Chapter 14

1. Let the volume of the expanded air sacs be V, and that of the fish with its air sacs
collapsed be V. Then

mfish 3 mfish 3
= =1.08 g/cm® and =—"_—-100 g/cm
pflsh V g pW V +V g

where py, is the density of the water. This implies
PrishV = pu(V + V) or (V + V,)/V = 1.08/1.00,
which gives Vi/(V + V,) = 0.074 = 7.4%.
2. The magnitude F of the force required to pull the lid off is F = (p, — pi)A, where p; is
the pressure outside the box, p; is the pressure inside, and A is the area of the lid.

Recalling that IN/m? = 1 Pa, we obtain

480 N

4

o gF o =38x10° Pa
X

F
. =p, ——=1.0x10° Pa—
Pi= P~

3. THINK The increase in pressure is equal to the applied force divided by the area.

EXPRESS The change in pressure is given by Ap = F/A = F/rr?, where r is the radius of
the piston.

ANALY ZE substituting the values given, we obtain
Ap = (42 N)/7(0.011 m)® = 1.1 x 10° Pa.
This is equivalent to 1.1 atm.

LEARN The increase in pressure is proportional to the force applied. In addition, since
Ap ~1/ A, the smaller the cross-sectional area of the syringe, the greater the pressure

increase under the same applied force.

4. We note that the container is cylindrical, the important aspect of this being that it has a
uniform cross-section (as viewed from above); this allows us to relate the pressure at the
bottom simply to the total weight of the liquids. Using the fact that 1L = 1000 cm®, we
find the weight of the first liquid to be

667
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W, = mg = pV,g =(2.6 g/cm®)(0.50 L)(1000 cm*/L)(980 cm/s*) =1.27x10°g-cm/s?
=12.7 N.

In the last step, we have converted grams to kilograms and centimeters to meters.
Similarly, for the second and the third liquids, we have

W, =m,g = p,V,g = (1.0 g/cm?)(0.25 L)(1000 cm®/L)(980 cm/s’)=25N
and
W, =m,g = pV,g = (0.80 g/cm*)(0.40 L)(1000 cm®/ L)(980 cm/s®) =3.1 N.

The total force on the bottom of the container is therefore F = W; + W, + W3 = 18 N.

5. THINK The pressure difference between two sides of the window results in a net force
acting on the window.

EXPRESS The air inside pushes outward with a force given by piA, where p; is the
pressure inside the room and A is the area of the window. Similarly, the air on the outside
pushes inward with a force given by p,A, where p, is the pressure outside. The magnitude
of the net force is F = (pi — po)A.

ANALYZE Since 1 atm = 1.013 x 10° Pa, the net force is

F=(p,—p,)A=(1.0atm-0.96 atm)(1.013x10° Pa/atm)(3.4 m)(2.1 m)
=2.9x10* N.

LEARN The net force on the window vanishes when the pressure inside the office is
equal to the pressure outside.

6. Knowing the standard air pressure value in several units allows us to set up a variety of
conversion factors:

5
() P =(28 Ib/in?) M =190 kPa.
14.7 Ib/in
5 5
(b) (120 mmHg) 1.01x10°Pa =159 kPa, (80 mmHg) 101x10" Pa =10.6 kPa.
760 mmHg 760 mmHg

7. (a) The pressure difference results in forces applied as shown in the figure. We
consider a team of horses pulling to the right. To pull the sphere apart, the team must
exert a force at least as great as the horizontal component of the total force determined by
“summing” (actually, integrating) these force vectors.
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We consider a force vector at angle &. Its leftward component is Ap cos &dA, where dA is
the area element for where the force is applied. We make use of the symmetry of the
problem and let dA be that of a ring of constant & on the surface. The radius of the ring is
r = R sin 6, where R is the radius of the sphere. If the angular width of the ring is d6, in
radians, then its width is R d@and its area is dA = 27R* sin #d6. Thus the net horizontal
component of the force of the air is given by

F,=27R°Ap J.Oﬁ/zsin 6 cosfdé =zR*Ap sin* @ :/2 = 7R?Ap.

(b) We use 1 atm = 1.01 x 10° Pa to show that Ap = 0.90 atm = 9.09 x 10* Pa. The sphere
radius is R = 0.30 m, so

Frn = 7(0.30 m)®(9.09 x 10* Pa) = 2.6 x 10* N.

(c) One team of horses could be used if one half of the sphere is attached to a sturdy wall.
The force of the wall on the sphere would balance the force of the horses.

8. Using Eqg. 14-7, we find the gauge pressure to be p,,. = pgh, where p is the density

of the fluid medium, and h is the vertical distance to the point where the pressure is equal
to the atmospheric pressure.

The gauge pressure at a depth of 20 m in seawater is
p, = p,,9d = (1024 kg/m*)(9.8 m/s*)(20 m) = 2.00x10° Pa.
On the other hand, the gauge pressure at an altitude of 7.6 km is
p, = p,,gh = (0.87 kg/m®)(9.8 m/s*)(7600 m) = 6.48x10" Pa.
Therefore, the change in pressure is
Ap=p,—p,=2.00x10° Pa—6.48x10" Pa ~1.4x10° Pa.

9. The hydrostatic blood pressure is the gauge pressure in the column of blood between
feet and brain. We calculate the gauge pressure using Eq. 14-7.

(a) The gauge pressure at the heart of the Argentinosaurus is

1torr
=p,... + pgh =80 torr+ (1.06x10° kg/m®)(9.8 m/s*)(21 m—-9.0 m)| ———
P = Py + 20 (106x10° kg/m®)(9.8 m/s?)( )(13333 Pa]

=1.0x10° torr.

(b) The gauge pressure at the feet of the Argentinosaurus is
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1torr
=n _ h' =80 torr + (1.06 x10° ka/m?)(9.8 m/s?)(21 m)| ——
e = Poran + 10 + (L0610 kg/m*)(9.8 mis”)( )(133'33 Paj

=80 torr +1642 torr =1722 torr ~1.7 x10° torr.

10. With A = 0.000500 m® and F = pA (with p given by Eq. 14-9), then we have pghA =
9.80 N. This gives h = 2.0 m, which means d + h =2.80 m.

11. The hydrostatic blood pressure is the gauge pressure in the column of blood between
feet and brain. We calculate the gauge pressure using Eq. 14-7.

(a) The gauge pressure at the brain of the giraffe is

1torr
= — pgh = 250 torr — (1.06x10° kg/m®)(9.8 m/s*)(2.0 m)| ———
Py = Prom — 20 (106x10° kg/m®)(@.8 /s’ )(133.33 Paj

=94 torr.
(b) The gauge pressure at the feet of the giraffe is

1torr

= + pgh = 250 torr + (1.06 x10% kg/m?)(9.8 m/s?)(2.0 m)| ———
Preet = Prear T P9 ( X g ) ) )(133.33 Pa

j =406 torr

~ 4.1x10? torr.

(c) The increase in the blood pressure at the brain as the giraffe lowers its head to the
level of its feet is

AP = Prp; — Py = 406 torr —94 torr = 312 torr ~ 3.1x107 torr.

