= 8,341,632 Ib
1 gal

Substituting for mass and acceleration of gravity and applying the appropriate conversion factor
yield

F=mg= (8,341,632 1b)| 32.1 fl Ik = 8,322,446 Ibf -
s? . Ib-ft
32.174——
| o
PRORLEM |20
s) Fr:v = -
E ] w g an.ble A=l
U.Sms E(.]_r.ﬁ‘? m=h M = D'SKMM(I?‘GS%J: 252 k9
I - -
2950w st s Bray= (852 Kj‘)(q.ﬂl%) 1_5::/5‘} = ¥3.58N a——— Brav
o)
i N fn\qz 3 ~ 6“&3 3 —
V= = — = o S = T e ik e I
n 6.5 wmsl = ::‘-!QE j v o, 8.52E9 e ?04% —_-— VY,V




1.21 A 2-Ib sample of an unknown liquid occupies a volume of 62.6 in.> For the liquid
determine (a) the specific volume, in ft*/Ib, and (b) the density, in Ib/ft>.

KNOWN: Volume and mass of an unknown liquid sample.
FIND: Determine (a) the specific volume, in ft*/Ib, and (b) the density, in Ib/ft*.
SCHEMATIC AND GIVEN DATA:

m=21Ib
V =62.6in2

ENGINEERING MODEL.:
1. The liquid can be treated as continuous.

ANALYSIS:

(a) The specific volume is volume per unit mass and can be determined from the total volume
and the mass of the liquid

v _626in3| 1ft |

== 5|= 0.0181 ft*/Ib
m  2lb [1728in3|
(b) Density is the reciprocal of specific volume. Thus,
p:lz ! 5 =552 lb/ft®
v ft
0.0181—

Ib



PROBLEM 1.27
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1.23 The specific volume of 5 kg of water vapor at 1.5 MPa, 440°C is 0.2160 m*/kg. Determine
(a) the volume, in m*, occupied by the water vapor, (b) the amount of water vapor present, in
gram moles, and (c) the number of molecules.

KNOWN: Mass, pressure, temperature, and specific volume of water vapor.

FIND: Determine (a) the volume, in m?, occupied by the water vapor, (b) the amount of water
vapor present, in gram moles, and (c) the number of molecules.

SCHEMATIC AND GIVEN DATA:

m =5 kg

p=1.5 MPa

T = 440°C

v =0.2160 m*/kg

ENGINEERING MODEL.:
1. The water vapor is a closed system.

ANALYSIS:
(&) The specific volume is volume per unit mass. Thus, the volume occupied by the water vapor
can be determined by multiplying its mass by its specific volume.

3
V=mo=(5 kg)[O.ZlGOr:—J: 1.08 m°
g

(b) Using molecular weight of water from Table A-1 and applying the appropriate relation to
convert the water vapor mass to gram moles gives

n= m_ > kgk )IlOOO moIesI = 277.5 moles
M 18.02 g J 1kmol
kmol

(c) Using Avogadro’s number to determine the number of molecules yields

# Molecules = Avogadro's Number x # moles = (6.022 x10%3 MJ(ZYY.S moles)
mole

# Molecules = 1.671x10%® molecules




PROBLEM |24

p= At
N
R-Dd.rfﬁv‘\ﬂl'lﬂ%)
p=Lle-adV =

ibf
1%

By ‘nypachon of Hlug €4 ugffan‘, A has vaits of

1§/ 4t%

B har un s '-”L‘F'}'“"F
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PROBLE 2

The FBD of the piston is as shown with a downward force due to the atmosphere (Fa)
where Faum = Paum Apision and Apision 18 the cross sectional area of the piston. Another
downward force is due to gravity (F grav) Where Fyry = Mpigion g and Mpiston 18 the mass of
the piston. The upward force (F, gas) 1S due to the pressure exerted on the bottom face of
the piston by the substarice where F gas = Pgas Apision AN Py 1S the pressure of the gas.

Summing forces yields the following equation that can be rearranged to explore whether
Pgas 18 constant. It is assumed that up is positive.

Fg“ =F o + Fu Fom
Fgas = pg,nsAp ‘L‘gm\- = mpismn 8 an = pnunA

pgas A piston = mmsmu g + pnrm A piston

"

i i & Pntm A iston M oicion &
APsun o = pis = A: + P anwlT Fgas

NSLONn piston iston
pi

piston

pga_-;=

Since each of the four quantities on the right-side of the above equation is constant, it

follows that the pressure acting on the bottom of the piston remains constant, <———

Volume change occurs as the gas is heated or cooled. »

PROBLEM |.2¢&

Since the piston wmaves .hueg-ilnl/v wittn +ha cylinder , +ha
P‘-"*""" bes.‘ns' o (IS8 hen +he force exected bu tla_

gas exceeds tha resishng force cowpored of Haa piston
weisht and +ha ferce exerid by tha o trwerphorsc pAessure.
That is,

Eudvny
iaht
F'gas 7 Wmﬁlvd + Fdue l e

Paas A > Mg + Rudm A

TF’.S
> P&“ ? -“%3— + Pat v
- [(Soks)( %:w/s*)] fbar | IV |
2 0.0l m* 105 M]m= 1l 1kgew) 5%
),' .49 bar PO S



1.27 Three kg of gas in a piston-cylinder assembly undergo a process during which the
relationship between pressure and specific volume is pv°° = constant. The process begins with
p1 = 250 kPa and V; = 1.5 m® and ends with p, = 100 kPa. Determine the final specific volume,
in m%kg. Plot the process on a graph of pressure versus specific volume.

