Chapter 13
Fluids

Conceptual Problems

1 .
Determine the Concept The absolute pressure is related to the gauge pressure according
t0 P = Pgaee + Py While doubling the gauge pressure will increase the absolute pressure,
we do not have enough information to say what the resulting absolute pressure will be.

(e)is correct.

*2 °
V2

Determine the Concept No. In an environment where g = F, —m— =0, there is no
r

buoyant force; there is no "up” or "down.”

3 oo

Determine the Concept As you lower the rock into the water, the upward force you
exert on the rock plus the upward buoyant force on the rock balance its weight. When the
thread breaks, there will be an additional downward force on the scale equal to the
buoyant force on the rock (the water exerts the upward buoyant force on the rock and the
reaction force is the force the rock exerts on the water ... and hence on the scale). Let p
represent the density of the water, ' the volume of the rock, and wy the weight of the
displaced water. Then the density of the rock is 3p. We can use Archimedes’ principle to
find the additional force on the scale.

Apply Archimedes’ principle to the rock: B=w,=mg=pV.g

Because Vr= Viouk: g= pﬂg =1 Mg

B=
p 3,

rock

and | (d)1is correct.

4 (1]

Determine the Concept The density of water increases with depth and the buoyant force
on the rock equals the weight of the displaced water. Because the weight of the displaced
water depends on the density of the water, it follows that the buoyant force on the rock

increases as it sinks. | (b) is correct.

5 o0
Determine the Concept Nothing. The fish is in neutral buoyancy (that is, its density
equals that water), so the upward acceleration of the fish is balanced by the downward
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acceleration of the displaced water.

*G oo

Determine the Concept Yes. Because the volumes of the two objects are equal, the
downward force on each side is reduced by the same amount when they are submerged,
not in proportion to their masses. That is, if mL; = m,L, and L, # L,, then (m; — c)L, #
(my — c)L,.

7 o
Determine the Concept The buoyant forces acting on these submerged objects are equal
to the weight of the water each displaces. The weight of the displaced water, in turn, is
directly proportional to the volume of the submerged object. Because pp, > pcy, the
volume of the copper must be greater than that of the lead and, hence, the buoyant force

on the copper is greater than that on the lead. | (b)is correct.

8 (1]

Determine the Concept The buoyant forces acting on these submerged objects are equal
to the weight of the water each displaces. The weight of the displaced water, in turn, is
directly proportional to the volume of the submerged object. Because their volumes are

the same, the buoyant forces on them must be the same. | (¢) is correct.

9 .
Determine the Concept It blows over the ball, reducing the pressure above the ball to
below atmospheric pressure.

10 -

Determine the Concept From the equation of continuity (Iy = Av = constant), we can
conclude that, as the pipe narrows, the velocity of the fluid must increase. Using
Bernoulli’s equation for constant elevation ( P + % pv2 = constant ), we can conclude

that as the velocity of the fluid increases, the pressure must decrease. | (b) is correct.

*11 -
Determine the Concept False. The buoyant force on a submerged object depends on the
weight of the displaced fluid which, in turn, depends on the volume of the displaced fluid.

12 -

Determine the Concept When the bottle is squeezed, the force is transmitted equally
through the fluid, leading to a pressure increase on the air bubble in the diver. The air
bubble shrinks, and the loss in buoyancy is enough to sink the diver.
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13 -

Determine the Concept The buoyant force acting on the ice cubes equals the weight of
the water they displace, i.e., B = w; = p;V;g. When the ice melts the volume of water

displaced by the ice cubes will occupy the space previously occupied by the submerged
part of the ice cubes. Therefore, the water level remains constant.

14 -
Determine the Concept The density of salt water is greater than that of fresh water and
so the buoyant force exerted on one in salt water is greater than in fresh water.

15 oo

Determine the Concept Because the pressure increases with depth, the object will be
compressed and its density will increase. Its volume will decrease. Thus, it will sink to
the bottom.

16 oo
Determine the Concept The force acting on the fluid is the difference in pressure
between the wide and narrow parts times the area of the narrow part.

17 oo

Determine the Concept The drawing
shows the beaker and a strip within the
water. As is readily established by a simple \
demonstration, the surface of the water is
not level while the beaker is accelerated, | I:‘

showing that there is a pressure gradient.

That pressure gradient results in a net force

on the small element shown in the figure.

*18 e

Determine the Concept The water level in the pond will drop slightly. When the anchor
is in the boat, the boat displaces enough water so that the buoyant force on it equals the
sum of the weight of the boat, your weight, and the weight of the anchor. When you put
the anchor overboard, it will displace its volume and the volume of water displaced by
the boat will decrease.

19 e

Determine the Concept From Bernoulli's principle, the opening above which the air
flows faster will be at a lower pressure than the other one, which will cause a circulation
of air in the tunnel from opening 1 toward opening 2. It has been shown that enough air
will circulate inside the tunnel even with the slightest breeze outside.
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*20
Determine the Concept The diagram that follows shows the forces exerted by the
pressure of the liquid on the two cups to the left.

\ /

-] — ——-
—g—] ——
—~—] -

frw

Because the force is normal to the surface of the cup, there is a larger downward
component to the net force on the cup on the left. Similarly, there will be less total force
exerted by the fluid in the cup on the far right in the diagram in the problem statement.

Density

21 -
Picture the Problem The mass of the cylinder is the product of its density and volume.
The density of copper can be found in Figure 13-1.

Using the definition of density, m=pV = p(ﬂ' th)
express the mass of the cylinder:

Substitute numerical values and m= 7[(8.93 x10° kg/m’ )(2 x107 m)2
evaluate m: v (6 %1072 m)

=10.673kg
22 -

Picture the Problem The mass of the sphere is the product of its density and volume.
The density of lead can be found in Figure 13-1.

Using the definition of density, m=pl = p(%ﬂR3)
express the mass of the sphere:

Substitute numerical values and m=4% ,[(1 1.3x10° kg/m® )(2 %1072 m)3

evaluate m:
=| 0.379kg
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23 e
Picture the Problem The mass of the air in the room is the product of its density and
volume. The density of air can be found in Figure 13-1.

Using the definition of density, m=pV = pLWH
express the mass of the air:

Substitute numerical values and m= (1 293kg/m’ )(4 m)(5m)(4m)
evaluate m: -[103kg
*24 o

Picture the Problem Let p, represent the density of mercury at 0°C and p' its density at
80°C, and let m represent the mass of our sample at 0°C and m' its mass at 80°C. We can
use the definition of density to relate its value at the higher temperature to its value at the
lower temperature and the amount spilled.

Using its definition, express the o' = m-

density of the mercury at 80°C: V

Express the mass of the mercury at o' = m—Am _m _A_m

80°C in terms of its mass at 0°C and V Vv

the amount spilled at the higher o A_m

temperature: Sy

Substitute numerical values and o =1.3645x10* ke/m’ — 1.47 % lE)_3 kg

evaluate o' 60x107°m’
=|1.3621x10* kg/m’

Pressure

25 -

Picture the Problem The pressure due to a column of height % of a liquid of density pis
given by P = pgh.

Letting /4 represent the height of the pHggh =101kPa
column of mercury, express the
pressure at its base:

Solve for A: h— 101kPa
pHgg
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Substitute numerical values and B 1.01x10° N/m*
evaluate : (13.6x10° kg/m* )(9.81m/s?)
0757 mx— 10
2.54x10" m
=| 29.8in of Hg
26 o

Picture the Problem The pressure due to a column of height / of a liquid of density pis
given by P = pgh.

(a) Express the pressure as a P=P +p, .8
function of depth in the lake:

Solve for and evaluate A: b= P-F, _ 2F, -k, — Ly
p waterg p waterg p waterg

Substitute numerical values and he 1.01x10° N/m?

evaluate A: (1 0’ kg/m’ )(9.81m/sz)
={10.3m

(b) Proceed as in (a) with pyater h= 2P, -F, _ £,

replaced by py, to obtain: P& Pu.8

Substitute numerical values and B 1.01x10° N/m*

evaluate A: (13.6><103 kg/m’ )(9.81m/sz)
=|757cm

*27 o

Picture the Problem The pressure applied to an enclosed liquid is transmitted
undiminished to every point in the fluid and to the walls of the container. Hence we can
equate the pressure produced by the force applied to the piston to the pressure due to the
weight of the automobile and solve for F.

Express the pressure the weight of _ Waueo
the automobile exerts on the shaft of e Ay
the lift:

Express the pressure the force p= F
applied to the piston produces: Apiston
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Because the pressures are the same, Wao _F
we can equate them to obtain: Ay piston
Solve for F: Few Apismn . Apiston

auto A - mauto g A

shaft shaft

Substitute numerical values and

~
I

evaluate F"

2
(1500kg)(9.81m/s2)[10mJ
8cm

=| 230N

28 e
Picture the Problem The pressure exerted by the woman’s heel on the floor is her
weight divided by the area of her heel.

Using its definition, express the p= F _w_mg
pressure exerted on the floor by the A A A
woman’s heel:
Substitute numerical values and P (56 kg)(9.8 1m/ sz)
evaluate P: 10 m’
lat
= 5.49 x 10° N/m® x —— 0 _
101.3kPa
=| 54.2atm
*29 o
Picture the Problem The required pressure AP is related to the change in volume AV and
AP
the initial volume ¥ through the definition of the bulk modulus B; B =———.
AV ]V
Using the definition of the bulk po__ AP
modulus, relate the change in AV IV

volume to the initial volume and the
required pressure:

Solve for AP: AP — —B%
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Substitute numerical values and AP = —2.0x10° Pa x (— 0.01 Lj
evaluate AP:
= 2.00x10" Pax— 2
101.325kPa
=| 198atm
30 -

Picture the Problem The area of contact of each tire with the road is related to the
weight on each tire and the pressure in the tire through the definition of pressure.

Using the definition of gauge S tw
pressure, relate the area of contact to P e
the pressure and the weight of the
car:
Substitute numerical values and A= x (1 500 kg)(9.8 1m/s’ )
evaluate 4: 200kPa
_ 1(1500kg)(9.81m/s?)
200 x10° N/m?
=1.84x 107 m’ =| 184cm’
31 ee

Picture the Problem The force on the lid is related to pressure exerted by the water and
the cross-sectional area of the column of water through the definition of density. We can
find the mass of the water from the product of its density and volume.