12. Note that 0.05 atm equals 5065 Pa. Application of Eq. 14-7 with the notation in this
problem leads to
p _0.05atm 5065 Pa

Pliquia 9 Piiquia 9 Pliquia 9 .

d

max

Thus the difference of this quantity between fresh water (998 kg/m®) and Dead Sea water
(1500 kg/m®) is

5065 Pa( 1 1 5065 Pa 1 1
Ad = — = > 5= = (=017 m.
g P Pse ) 9:8m/s={ 998 kg/m® 1500 kg/m

13. Recalling that 1 atm = 1.01 x 10° Pa, Eq. 14-8 leads to
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1 atm

h = (1024 kg/m®) (9.80 m/s?) (10.9 x 10°m) [~ &M
pah=( g/me) ( ) (109 )(1.01><105 Pa

j ~1.08x10° atm.

14. We estimate the pressure difference (specifically due to hydrostatic effects) as
follows:

Ap = pgh = (1.06 x 10° kg/m®)(9.8 m/s*)(1.83 m) = 1.90 x 10” Pa.
15. In this case, Bernoulli’s equation reduces to Eq. 14-10. Thus,
p, = P9(-h) = —(1800kg/m?) (9.8 m/s*) (1.5 m) = —2.6 x 10" Pa .

16. At a depth h without the snorkel tube, the external pressure on the diver is
p=p,+po9h, where p, is the atmospheric pressure. Thus, with a snorkel tube of length

h, the pressure difference between the internal air pressure and the water pressure against
the body is
Ap=p=p,=pgh.
(@) If h=0.20 m, then
latm

Ap = pgh = (998 kg/m®)(9.8 m/s?)(0.20 m) ————— =0.019 atm .
p=pgh=( g/m”)( ) )1.01><105 ta

(b) Similarly, if h=4.0 m, then
latm

Ap = pgh = (998 kg/m®)(9.8 m/s?)(4.0 m) ———— ~0.39 atm .
p=pgh=( g/m”)( )( )1_01x105 Ba

17. THINK The minimum force that must be applied to open the hatch is equal to the
gauge pressure times the area of the hatch.

EXPRESS The pressure p at the depth d of the hatch cover is po + pgd, where p is the
density of ocean water and po is atmospheric pressure. Thus, the gauge pressure is

Pyauge = £9d , and the minimum force that must be applied by the crew to open the hatch
has magnitude F = p,, . A=(pgd)A, where A is the area of the hatch.

Substituting the values given, we find the force to be

F = Pyage A= (pgd)A=(1024 kg/m®)(9.8 m/s?)(100 m)(1.2 m)(0.60 m)
=7.2x10° N.

LEARN The downward force of the water on the hatch cover is (po + pgd)A, and the air
in the submarine exerts an upward force of poA. The greater the depth of the submarine,
the greater the force required to open the hatch.
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18. Since the pressure (caused by liquid) at the bottom of the barrel is doubled due to the
presence of the narrow tube, so is the hydrostatic force. The ratio is therefore equal to 2.0.
The difference between the hydrostatic force and the weight is accounted for by the
additional upward force exerted by water on the top of the barrel due to the increased
pressure introduced by the water in the tube.

19. We can integrate the pressure (which varies linearly with depth according to Eq. 14-7)
over the area of the wall to find out the net force on it, and the result turns out fairly
intuitive (because of that linear dependence): the force is the “average” water pressure
multiplied by the area of the wall (or at least the part of the wall that is exposed to the

water), where “average” pressure is taken to mean%(pressure at surface + pressure at
bottom). Assuming the pressure at the surface can be taken to be zero (in the gauge
pressure sense explained in section 14-4), then this means the force on the wall is % ogh
multiplied by the appropriate area. In this problem the area is hw (where w is the 8.00 m
width), so the force is %pghzw, and the change in force (as h is changed) is

Lpgw (h® —h%) = £(998 kg/m®)(9.80 m/s?)(8.00 m)(4.00° — 2.00°)m? = 4.69 x 10° N.
20. (a) The force on face A of area Aa due to the water pressure alone is

F. = paAs = £,00,A, = p,0(2d)d” =2(1.0x10° kg/m*)(9.8m/s* ) (5.0m)’
=2.5x10° N.

Adding the contribution from the atmospheric pressure,

Fo= (1.0 x 10° Pa)(5.0 m)* = 2.5 x 10° N,
we have
F/=F,+F,=25x10° N + 2.5x10° N=5.0x10° N.

(b) The force on face B due to water pressure alone is

5d 5 5 3
F = Page A5 = P9 (7j d° =2 p9d° =2 (1.0x10°kg/m®)(9.8m/s*)(5.0m)

=3.1x10° N.
Adding the contribution from the atmospheric pressure,
Fo= (1.0 x 10° Pa)(5.0 m)®> = 2.5 x 10° N,

we obtain
F=F +F, =25x10° N + 3.1x10° N=5.6x10° N.
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21. THINK Work is done to remove liquid from one vessel to another.

EXPRESS When the levels are the same, the height of the liquid is h = (h; + hy)/2, where
h; and h; are the original heights. Suppose h; is greater than h,. The final situation can
then be achieved by taking liquid from the first vessel with volume V = A(h; — h) and
mass m = pV = pA(h; — h), and lowering it a distance Ay = h — h,. The work done by the
force of gravity is

Wg = mgAy =pA(h: —h)g(h - hy).

ANALYZE We substitute h = (hy + h,)/2 to obtain

W, = % pYA(h —h, )2 :%(1.30><103 kg/m®)(9.80 m/s*)(4.00x10*m?)(1.56 m—0.854 m)?
=0.6351

LEARN Since gravitational force is conservative, the work done only depends on the
initial and final heights of the vessels, and not on how the liquid is transferred.

22. To find the pressure at the brain of the pilot, we note that the inward acceleration can
be treated from the pilot’s reference frame as though it is an outward gravitational
acceleration against which the heart must push the blood. Thus, with a=4g , we have

Borein = Preart — PN =120 torr — (1.06x10° kg/m*)(4x 9.8 m/s*)(0.30 m)(lé ;Oga)

=120 torr — 94 torr = 26 torr.
23. Letting pa = pp, We find

£c9(6.0 km + 32 km + D) + p(y — D) = pcg(32 km) + pry
and obtain

6.0km)p, (6.0km)(2.9g/cm’)
p.—p.  3.3g/cm®—2.9g/cm’

D=( =44 km.

24. (a) At depth y the gauge pressure of the water is p = pgy, where p is the density of the
water. We consider a horizontal strip of width W at depth y, with (vertical) thickness dy,
across the dam. Its area is dA = W dy and the force it exerts on the dam is dF = p dA =
LgyW dy. The total force of the water on the dam is

D 1 1
F= jo pOYW dy == PYWD? =§(1.00x103 kg/m*)(9.80m/s*)(314m)(35.0m)’

=1.88x10°N.
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(b) Again we consider the strip of water at depth y. Its moment arm for the torque it
exerts about O is D —y so the torque it exerts is

dt=dF(D —y) = pgyW (D —y)dy

and the total torque of the water is

D 1 1 1
r=]. pgyW(D—y)dyngvv(ED3—§D3}=gpgw03

= %(1.00><103 kg/m*)(9.80m/s?)(314m)(35.0 m)’ =2.20x10N-m.

(c) We write t = rF, where r is the effective moment arm. Then,

1 HgWD?® .
=L 3P0t _DosOmM gy
F lpgWwD? 3 3

25. As shown in Eq. 14-9, the atmospheric pressure p, bearing down on the barometer’s
mercury pool is equal to the pressure pgh at the base of the mercury column: p, = pgh.

