CHAPTER 2PROBLEMS
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Let the true weight of the NaCl crystals be x kg.
0.100 kg
8400 kg/ m®

Mass of displaced air = (1.174 kg m™)(1.1905x 10° m®) = 1.3976 x 10~ Kg.
Therefore, buoyancy force acting upwards on brass weight = mg = 1.3976 x 10°g
x kg
2100 kg/ m®
Buoyancy force acting upwards on NaCl crystals = (1.174)(4.7619 x 10x)g = 5.5905 x 10™*xg

If the volume of the NaCl crystals were the same as that of the brass weight, an equal buoyancy
force would act on each, and would cancel out. However, since the volume of the NaCl crystalsis
greater than the volume of the brass weight, more air is displaced by the crystals than by the
weight, and therefore there is a net buoyancy force acting upwards on the NaCl crystals which
makes them appear |ess heavy than they actually are by an amount Am.

Vol. of brassweight = =1.1905x 10° m* = vol. of air displaced by brass weight.

Vol. NaCl crystals = = 4.7619x 10*x m® = vol. of air displaced by NaCl crystals.

The net buoyancy forceis. F, =5.5905x 10™xg — 1.3976 x 10°°g newtons.

buoyancy

I:buoyancy — 5.5905 x 10_4 Xg - 1.3976 x 10_5 g
g g

(true weight of NaCl crystals) = (apparent weight) + Am
x = (0.1000000) + (5.5905x 107*x — 1.3976x 10™)
X —5.5905 x 10~*x = 0.1000000 — 1.3976 x 10°°
0.999441x = 0.09998602
x = 0.100041947 kg

Therefore, Am= = 5.5905x 10"x — 1.3976x 10™ kg.

< (100.0419-100.0000\ 0.
\ 100.0419 )

0.042% heavier than indicated by the balance. For most work an error of this magnitudeis
insignificant; but for the most accurate analytical work—such as the determination of accurate molar
masses of the elements—such buoyancy effects must be corrected for.

The true weight of the NaCl crystalsis 100.0419 g, which i

Ans: | 100.0419 g
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(d) From Appendix 1, the density of copper is8.96 g cm™ = 8960 kg m™



The static pressure P is given by

P=pgAz
101 325 = (8960)(9.806)Az
Az =1.1535m

The stack would be 1.1535 m high.

Ans. | 1.153 m

2\ 2
(M) - 2.8353x 107 7

(b) Theareaof thefaceof apennyis nr’ =n

The mass of one penny is 2.2785x 1072 kg

Therefore the thicknesst of one penny is

_ volume mass/density  2.2785x10™° kg/8960 kgm™
area area 2.8353x10™ m?

= 8.9690x 10 m (= 0.8969 mm)

and the number N of penniesrequired to form a stack that is 1.1535 m high is

1.1535m

= = 1286
8.969x10™* m/ penny

The value of 1286 penniesis $12.86.

Ans: | $12.86

2-3

Archimede' s principle states that the mass of the fluid displaced is equal to the mass of the body
doing the displacing.

If the volume of the man isV, then the volume of the water displaced also is 'V, which has a mass
of

puV = (997 K2)(v ) = 997V kg
This must equal the mass of the man, which is80.0 kg.

Therefore, 997V = 80.0



and V= 80 _ 0.08024 m* = 80.24 L
997

Ans:

2-4

At the point of breaking the suction the net external force pulling
downward on the lid is equal to the net force upward exerted by the
difference in pressure AP between the outside atmosphere and the pressure
of the gasinside the container.

Thus, F| =F?
Mg = (Pyy, — Pys)A

Rearranging: Pys = Pam — %
— 101325 (50.0)(9.806)

71(0.05)?
= 38 898 Pa = 38.898 kPa

Ans:
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At height z the pressure of the atmosphere is given by
P=P° —pgz

Differentiating: dP = —pgdz

Since PV = nRT, then n_ L
V RT
nM PM
and p= —=—
V RT
Therefore: dP= -pgdz=- (—\ gdz

\RT)

80.2 L

partia
vacuum

38.9 kPa




Separating variables:

Integrating:

At z=5.00 km:

2-6

—=-—_—dz
P RT
P Z
dap = —mfdz
P RTY
inl Py __Mgz
\pP°)  RT
P _ [ Mgz
P° p[ RT ]
P-P° exp[_W]
RT
P = (1.01325)- exp| - (0.0288)(9.806)(5000)
(8.314)(273.15)

= (1.01325)(0.5370) = 0.5441 bar

Ans:

At height z the pressure of the atmosphereis given by

Differentiating:

Since PV = nRT, then

and

Therefore:

Separating variables:

I ntegrating:

P=P°—pgz
dP =—pgdz

mass m nM

volume V V

n_~FP
V RT
_ M _PM
V RT
PM
dP= —pgdz = -\ gdz
Pg \RT) ¢
£=_mdz
P RT
PP Mg?