(a) Using the definition of pressure, F=PA
express the force exerted on the lid:

Express the pressure due to a column P=p,...gh

of water of height 4:

Substitute for P and 4 to obtain: F=p, . ghrr’

Substitute numerical values: F = (1 0’ kg/m’ )(9.8 1m/s’ )
x(12m)z (0.2m)’

=| 14.8kN
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. 2
(b) Relate the mass of the water to its M= PV = Poae NTT
density and volume:

Substitute numerical values and m= (103 kg/m3 )(l 2 m)n (3 x107 m)2
evaluate m: ~[0339kg
32 oo

Picture the Problem The minimum elevation of the bag 4 that will produce a pressure of
at least 12 mmHg is related to this pressure and the density of the blood plasma
through P = p,,,..gh .

Using the definition of the pressure P=p,.a8h
due to a column of liquid, relate the
pressure at its base to its height:

Solve for A: h= P
p bloodg
Substitute numerical values and 133.32Pa
12mmHgx ———
evaluate /: ImmHg

h= (1.03x10° kg/m3)(9.81m/sz)
=0.158m =| 15.8cm

33 oo

Picture the Problem The depth / below the surface at which you would be able to breath
is related to the pressure at that depth and the density of water p,, through P = p_gh.

Express the pressure at a depth £ P=p. gh
and solve for 4: and
P
h=——o
Pw8
Express the pressure at depth /4 in p= E
terms of the weight on your chest: A

Substitute to obtain: i F
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Substitute numerical values and _ 400N
h= 2 3 3 2
evaluate : (0.09m? )(10° kg/m® )(9.81m/s°)
=10.453m
34 e

Picture the Problem Let 4; and 4, represent the cross-sectional areas of the large piston
and the small piston, and F; and F, the forces exerted by the large and on the small
piston, respectively. The work done by the large piston is W, = F 14, and that done on the
small piston is W, = Fh,. We’ll use Pascal’s principle and the equality of the volume of
the displaced liquid in both pistons to show that W, and W, are equal.

Express the work done in lifting the
car a distance /:

W, =Eh,
where F is the weight of the car.

Using the definition of pressure, K _ F
relate the forces F (= w) and F, to 4, A4,
the areas 4; and 4,:
Solve for Fi:
1 F =F, i
2
Equate the volumes of the displaced hA = hA,
fluid in the two pistons:
Solve for A;: A
: hy =h, —=
1
Substitute in the expression for W A A
. . p. : W1:F2_1h2_2:F2h2: W,
and simplify to obtain: ) .

35 o

Picture the Problem Because the pressure
varies with depth, we cannot simply
multiply the pressure times the half-area of
a side of the cube to find the force exerted
by the water. We therefore consider the
force exerted on a strip of width a, height
dh, and area dA = adh at a depth A and
integrate from 4 = 0 to 4 = a/2. The water

pressure at depth 4 is P, + pgh. We can
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omit the atmospheric pressure because it is
exerted on both sides of the wall of the

cube.
Express the force dF on the element dF = PdA = pghadh
of length a and height dk in terms of
the net pressure pgh:
Integrate from 4 =0 to h = a/2: al2 o2 1 a’

F= dengajhdhz—pga 2

0 0 2
_| pga’
8

*36 (1 1]

Picture the Problem The weight of the water in the vessel is the product of its mass and
the gravitational field. Its mass, in turn, is related to its volume through the definition of
density. The force the water exerts on the base of the container can be determined from
the product of the pressure it creates and the area of the base.

(a) Using the definition of density, w=mg = plVg
relate the weight of the water to the

volume it occupies:

Substitute for ¥ to obtain: w=1mpr’hg

Substitute numerical values and evaluate w:

w=17(10°kg/m®) (15x102 m ) (25x107 m) (9.81m/s>)=[ 57.8N

(b) Using the definition of pressure, F =PA=pghrr’
relate the force exerted by the water

on the base of the vessel to the

pressure it exerts and the area of the

base:

Substitute numerical values and evaluate F:

F =10 kg/m®) (9.81m/s*)(25x10° m) z (15x10 2 m)’ =[ 173N
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This occurs in the same way that the force on Pascals barrel is much greater
than the weight of the water in the tube. The downward force on the base is

also the result of the downward component of the force exerted by the

slanting walls of the cone on the water.

Buoyancy

*37 o
Picture the Problem The scale’s reading will be the difference between the weight of the
piece of copper in air and the buoyant force acting on it.

Express the apparent weight w' of w=w-B

the piece of copper:

w'=p.Ve-p,Vg
= (IDCu _pw )Vg

Using the definition of density and
Archimedes’ principle, substitute for
w and B to obtain:

i w
Express w in terms of pc, and ¥ and w=po Vg = Vg =

solve for Vg: Pcu
Substitute to obtain: , w
w = (pCu _pw)_ = (1_&jw
pCu pCu
Substitute numerical values and w=l1- l) (0. 5 kg) (9.8 1m/s> )
evaluate w': 9
=| 436N
38 -

Picture the Problem We can use the definition of density and Archimedes’ principle to
find the density of the stone. The difference between the weight of the stone in air and in
water is the buoyant force acting on the stone.

Using its definition, express the
density of the stone:

Apply Archimedes’ principle to
obtain:

Myone
Pstone = —sene (1)

stone

B=w,=mg=pV:g



Solve for V¢

Because Vi = Vone and pr = Pyater:

Substitute in equation (1) and

simplify to obtain:

Substitute numerical values and

evaluate Oyone:

39 o

Fluids

B

Pr8

_ B

one p waterg
ms oneg Ws one
pstone = tT pwater = tT pwater
60N

Pstone = m(103 kg/mS)

=|3.00x10° kg/m’

987

Picture the Problem We can use the definition of density and Archimedes’ principle to
find the density of the unknown object. The difference between the weight of the object

in air and in water is the buoyant force acting on the object.

(a) Using its definition, express the
density of the object:

Apply Archimedes’ principle to
obtain:

Solve for Vg

Because V= Vpjeer and 0r = pyater:

Substitute in equation (1) and
simplify to obtain:

Substitute numerical values and

evaluate pypject:

m

_ """object
P, object % (1)
object

B=w,=mg=pV;g

B
Vo=
P&
B
Vobject =
pwaterg
_ mobjectg _ Wobject
p object — B p water B p water
. =——|10" kg/m
Potiee 5N—4.55N( g/m’)

= 11.1x 10 kg/m’

(b)

that of lead.

From Figure 13 -1, we see that the unknown material has a density close to
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40 -

Picture the Problem We can use the definition of density and Archimedes’ principle to
find the density of the unknown object. The difference between the weight of the object
in air and in water is the buoyant force acting on it.

Using its definition, express the M
. p metal — 1, (1)
density of the metal: Vel
Apply Archimedes’ principle to B=w,=mg=pV.g
obtain:
Solve for Vi V. - B
= —
Pr&
Because V¢ = Vet and pr = Puacer: y - B
metal —
t waterg
Substitute in equation (1) and Mol & Whneta
. . q . ( ) pmetal = —tlpwater = —”pwater
simplify to obtain: B B
i i 90N
Substitute numerical values and Do = (1 0’ k g /m3)
evaluate Pperar: 90N -56.6 N
={2.69 x10° kg/m’
41 e

Picture the Problem Let 7 be the volume of the object and 7’ be the volume that is
submerged when it floats. The weight of the object is pVg and the buoyant force due to
the water is p,,J'g. Because the floating object is translational equilibrium, we can use
Z F, = 0 to relate the buoyant forces acting on the object in the two liquids to its

weight.

Apply sz = () to the object pV'eg-mg=p Vg-pVg=0 (1)

floating in water:

Solve for p: p=p v
Yy
Substitute numerical values and D= (1 0° k g /m® )0-8V = [ 800kg me

evaluate p:



Apply ZFy = 0 to the object

floating in the second liquid and
solve for mg:

Solve equation (1) for mg:
Equate these two expressions to obtain:

Substitute in the definition of

specific gravity to obtain:

*42 e

Fluids 989
mg=0.72Vp, g
mg =0.8p Vg
0.72p, =0.8p,
specific gravity = P 08 =|1.11

0.72

w

Picture the Problem We can use Archimedes’ principle to find the density of the
unknown object. The difference between the weight of the block in air and in the fluid is

the buoyant force acting on the block.

Apply Archimedes’ principle to obtain:

Solve for pg: = B

L Vg
Because V= Vreplock: D, = B B P

f - e

VFe blockg mFe block 8 !
Substitute numerical values and evaluate pf:
2
_ (5kg)0.81m/s*)-6.16N (7.96x10° kg/m* ) =[ 6.96x10° kg/m’

(5kg)(9.81m/s?)

43 o

Picture the Problem The forces acting on the cork are B, the upward force due to the
displacement of water, mg, the weight of the piece of cork, and F, the force exerted by

the spring. The piece of cork is in equilibrium under the influence of these forces.

Apply sz = 0 to the piece of cork:

Express the buoyant force as a function
of the density of water:

B-w-F, =0 (1)
or
B_pcorng_F; = 0 (2)

B:Wf:png
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Solve for Vg: Ve = B

P
Substitute for Vg in equation (2): B—p B F -0 3)

cork s

o

Solve equation (1) for B: B=w+F,
Substitute in equation (3) to obtain: w+F —p w+ F, _F =0

s cork s

or

F
W_pcorkb =0
P

w

Solve for peor:

pcork = pw W+ F,S
Substitute numerical values and Do = (1 0’ ke /m3) 0.285N
evaluate pror: 0.285N +0.855N
=| 250kg/m’

44 oo

Picture the Problem Under minimum-volume conditions, the balloon will be in
equilibrium. Let B represent the buoyant force acting on the balloon, wy, represent its
total weight, and V its volume. The total weight is the sum of the weights of its basket,
cargo, and helium in its balloon.

Apply Z F, =0to the balloon: B-w,=0
Express the total weight of the balloon: Wy =2000N + p,, Vg
Express the buoyant force due to the B=w,=p,Vg

displaced air:

Substitute to obtain: PuiVg—2000N - p,, Vg =0

Solve for V- - 2000 N

(pair - pHe )g
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Substitute numerical values and evaluate V:

v 2000N
(1.29kg/m* —0.178kg/m* )(9.81m/s? )

=1183m’

*45 e

Picture the Problem Let V' = volume of diver, pp the density of the diver, Vp, the volume
of added lead, and mp, the mass of lead. The diver is in equilibrium under the influence of
his weight, the weight of the lead, and the buoyant force of the water.