Substituting the values given in the problem statement, we find the atmospheric pressure
to be

ltorr
= pgh = (1.3608x10"* kg/m*)(9.7835 m/s?)(0.74035 m)| —————
Py = pgh = (1360810 kgym) )O74035 m)| 2o

=739.26 torr.

26. The gauge pressure you can produce is

(1000kg/m®)(9.8m/s*)(4.0x10?m)

- =-3.9%x10atm
1.01x10° Pa/atm

p=—pgh=-—

where the minus sign indicates that the pressure inside your lung is less than the outside
pressure.

27. THINK The atmospheric pressure at a given height depends on the density
distribution of air.

EXPRESS If the air density were uniform, p =const., then the variation of pressure with
height may be written as: p2 = p1 — pg(y2 — y1). We take y; to be at the surface of Earth,
where the pressure is p; = 1.01 x 10° Pa, and y, to be at the top of the atmosphere, where
the pressure is p, = 0. On the other hand, if the density varies with altitude, then

h
pzzpl_Iopg dy .
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For the case where the density decreases linearly with height, p = py (1 — y/h), where py is
the density at Earth’s surface and g = 9.8 m/s? for 0 <y < h, the integral becomes

h 1
P, =P — _[0 £o9 (1_ %) dy = p, - Epogh-

ANALYZE (a) For uniform density with p = 1.3 kg/m®, we find the height of the
atmosphere to be

1.01 x 10° Pa
Yo =% = P

- = - —=79x10° m =7.9 km.
£9 (1.3 kg/m*)(9.8m/s%)

(b) With density decreasing linearly with height, p,=p,—p,9h/2. The condition p, =0
implies

ho 2p,  2(1.01x10° Pa)

= = . — =16 x 10° m = 16 km.
29 (1.3 kg/m’)(9.8 m/s?)

LEARN Actually the decrease in air density is approximately exponential, with pressure
halved at a height of about 5.6 km.

28. (a) According to Pascal’s principle, F/A = fla —> F = (A/a)f.

(b) We obtain

2
=2 B8 5h0.10° N) =103 N,
A (53.0 cm)

The ratio of the squares of diameters is equivalent to the ratio of the areas. We also note
that the area units cancel.

29. Equation 14-13 combined with Eq. 5-8 and Eq. 7-21 (in absolute value) gives

A

mg = kx A,

With A, = 18A; (and the other values given in the problem) we find m = 8.50 kg.

30. Taking “down” as the positive direction, then using Eq. 14-16 in Newton’s second
law, we have (5.00 kg)g — (3.00 kg)g = 5a. This gives a = %g =3.92 m/s?, where g = 9.8

m/s®. Then (see Eq. 2-15) %at2 =0.0784 m (in the downward direction).

31. THINK The block floats in both water and oil. We apply Archimedes’ principle to
analyze the problem.
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EXPRESS Let V be the volume of the block. Then, the submerged volume in water is
V, =2V /3. Since the block is floating, by Archimedes’ principle the weight of the

displaced water is equal to the weight of the block, i.e., pw Vs = o V, where p, is the
density of water, and py, is the density of the block.

ANALYZE (a) We substitute Vs = 2V/3 to obtain the density of the block:
o = 2p/3 = 2(1000 kg/m®)/3 ~ 6.7 x10% kg/m®.

(b) Now, if p is the density of the oil, then Archimedes’ principle yields p V.= p,V .
Since the volume submerged in oil is V. =0.90V , the density of the oil is

V V
=p | — |=(6.7x10% kg/m®) —— =7.4x10% kg/m®.
Po pb(v,j (6.7x g )0.90\/ x g

LEARN Another way to calculate the density of the oil is to note that the mass of the

block can be written as
m=pV =pV,=pV.

w's”*

Therefore,
2V /3

——— =7.4x10% kg/m®.
0.90v

o, m(é}aooo kg/m)

S

That is, by comparing the fraction submerged with that in water (or another liquid with
known density), the density of the oil can be deduced.

32. (&) The pressure (including the contribution from the atmosphere) at a depth of hy, =
L/2 (corresponding to the top of the block) is

Pup = Pan + PG, =1.01 x 10° Pa + (1030 kg/m®) (9.8 m/s?) (0.300 m) = 1.04 x 10° Pa

where the unit Pa (pascal) is equivalent to N/m?. The force on the top surface (of area A =
L2=0.36 m?) is
Fiop = Prop A = 3.75 x 10° N.

(b) The pressure at a depth of h,: = 3L/2 (that of the bottom of the block) is

Poot = Par + 20N, =1.01x 10° Pa + (1030 kg/m*) (9.8 m/s?) (0.900 m)
=1.10 x10° Pa

where we recall that the unit Pa (pascal) is equivalent to N/m?. The force on the bottom
surface is
Fbot = Poot A = 3.96 x 10* N.
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(c) Taking the difference Fyot — Fiop Cancels the contribution from the atmosphere
(including any numerical uncertainties associated with that value) and leads to

I:bot - I:top = p9 (hbot - htop) A= ngS = 218X103 N

which is to be expected on the basis of Archimedes’ principle. Two other forces act on
the block: an upward tension T and a downward pull of gravity mg. To remain stationary,
the tension must be

T =mg — (R — Fyp) = (450 kg) (9.80 m/s®) — 2.18x10° N = 2.23x10° N.

(d) This has already been noted in the previous part: F, =2.18x10° N, and T + F, = mg.

33. THINK The iron anchor is submerged in water, so we apply Archimedes’ principle
to calculate its volume and weight in air.

EXPRESS The anchor is completely submerged in water of density p. Its apparent
weight is Wapp = W — Fy,, where W= myg is its actual weight and F, =p, gV is the buoyant
force.

ANALYZE (a) Substituting the values given, we find the volume of the anchor to be

W -W
= w _ 5 = 200N =2.04x107 m°.

\Vj =
Pud P9 (1000 kg/m®) (9.8 mis?)

(b) The mass of the anchor is m= p..g, where p., is the density of iron (found in Table
14-1). Therefore, its weight in air is

W =mg = p..Vg = (7870 kg/m?) (2.04 x 10 m*) (9.80 m/s®) =1.57 x 10° N..

LEARN In general, the apparent weight of an object of density p that is completely
submerged in a fluid of density p, can be written as W, =(,0—p;)Vg.

34. (a) Archimedes’ principle makes it clear that a body, in order to float, displaces an
amount of the liquid that corresponds to the weight of the body. The problem (indirectly)
tells us that the weight of the boat is W = 35.6 kN. In salt water of density

/' = 1100 kg/m?®, it must displace an amount of liquid having weight equal to 35.6 kN.

(b) The displaced volume of salt water is equal to

3
vie WV ?.56><130 N —=330m°,
00 (1.10x10° kg/m*)(9.80 m/s?)
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In freshwater, it displaces a volume of V = W/pg = 3.63 m®, where p = 1000 kg/m®. The
difference is V-V ' = 0.330 m®,

35. The problem intends for the children to be completely above water. The total
downward pull of gravity on the system is

3(356 N)+ N 9,006 GV

where N is the (minimum) number of logs needed to keep them afloat and V is the
volume of each log:
V = r(0.15 m)? (1.80 m) = 0.13 m®,

The buoyant force is Fp = pwaterdVsubmerged, Where we require Vsyomerged < NV. The density
of water is 1000 kg/m3. To obtain the minimum value of N, we set Vsupmerges = NV and
then round our “answer” for N up to the nearest integer:

3(356 N)

3(356N)+N,00d9V = Praer ANV = N =
( ) ‘ t gV (pwater - pwood)

which yields N = 4.28 — 5 logs.