0.54 bar




in( P\ __Moz

") RT
P Mgz
F_eXp[ RT]

PP exp[ '\;';” [Already derived in Problem 2-4]

At z=1.00 km: P = (101 325)- exp [- (0'0288)(9'806)(1000)}

(8.314)(273.15)
= (101 325)(0.8831) = 89 476 Pa

The pressure at aheight of 1.0 km is generated by the weight of al the air in the column above
z=1.00 km. Thus the force acting on a cross-sectiona area of 1.00 m* at a height of 1000 mis

Fio00 = Piooo = (89 476 )(1 00 m?) = 89476 N

At ground level (z=0), the pressureis P° = 101 325 Pa, and the force exerted by the column of air
abovez=0is

F,=PA= ( NZ) (100 m?) =101 325N
m

The difference between these two forces is just the weight of the air between z=0m and
z=1000 m; namely,

AF=F,-F,
=101 325-89 476
=11849N
Thisforce corresponds to a mass of
m = A—F—@ = 1208 kg
g 9806

The corresponding number of moles of air is

_ 1208 kg
0.0288 kg/ mol

=41 944 mol

Ans: | 41.9 kmol
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Since the pressure is uniform throughout the fluid at the same height, then, at mechanical
equilibrium the pressure P, acting on the larger piston face will be the same as the pressure P,



acting on the smaller piston face:

P, =P,
i.e., h_F _mg
Al AZ A2
from which F, = mg[ 21| = (250)9.806) =X ) =g.172 N
A, \ 300.0/

Thus, adownward force of just slightly greater than F, = 8.172 N—which corresponds to the
force of gravity onamassof F,/g=8.172/9.806 = 0.833 kg—is ableto lift amass of 250 kg.

Ans. | 817 N
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(8) Her average blood pressure P, at the level of her heart may be taken as

101325 Pa/atm
760 Torr/am

P, = 3(120 + 80) = 100 Torr = (100 Torr) x ( ) =13332Pa

When standing, the pressure P, in her brain will be
P, = P,—pgAz = 13 332 — (1059.5)(9.806)(0.40)
=13 332-4156 = 9176 Pa=9.18 kPa

Ans; | 9.18 kPa

(b) When she bends over, her brainis 35 cm below her heart; therefore, the blood pressure B in
her brain now will be

P =P, + pgAz = 13 332 + (1059.5)(9.806)(0.35)
= 13 332 + 3636 = 16 968 Pa = 16.97 kPa

Ans: | 17.0 kPa

From bending over to standing up the blood pressure in the brain decreases by
16.97 —9.18 = 7.79 kPal No wonder some people get dizzy if they stand up too fast.

2-9

The pressureat A’ isthe same asthe pressure at A; smilarly, the pressureat B' isthe same asthat
a B.



Thus,
Py =Py =Py, + pw9AZ,
= 100 000 + (1000)(9.806)(3)

=129 418 Pa 4m 3m
imilarl e -
Similarly, \ Y % im
Py = Ps = Py + Pw9AZ, B B
=100 000 + (1000)(9.806)(4) 1.5m

=139 224 Pa

Thus, the pressure exerted on the cross-hatched area varies linearly downwards from a value of
129 418 Pa at the top of the face to avaue of 139 224 Pa at the bottom.

The average pressure P acting on the face isthus
P = (129418 + 139 224) = 134 321 Pa

and the net force acting on the face is
F = PA =(134 321)(1x 1.5)
=201 482 N = 201 kN

Ans: | 201 kN
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L et the densities of water, ice, and air be p,, ..., @d p,, respectively. Let the total volume of the
ice cube be V and the volume of that part of the ice cube floating beneath the surface of the water be
V',

Thus, according to Archimede's principle, the upward buoyant force F,, # acting on the ice cube
that is exerted by the displaced water is

Fot=V'pu0

Similarly, the upward buoyancy force F, 1 exerted upwards on theice cube by the air that is
displaced by that portion of the ice cube that is above the surface of the water is

FAI]\ = (V _V/)pAg



These upward forces are balanced by the downward force of gravity F/ acting on the mass m of
theice cube:

Fl =mg=Vp,g

For mechanical equilibrium (i.e., for the ice cube to float):

Fl =Ry + R\t
ie., VP8 = V'pyug + (V- V')p,0
Rearranging: V' = (M)V ... [a
Pw —Pa

Let V,, be the volume of water formed when the ice cube melts.