Apply ZFy = 0to the diver: B—wy—w,, =0
Substitute to obtain: PuVoirn€ — PV g€ —mp,g =0
or

P Vs + P Ve, — PV =iy, =0

Rewrite this expression in terms of my Mpy,

. Py~ FPy— = Pp— My, =0
masses and densities: £o o o
Solve for the mass of the lead: - ,OPb( w ,OD)WlD
Pb =
Pp (pr ~ Pw )

Substitute numerical values and evaluate mpy:

. (11.3x10° kg/m® )(10° ke/m’® —0.96x 10° kg/m’® )(85kg)
r (0.96x10° kg/m* )(11.3x10° kg/m* —10° kg/m* )

=[3.89kg

46 oo

Picture the Problem The scale’s reading w' is the difference between the weight of the
aluminum block in air w and the buoyant force acting on it. The buoyant force is equal to
the weight of the displaced fluid, which, in turn, is the product of its density and mass.
We can apply a condition for equilibrium to relate the reading of the bottom scale to the
weight of the beaker and its contents and the buoyant force acting on the block.

Express the apparent weight w' of the w=w-B @)

aluminum block:

Letting F be the reading of the bottom F+w-M_ g=0 (2)
scale and choosing upward to be the
positive y direction, apply
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ZF} = 0 to the scale to obtain:

Using the definition of density and w=p.Vg-p, Vg
Archimedes’ principle, substitute for = ( Oal = Py )Vg
w and B in equation (1) to obtain:

Express w in terms of o4 and J and w=p, Ve = Vg = w

solve for Vg: Pa
Substitute to obtain: . w »
AL N Ak
Al Pa
Substitute numerical values and . 10° kg/m’
evaluate w': U 27x10° kg/m’
x(2kg)(9.81m/s?)
=|124N
Solve equation (2) for F: F=M_g-w
Substitute numerical values and F = (5 kg)(9.8 1m/s’ )— 124N
evaluate the reading of the bottom 367N
scale:
47 e0o

Picture the Problem Let V' = displacement of ship in the two cases, m be the mass of
ship without load, and Am be the load. The ship is in equilibrium under the influence of
the buoyant force exerted by the water and its weight. We’ll apply the condition for
floating in the two cases and solve the equations simultaneously to determine the loaded
mass of the ship.

Apply z F, = 0to the ship in fresh water: p.Vg—mg=0 (1)
Apply z F, = 0to the ship in salt water: Pu Ve - (m + Am)g =0 2)
Sol tion (1) for Vg: m
ve equation (1) for Vg ng—g
Py
Substitute in equation (2) to obtain: o mg (m n Am)g —0

Pyw



Solve for m:

Add Am to both sides of the
equation and simplify to obtain:

Substitute numerical values and
evaluate m + Am:

*48 (X1}

Fluids

P, Am
pSW _pW

m=

P, Am
pSW _pW

:Am[p—w+1}
pSW _pW

_ Amp,

psw _pw

m+Am= +Am

(6x10°kg)(1.025p, )
1.025p, - p,,
_ (6x10°kg)(1.025)
1.025—1
=[2.46x10" kg

m+Am =

Picture the Problem For minimum liquid density, the bulb and its stem will be

993

submerged. For maximum liquid density, only the bulb is submerged. In both cases the

hydrometer will be in equilibrium under the influence of its weight and the buoyant force

exerted by the liquids.

(a) Apply Z F, =0 to the hydrometer:

Using Archimedes’ principle to express

B, substitute to obtain:

Solve for mpy,:

Substitute numerical values and evaluate mpy:

My,

=14.7¢g

(b) Apply ZF ,, =0 to the hydrometer:

B—-w=0

pmian - mtotg = O

or

pmin (Vbulb + Vstem ) = mglass + me

me = pmin (I/bulb + Vstem ) - mglass

10°m

(O.9kg/L)[0.02OL+%(0.15m)(0.005 m)z(l—LJ} ~(6x107kg)

pmang - mtotg = 0

or
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Solve for Ppax:

Substitute numerical values and

evaluate Opax:

49

pmax Vbulb = mglass + me

pmax — mglass + me
I/bulb
6g+14.7¢
=———==|1.04kg/L
pmax 20mL g

Picture the Problem We can relate the upward force exerted on the dam wall to the area
over which it acts using F' = PgA and express P, in terms of the depth of the water

using B, = pgh.

Using the definition of pressure,
express the upward force exerted on
the dam wall:

Express the gauge pressure P, of the
water 5 m below the surface of the
dam:

Substitute to obtain:

Substitute numerical values and
evaluate F*:

50 e

Picture the Problem The forces acting on
the balloon are the buoyant force B, its
weight mg, and a drag force Fp. We can
find the initial upward acceleration of the
balloon by applying Newton’s 2™ law at
the instant it is released. We can find the
terminal velocity of the balloon by
recognizing that when

a, =0, the net force acting on the balloon
will be zero.

(a) Apply sz =ma, to the
balloon at the instant of its release to
obtain:

Solve for a,:

F=PA
F, = pgh
F = pghA

F = (10’ kg/m*)(9.81m/s*)(5m)(10m?)
=[ 491kN

B - mballoong = mballoonay

) — B_mballoong — B -g

mballoon m balloon

a
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Using Archimedes principle, B=w,=m,g=pV.g
express the buoyant force B acting . 3
on the balloon: = paieralloong = ?ﬂpairr g
SUbStitUte to Obtain: %ﬂpair’/ﬁg - mballoong = mballoonay
Solve for a,: 4n P
ay —_| 3 palr _ ljg
mballoon
Substitute numerical values and i 1 7[(1 29kg m? )(2 5 m)3
evaluate a,: a,= -1
| 15kg
x (9.8 1m/ sz)
=| 45.4m/s>
(b) Apply sz =ma, to the B-mg—Lizr’pvl =0

balloon under terminal-speed
conditions to obtain:

Substitute for B: drp.r’g-mg—Ltar’pvi =0
Solve for v;:
otve for v V. = 2(% ﬂpairr3 - m)g
t aip

Substitute numerical values and evaluate v:

2|t 7(1.29kg/m’ )(2.5m)' —15kg|(9.81m/s)
v, = > : =|7.33m/s
7(2.5m) (1.29kg/m’ )
(c) Relate the time required for the h 10km
balloon to rise to 10 km to its At=—= =1364s
: v, 7.33m/s
terminal speed: !
=| 22.7min

Continuity and Bernoulli's Equation

*51 oo
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Picture the Problem Let J represent the flow rate of the water. Then we can use J = Av
to relate the flow rate to the cross-sectional area of the circular tap and the velocity of the
water. In (b) we can use the equation of continuity to express the diameter of the stream

7.5 cm below the tap and a constant-acceleration equation to find the velocity of the

water at this distance. In (¢) we can use a constant-acceleration equation to express the

distance-to-turbulence in terms of the velocity of the water at turbulence v; and the
definition of Reynolds number Ny to relate v, to Ng.
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(a) Express the flow rate of the
water in terms of the cross-sectional
area A4 of the circular tap and the
velocity v of the water:

Solve for v:

Substitute numerical values and
evaluate v:

(b) Apply the equation of continuity
to the stream of water:

Solve for dg:

Use a constant-acceleration equation
to relate vr and v to the distance Ak
fallen by the water:

Solve for v to obtain:

Substitute numerical values and
evaluate v¢:

Substitute in equation (2) and
evaluate dg:

(¢) Using a constant-acceleration
equation, relate the fall-distance-to-
turbulence Ad to its initial speed v
and its speed v, when its flow
becomes turbulent:

Solve for Ad to obtain:

Express Reynolds number Ny for
turbulent flow:

J=Av=rriv=_1zd’ (1)
_J
v= pyers
4
3
p= 0SS g g s
1x(1.2cm)
VA = v, A = VA,
or

V4 V4
Vf deZ :VZdiz
df: —d, (2)
vi =V’ +2gAh

Ve =V +2gAh

vy =+/(9.28cm/s )’ +2(981em/s? )(7.5cm)
=122cm/s

d, = (1.2cm) | 2285 10331 cm
122 cm/s

v =V’ +2gAd
vi—y?
Ad = ?3)
2g
NR _zrpvt



From equation (1):

Substitute to obtain:

Solve for v;:

Substitute numerical values (see
Figure 13-1 for the density of water
and Table 13-1 for the coefficient of
viscosity for water) and evaluate v

Substitute in equation (3) and
evaluate the fall-distance-to
turbulence:
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J
r=_[—
TV,
NR_2pvt J
n o\7v
y _aNgn®
Co4piJ

__7(2300(1.8x10” Pa-sJ

b 4(103 kg/m’ )2(10.5 cm’ /s)
=1.28m/s

Ad = (128cm/s)’ —(9.28 cm/s)’

2(981cns? )
=|831lcm

in reasonable agreement with everyday

experience.
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Picture the Problem Let 4; represent the cross-sectional area of the hose, 4, the cross-
sectional area of the nozzle, v the velocity of the water in the hose, and v, the velocity of

the water as it passes through the nozzle. We can use the continuity equation to find v,

and Bernoulli’s equation for constant elevation to find the pressure at the pump.

(a) Using the continuity equation,
relate the speeds of the water to the
diameter of the hose and the
diameter of the nozzle:

Solve for v;:

Substitute numerical values and
evaluate v,:

(b) Using Bernoulli’s equation for
constant elevation, relate the
pressure at the pump Pp to the

Ay, = 4,v,
or

2 2
7zdlv_7zd2
=

4 4

v,

0.3cm

2
v, :( Sem J (0.65m/s)=| 65.0m/s

1 2 _ 1 2
PP 2o —Pat +5 oV
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atmospheric pressure and the
velocities of the water in the hose
and the nozzle:

Solve for the pressure at the pump: B, =P, + %p(vz2 —v )
Substitute numerical values and evaluate Pp:
P, =101kPa + (10’ kg/m® )|(65m/s)* - (0.65m/s)? |

latm B
101.325kPa

=2.21x10°Pax 21.9atm
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Picture the Problem Let 4; represent the cross-sectional area of the larger-diameter
pipe, 4, the cross-sectional area of the smaller-diameter pipe, v; the velocity of the water
in the larger-diameter pipe, and v, the velocity of the water in the smaller-diameter pipe.
We can use the continuity equation to find v, and Bernoulli’s equation for constant
elevation to find the pressure in the smaller-diameter pipe.