36. From the “kink” in the graph it is clear that d = 1.5 cm. Also, the h = 0 point makes it
clear that the (true) weight is 0.25 N. We now use Eq. 14-19 at h = d = 1.5 cm to obtain

Fr=(0.25N-0.10N)=0.15N.
Thus, piiquia g V = 0.15, where
V = (1.5 cm)(5.67 cm?) = 8.5 x 10 ° m®.
Thus, piquia = 1800 kg/m® = 1.8 g/cm®,

37. For our estimate of Vsupmerged We interpret “almost completely submerged” to mean

N

- 3
~ —7l

V.

submerged

where r, =60 cm.

w

Thus, equilibrium of forces (on the iron sphere) leads to
4 4
Fb =M, = pwatergvsubmerged = Piron9 (gﬂ-rog - gﬂ'l’lsj
where r; is the inner radius (half the inner diameter). Plugging in our estimate for

Vsubmerged @ Well as the densities of water (1.0 g/cm®) and iron (7.87 g/cm®), we obtain the
inner diameter:
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1.0 g/cm®

or =2r|1- ——2=
[ 7.87 g/em®

1/3
j =57.3cm.

38. (a) An object of the same density as the surrounding liquid (in which case the
“object” could just be a packet of the liquid itself) is not going to accelerate up or down
(and thus won’t gain any kinetic energy). Thus, the point corresponding to zero K in the
graph must correspond to the case where the density of the object equals piguid.
Therefore, pyan = 1.5 glem® (or 1500 kg/m®).

(b) Consider the piiguia = 0 point (where Kgaines = 1.6 J). In this case, the ball is falling
through perfect vacuum, so that v? = 2gh (see Eq. 2-16) which means that K =2 mv? = 1.6
J can be used to solve for the mass. We obtain mya = 4.082 kg. The volume of the ball
is then given by

Mpan/ Poant = 2.72 x 103 m?,

39. THINK The hollow sphere is half submerged in a fluid. We apply Archimedes’
principle to calculate its mass and density.

EXPRESS The downward force of gravity mg is balanced by the upward buoyant force
of the liquid: mg = pg Vs. Here m is the mass of the sphere, p is the density of the liquid,
and Vs is the submerged volume. Thus m = pV,. The submerged volume is half the total
volume of the sphere, so V, =1(4x/3)r;, where r, is the outer radius.

ANALYZE (a) Substituting the values given, we find the mass of the sphere to be

m= pV, :p(%-%zrf) :2?7[ prl= (%j(SOO kg/m®)(0.090 m)® =1.22 kg.

(b) The density pr, of the material, assumed to be uniform, is given by o, = m/V, where m
is the mass of the sphere and V is its volume. If r; is the inner radius, the volume is

V = 4?” (P =) = 4?” ((0.090 m)° - (0.080 m)°) = 9.09 x 10 m°.

The density is
1.22 kg

Pm =900 x 10 m?

=1.3 x10% kg/m®.
LEARN Note that pn > p, i.e., the density of the material is greater that of the fluid.
However, the sphere floats (and displaces its own weight of fluid) because it’s hollow.

40. If the alligator floats, by Archimedes’ principle the buoyancy force is equal to the
alligator’s weight (see Eq. 14-17). Therefore,
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R, =F,=m, 9 =(p0AN)g.
If the mass is to increase by a small amount m — m’=m+ Am, then
F, —F =p4,0Ah+Ah)g.
With AR =F'—F, =0.010mg , the alligator sinks by

Ao AR _00lmg __ 0.010(130kg)

= = = . —=6.5x10° m=6.5mm.
PuoPd  PuoAd (998 kg/m)(0.20 m7)

41. Let V, be the total volume of the iceberg. The non-visible portion is below water, and
thus the volume of this portion is equal to the volume V, of the fluid displaced by the
iceberg. The fraction of the iceberg that is visible is

frac =

Since iceberg is floating, Eq. 14-18 applies:
Fg:migszg j— mi=mf-

Since m= pV , the above equation implies

Thus, the visible fraction is
\ P+ .

() If the iceberg (o, =917 kg/m®) floats in salt water with p, =1024 kg/m®, then the

fraction would be

3
frac=1- 2 =1~ SLTKIM 616100
o} 1024 kg/m

(b) On the other hand, if the iceberg floats in fresh water ( p, =1000 kg/m®), then the

fraction would be
3
frac =1~ 2o =1~ DLTKIM 6083 g.39%.
Ps 1000 kg/m
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42. Work is the integral of the force over distance (see Eq. 7-32). Referring to the
equation immediately preceding Eq. 14-7, we see the work can be written as

W= _[pwater gA(_y) dy

where we are using y = 0 to refer to the water surface (and the +y direction is upward).
Let h =0.500 m. Then, the integral has a lower limit of —h and an upper limit of y;, with

yi/h=— Peylinder Ipwater = — 0.400.
The integral leads to

W =3 puater@ANA(L - 0.4%) = 4.11kJ .

43. (a) When the model is suspended (in air) the reading is Fq (its true weight, neglecting
any buoyant effects caused by the air). When the model is submerged in water, the
reading is lessened because of the buoyant force: Fy — F,. We denote the difference in

readings as Am. Thus,
F, —(F, -F)=Amg

which leads to F, = Amg. Since F, = p,gVnm (the weight of water displaced by the model)
we obtain

v —Am_063776kg ¢ 278,104 me.

" p, 1000 kg/m

(b) The 55 scaling factor is discussed in the problem (and for purposes of significant
figures is treated as exact). The actual volume of the dinosaur is

V, =20V =5102m°.

(c) Using p = Meino 0,, =1000 kg/m®, we find the mass of the T. rex to be
dino

My ~ P, Vo =(1000kg/m®) (5.102 m*) =5.102x10° kg .

44. (a) Since the lead is not displacing any water (of density py), the lead’s volume is not
contributing to the buoyant force Fy. If the immersed volume of wood is Vj, then

Fb - pWVig = O'goopwvwoodg = OQOOpr Emwoodj ,

wood

which, when floating, equals the weights of the wood and lead:
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m
Fb = 0900,0Wg (Mj = (mwood + mlead)g'

wood

Thus,

— 3.67 kg

mlead = Ogoopw ( wood — 600 kg/mS

=1.84 kg.

mwood] - (0.900) (1000 kg/m®) (3.67 kg)

wood

(b) In this case, the volume Vieaq = Mieag/ pread @lS0 contributes to Fy. Consequently,

F = 0.900p,9 (mWOOd] + [ Pu j M9 = (mwood + mlead)g’

wood lead

which leads to

0.900 (pw/pwood)mwood ~ Myooq _ 1.84 kg
1- P! P 1 - (1.00 x 10° kg/m®/1.13 x 10" kg/m?)

lead —

= 2.01 kg.

45, The volume V., of the cavities is the difference between the volume V. of the
casting as a whole and the volume Vij,n contained: Veay = Veast — Viron. The volume of the
iron is given by Vion = W/goion, Where W is the weight of the casting and piron IS the
density of iron. The effective weight in water (of density pw) IS Wett = W — gpow Veast. Thus,
Veast = (W — Wesr)/g o and

V- W — W, B W 6000 N-4000 N 3 6000 N
°av 90, 9P, (9.8 m/s?)(1000kg/m*®) (9.8 m/s*)(7.87 x 10° kg/m®)
=0.126 m® .