Mass of ice cube = mass of melted water

i 'e" Vpice = VWpW
Rearranging: Vy = (%) \% ... [b]
Pw
Dividing Eqn [b] by Eqn [4]: V—W - (pice)/(pice‘p/*) .. [c]
\ Pw Pw —Pa

Now consider the following:

Pice < Pws therefore Pice = Pw — K

where k is a positive number.

Therefore: Pe - Pw=K_ 4 K . [d]
Pw Pw Pw
S|m|IarIy, Pice = Pa — (pw _k)_pA =1- K . [e]
Pw —Pa Pw —Pa Pw —Pa

But, since (oy —04) < Pw

it follows that K > L
Pw —Pa Pw
i.e., K = L + k'
Pw —Pa Pw

where k' asoisapositive number.



Therefore, 1- K =1- (L+ k’) = (1—L) -k’ . f]
Pw = Pa Pw Pw

Substituting Egn [f] into Egn [€] gives

Pice = Pa — (1_L) -k L [g]
Pw = Pa Pw
Comparing Egns[€] and [g] shows that
% > Pice ~Pa
Pw  Pw —Pa
and therefore, from Eqn [d], V—\Af = (p'c‘f) /(p.ce—pA) >1
\ Pw Pw = Pa
That is, Vv, >V

Therefore the volume' V,, of the melted ice cube is dlightly greater than the volume V' of the
submerged ice; if it weren't for surface tension, when the ice meltsthe liquid would slightly
overflow.

Ans; Leve rises
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Figs (a) and (b) show the situation before and
after the rock isthrown overboard. Let the

pond be of rectangular cross-section and have
surface area A and initial depth y. Let the boat

also be of rectangular cross-section of surface y
area A'. Initialy the draft of the boat is x

metres. After the rock has been thrown

overboard the level of thepond is y' and the

draft of the boat is x'. A Fig. (a)

Using Archimede' s principle, the force balance for theinitial situationin Fig. (@) is
Fl = (mg+m’)g
and Ft = (A'X)pw g

Force balance: F| =F



(mg +m’)g = (A'X)py, 9
mg + m’
A'py,

Solving for x:  x=

The displacement volume A’x of the boat in effect increases the volume of the pond from V,, to
(Vv + A'X). Therefore the effective depth of the pondin case (8) is

_ V,, +A'X
A
When the rock is thrown overboard— ‘
Fig. (b)—the new force balanceis (
Fl=F1 L X'
! — I/ y,
m'g= (A'X)pyg V,,
Fromwhich x' = Arln gg = Ar,n
P Y )
W W A Fig. (b)

Now the new effective volume of the pond
is (V,,+ Vg + A'X') of effective depth

y = Vy, + Vg +AX
A
Let usassumethat y' <y, i.e, thelevel of the pond goes down after the rock is dumped.

[If this doesn’t work out, we could assume either of the other two cases.]

If this assumption istrue, then

Vi + Vet AX _ Vy +AX

A A
i.e., Vi + Vg +AX <V, + A'X
Subtracting V,, from each side: Vi +A'X < A'X
. My ( m Jmg+m')
i.e., — + A"l — < A ,
Pr A'pw L A'Pw J
Mg , M o Mg M

Pr Pw Pw Pw



Subtracting m'/p,, from each side: —R < R
Pr Pw

o 1 1
Dividing through by my: - < =
Pr Pw

Inverting (this changes the direction of the inequality sign):

Pr = Pw
Yes!! Thisistrue because the rock sinks!

Therefore y' <y and the level of the pond falls when the rock is thrown overboard.