(a) Using the continuity equation, Ay, =A4,v,
relate the velocities of the water to or
the diameters of the pipe: md} md;
2 v, = —4 v,
Solve for and evaluate v;: d 12
Vo =7V
d

2
Substitute numerical values and d, 2
evaluate v»: v, = T4 (3m/s)={12.0m/s

2%

(b) Using Bernoulli’s equation for B+ipvi=P+ip,v;
constant elevation, relate the

pressures in the two segments of the

pipe to the velocities of the water in

these segments:

Solve for P;: P,=P+ipvi-Lp. v

=B +4p, (2 -v2)



Substitute numerical values and
evaluate P;:

(c¢) Using the continuity equation,
evaluate Iy;:

Using the continuity equation,
express [y;:

Substitute numerical values and

evaluate [y;:

Thus, as we expected would be the
case:

54 .
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P, = 200kPa +1(10° kg/m’ )
<|(3mssy - (12mss)]

~[133kPa

wd} wd’
I, =4, :Tlvl = 41 (3m/s)

Picture the Problem Let 4, represent the cross-sectional area of the 2-cm diameter pipe,

A, the cross-sectional area of the constricted pipe, v, the velocity of the water in the 2-cm

diameter pipe, and v, the velocity of the water in the constricted pipe. We can use the

continuity equation to express 5 in terms of ¢, and to find v, and Bernoulli’s equation for

constant elevation to find the velocity of the water in the constricted pipe.

Using the continuity equation, relate
the volume flow rate in the 2-cm
diameter pipe to the volume flow rate
in the constricted pipe:

Solve for d:

Using the continuity equation, relate
vy to the volume flow rate Iy:

Using Bernoulli’s equation for
constant elevation, relate the
pressures in the two segments of the
pipe to the velocities of the water in

Ay, =4y,
or

2 2
md;
T MW"

4 4

! :LL/S =891m/s

v
4 7(0.02m)’
4

V=

1 2 _ 1 2
R+7pwvl _f)Z +3pwv2
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these segments:

Solve for v,: 2(P-P ,
v, = /—i< + v
Pyw

Substitute numerical values and v, = 2(1 42kPa —101 kPa) N (8. 91m /s)z
evaluate v;: 10° kg/m’
=12.7m/s
Substitut d luate d>:
ubstitute and evaluate d, d, :(2cm) 8.91m/s _[1.68cm
12.7m/s
*55 [ 1]

Picture the Problem We can use the definition of the volume flow rate to find the
volume flow rate of blood in an aorta and to find the total cross-sectional area of the
capillaries.

(a) Use the definition of the volume I, =Av
flow rate to find the volume flow
rate through an aorta:

Substitute numerical values and I, = 72'(9 x107> m’ )(0.3 m/ S)

evaluate I: 3 1L
—7.63x10° M, 005, 1L

s min 107 m

=| 4.58 L/min

(b) Use the definition of the volume Iy =4, Ve

flow rate to express the volume flow

rate through the capillaries:

Solve for the total cross-sectional 4 = 1y

area of the capillaries: “ cap

Substitute numerical values and _7.63x 10° m’/s

evaluate Ay “ T 0.001m/s

=7.63x107? m? =| 763cm?
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Picture the Problem We can apply Bernoulli’s equation to points a and b to determine
the rate at which the water exits the tank. Because the diameter of the small pipe is much
smaller than the diameter of the tank, we can neglect the velocity of the water at the point
a. The distance the water travels once it exits the pipe is the product of its speed and the
time required to fall the distance H — /.

Express the distance x as a function of x =v,At (1)
the exit speed of the water and the
time to fall the distance H — /:

Apply Bernoulli’s equation to the P +p,gH+1p, =P,
water at points a and b: + pwg(H _ h)+ %Pwvf

or, because v, ~ 0 and P, = P, = Py,
gH = g(H —h)+4v;

Solve for vy: Vv, =./2gh

Using a constant-acceleration Ay =v, At + %a(At )2

equation, relate the time of fall to the _
or, because vy, = 0,

distance of fall: H_h= %g(At)Z
Solve for At: 20H —-h
Y pr= |AH =)
g
Substitute in equation (1) to obtain: 2WH -
ubstitute in equation (1) x=1[2gh /u) —[ 2Jn(H —h)
g

57 e
Picture the Problem Let the subscript 60 denote the 60-cm-radius pipe and the subscript
30 denote the 30-cm-radius pipe. We can use Bernoulli’s equation for constant elevation
to express P3g in terms of vgy and v, the definition of volume flow rate to find vsy and the
continuity equation to find vs.

Using Bernoulli’s equation for P,++ pv620 =P,++ pv320
constant elevation, relate the

pressures in the two pipes to the

velocities of the oil:
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Solve for Ps: Py =By + %P(Vézo - Vszo) (1
Use the definition of volume flow Vo= I_v
rate to find ve: ” 60
3
24x10° 0 1day  1h
B day 24h 3600s
7r(0.6 m)2

=2.456m/s

Using the continuity equation, relate AgoVeo = A3oV3

the velocity of the oil in the half-
standard pipe to its velocity in the

standard pipe:
Solve for and evaluate vs: .6m)’
olve for and evaluate v3o - :@"60 _ 72(0 6m)2 (2.456m/s)
Ay, 7(0.3m)
=9.824m/s

Substitute numerical values in equation (1) and evaluate Ps:

P, = 180kPa ++(800kg/m? )|(2.456 m/s)’ — (9.824mys ) | = [ 144KkPa

*58 o0
Picture the Problem We’ll use its definition to relate the volume flow rate in the pipe to
the velocity of the water and the result of Example 13-9 to find the velocity of the water.

Using its definition, express the I, = Av, =nr’y,
volume flow rate:

Using the result of Example 13-9,
find the velocity of the water
upstream from the Venturi meter:

Substitute numerical values and evaluate v;:

2(13.6x10° kg/m® (9.8 1m/s* )(0.024m)

2
(103kg/m3) 0.095m 1
0.056m

=1.847m/s

V1=




Substitute numerical values and
evaluate Iy:
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I, = %(0.095 m)*(1.847 m/s)

=1.309x107> m?/s
=|13.1L/s

Picture the Problem We can apply the definition of the volume flow rate to find the
mass of water emerging from the hose in 1 s and the definition of momentum to find the

momentum of the water. The force exerted on the water by the hose can be found from

the rate at which the momentum of the water changes.

(a) Using its definition, express the
volume flow rate of the water
emerging from the hose:

Solve for Am:

Substitute numerical values and
evaluate Am:

(b) Using its definition, express and
evaluate the momentum of the
water:

(c¢) The vector diagrams are to the
right:

Express the change in momentum
of the water:

Substitute numerical values and
evaluate Ap:

AV A
At p, At
Am = Avp At

Am = 7(0.015m ) (30m/s)(10° ke/m* )(1s)
=| 21.2kg/s

p=Amy=(21.2kg/s)(30m/s)
=| 636kg-m/s

Ap = /(636 kg - m/s) + (636 kg - m/s)’

= (636kg-m/s)\/§
=| 899kg-m/s
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Relate the force exerted on the water
by the hose to the rate at which the
water’s momentum changes and
evaluate F:

60 oo

_Ap _899kg-m/s _
At ls

F 899N

Picture the Problem Let the letter P denote the pump and the 2-cm diameter pipe and
the letter N the 1-cm diameter nozzle. We’ll use Bernoulli’s equation to express the

necessary pump pressure, the continuity equation to relate the velocity of the water

coming out of the pump to its velocity at the nozzle, and a constant-acceleration equation

to relate its velocity at the nozzle to the height to which the water rises.

Using Bernoulli’s equation, relate the

pressures, areas, and velocities in the
pipe and nozzle:

Solve for the pump pressure:

Use the continuity equation to relate
vp and vy to the cross-sectional areas
of the pipe from the pump and the
nozzle:

Using a constant-acceleration
equation, express the velocity of the
water at the nozzle in terms of the
desired height Ah:

Substitute in equation (1) to obtain:

P +p,gh + %IOWVI3 =P+ p,ghy
+5 PN

or, because Py = P, and hp =0,

B +5 0V = B+ pughy +5 P

B=P 4+ pgh+ip, (2 -v2) ()

Avp = Aoy
and
1 2 2
Ay gmdy [ lem
W= W=7 o= N
A4, 7, 2cm
=1V
Vv zvi —2gAh

or, because v= 0,
vi =2gAh

P, =P, +p,ghy +1p,[28A0— L (2gAR)|= P, + p, ghy +1 p,, (& gAh)

=F, +ng(hN +13Ah)

Substitute numerical values and evaluate Pp:

P, =101kPa +(10° kg/m®)(9.81m/s? )[3m + £ (12m)] = 241kPa
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Picture the Problem We can apply Bernoulli’s equation to points a and b to determine

the rate at which the water exits the tank. Because the diameter of the small pipe is much

smaller than the diameter of the tank, we can neglect the velocity of the water at the point

a. The distance the water travels once it exits the pipe is the product of its velocity and

the time required to fall the distance H — 4. That there are two values of / that are
equidistant from the point /2 =3 H can be shown by solving the quadratic equation that

relates x to 4 and H. That x is a maximum for this value of / can be established by

treating x = f(h) as an extreme-value problem.

(a) Express the distance x as a
function of the exit speed of the
water and the time to fall the
distance H — h:

Apply Bernoulli’s equation to the
water at points a and b:

Solve for v;:

Using a constant-acceleration
equation, relate the time of fall to
the distance of fall:

Solve for At:

Substitute in equation (1) to obtain:

(b) Square both sides of this
equation and simplify to obtain:

Solve this quadratic equation to
obtain:

x =v,At €]

P+ p,gH+4p,vi =P, +p,g(H-h)
+1p.v,

or, because v, ~ 0 and P, = P, = Py,

gH = g(H ~h)+1v;

Vv, =+/2gh

Ay =v, At + La(Aty

or, because vy, = 0,

H-h=tglnry

A [2(H - 1)
g

g

x> =4hH —4h* or 4h* —4Hh+x* =0

| —
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Find the average of these two values

 SH+NH?-x*+1H-VH’ -x’

for h: hiy 2
—|1H
. . 1 _l
(c) Differentiate ' ﬁ _of L [h(H _ h)] 2(H B Zh)
x=2 h(H - h) with respect to A: dh 2
_ H-2h
h(H - h)
Set the derivative equal to zero for H-2h —0
extrema: 1/hiH —h)
Solve for 4 to obtain: h= % H
Evaluate x = 2/ h(H — &) with Xpux =23 H\H-1H

Remarks: To show that this value for & corresponds to a maximum, one can either

d’x

hZ

show that <0 at h=3H or confirm that the graph of f{h) at h =% H is

concave downward.