46. Due to the buoyant force, the ball accelerates upward (while in the water) at rate a
given by Newton’s second law: owaterVg — oba Vg = poanVa, which yields

pwater =/Oball (1+a/ g) '
With ppair = 0.300 pwater, We find that

a=g| Puer _1|_(9.80 m/sz)ti—l) =22.9m/s’.
Pall 0.300

Using Eq. 2-16 with Ay = 0.600 m, the speed of the ball as it emerges from the water is

v =\[2aAy = /2(22.9 m/s?)(0.600 m) =5.24 m/s.



683

This causes the ball to reach a maximum height hy.x (measured above the water surface)
given by hmax = V429 (see Eq. 2-16 again). Thus,

v: (5.24m/s)?

hax = —— = >-=140m.
29 2(9.80 m/s%)

47. (a) If the volume of the car below water is V3 then F, = p,V19 = Weqr, Which leads to

2
1:Wcar _ (1800kg)(9.8m/s?) 180
Pu9  (1000kg/m*)(9.8m/s?)

(b) We denote the total volume of the car as V and that of the water in it as V,. Then

I:b = ,OWVg :Wcar + pwvzg
which gives

V, =V —%:(0.750 m? +5.00m° +0.800m* ) - 1800kg __ 4 75 me.

o 1000kg,/m?

48. Let p be the density of the cylinder (0.30 g/cm® or 300 kg/m®) and pre be the density
of the iron (7.9 g/cm?® or 7900 kg/m®). The volume of the cylinder is

V, = (6x12) cm® = 72 cm® = 0.000072 m®,
and that of the ball is denoted V,, . The part of the cylinder that is submerged has volume
Vs = (4 x 12) cm® = 48 cm® = 0.000048 m°.
Using the ideas of section 14-7, we write the equilibrium of forces as
paVe + Pre@Vo = pwgVs + pwgVy = V,=3.8cm’

where we have used p, = 998 kg/m® (for water, see Table 14-1). Using V, =%m’3 we
find r =9.7 mm.

49. This problem involves use of continuity equation (Eq. 14-23): Av, = A\V,.

(@) Initially the flow speed is v. =1.5m/s and the cross-sectional area is A =HD. At
point a, as can be seen from the figure, the cross-sectional area is

A =(H-h)D-(b-h)d.
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Thus, by continuity equation, the speed at point a is

_ Av, HDv, (24 m)(55 m)(L.5 m/s)

V — =
2 A (H-h)D-(b-h)d (14 m—0.80 m)(55 m)—(12 m—0.80 m)(30 m)
=2.96 m/s =~ 3.0 m/s.

(b) Similarly, at point b, the cross-sectional area is A =HD-bd, and therefore, by
continuity equation, the speed at point b is

v, = Av. _ HDv, _ (24 m)(55 m)(1.5 m/s) 28 mps.
A, HD-bd (14 m)(55 m)—(12 m)(30 m)

50. The left and right sections have a total length of 60.0 m, so (with a speed of 2.50 m/s)
it takes 60.0/2.50 = 24.0 seconds to travel through those sections. Thus it takes (88.8 —
24.0) s = 64.8 s to travel through the middle section. This implies that the speed in the
middle section is

Vmid = (50 m)/(64.8 s) = 0.772 m/s.

Now Eq. 14-23 (plus that fact that A = xr?) implies rmiq = ra\(2.5 m/s)/(0.772 m/s) where
ra=2.00 cm. Therefore, r_, =3.60cm.

' "mid

51. THINK We use the equation of continuity to solve for the speed of water as it leaves
the sprinkler hole.

EXPRESS Let v; be the speed of the water in the hose and v, be its speed as it leaves one
of the holes. The cross-sectional area of the hose is A; = nR?. If there are N holes and A,
is the area of a single hole, then the equation of continuity becomes

RZ
V1A1:V2(NA2) =V, :%W:W\ﬁ

where R is the radius of the hose and r is the radius of a hole.

ANALYZE Noting that R/r = D/d (the ratio of diameters) we find the speed to be

2 2
v, = D -V, = (1.9cm) -(0.91m/s)=8.1 m/s.
Nd 24(0.13cm)

LEARN The equation of continuity implies that the smaller the cross-sectional area of
the sprinkler hole, the greater the speed of water as it emerges from the hole.

52. We use the equation of continuity and denote the depth of the river as h. Then,
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(8.2m)(3.4m)(2.3m/s)+(6.8m)(3.2m)(2.6m/s)=h(10.5m)(2.9m/s)

which leads to h =4.0 m.
53. THINK The power of the pump is the rate of work done in lifting the water.

EXPRESS Suppose that a mass Am of water is pumped in time At. The pump increases
the potential energy of the water by AU =(Am)gh, where h is the vertical distance through
which it is lifted, and increases its kinetic energy by AK =1(Am)v?, where v is its final
speed. The work it does is

AW =AU +AK = (Am)gh +%(Am)v2

and its power is

P:M:A—m gh+1v2 .
At At 2

The rate of mass flow is Am/ At = p,Av, where p, is the density of water and A is the area
of the hose.

ANALYZE The area of the hose is A = «r? = 2(0.010 m)? = 3.14 x 10 * m? and

WAV = (1000 kg/m?) (3.14 x 10* m?) (5.00 m/s) = 1.57 kg/s.

Thus, the power of the pump is

(5.0 m/s)2

P:pAv(gh +%v2j =(1.57 kg/s)£(9.8 m/s*)(3.0m)+ =66 W.

LEARN The work done by the pump is converted into both the potential energy and
kinetic energy of the water.

54. (a) The equation of continuity provides (26 + 19 + 11) L/min = 56 L/min for the flow
rate in the main (1.9 cm diameter) pipe.

(b) Using v = R/A and A = ntd %/4, we set up ratios:

Ve 56/7(19)%/4

Ve 26/7(1.3)2/4

55. We rewrite the formula for work W (when the force is constant in a direction parallel
to the displacement d) in terms of pressure:
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W = Fd =(%) (Ad) = pV

where V is the volume of the water being forced through, and p is to be interpreted as the
pressure difference between the two ends of the pipe. Thus,

W = (1.0 x10° Pa) (1.4 m®) =1.4 x 10° J.

56. (a) The speed v of the fluid flowing out of the hole satisfies  pv* = pgh or v = w/Zgh .
ThUS, p1V1A1 = szzAz, which leads to

PiJ20hA = p,\[20hA, = %=

2

=2.

> [P

(b) The ratio of volume flow is

R_vA_A_L

R, WA A 2
() Letting R1/R, = 1, we obtain vl/v2 = AZ/AL =2=,/h/h, . Thus,
h, =h/4=(12.0 cm)/4=3.00 cm.

57. THINK We use the Bernoulli equation to solve for the flow rate, and the continuity
equation to relate cross-sectional area to the vertical distance from the hole.

EXPRESS According to the Bernoulli equation:
p1+%pV12 +pgh =p, +%PV22 +po0h,

where p is the density of water, h; is the height of the water in the tank, p; is the pressure
there, and v; is the speed of the water there; h; is the altitude of the hole, p; is the pressure
there, and v, is the speed of the water there. The pressure at the top of the tank and at the
hole is atmospheric, so p; = p,. Since the tank is large we may neglect the water speed at
the top; it is much smaller than the speed at the hole. The Bernoulli equation then

simplifiesto pgh, =1 pv; + pgh, .