Ans; Level fals
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Mass of helium: M, =nM = (PV\ - ((105 000)(5000)

\RT/ (8.314)(293.15) ) (0.00400) = 861.6 kg

Density of surrounding air at 20°C and 1.00 bar pressure:

n P M = 100 000
=) M -

Pair = ™M _{ )(0.0288) =1.1817 kg m’
v \RT (8.314)(293.15)

Total volumeV of air displaced by airshipis V =5000 + 30 = 5030 m®

Mass of air displaced is m,, = P4V = (1.1817)(5030) = 5943.95 kg
Upward buoyancy force: Ft =m, g=5943.95¢g
Total downward force: Fl =(My+my .+ m)g

=(861.6 + 4200+ m')g
=(5061.6 + m')g

Force balance for lift-off: F| =F
(5061.6 + m')g =5943.95¢g

m’ = 5943.95 — 5061.6



= 882.35 kg

Ans. | 882kg
2-13
P = (50 psig) — 2, 101325 Pa) _ 314739 pa
14.6959 psig latm
P=P,, + poAz
P— Patm = Pgauge = pgAZ
344 739 = (997)(9.806)Az
zZ= ﬂ =35.26m
(997)(9.806)
Thisis about four stories high.
Ans. | 35.3m

2-14

The balance actually measures force (the force of gravity acting on the mass); the scaleis
calibrated, however, to give the readout in kilograms.

The dengity of theair is

(B (000
Pair (8.314)(298.15)

0.0288) = 1.1618 kg m>
v \RT/ )( ) g

Let the volume of the object be V and the densities of water and of the unknown liquid be p,, and
o, respectively.

In air the net downward forceis:  (F|),, = mg = 4.00g
But (F)w=F| -Ft=mg-p, gV

Therefore: mg —p,, 9V = 4.00g ... [a



Similarly, in water: (Fi)w=Fl—-F?=mg—-p,qVv

i.e., mg —p,, 9V = 3.65¢ ... [b]
Finaly, in the unknown liquid: mg—pgV = 3.729 N (o]
Dividing Egns|al, [b], and [c] by g: m-p,,V =4.00 ... [d]
m-p,V = 3.65 ... €]
m-—pV =3.72 o [f]

We now have three equations in three unknowns (m, V, and p).

Eqgn [d] —Eagn[€]: V(pw —pa) = 0.35 ... [d]

035 _ 035
Pw - P 997-1.1618

= 3.5146x 107 m? Nl

Rearranging: V =

From Egn [d]: m =4.00 + p,,V

= 4.00 + (1.1618)(3.5146 x 107
= 4.00041 kg
) m-372 4.00041-3.72
Finaly, from Eqgn [f]: = =
y anf] P Vv 3.5146x 10~

=797.8 kg m™

Ans. | 798 kgm™
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The 15.0 cm of water in the left arm pushes the mercury
level down in theleft arm by an amount x from itsinitial 15.0 cm
level at z= 0 and up in the right arm by an equal amount x.

For mechanical equilibrium, the total pressure in both arms — i*

z=0__1_F - __
at the level z=—x must be the same. so_x -V L

Thus:



Pet = P,

right

Patm + (pgAZ)water = PaIm + (pgAZ)Hg

Subtracting P

. Trom each side and dividing through by g:
PwAZy = Prg AZyg
(0.997)(15.0) = (13.55)(2x)

= 0.997x15.0 _ 0.5518 cm

13.55x 2

Ans:
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Basis: 100 cm® of wood.

L et the density of the wood be p,,.,, g cm™.

The wood displaces 60.0 cm? of ail; the mass of the displaced ail is
(60.0 cm? oil)(1.25 g0l

cm?® oil

) =75.0 grams of oil

The downward force of gravity exerted on the wood is
9
cm® )/
with the accel eration due to gravity g in appropriate units.

Fl =m, 9= (100.0 CM® X P00

The upward buoyancy force exerted on thewood is

F1 =My tigiacea @ = (75.0 grams)g
For mechanical equilibrium: F| =F
i.e, 100.0p,,00d9 = 75.09
_ 7509 _ 750

from which

Pueed = 100.0g ~ 100.0

Ans:

0.552 cm

\ g = 1000 pwood g

=0.750 g cm™ = 750 kg m™

750 kg m™
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’T\\ When surfaced:
2

— — Fi =Ff
_ \'A _
_ _— - mg = leseag
— = = - m  3.40x10’
Vl = =
[ 1025
10% of thetotal volumeis above the surface;
therefore: Vs =0.10
V,+V,
V,=0.10v, + 0.10V,
0.90v, = 0.10V,
= 0.10V, _ (0.10)(33171) — 3687 11

0.90 0.90
L et the mass of seawater that must be taken aboard to submerge be m' kg.

When submerged: F| =F}
(m+ m)g=(V,+V,)pe0
Therefore m =\, +V,)p,—Mm

= (33 171 + 3687)(1025) — 3.40 x 107
= 37 779 450 — 34 000 000
= 3779450 kg

Ans:

3.78x10° kg

=33171m’