*6D oo

Picture the Problem Let the numeral 1 denote the opening in the end of the inner pipe
and the numeral 2 to one of the holes in the outer tube. We can apply Bernoulli’s
principle at these locations and solve for the pressure difference between them. By
equating this pressure difference to the pressure difference due to the height / of the
liquid column we can express v as a function of p, p,, g,

and A.

Apply Bernoulli’s principle at

P+ipvi=P+1pv:
locations 1 and 2 to obtain: o2/ 2 T2

where we’ve ignored the difference in
elevation between the two openings.

Solve for the pressure difference
AP =P, - Py:

Express the velocity of the gas at 1:

Express the velocity of the gas at 2:

AP=P —P, =1pv, =3PV

v, = 0 because the gas is brought to a halt
(i.e., is stagnant) at the opening to the inner
pipe.

v, = v because the gas flows freely past
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the holes in the outer ring.

Substitute to obtain: AP=1p V2
g

Letting A be the cross-sectional area
of the tube, express the pressure at a
depth 4 in the column of liquid
whose density is p;:

w isplaced liquil B

P =P 4 displacedliquid
A

where B = p, Ahg is the buoyant force

acting on the column of liquid of
height 4.

Substitute to obtain: popiP gh4d P, ghA
1= %2
A A
:])2 +(p_pg)gh
or
AP=P~P,=(p-p,)eh

Equate these two expressions for 1 ng2 = (p -p, )gh
AP:
2 s
Solve for v” to obtain: o 2gh(,0—,0g)
Pe

Note that the correction for buoyant force
due to the displaced gas is very small and
that, to a good approximation,

V= 28hp :
Py

Remarks: Pitot tubes are used to measure the airspeed of airplanes.
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Picture the Problem Let the letter "a” denote the entrance to the siphon tube and the
letter "b” denote its exit. Assuming streamline flow between these points, we can apply
Bernoulli’s equation to relate the entrance and exit speeds of the water flowing in the
siphon to the pressures at either end, the density of the water, and the difference in
elevation between the entrance and exit points. We can use the expression for the
pressure as a function of depth in an incompressible fluid to find the pressure at the
entrance to the tube in terms of its distance below the surface. We’ll also use the
equation of continuity to argue that, provided the surface area of the beaker is large
compared to the area of the opening of the tube, the entrance speed of the water is
approximately zero.

(a) Apply Bernqulli’s equation.at the P+ % pvj + pg( H— h)
entrance to the siphon tube (point a) 5 )
and at its exit (point b): =R +3pv, + pg(H —h- d)

where H is the height of the containers.
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Apply the continuity equation to a VA, = Ve Aurtace
point at the surface of the liquid in

. . or, because A, << Agface,
the container to the left and to point ‘ surface

a: Va = vsurface = 0
Express the pressure at the inlet P=P, + pg(H — h)
(point a) and the outlet (point b): and
R =P, +pg(H-h-d)
Letting v, = v, substitute in equation P, +pg(H —h)+ pgH
(1) to obtain:
=Py, + p2(H —h—d)

+4pv* + pg(H —h—d)
or, upon simplification,

g(H—h)+gH:g(H—h—d)
+iv 4+ g(H-h—d)

Solve for v: v \/2gd
(b) Relate the pressure at the highest P, + pg( H— h) +1 /7"13
part of the tube Py, to the pressure ,
at point b: =Patm+pg(H—h—d)+%pvb
or, because v, = w,,
])top = ])atm B pgd

Remarks: If we let Py, = 0, we can use this result to find the maximum theoretical
height a siphon can lift water.

Viscous Flow

64 -
Picture the Problem The required pressure difference can be found by applying
Poiseuille’s law to the viscous flow of water through the horizontal tube.

Using Poiseuille’s law, relate the AP = 8nL I
pressure difference between the two artY
ends of the tube to its length, radius,

and the volume flow rate of the

water:
Substitute numerical values and AP = 8(1 mPa - S)(0-25 En) (0. 3mL /s)
evaluate AP: T (0.6 x107° m)

=|1.47kPa
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Picture the Problem Because the pressure difference is unchanged, we can equate the
expressions of Poiseuille’s law for the two tubes and solve for the diameter of the tube
that would double the flow rate.

Using Poiseuille’s law, express the AP = 8nL I
pressure difference required for the zrtY
radius and volume flow rate of
Problem 64:
Ex th diffi 8nL
pr.ess e pressur.e ifference AP = 77'4 (2 Iv)
required for the radius 7' that would Tr
double the volume flow rate of
Problem 57:
Equate these equations and simplify 8nL (2 I )_ 8nL I
. 14 V) 4tV
to obtain: Tr r
or
2 1
— ==
r
Solve for 7' r'= i/zr
Express d ' d'=2r"=232r =%/24
Substitute numerical values and d = i/f (1 2 mm) =|1.43mm
evaluate d ":
*66 o

Picture the Problem We can apply Poiseuille’s law to relate the pressure drop across the
capillary tube to the radius and length of the tube, the rate at which blood is flowing
through it, and the viscosity of blood.

Using Poiseuille’s law, relate the AP = 8nlL I
pressure drop to the length and zrtY
diameter of the capillary tube, the

volume flow rate of the blood, and

the viscosity of the blood:

Solve for the viscosity of the blood: T r*AP
8LI,
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Using its definition, express the Iy =A4,v=r r’y
volume flow rate of the blood:
Substitute and simplify: B r*AP
7 8Lv
Substitute numerical values to obtain: (3 5%107° m)2 (2.60 kPa)
77 =
107
8(10° m)( m]
Is
=|3.98mPa-s
*67 o

Picture the Problem We can use the definition of Reynolds number to find the velocity
of a baseball at which the drag crisis occurs.

Using its definition, relate Reynolds 2rpv
number to the velocity v of the Ny =
baseball: g
Solve for v: 3 NNy

2rp
Substitute numerical values (see (0'0 18mPa - s)(3 x10° )
Figure 13-1 for the density of air and V= 2(0 05 )(1 203 ko/ 3)
Table 13-1 for the coefficient of RERAS gm

N . ] Lmi/h
viscosity for air) and evaluate v: — 41 8m/sx mi/
0.447m/s
=|93.4mi/h

Because most major league pitchers can throw a fastball in the low - to mid - 90s,

this drag crisis may very well play a role in the game.

Remarks: This is a topic which has been fiercely debated by people who study the
physics of baseball.
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Picture the Problem Let the subscripts
"t refer to "displaced fluid”, "s" to
"soda”, and "g" to the "gas"” in the
bubble. The free-body diagram shows
the forces acting on the bubble prior to
reaching its terminal velocity. We can
apply Newton’s 2" law, Stokes’ law,
and Archimedes principle to express the
terminal velocity of the bubble in terms
of its radius, and the viscosity and
density of water.

Apply ZFy = ma, to the bubble to

obtain:

Under terminal speed conditions:

Using Archimedes principle,
express the buoyant force B acting
on the bubble:

Express the mass of the gas bubble:
Substitute to obtain:

Solve for v;:

Substitute for Vyupuie and simplify:

Substitute numerical values and
evaluate v

Express the rise time Af in terms of
the height of the soda glass / and the
terminal speed of the bubble:

Fluids 1011

mg

F!J
B-m,g—F,=ma,

B-m,g—F,=0

B=w.=mg

=0V & = PV punie&
mg = ng/g = ngbubble
PV ounnie& — ngbubbleg —67nav, =0

Vbubbleg( s pg)
67na

t

_%7[613g( s_pg) 2612g( s_pg)

67na on

_2d’gp,
n

t

,since p; >> p,.

~2(0.5x10° m)*(9.81m/s?)

Vv, =

‘ 9(1.8x107 Pa-s)
><(1.1><103 kg/m3)
=[0.333m/s
a=2t
\Z
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Assuming that a "typical" soda glass
has a height of about 15 cm,
evaluate Af:

Ar=_0m _rs0s

©0.333m/s

Remarks: About half a second seems reasonable for the rise time of the bubble.

General Problems

*69 oo

Picture the Problem We can solve the given equation for the coefficient of roundness C

and substitute estimates/assumptions of typical masses and heights for adult males and

females.

Express the mass of a person as a
function of C, p, and 4:

Solve for C:

Assuming that a "typical" adult
male stands 5' 10" (1.78 m) and
weighs 170 1bs (77 kg), then:

Assuming that a "typical" adult
female stands 5' 4" (1.63 m) and
weighs 110 lbs (50 kg), then:

70 -

Picture the Problem Let the letter "s” denote the shorter of the two men and the letter "t”
the taller man. We can find the difference in weight of the two men using the relationship

M = Cph® from Problem 69.

Express the difference in weight of
the two men:

Express the masses of the two men:

Substitute to obtain:

Assuming that a "typical" adult
male stands 5' 10" (1.78 m) and
weighs 170 1bs (77 kg), then:

Express the heights of the two men
in SI units:

M =Cph’
C= M3
ph
C= TTkg ~[0.0137

(10° kg/m*)(1.78 m)’

C= >0kg ~[0.0115

(10° kg/m® )(1.63m)’

AWZWt_Ws =Mtg_M5g

= (Mt —Ms)g
M, =Cph}
and
M, =Cph’

Aw = (Cph ~Cph? Jg
= (-1 )cpe

77kg

= 0.0137
(10° kg/m*)(1.78 m)’

h,=72inx2.54cm/in =1.83m
and



Substitute numerical values (assume
that p=10° kg/m’) and evaluate Aw:
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h, =69inx2.54cm/in=1.75m

Aw=[1.83m) —(1.75m) |
x(0.0137)(10° ke/m* )(9.81m/s? )
11b
44482N

=103 Nx 23.21b

Determine the Concept The net force is zero. Neglecting the thickness of the table, the
atmospheric pressure is the same above and below the surface of the table.
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Picture the Problem The forces acting on
the Ping-Pong ball, shown in the free-body
diagram, are the buoyant force, the weight
of the ball, and the tension in the string.
Because the ball is in equilibrium under the
influence of these forces, we can apply the
condition for translational equilibrium to
establish the relationship between them.
We can also apply Archimedes’ principle
to relate the buoyant force on the ball to its
diameter.