ANALYZE (a) With D=h —h, =0.30 m, the speed of water as it emerges from the

hole is
v, =2g(h—h,) = \/2(9.8m/52)(0.30m) = 2.42m/s.

Thus, the flow rate is




687

AV, = (6.5 x 10 m?)(2.42 m/s) = 1.6 x 10> ms.

(b) We use the equation of continuity: Aov, = Asvs, where A, =2 A, and vs is the water
speed where the area of the stream is half its area at the hole (see diagram below).

A3
Thus,
V3 = (Az/A3)V2 =2v, =484 m/s.

The water is in free fall and we wish to know how far it has fallen when its speed is
doubled to 4.84 m/s. Since the pressure is the same throughout the fall,

3 V5 + pgh, =3 pvs + pghy . Thus,

vi-v: (4.84 m/s)’ —(2.42m/s)’

29 2(9.8m/s?) =00m

hz_h3:

LEARN By combing the two expressions obtained from Bernoulli’s equation and
equation of continuity, the cross-sectional area of the stream may be related to the
vertical height fallen as

iz (A Vi AY
o=tz (8) (4]
20 29|\ A 29] (A
58. We use Bernoulli’s equation:

P, — B =pgD+%p(V12 _sz)

where p = 1000 kg/m® D = 180 m, v; = 0.40 m/s, and v, = 9.5 m/s. Therefore, we find Ap
= 1.72 x 10° Pa, or 1.7 MPa. The Sl unit for pressure is the pascal (Pa) and is equivalent to
N/m<.

59. THINK The elevation and cross-sectional area of the pipe are changing, so we apply
the Bernoulli equation and continuity equation to analyze the flow of water through the

pipe.
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EXPRESS To calculate the flow speed at the lower level, we use the equation of
continuity: Ajvi = Ayvo. Here Ay is the area of the pipe at the top and v; is the speed of the
water there; A, is the area of the pipe at the bottom and v, is the speed of the water there.
As for the pressure at the lower level, we use the Bernoulli equation:

P.+3 PV + pghy = p,+3 pv; + pgh,
where pis the density of water, h; is its initial altitude, and h; is its final altitude.
ANALYZE (a) From the continuity equation, we find the speed at the lower level to be
Vo = (Ad/As)v: = [(4.0 cm?)/(8.0 cm?)] (5.0 m/s) = 2.5m/s.

(b) Similarly, from the Bernoulli equation, the pressure at the lower level is

1
P, = p1+§p(V12—V22)+pg(hl—h2)
=1.5x10°Pa +%(1ooo kg/m*)[ (5.0m/s)’ - (2.5m/s)’ | +(1000kg/m*)(9.8m/s*)(10 m)
—2.6x10° Pa.

LEARN The water at the lower level has a smaller speed (v, <v;) but higher pressure
(P> py).

60. (a) We use Av = const. The speed of water is

V= (25.0cm)’ ‘(5-200”‘)2 (2.50m/s) = 2.40m/s.
(25.0cm)

(b) Since p+1 pv? =const., the pressure difference is

Ap =% PAV? = %(1000 kg/m’)| (250m/s)" ~(2.40mys)’ | = 245Pa

61. (a) The equation of continuity leads to

2
r
V2A2= 1A1 = szvl[#j

2
which gives v, = 3.9 m/s.

(b) With h = 7.6 m and p; = 1.7 x 10° Pa, Bernoulli’s equation reduces to
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P, =P —p9h+%p(vf —vj) =8.8x10"Pa.

62. (a) Bernoulli’s equation gives p, = pg +3 0,,V>- However, Ap=p,— p, = ogh in
order to balance the pressure in the two arms of the U-tube. Thus pgh=1 p,.v?, or

V= /Zpgh.
pair

(b) The plane’s speed relative to the air is

2(810kg/m?) (9.8 m/s?) (0.260m
- [2oah _ [2(B10kgm)C > )O290M 3 s
Liir 1.03kg/m

63. We use the formula for v obtained in the previous problem:

v= P8P _ [2080P8) 4 102,
Lair 0.031kg/m

64. (a) The volume of water (during 10 minutes) is
V =(vt)A =(15m/s)(10 min)(GOs/min)(%j(O.% m)’ =6.4m°.

(b) The speed in the left section of pipe is

szvl(%]=vl(%J =(15m/s)[2:822j =5.4m/s.

2

(c) Since
P +3 AV +pghy = p, +3 pV; + pgh,

and h =h,, p, = p,, which is the atmospheric pressure,

P, =P, +% p(V V) =1.01x10° Pa+%(1.0><103 kg/ m3)[(15 m/s)’ - (5.4 m/s)z}
=1.99x10°Pa =1.97atm.
Thus, the gauge pressure is (1.97 atm — 1.00 atm) = 0.97 atm = 9.8 x 10* Pa.

65. THINK The design principles of the Venturi meter, a device that measures the flow
speed of a fluid in a pipe, involve both the continuity equation and Bernoulli’s equation.
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EXPRESS The continuity equation yields AV = av, and Bernoulli’s equation yields
1 pV?=Ap+1pv?, where Ap = p, — p; With p, equal to the pressure in the throat and p;
the pressure in the pipe. The first equation gives v = (A/a)V. We use this to substitute for

v in the second equation and obtain
1V =Ap+ip(Ala)V?,
The equation can be used to solve for V.

ANALYZE (a) The above equation gives the following expression for V:

V- 2Ap _ 2a°Ap
p(1-(Ara)?) ([ p(a®-A%)

(b) We substitute the values given to obtain

=3.06m/s.

V< 2a°Ap 2(32 x 10" m?)?(41 x 10°Pa —55 x 10°Pa)
p(a* =A%) \[(1000kg/m®)((32 x 107 m*)* - (64 x 107m*)?)

Consequently, the flow rate is

R=AV = (64 x10*m?)(3.06 m/s) =2.0 x 10°m®/s.
LEARN The pressure difference Ap between points 1 and 2 is what causes the height
difference of the fluid in the two arms of the manometer. Note that Ap = p, — p1 <0
(pressure in throat less than that in the pipe), but a< A, so the expression inside the
square root is positive.

66. We use the result of part (a) in the previous problem.

(@) In this case, we have Ap = p; = 2.0 atm. Consequently,

- 20p J 4(1.01 x 10° Pa) aims
\/ p((Ala)?-1) \ (1000 kg/m®) [(5a/a)® —1]

(b) And the equation of continuity yields V = (A/a)v = (5a/a)v = 5v = 21 m/s.

(c) The flow rate is given by
Av =§ (5.0 x 10 m?) (4.1 m/s) =8.0 x 10°m®/s.
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67. () The friction force is

f = AAp = p,gdA = (1.0x10° kg/m®) (9.8 m/s?) (6.0m)(gj (0.040 m)> =74 N.

(b) The speed of water flowing out of the hole is v = ,/ng. Thus, the volume of water
flowing out of the pipeint=3.0his

2
V = Avt =”T(o.o4o m)?,/2(9.8 m/s?) (6.0 m) (3.0 h) (3600 s/h) =1.5x10?m’.

68. (a) We note (from the graph) that the pressures are equal when the value of inverse-
area-squared is 16 (in Sl units). This is the point at which the areas of the two pipe
sectionzs are equal. Thus, if A, = 1/A\/16 when the pressure difference is zero, then A; is
0.25m".