KNOWN: A gas of known mass undergoes a process from a known initial state to a specified
final pressure. The pressure-specific volume relationship for the process is given.

FIND: Determine the final specific volume and plot the process on a pressure versus specific
volume graph.

SCHEMATIC AND GIVEN DATA:

State 1 State 2
r== Process 1— 2 — T T !
' ' ! Gas |
:_(_st_l pv0S = constant L !
m; =3 kg m, = 3 kg
p, = 250 kPa p, = 100 kPa
V,=15m3

ENGINEERING MODEL.:
1. The gas is a closed system.
2. The system undergoes a polytropic process in which po®° = constant.

ANALYSIS:
The final specific volume, v,, can be determined from the polytropic process equation

05_ 05
plvl - p202

Solving for v, yields
1

0 = Ul(s_i]o.s

Specific volume at the initial state, v, can be determined by dividing the volume at the initial
state, V1, by the mass, m, of the system




Substituting values for pressures and specific volume yields

1
m* ) 250 kPa \os ;
= [ 05T | 220KPa 105 _ 3 195 m3kg
% ( ng(lOOkPaj

The volume of the system increased while pressure decreased during the process.

A plot of the process on a pressure versus specific volume graph is as follows:

Pressure versus Specific Volume

260

240

220 A\

200 1\

180 AN
~

160

140 \
120 \

100 T T T T T
0.50 1.00 1.50 2.00 2.50 3.00 3.50

Specific Volume (m”™3/kg)

Pressure (kPa)




1.28 A closed system consisting of 4 Ib of a gas undergoes a process during which the relation
between pressure and volume is pV" = constant. The process begins with p; = 15 Ibf/in.2, vy =
1.25 ft¥/Ib and ends with p, = 53 Ibf/in.?, v, = 0.5 ft*/Ib. Determine (a) the volume, in ft?,
occupied by the gas at states 1 and 2 and (b) the value of n. (c) Sketch Process 1-2 on pressure-
volume coordinates.

KNOWN: Gas undergoes a process from a known initial pressure and specific volume to a
known final pressure and specific volume.

FIND: Determine (a) the volume, in ft*, occupied by the gas at states 1 and 2 and (b) the value
of n. (c) Sketch Process 1-2 on pressure-volume coordinates.

SCHEMATIC AND GIVEN DATA:

State 1 State 2
]

. G —
iL | i Gas i
m=41Ib p, = 53 Ibf/in.2
p, = 15 Ibf/in.? v, = 0.5 ft3/Ib

v, = 1.25 ft¥/lb

ENGINEERING MODEL.:
1. The gas is a closed system.
2. The relation between pressure and volume is pV" = constant during process 1-2.

ANALYSIS:
(&) The specific volume is volume per unit mass. Thus, the volume occupied by the gas can be
determined by multiplying its mass by its specific volume.

V=mou
For state 1
ft3
Vi =moy = (4 Ib)(l'ZSWJ =5 ft®

For state 2

ft3
V, =mo, = (41b) OBE =2 ft?



(b) The value of n can be determined by substituting values into the relationship:
p,(V))" = constant = p,(V,)"

Solving for n

.2
In( le In£15lbf/|n. J
53 Ibf/in.2
ne_P2)_ =138
|n(\/2] 2 ft3
In| £
Vi 5 3

(c) Process 1-2 is shown on pressure-volume coordinates below:

Process 1-2
60 -
State 2

Pressure (Ibf/in.2)
w iy (8]
o o o

N
o
I

State 1

=
o
I

Volume (ft3)




PROBLEM .29

Process 1 — 2
1 CO | Co ;
S j '

P2 =200 Ibf/in.2 p1=40 Ibf/in.2
V,=2.0 ft} V=35t

The pressure-volume relation is linear during the process. Therefore,

p_p]:JDE_pI and V: p__pl (D}_I/I)+I/']
Fal ¥ Py =P
Using given data where p =150 1bf/in.’
(150—200)% -50
V= - (35-2.00ft + 2.0t =" (1SR’ +2.0ft’ =2.5/° ——
Ibf -160

(40-200) —
mn.

p (Ibffin.2)
“
1
200+
150 i S
40 —+ 2
| | | > V(%)
| [ | -

) 7 3.5



PROBLEM 1.30

Since +W& pisten nover SMedhl” sitiafin +ig cyf;},derJ the force @xeried
by the aas equals the resishng force conposed q tha prsten werghd,
shat b= LyefﬂuJ force ey oried by +ha atineorp hari'c rvurru.rt J and