Apply Z F, =0 to the ball:
Using Archimedes’ principle, relate
the buoyant force on the ball to its

diameter:

Substitute to obtain:

Solve for d:

Substitute numerical values and evaluate d:

mg

B-mg-T=0

B=w,=mg=p, V&= %”pwd3

Lap,d>—mg-T=0

=[5.05cm

1 —,|612:8x107 N+(0.004kg)(9.81m/s’)
- 7{10° kg/m® )
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Picture the Problem Let p, represent the density of seawater at the surface. We can use
the definition of density and the fact that mass is constant to relate the fractional change
in the density of water to its fractional change in volume. We can also use the definition
of bulk modulus to relate the fractional change in density to the increase in pressure with
depth and solve the resulting equation for the density at the depth at which the pressure is
800 atm.

Using the definition of density, m=pV
relate the mass of a given volume of
seawater to its volume:

Noting that the mass does not vary pdV +Vdp =0
with depth, evaluate its differential:

Solve for dplp: dp __dV. Ap AV

Using the definition of the bulk B=— AP _ AP
modulus, relate AP to Ap/py: AVIV  Ap/p,
Solve Ap: Ap=p—p, = PLAP
B
Solve for p: PAP AP
P = Po B Po B
Substitute numerical values and evaluate p:
5
R00atm x l.OllxiO Pa
= (1025kg/m® ) 1+ =] 1061 kg/m’
p=l g/m’) 2.3x10° N/m’ &
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Picture the Problem When it is
submerged, the block is in equilibrium
under the influence of the buoyant force
due to the water, the force exerted by the
spring balance, and its weight. We can use
the condition for translational equilibrium
to relate the buoyant force to the weight of
the block and the definition of density to
express the weight of the block in terms of
its density.

Apply sz = 0 to the block:

Substitute for B and m to obtain:

Solve for and evaluate ppjock:
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ymg

B+0.8mg-mg=0= B=0.2mg

pwalockg = 0'2pblockalockg

Phiock = % = 5(103 kg/m3)

=15.00x10’° kg/m’

Picture the Problem When the copper block is floating on a pool of mercury, it is in

equilibrium under the influence of its weight and the buoyant force acting on it. We can

apply the condition for translational equilibrium to relate these forces. We can find the

fraction of the block that is submerged by applying Archimedes’ principle and the

definition of density to express the forces in terms of the volume of the block and the

volume of the displaced mercury. Let V' represent the volume of the copper block, V7 the

volume of the displaced mercury. Then the fraction submerged when the material is

floated on water is V'/ V. Choose the upward direction to be the positive y direction.

Apply ZF} = (0 to the block:

Apply Archimedes’ principle and the
definition of density to obtain:

Solve for V'/ V-

B —w =0, where B is the buoyant force and
w is the weight of the block.

pHgVig _pCqu = 0

V' _ Pa
V pHg
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Substitute numerical values and |4 _ 8.93x10° kg/m’ 0657 =1 65.7%
evaluate V'/ V- Vo 13.6x10°kg/m’
76

Picture the Problem When the block is floating on a pool of ethanol, it is in equilibrium
under the influence of its weight and the buoyant force acting on it. We can apply the
condition for translational equilibrium to relate these forces. We can find the fraction of
the block that is submerged by applying Archimedes’ principle and the definition of
density to express the forces in terms of the volume of the block and the volume of the
displaced ethanol. Let V' represent the volume of the copper block, 7’ the volume of the
displaced ethanol. Then the fraction of the volume of the block that will be submerged
when the material is floated on water is V'/ V. Choose the upward direction to be the
positive y direction.

Apply ZFy = 0 to the block B, —w=0, where B is the buoyant

floating on ethanol: force due to the ethanol and w is the weight
of the block.

Apply Archimedes’ principle to W= P (O.9V)g

obtain:

Apply ZF = 0to the block B, —w =0, where B, is the buoyant force

floating on water: due to the water and w is the weight of the
block.

Apply Archimedes’ principle to obtain: w= p V'g, where V' is the volume of the

displaced water.

Equate the two expressions for w V' _09p,

and solve for V'/ V- V P

Substitute numerical values and Ve 0.9(0.806 x10° kg/m3)
evaluate '/ V- Vo 10° kg/m’

=0.725=| 72.5%
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Determine the Concept If you are floating, the density (or specific gravity) of the liquid
in which you are floating is immaterial as you are in translational equilibrium under the
influence of your weight and the buoyant force on your body. Thus, the buoyant force on
your body is your weight in both (a) and (b).
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Picture the Problem Let m and V represent the mass and volume of your body. Because
you are in translational equilibrium when you are floating, we can apply the condition for
translational equilibrium and Archimedes’ principle to your body to express the
dependence of the volume of water it displaces when it is fully submerged on your
weight. Let the upward direction be the positive y direction.

Apply sz = 0 to your floating body: B-mg=0

Use Archimedes’ principle to relate B=w,=m,g=p, (O.96V)g
the density of water to your volume:

Substitute to obtain: Py (0.96V)g -mg=0
Solve for V- - m

0.96p,
79 e

Picture the Problem Let m and V represent the mass and volume of the block of wood.
Because the block is in translational equilibrium when it is floating, we can apply the
condition for translational equilibrium and Archimedes’ principle to express the
dependence of the volume of water it displaces when it is fully submerged on its weight.
We’ll repeat this process for the situation in which the lead block is resting on the wood
block with the latter fully submerged. Let the upward direction be the positive y direction.

Apply ZF} = 0 to floating block: B-mg=0

Use Archimedes’ principle to relate B=w,=m,g=p, (0.68V)g
the density of water to the volume of

the block of wood:

Using the definition of density, mg = p,..aV'e

express the weight of the block in
terms of its density:

Substitute to obtain: Pu (0.68V)g — Puood’€ =0

Solve for and evaluate the density of Puoed =0.68p, = 0.68(1 0’ kg/m3)
the wood block: - 680 kg/m3
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Use the definition of density to find
the volume of the wood:

Apply ZF ,, = 0'to the floating

block when the lead block is placed
on it:

Use Archimedes’ principle and the
definition of density to obtain:

Solve for the mass of the lead block:

Substitute numerical values and

evaluate mpy:
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m 1.5kg
V= 3
pwood 680kg/m

=2206x10"m?

wood __

B'—m'g =0, where B' is the new
buoyant force on the block and m' is the

combined mass of the wood block and the
lead block.

P.Vg -~ (me T Mok )g =0

My, = PV — My,

my, = (10° kg/m?)(2.206x 107 m?)
-1.5kg
—['0.706 kg

Picture the Problem The true mass of the Styrofoam cube is greater than that indicated
by the balance due to the buoyant force acting on it. The balance is in rotational

equilibrium under the influence of the buoyant and gravitational forces acting on the

Styrofoam cube and the brass masses. Neglect the buoyancy of the brass masses. Let m

and V represent the mass and volume of the cube and L the lever arm of the balance.

Apply Z 7 = 0 to the balance:

Use Archimedes’ principle to
express the buoyant force on the
Styrofoam cube as a function of
volume and density of the air it
displaces:

Substitute and simplify to obtain:
Solve for m:

Substitute numerical values and
evaluate m:

mg—B)L—-m L =0
( g ) brassg

B = pairVg

m— pairV - mbrass = 0
m= pairV + mbrass

m =(1.293kg/m*)(0.25m) +20x10" kg
=4.02x107kg=|40.2g
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Picture the Problem Let d;, and d,, represent the inner and outer diameters of the
copper shell and 7’ the volume of the sphere that is submerged. Because the spherical

shell is floating, it is in translational equilibrium and we can apply a condition for

translational equilibrium to relate the buoyant force B due to the displaced water and its

weight w.

Apply sz = ( to the spherical shell:

Using Archimedes’ principle and the
definition of w, substitute to obtain:

Express V7 as a function d,:

Express m in terms of di, and doy:

Substitute in equation (1) to obtain:

Simplify:

Solve for di,:

Substitute numerical values and
evaluate d;,:
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B-w=0

pV'g~mg =0

or

p V' —-m=0 (D

1z, T 3

Vi=—Zd) ==
26 out 12 out

m:pCu(Vout _Vin)

T T
= pCu(gd(fut _gdij

pw %djut - pCu[%djut _%dij = 0

%pwd(?ut ~ Pcu (dSut - d; ) =0

din :dout3 l_p—w
2pCu

1

2(8.93)

d, =(12cm)3]1 =| 11.8cm

mn

Determine the Concept The additional weight on the beaker side equals the weight of
the displaced water, i.e., 64 g. This is the mass that must be placed on the other cup to

maintain balance.
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Picture the Problem We can use the definition of Reynolds number and assume a value
for Ny of 1000 (well within the laminar flow range) to obtain a trial value for the radius
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of the pipe. We’ll then use Poiseuille’s law to determine the pressure difference between

the ends of the pipe that would be required to maintain a volume flow rate of 500 L/s.

Use the definition of Reynolds
number to relate Ny to the radius of
the pipe:

Use the definition of /y to relate the
volume flow rate of the pipe to its

radius:

Substitute to obtain:

Solve for r:

Substitute numerical values and evaluate r:

Using Poiseuille’s law, relate the
pressure difference between the ends
of the pipe to its radius:

Substitute numerical values and
evaluate AP:

Evaluate AP for a pipe of 50 cm radius:

N, = 2rpv
n

IV
wr?

I, =Av=rnrlv = v=

NR — 2pIV
nrr

_ 2pl,
nz Ny

_ 2(700kg/m’ )(0.500m’ss)

~27.9
7(0.8Pa-5)(1000) o

_ 8L

4
r

AP

Iy

Ap_ 08P s)(SOiim) (0.500ms)
7(0.279m)

=8.41x10° Pa

latm

=8.41x10° Pax -
1.01325%10° Pa

=83.0atm
This pressure is too large to maintain in the
pipe.

AP — 8(0.8Pa . s)(S(ikm) (0.500m3/s)
7(0.50m)

=8.15x10° Pa

latm

=8.15x10° Pax -
1.01325%10° Pa

=&8.04atm
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1 m is a reasonable diameter for the

pipeline.