(b) Using Bernoulli’s equation (in the form Eq. 14-30) we find the pressure difference
may be written in the form of a straight line: mx + b where x is inverse-area-squared (the
horizontal axis in the graph), m is the slope, and b is the intercept (seen to be —300

kN/m?). Specifically, Eq. 14-30 predicts that b should be —3 pv,%. Thus, with p= 1000
kg/m® we obtain v,= /600 m/s. Then the volume flow rate (see Eq. 14-24) is

R = A, V.= (0.25 m?)(/600 m/s) = 6.12 m®/s.

If ;he more accurate value (see Table 14-1) p = 998 kg/m®is used, then the answer is 6.13
m°/s.

69. (@) Combining Eq. 14-35 and Eq. 14-36 in a manner very similar to that shown in the
textbook, we find

2Ap

R = i W
M p(a-A)

for the flow rate expressed in terms of the pressure difference and the cross-sectional
areas. Note that Ap = p; — p2 = —7.2 x 10° Pa and A2 — A> =—8.66x10°m*, so that the
square root is well defined. Therefore, we obtain R = 0.0776 m*/s.

(b) The mass rate of flow is pR = (900 kg/m*)(0.0776 m®/s) = 69.8 kg/s..

70. By Eq. 14-23, the speeds in the left and right sections are %vmid and %vmid, respectively,

where Vpmig = 0.500 m/s. We also note that 0.400 m® of water has a mass of 399 kg (see
Table 14-1). Then Eq. 14-31 (and the equation below it) gives



692 CHAPTER 14

1

42

W =Imy? ( L ij =3(399 kg)(0.50 m/s)> (giz_

== =-2.50J.
2 mid 92 42 2 j

71. (a) The stream of water emerges horizontally (& = 0° in the notation of Chapter 4)
with v, = Q/ZQh . Setting y — yo = —(H — h) in EQ. 4-22, we obtain the “time-of-flight”

t:\/—_Z(H - =\/3(H —h).
-9 g

Using this in Eq. 4-21, where X, = 0 by choice of coordinate origin, we find

X = v;t = \[2gh @ =2,/h(H —h) = 2,/(10 cm)(40 cm—10 cm) =35 cm.

(b) The result of part (a) (which, when squared, reads x* = 4h(H — h)) is a quadratic
equation for h once x and H are specified. Two solutions for h are therefore
mathematically possible, but are they both physically possible? For instance, are both
solutions positive and less than H? We employ the quadratic formula:

X H+yH?—x?

h2—Hh+2 =0 = h=——
4 2

which permits us to see that both roots are physically possible, so long as x < H. Labeling
the larger root h; (where the plus sign is chosen) and the smaller root as h, (where the
minus sign is chosen), then we note that their sum is simply

B H+JH2 - X L H- H?-x*
- 5 -

2

H.

h+h,

Thus, one root is related to the other (generically labeled h' and h) by h' = H — h. Its
numerical value is h"=40cm— 10 cm =30 cm.

(c) We wish to maximize the function f = x* = 4h(H — h). We differentiate with respect to
h and set equal to zero to obtain

9 sn-sh-o=n-H
dh 2

or h = (40 cm)/2 = 20 cm, as the depth from which an emerging stream of water will
travel the maximum horizontal distance.

72. We use Bernoulli’s equation:
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P +3 0% +pghy = P, +3 pV; + pgh, .

When the water level rises to height hy, just on the verge of flooding, v,, the speed of
water in pipe M is given by

p9(h,—h,) =%pV§ = v, =,/2g(h,—h,) =13.86 m/s.
By the continuity equation, the corresponding rainfall rate is

2
v, = A v, :M(B.SG m/s)=2.177x10"° m/s~7.8 cm/h.
A (30 m)(60 m)

73. Equilibrium of forces (on the floating body) is expressed as

I:b = mbody g = pliquid ngubmerged = pbodygvtotal
which leads to
V

submerged pbody

V

total Pliquid

We are told (indirectly) that two-thirds of the body is below the surface, so the fraction
above is 2/3. Thus, with pyoay = 0.98 g/cm3, we find piquid = 1.5 g/cm3 — certainly much
more dense than normal seawater (the Dead Sea is about seven times saltier than the
ocean due to the high evaporation rate and low rainfall in that region).

74. 1f the mercury level in one arm of the tube is lowered by an amount X, it will rise by x
in the other arm. Thus, the net difference in mercury level between the two arms is 2x,
causing a pressure difference of Ap = 2pn49X, Which should be compensated for by the
water pressure py = pwgh, where h = 11.2 cm. In these units, g, = 1.00 g/cm® and PHg =
13.6 g/cm® (see Table 14-1). We obtain

_ p.Oh  (2.00 g/cm®) (11.2 cm)
20,49 2(13.6 g/cm?)

X = 0.412 cm.

75. Using m = pV, Newton’s second law becomes
PwaterVG — PoubbleVG = PoubbleVa,
or
pwater = pbubble (1+ a'/ g)

With paer = 998 kg/m?® (see Table 14-1), we find
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3
_ _Pwater  _ 998 kg/m =975.6 kg/m®.

Pouwie =7 o g 1+(0.225m/s?)/(9.80 m/s?)

Using volume V = gnr3 with r =5.00x10"* m for the bubble, we then find its mass:
Mpubble = 5.11 x 10”7 kg.

76. To be as general as possible, we denote the ratio of body density to water density as f
(so that f = po/p, = 0.95 in this problem). Floating involves equilibrium of vertical forces
acting on the body (Earth’s gravity pulls down and the buoyant force pushes up). Thus,

Fb = Fg = pwng = pgv

where V is the total volume of the body and V,, is the portion of it that is submerged.

(a) We rearrange the above equation to yield

Y _ P _;
Voop,

which means that 95% of the body is submerged and therefore 5.0% is above the water
surface.

(b) We replace p,, with 1.6, in the above equilibrium of forces relationship, and find

Vo __p _ T
V 16p, 1.6

which means that 59% of the body is submerged and thus 41% is above the quicksand
surface.

(c) The answer to part (b) suggests that a person in that situation is able to breathe.

77. The normal force IfN exerted (upward) on the glass ball of mass m has magnitude
0.0948 N. The buoyant force exerted by the milk (upward) on the ball has magnitude

Fb = pmikg V

where V = % nr® is the volume of the ball. Its radius is r = 0.0200 m. The milk density is

pmitk = 1030 kg/m®. The (actual) weight of the ball is, of course, downward, and has
magnitude Fy = mgass §.  Application of Newton's second law (in the case of zero
acceleration) yields

FN+ omikgV —Mglassg =0

which leads to mgjass = 0.0442 Kg.
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78. Since Fg =mg = psier  V and the buoyant force is F, = psnow g V, then their ratio is

ﬂ: psnowgv - Psnow _ 96
Fg ™ pskierdV ~ psier 1020

=0.094 (or 9.4%).

79. Neglecting the buoyant force caused by air, then the 30 N value is interpreted as the
true weight W of the object. The buoyant force of the water on the object is therefore
(30 —20) N = 10 N, which means

- 10N
(1000 kg/m?®) (9.8 m/s*)

F,=pVg =V =1.02x10° m®

is the volume of the object. When the object is in the second liquid, the buoyant force is
(30 — 24) N = 6.0 N, which implies

6.0 N

- . —— =6.0x10% kg/m® .
(9.8 m/s)(1.02 x 10 m®)

P

80. An object of mass m = pV floating in a liquid of density piquia is able to float if the
downward pull of gravity mg is equal to the upward buoyant force F, = piiguiadVsu Where
Vb IS the portion of the object that is submerged. This readily leads to the relation:

P _ Van
Pliquid \%

for the fraction of volume submerged of a floating object. When the liquid is water, as
described in this problem, this relation leads to

P
Pw

since the object “floats fully submerged” in water (thus, the object has the same density
as water). We assume the block maintains an “upright” orientation in each case (which is
not necessarily realistic).