Ho force a(_'h'V\J tn the \-ngf)F-'. Tha+t I;s, tos Fona of +he -Fortﬂf
achng verti c.m‘a‘-] 1s Zero, qiving

Piston

Shaft
Fﬂ“ = ‘Net’uld‘]-f [w::g'd]"' Pty + F
Salving

T Heag Ml-/u\.a:sim,

Fga.s - E’S:l:gu-]_. sl,:j;l:d - Fatmn C*)

Fyas = Foas A p

) where AP o Hea P::\‘uﬂ -ﬁn: area '
T
R

s 2
Fﬁ“S = (.35“")] el g
i1bar

(78.54et) [ A

1
= 2386.2 N
10 " cwm

THa pussufe o f e atmerphaca acts oaly o +ha vet aree et fop of e
Piston — namely , tha piston face areo Less the arce occupied by T8t
sheft, Tha force & thén

Fatm = Patm [ Ap=A)

= (Abar) (78.54 - 0.8) m®

fﬂsufh"u b I 2

s e 1.4
.TNL"l‘o-i-oJ weight of +ha piston and sh..-f..d—u.&
Tobt weaght = (Mpakhan + mﬁhn{d’)a-
= QEK})LQ-&I%)I:L:““_ = 2453 N

Collecking resully, E‘}(*) Aivas

F

i\

235N — 2483 N~ F7R 4N

1

1333.5 N

B



1.31 A gas contained within a piston-cylinder assembly undergoes four processes in series:

Process 1-2: Constant-pressure expansion at 1 bar fromV, =05m°toV, =2 m’

Process 2-3: Constant volume to 2 bar
Process 3-4: Constant-pressure compression to 1 m?®
Process 4-1: Compression with pV~' = constant

Sketch the process in series on a p-V diagram labeled with pressure and volume values at each
numbered state.

p (bar) 4
21+ /47l3
1+ ¢
1 2
I I | =V (m3)
05 1



PROBLEM .

L1}
)

|

@) We have R = gas ond fa=R. [ »
- evalvated Lring Eq.0.0] , Collecﬁ'v:j results,

Gas at
pressure p

- Fas - R"-*"“""-ﬁtva[-

where Ay = 997 lr.a/m'? and 8:‘!»8!‘%}51.
Selving (—w b

Y nll
¥ L= [P.a“ b Pﬁ-}“‘) C] § =) bar- lbar
i\i‘iaur;omclcr J?*, a, ?1?‘ q Floa
liquid ( X )li‘s ﬁ/s"l

5.1 w P ————

(b) Following the appeeach of part(a) with Pm = ws“l_.j,gi.m FS0 e Hy

; = 10°NJ u‘l-
For E <"
L Ps“‘ - s i (].3 . I) % ms‘ N/“'L (Sceon I: l:.;me
(E-sq —g- -———__1 9 _—]th ¢ .
% ) ‘“"') Io*% II 4 mnl v )Itua /e
= OJ.?.SMI —T%"—l‘-: 22.5 em O W

PROBLEM |.33
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PROBLEM .34

Pam =1 bar —

Exit

Inlet
e Gas compressor Receiver
tank at
200 kPa

B

Fig. P1.34

Converting the local atmospheric pressure to kPa, we get pam = 100 kPa. Since the

pressure in the tank, 200 kPa, is greater than the atmospheric pressure, the Bourdon
reading is a gage pressure. Using the following relationship, Pgge = Pabs — Pam the
Bourdon reading is 100 kPa. s

PROBLEM  |. 35
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1.36 Liquid kerosene flows through a Venturi meter, as shown in Fig. P1.36. The pressure of
the kerosene in the pipe supports columns of kerosene that differ in height by 12 cm. Determine
the difference in pressure between points a and b, in kPa. Does the pressure increase or decrease
as the kerosene flows from point a to point b as the pipe diameter decreases? The atmospheric
pressure is 101 kPa, the specific volume of kerosene is 0.00122 m*/kg, and the acceleration of
gravity is g = 9.81 m/s°.

KNOWN: Kerosene flows through a VVenturi meter.

FIND: The pressure difference between points a and b, in kPa and whether pressure increases or
decreases as the kerosene flows from point a to point b as the pipe diameter decreases.

SCHEMATIC AND GIVEN DATA:

Pam = 101 kPa
g =9.81 m/s?

Kerosene
v =0.00122 kg/m?

1

ENGINEERING MODEL.:

1. The kerosene is incompressible.

2. Atmospheric pressure is exerted at the open end of the fluid columns.

ANALYSIS:

Equation 1.11 applies to both columns of fluid (a and b). Let hy, be the height of the fluid above

point b. Then hy, + L is the height of the fluid above point a. Applying Eq. 1.11 to each column
yields

Pa = Pam + pY(hy + L) = Pam + pghy + oL
and
Pb = Patm *+ pGhp
Thus, the difference in pressure between point a and point b is
Ap = pb—Pa = (Patm + PGNb) — (Patm + o8Ny + pYL)

Ap =—pgL