Picture the Problem We’ll measure the height of the liquid—air interfaces relative to the
centerline of the pipe. We can use the definition of the volume flow rate in a pipe to find

the speed of the water at point A and the relationship between the gauge pressures at

points A and C to determine the level of the liquid-air interface at A. We can use the

continuity equation to express the speed of the water at B in terms of its speed at A and

Bernoulli’s equation for constant elevation to find the gauge pressure at B. Finally, we

can use the relationship between the gauge pressures at points A and B to find the level of

the liquid-air interface at B.
Relate the gauge pressure in the pipe

at A to the height of the liquid-air
interface at A:

Solve for Aa:

Substitute numerical values and
evaluate /i4:

Determine the velocity of the water
at A:

Apply Bernoulli’s equation for
constant elevation to relate Py and
P A-

Use the continuity equation to relate
vg and vu:

Solve for vg:

ngauge,A = pghA

where £, 1s measured from the center of

the pipe.
h — ])gauge,A
A
rg

_ (1.22atm)(1.01x10° Pa/atm)
A (107 kg/m? )9.81my/s?)
~[12.6m

-3 3
v =I_V= 0.8x107 m’/s 9 .55m)s

A, %(o.oz m)’

Py+3pvi =P +5pv; (1)
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Substitute in equation (1) to obtain:

Solve for Pg:

Substitute numerical values and
evaluate Pg:

Relate the gauge pressure in the pipe
at B to the height of the liquid-air
interface at B:

Solve for Ag:

Substitute numerical values and
evaluate Ag:
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Py =P, _%p"i
P, =(2.22atm)(1.01x10° Pa/atm)
~15(10° kg/m* )(2.55m/s)
~1.75x10° Pa
—1.75x10° Pax—2M
1.01x10° Pa

=1.733atm

Ijgauge,B = pghB

P

__ 7 gauge,B
hy =——

rg

[(1.733 1)atm] 1.01><105P3‘j
atm

" (10° kg/m* )(9.81m/s?)
=[7.55m

Picture the Problem We’ll measure the height of the liquid—air interfaces relative to the

centerline of the pipe. We can use the definition of the volume flow rate in a pipe to find

the speed of the water at point A and the relationship between the gauge pressures at

points A and C to determine the level of the liquid-air interface at A. We can use the

continuity equation to express the speed of the water at B in terms of its speed at A and

Bernoulli’s equation for constant elevation to find the gauge pressure at B. Finally, we

can use the relationship between the gauge pressures at points A and B to find the level of

the liquid-air interface at B.
Relate the gauge pressure in the pipe

at A to the height of the liquid-air
interface at A:

Solve for Au:

Pgauge,A = pghA

where /15 1s measured from the center of

the pipe.
h — f)gauge,A
A

Prg



Substitute numerical values and
evaluate /i4:

Determine the velocity of the water
at A:

Use the continuity equation to relate

vg and vu:

Solve for vg:

Apply Bernoulli’s equation for
constant elevation to relate Py and
P A-

Substitute in equation (1) to obtain:

Solve for Pg:

Substitute numerical values and
evaluate Pg:

Relate the gauge pressure in the pipe

at B to the height of the liquid-air
interface at B:

Solve for Ag:
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(1.22atm)(1.01x10° Pa/atm)

>®‘
I

(10° kg/m* )(9.81m/s)
=[12.6m
-3 3
v =I_V= 0.6x107 m’/s 1.91m/s

A %(0.02 m)

Vo =—V, =—V, = 1%
B A, A d; A (lcm)z A
=4y,
1 2 1 2
PA"’EPVA:PB""E:OVB (1)

P, =(2.22atm)(1.01x10° Pa/atm)
_%(1 0’ kg/m’ )(1 91m/s)
~1.969x10° Pa

latm

=1.969%10° Pax——-——
1.01x10° Pa

=1.95atm

f)gauge,B = pghB

P

__ 7 gauge,B
Iy =——=

- pe
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Substitute numerical values and [(1 95— l)atm] 1.01x10° Pa
evaluate /5: h = . ' atm
b (10° kg/m? )(9.81m/5? )

=19.78m
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Picture the Problem Because it is not given, we’ll neglect the difference in height
between the centers of the pipes at A and B. We can use the definition of the volume flow
rate to find the speed of the water at A and Bernoulli’s equation for constant elevation to
find its speed at B. Once we know the speed of the water at B, we can use the equation of
continuity to find the diameter of the constriction at B.

Use the definition of the vol I, 0.5x10° m’/
se the definition of the volume vA:—V: X m S=1.59m/s
flow rate to find va: A, E(O 02 m)z
2\
Use Bernoulli’s equation for Py+1pva =P +1pvi

constant elevation to relate the
pressures and velocities at A and B:

Solve for v, : » 2P -R) >

Substitute numerical values and evaluate Vv, :

5
2 = 2[(1.187-0.1)atm (1.01x10 Pa/atm)]+(1‘ Somis)’ = 222ms”

10° kg/m’
Using the continuity equation, relate Iy, =Agvg =7 oV
the volume flow rate to the radius at
B:
Solve for and evaluate rg: I 0.5x1072° m’/s
Ty = Y = =3.27mm
TV 7(14.9m/s)

and
dy =21y =| 6.54mm
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Picture the Problem Let V7 represent the volume of the buoy that is submerged and 4’
the height of the submerged portion of the cylinder. We can find the fraction of the
cylinder’s volume that is submerged by applying the condition for translational
equilibrium to the buoy and using Archimedes’ principle. When the buoy is submerged it
is in equilibrium under the influence of the tension 7 in the cable, the buoyant force due
to the displaced water, and its weight. When the cable breaks, the net force acting on the
buoy will accelerate it and we can use Newton’s 2™ law to find its acceleration.

(a) Apply ZF} =0 to the cylinder: B-w=0
Using Archimedes’ principle and the PV'g—mg=0
definition of weight, substitute for B or
and w: P h'Ag—mg =0
where A is the cross-sectional area of the
buoy.
Solve for and evaluate A': h = m
PoA
Substitute numerical values and = 600kg
evaluate A (1.025%10° kg/m’ )g (0.9mY
=0.920m
Use /' to find the height 4 of the h—h'=2.6m—0.920m=| 1.68m
buoy:
Express the fraction of the volume T 2,
: ) —d°h

of the cylinder that is above water: V-r _1_ K —1- 4

4

K
h
Substitute numerical values to obtain: 4 _1_ 0.920m _6a6%
14 2.6m

(b) Apply Y F, =0to the B-T-w=0

submerged buoy:
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Solve for T and substitute for B and
w to obtain:

Substitute numerical values and evaluate T:

(c) Apply Z F, =0 to the buoy:

Substitute for B — w and solve for a to
obtain:

Substitute numerical values and evaluate a:
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T:B_W:psng_mg
=(puV —m)g

T =[(1.025x10" kg/m’ )% (0.9mY(2.6m)

—~600kg](9.81m/s%)

=[10.7kN
B—w=ma
B-w T
a=—=—
m m
a=m= 17.9 m/s’
600kg

Picture the Problem Because the floating object is in equilibrium under the influence of
the buoyant force acting on it and its weight; we can apply the condition for translational

equilibrium to relate B and w. Let A4 represent the change in elevation of the liquid level

and V; the volume of the displaced fluid.

Apply ZF ,, =0 to the floating
object:

Using Archimedes’ principle and the
definition of weight, substitute for B
and w:

The volume of fluid displaced is the
sum of the volume displaced in the

two vessels:

Substitute for V¢ to obtain:

Solve for Ah:

V. =AV,+AV,, = ANh+3AAh
= 4AAh

4p,8AAh—mg =0

m
44p,

Ah =
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Picture the Problem We can calculate the smallest pressure change AP that can be
detected from the reading Ak from AP = pgAh.

Express and evaluate the pressure
difference between the two columns
of the manometer:

Express this pressure in mmHg and
umHg:

90 e
Picture the Problem We can use the
equality of the pressure at the bottom of the
U-tube due to the water on one side and
that due to the oil and water on the other to
relate the various heights. Let /4 represent
the height of the oil above the water. Then
ho = hyy + h.

Using the constancy of the amount
of water, express the relationship
between &, and Ayy,:

Find the height of the oil-water
interface:

Express the equality of the pressure
at the bottom of the two arms of the
U tube:

AP = pghAh
= (900kg/m® )(9.81m/s?)
%(0.05x10° m)

= 0.4415Pa
AP=0.4415Pax oM
1.01325x10° Pa
><760mmHg
latm

=|3.31x10”° mmHg

=|3.31 umHg

s,

2w

IR

hlw + l’lzw =56 cm

h,, =56cm—34cm=| 22.0cm

p.g(34cm)=p, g(22cm)+0.78p, gh,,
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Solve for and evaluate Ag;: hoo— P8 (34 cm) — P8 (22 cm)
o 0.78p, g
_ (34cm)— (22 cm) _15.4cm
0.78
Find the height of the air-oil h, =22cm+15.4cm=| 37.4cm

interface A,:
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Picture the Problem Let o represent the
specific gravity of the liquid. The specific

gravity of the oil is o, = 0.8. We can use NTm 4] vl
the equality of the pressure at the bottom of e
. N
the U-tube due to the water on one side and ! 1,
that due to the oil and water on the other to
relate the various heights.
R

Express the equality of the pressure o, gh=0, g(h -7 Cm) +0.80, g(l2 cm)
at the bottom of the two arms of the
U tube:
Solve for and evaluate oy : o = 0.80, (l2cm) _ 0.8(12cm)

- 7cm 7cm

=|1.37
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Picture the Problem The block of wood is in translational equilibrium under the
influence of the buoyant force due to the displaced water acting on it and on the lead
block, its weight, and the weight of the lead block. We can use a condition for
translational equilibrium and Archimedes’ principle to obtain a relationship between the
mass of the lead block and the densities of water, wood, and lead and the mass of the
wood block.

Apply z F, = 0to the block of wood: B, oq T By —M00q€ —Mp,g =0
Use Archimedes’ principle to Bood = PuVwood&

express the buoyant force on the

block of wood:

Use Archimedes’ principle to By =p. Vg



express the buoyant force on the
lead block:

Substitute and simplify to obtain:

Express the volume of the wood
block in terms of its density and

mass:

Express the volume of the lead
block in terms of its density and
mass:

Substitute for Vieoq and Voy:

Solve for mpy,:

Substitute numerical values and

evaluate mpy:
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pwVwood + pwVPb - mwood - me = 0

Vwood = wood
wood
m
VPb — Pb
Ppb
Pw wood + Pw T — M yood — Mpy, = 0
wood Prpob
(pw - 1jn/lwood
m pwood
Pb T
| Pu
Pry
1
(7 - 1}(0.5 kg)
My, =2 =[0.235kg
1——
11.3

Picture the Problem Because the balloon is in equilibrium under the influence of the
buoyant force exerted by the air, the weight of its basket and load w, the weight of the

skin of the balloon, and the weight of the helium. Choose upward to be the positive y

direction and apply the condition for translational equilibrium to relate these forces.

Archimedes’ principle relates the buoyant force on the balloon to the density of the air it

displaces and the volume of the balloon.