(@) For liquid A, £ _ % so that, in view of the fact that p = p,, we obtain pa/ o = 2.

Pa

(b) For liquid B, noting that two-thirds above means one-third below, P % so that

Ps
pslow =3.
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(c) For liquid C, noting that one-fourth above means three-fourths below, L _ % SO

Pc
that oc/ oy = 4/3.

81. THINK The U-tube contains two types of liquid in static equilibrium. The pressures
at the interface level on both sides of the tube must be the same.

EXPRESS If we examine both sides of the U-tube at the level where the low-density

liquid (with p= 0.800 g/cm® = 800 kg/m®) meets the water (with p, = 0.998 g/cm® = 998
kg/m?), then the pressures there on either side of the tube must agree:

A9h = pughw

where h = 8.00 cm = 0.0800 m, and Eq. 14-9 has been used. Thus, the height of the
water column (as measured from that level) is h,, = (800/998)(8.00 cm) = 6.41 cm.

ANALYZE The volume of water in that column is
V = nr’hy, = 7(1.50 cm)?(6.41 cm) = 45.3 cm®.

This is the amount of water that flows out of the right arm.

LEARN As discussed in the Sample Problem 14.3 — ,
Balancing of pressure in a U-tube, the relationship liquid X —fd
between the densities of the two liquids can be written as . o [
' [
pX pw I +d

The liquid in the left arm is higher than the water in the
right because the liquid is less dense than water p, < p,, .

82. The downward force on the balloon is mg and the upward force is Fp = poutVQ.
Newton’s second law (with m = p;,V) leads to

Pou V9 — P VO = p,Va = (@—1}1 =a.

n

The problem specifies pout / pin = 1.39 (the outside air is cooler and thus more dense than
the hot air inside the balloon). Thus, the upward acceleration is

a=(1.39 — 1.00)(9.80 m/s?) = 3.82 m/s.
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83. (a) We consider a point D on the surface of the liquid in the container, in the same
tube of flow with points A, B, and C. Applying Bernoulli’s equation to points D and C,
we obtain

1 1
Po + 5 pYy + pghy = pe +§pV§ + pghe

which leads to

2 —
Ve :\/%ug(h[, —ho)+vg ~\2g(d+h,)

where in the last step we set pp = pc = Pair and vp/vc ~ 0. Plugging in the values, we
obtain

Ve =4/2(9.8 m/s?)(0.40 m + 0.12 m) =3.2 ms.

(b) We now consider points B and C:
1 5 1 .
Pg + EpVB + pghg =pc + Epvc + pgh. .

Since vg = V¢ by equation of continuity, and pc = pair, Bernoulli’s equation becomes

Pg =Pc +P9(hc —hg) = P — o9 (N, + h, +d)
=1.0x10° Pa—(1.0x10%kg/m*®)(9.8 m/s*)(0.25m + 0.40 m + 0.12 m)
=9.2x10* Pa.

(c) Since pg > 0, we must let

pair_,Dg(hl +d+ hZ) 2 0,
which yields

hIShl,max:h_d_hzghzlo.Sm.
Yol

84. The volume rate of flow is R = vA where A = nir® and r = d/2. Solving for speed, we
obtain
R 4R

2(d12)?  xd?’

R
A

(8) With R = 7.0 x 10> m®s and d = 14 x 10* m, our formula yields v = 45 m/s, which is
about 13% of the speed of sound (which we establish by setting up a ratio: v/vs where vs =
343 m/s).

(b) With the contracted trachea (d = 5.2 x 10° m) we obtain v = 330 m/s, or 96% of the
speed of sound.
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85. We consider the can with nearly its total volume submerged, and just the rim above
water. For calculation purposes, we take its submerged volume to be V = 1200 cm®. To
float, the total downward force of gravity (acting on the tin mass m; and the lead mass
m, ) must be equal to the buoyant force upward:

(m +m,)g = p,Vg = m, = (1g/cm®) (1200 cm®) —130 g

which yields 1.07x10° g for the (maximum) mass of the lead (for which the can still
floats). The given density of lead is not used in the solution.

86. Before undergoing acceleration, the net force exerted on the block is zero, and
Newton’s second law gives

F-mg-T,=0 = T,=FK —-mg

where F, = pVg is the buoyant force from the fluid of density p. When the container is
given an upward acceleration a, the apparent weight of the block becomes m(g +a), and
the corresponding buoyant force is ' = pV(g+a). In this case, Newton’s second-law
equation is

F -m(g+a)-T =0
which gives

T=FR-m(g+a)=pV(g+a)-m(g+a)=(pV -m)g(l+a/g)=T,(L+a/g).
With a=0.25¢g, we have T /T, =1+a/g =1.25.

87. We assume that the top surface of the slab is at the surface of the water and that the
automobile is at the center of the ice surface. Let M be the mass of the automobile, o be
the density of ice, and p, be the density of water. Suppose the ice slab has area A and
thickness h. Since the volume of ice is Ah, the downward force of gravity on the
automobile and ice is (M + pAh)g. The buoyant force of the water is p,Ahg, so the
condition of equilibrium is (M + pAh)g — pwAhg = 0 and

M 938kg 2
A= - =26.3m’
(Pu=p)h  (998kg/m*—917kg/m*)(0.441m)

88. (a) Using Eq. 14-10, we have
p, = pgh = (1025 kg/m*)(9.8 m/s*)(2.22x10°m) = 2.23x10"Pa.
(b) By definition, the total pressure is

p=p,+ P, =1.01x10°Pa+2.23x10"Pa =2.24x10"Pa.
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(c) The net force compressing the sphere’s surface is
F = pA= p(47R*) = (2.24x10"Pa)4 7(6.22x10°m)* =1.09x10°N.

(d) The upward buoyant force exerted on the sphere by the seawater is
F, = pgV = pg (4?” R3j = (1025 kg/m®)(9.8 m/sz)%z(622><10‘2 m)® =10.1N.

(e) Newton’s second law applied to the sphere of mass m = 6.80 kg yields

F, 101N

F,-mg=ma = a=-2-g —9.8m/s* =-8.62 m/s®.
m 8.60 kg

The acceleration vector has a magnitude of 8.62 m/s® and the direction is downward.

89. (a) The total weight is
W = pgV = pghA = (1030 kg/m®)(9.8 m/s?)(255m)(2200m?*) = 5.66x10° N.

(b) The gauge pressure at this depth is
latm

= pgh = (1030 kg/m*)(9.8 m/s?)(256m)| ————
p, = pgh=( g/m”)( X )(1.01x105Pa

Jz 25.5atm.

90. Using Bernoulli’s equation,

1 1 2
P+ Epvl + PO =P, + Epvz + P0Y;,
we find the minimum pressure to be (setting v, =V,)

Ap=p,—p, =pg(Y, —Y,) = (1000 kg/m*)(9.8 m/s*)(6.59 m—2.16 m) = 4.34x10* Pa.