(a) Apply Z F, =0 to the balloon:

Letting V represent the volume of the
balloon, use Archimedes’ principle to

express the buoyant force:

Substitute for mye:

B_msking_mHeg_Wz 0

pairVg - msking - mHeg —w= 0

pairVg _msking _pHeVg —w= 0
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Solve for V: y = Mg +w

(pair - pHe )g
Substitute numerical values and - (1 5 kg)(9.8 1m/s* )+ 750N
evaluate V: (1.293-0.1786)(kg/m* (9.8 1m/s? )

={ 70.0m’
(b) Apply Z F, = ma to the balloon: B-m,g=m,a
Solve for a: _ B
a=—m-g

mtot
Assuming that the mass of the skin My = Mygyq + My + My,
has not changed and letting V’ Wioad

=—= + pHeV'+mskin

represent the doubled volume of the
balloon, express mi:

Substitute numerical values and evaluate m:

900N . ,
m =N (01786 ke/m )140m? )+ 1.5ke = 118k
© =9 8 1m/s’ ( g’ J+1.5ke g

Express the buoyant force acting on B = Wyptaceduia = Paic? ' &
the balloon:

Substitute numerical values and evaluate B: B = (1 293kg/m’ )(140 m’ )(9.8 1m/s> )
=1.78kN

Substitute and evaluate a: q= 1.78kN —981m/s? =| 5.27 m/s>
118kg
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Picture the Problem When the hollow sphere is completely submerged but floating, it is
in translational equilibrium under the influence of a buoyant force and its weight. The
buoyant force is given by Archimedes’ principle and the weight of the sphere is the sum
of the weights of the hollow sphere and the material filling its center.

Apply z F, =0 to the hollow sphere: B-w=0
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Express the buoyant force acting on B =2pV 108 =2, [% 7[(2R)3]g
the holl here:

e hollow sphere =6 o7 Rg
Express the weight of the sphere W= PV hottow sphere& + PV hotton &
when 'it’s hollov&f is filled with a = p, [%”{(213)3 _ R }]g + p'[%ﬁRS]g
material of density p': 2 34 D3

=3PAR g+ PR G

Substitute to obtain: “ ot Rg-LEprRg—4prRg=0
Solve for p': pP'=9p,

*95 L 1]

Picture the Problem We can differentiate the function P(/) to show that it satisfies the
differential equation dP/P = —C dh and in part (b) we can use the approximation e ~ 1 —
x and Ah << kg to establish the given result.

(a) Differentiate P(h) = Py e d_P = -CP, o
dh
=-CP
Separate variables to obtain: d_P __Cdh
(b) Express P(h + Ah): P(h + Ah) = Poe_c(hw’)
— Poe—Che—CAh
= P(h)e‘CAh
For Ah << hy: Ah <1
hO
Let hy = 1/C. Then: CAh<<1
and
e =1-CAh :I—A—h

Substitute to obtain:

P(h+Ah)= P(h)(l —A—hJ
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(c) Take the logarithm of both sides

InP=InPe“ =InP,+Ine”™

of the function P(h): =InP,—Ch
Solve for C: C= lln(&j
h P
Substitute numerical values and 1 F, 1 In2
= n = n
evaluate C: 55km \JF ) 5.5km
=|0.126km™
06 e

Picture the Problem Let V represent the volume of the submarine and ¥’ the volume of
seawater it displaces when it is on the surface. The submarine is in equilibrium in both
parts of the problem. Hence we can apply the condition for translational equilibrium
(neutral buoyancy) to the submarine to relate its weight to the buoyant force acting on it.
We’ll also use Archimedes’ principle to connect the buoyant forces to the volume of
seawater the submarine displaces. Let upward be the positive y direction.

(a) Express f, the fraction of the f= V-V _ I—K (1)
submarine’s volume above the V V
surface when the tanks are filled

with air:

Apply ZF} = 0 to the submarine B-w=0

when its tanks are full of air:

Use Archimedes’ principle to B=p,V'g

express the buoyant force on the

submarine in terms of the volume of

the displaced water:

Substitute and solve for V': V= m
pSW

Substitute in equation (1) to obtain: f=1- m



Substitute numerical values and
evaluate f:

(b) Express the volume of seawater in
terms of its mass and density:

Apply ZF =0, the condition for
neutral buoyancy, to the submarine:
Use Archimedes’ principle to express
the buoyant force on the submarine in
terms of the volume of the displaced

water:

Substitute to obtain:

Solve for myg,:

Substitute for V, in equation (2) to obtain:

Substitute numerical values and
evaluate V:

97 [T}
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Felo 2.4x10° kg
(1.025%10° kg/m* )(2.4x10° m*)
=2.44x107 = | 2.44%
V= @
Pa
B - Wsub Wsw =0
B=p,Ve

msw :pswV_msub
V — pswV_msub :V_msub
™ Psw Psw
6
v, =24x10° m* - —23x10ke
1.025x10° kg/m

=|58.5m’

Picture the Problem While the loaded crate is under the surface, it is in equilibrium

under the influence of the tension in the cable, the buoyant force acting on the gold, and

the gravitational force acting on the gold. The empty crate has neutral buoyancy. When

the crate is out of the water, the buoyant force of the air is negligible and the tension in

the cable is the sum of the weights of the crate, the gold bullion, and the seawater.

(a) Apply sz = 0 to the crate

while it is below the surface:
Solve for the tension in the cable:

Using Archimedes’ principle, relate
the buoyant force acting on the gold

I'+B,,—w,, =0

I'=w,, —B,

u

BAu = pswVAug
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to its density and volume:
Substitute for B, and simplify to obtain: T= (,OAu — Psw )VAug

Substitute numerical values and evaluate 7"

7 =[(19.3x10° kg/m* )~ (1.025x10* kg/m*)|(0.36)(1.4m)(0.75 m 0.5 m 9.8 1m/s? )
=[33.9kN

(b) 1. Apply sz = 0 to the crate T =Wy = Wee = Wey =0

while it is being lifted to the deck of
the ship with none of the seawater
leaking out:

Substitute for the weights of the gold, T =Wy, + Wege T Wy,
crate, and seawater and solve for the = PaVan€ + M€+ PV &

= (pAuVAu + mcrate + psstw )g

tension in the cable and express:

Substitute numerical values and evaluate T:

T =[(19.3x10° kg/m® )(0.36)(1.4m)(0.75m)(0.5m)+ 32kg + (1.025x10° keg/m’
x(0.64)(1.4m)(0.75m)(0.5m)](9.81m/s?)

=| 39.8kN
2. With the seawater term missing, T=wy, + W,
the expression for the tension is: = PuVan8& + M8

= (p AuVAu + mcrate )g

Substitute numerical values and evaluate T:

T =[(19.3x10° kg/m*)(0.36)(1.4m)(0.75m)(0.5m) + 32kg](9.8 1m/s )= 36.1kN

98  eee

Picture the Problem In the three situations described in the problem the hydrometer will
be in equilibrium under the influence of its weight and the buoyant force exerted by the
liquids. We can use Archimedes’ principle to relate the buoyant force acting on the
hydrometer to the density of the liquid in which it is floating and to its weight.

(@) Find the volume of the bulb: Voo = Ld® =L 7(2.4cm)’ =7.238cm’



Find the volume of the tube:

Apply ZF = 0 to the hydrometer

just floating in the liquid:

Substitute for B and wyjas:
Solve for mpy:

Substitute numerical values and

evaluate mpy:

(b) Letting V represent the volume
of the hydrometer that is submerged,
apply ZF \, = 0'to the hydrometer

just floating in the liquid:

Solve for V:

Substitute numerical values and
evaluate V:

Relate the volume of the hydrometer
that is submerged to the volume of
the bulb and the volume of the tube
that is submerged:

Solve for A':

Substitute numerical values and
evaluate A4':

Fluids 1035

pliql/hydg - mglassg - meg = 0
Mpty, = Prig hya = Miya

My, = 0.78(1 g/cm3)
x(7.238cm”® +8.836cm’)
~7.28¢

=|5.26g

pVg—mg=0

V= m My + My,

Pyw Pyw

 7.28g+5.26

T~ =12.54cm’
g/cm

%

V=dmdieh'+ Vi,

tube

el

1 2
$ 7T d e

h!

3 3
- 12.54cm 7.23§cm _12.0em
17(0.75cm)
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Find the length of the tube that shows h=20cm—-A'=20cm—12.0cm
above the surface of the water: =|8.00cm
(c) Apply ZE = 0to the pVg—m,g=0

hydrometer floating in the liquid of
unknown specific gravity:

Solve for the density of the liquid: Myyq
PL=
"

Express the volume of the displaced Vo=V, +imd, h
liquid:
Substitute numerical values and v, =7.238cm’ +4 7[(0.75 cm)2
evaluate V.: x(20cm —12.2cm)

=10.68cm’

i 12.54

Substitute for V1 and myyq and .= g _=1.174 g/em’
evaluate p: 10.68cm
Express and evaluate the specific specific graVity“quid _Pw _ 1.17
gravity of the liquid: yo

09  eee

Picture the Problem We can apply Bernoulli’s equation to the top of the keg and to the
spigot opening to determine the rate at which the root beer exits the tank. Because the
area of the spigot is much smaller than that of the keg, we can neglect the velocity of the
root beer at the top of the keg. We’ll use the continuity equation to obtain an expression
for the rate of change of the height of the root beer in the keg as a function of the its
height and integrate this function to find / as a function of time.

(@) Apply Bernoulli’s equation to the P+ Prech % PoeecVl = Py + Prenhy
beer at the top of the keg and at the +1 PV
spigot: or, because v, = 0, 1, =0, Py = P, = Py, and
hy=h,
gh=3v;

Solve for v: v, =| +/2gh
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(b) Use the continuity equation to Av, = A4,v,
relate v; and v;:

Substitute —dh/dt for v;: dh

ubstitute or v; 4= 4y,
Substitute for v, and solve for dh/dt @ | é m
to obtain: dr 4 &
(c) Separate the variables in the _ A/ 4, ﬂ _
differential equation: \2g N/
Express the integral from 4’ = H to 4 / A, j’- dh' 3 j.dt'
hand?# =0tot: 2o H\/ﬁ_o
Evaluate the integral to obtain: B A4 /A4, ( \/ﬁ B \/Z )= y

2g

Solve for A:

(d) Solve A(¢) for the time-to-drain A [2H
1 4,\ g

Substitute numerical values and o ,741 22m) 6.39%10%s
evaluate ¢ 1074, | 9.81m/s’

=| 1h 46 min
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