Chapter 15
Fluids

Answers to Even-numbered Conceptual Questions

2.

4.

10.

12.

14.

16.

18.

20.

No, because the Moon has no atmosphere to press down on the surface of the liquid.

A suction cup is held in place by atmospheric pressure. When the cup is applied, you
push it flat against the surface you want to stick it to. This expels most of the air in the
cup, and leads to a larger pressure on the outside of the cup. Thus, atmospheric pressure
pushes the outside of the cup against the surface.

The balloon moves toward the front of the car. The reason is that as the car accelerates
forward, the air inside it shifts toward the rear of the car — just as passengers are pressed
back into their seats. This makes the pressure of the air in the car increase as one mores
from front to back. The helium-filled balloon moves in the direction of decreasing
pressure — like any buoyant object — which in this case is toward the front of the car.

Mercury is more practical in a barometer than water because of its greater density. With
such a large density, the height of the mercury column is only about 0.760 m. The density
of water is less than that of mercury by roughly a factor of 14. Therefore, the height of a
water column in a barometer would be about 10 m — the height of a three-story building.

In a hot-air balloon, vertical motion is controlled by adding heat to the air in the balloon,
or by letting it cool off. As the temperature of the air in the balloon changes, so too does
its density. By controlling the overall density of the balloon, one can control whether it
rises, falls, or is neutrally buoyant.

Whether the block is upright or inverted, its weight is the same. Therefore, the volume of
water that must be displaced to float the block is the same in either orientation. As a
result, the water level in the tank remains the same.

The total mass contained in the flask is the same before and after the string breaks. It
follows that the reading on the scale will be the same.

The physics in this case is pretty “ugly”. Ice floats in water, whether it is a house-sized
iceberg, a car-sized chunk, or a thimble-sized ice cube. If the Earth is warming and
icebergs are breaking up into smaller pieces, each of the smaller pieces will be just as
buoyant as the original berg.

(a) The boat is now carrying a reduced weight. Therefore, it floats higher relative to the
water. (b) The water level in the pool remains the same because the blocks of wood
displace the same amount of water whether they are in the boat or in the water. In either
case, they displace a volume of water with a weight equal to their weight.

The problem is that as you go deeper into the water, the pressure pushing against your
chest and lungs increases rapidly. Even if you had a long tube on your snorkel, you would
find it difficult to expand your lungs to take a breath. The air coming through the snorkel
would be at atmospheric pressure, but the water pushing against your chest might have
twice that pressure. Thus, scuba gear not only holds air for you in a tank, but feeds it to
you under pressure.
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22. The fish is neutrally buoyant as it holds the pebble; therefore, it displaces a volume of
water equal to its weight plus the weight of the pebble. When the fish drops the pebble it
readjusts its swim bladder to be neutrally buoyant again. In this case, the fish displaces
water equal to its weight, but the pebble displaces a volume of water equal only to its own
volume. This is a smaller volume of water than was displaced before the pebble was
dropped, and hence the water level falls.

24, A metal boat can float if it displaces a volume of water whose weight is equal to the
weight of the boat. This can be accomplished by giving the boat a bowl-like shape, as
illustrated in Figure 15-10.

26. The marble will stay where it is released. The reason is that the surface of the water is
perpendicular to the local “effective” gravity of the rotating turntable. Even the water
itself does not flow inward or outward when it is tilted at this angle. If the water is frozen,
and a marble is placed on its surface, the marble will stay put just as the liquid water did
before it was frozen.

28. As wind blows across the top of the chimney, a pressure difference is established between
the top and bottom of the chimney, with the top having the lower pressure. This will
cause smoke to rise more rapidly.

30. If a ball is placed in the stream of air such that the speed of air over its upper surface is
greater than the speed across its lower surface, the result will be a lower pressure at the top
of the ball. This results in an upward force that can equal the weight of the ball.

32. Assuming the leg is below heart level, as in a standing person, the blood pressure will be
greater. This is simply a reflection of the fact that the pressure in a fluid increases with
depth. For more details, see Figure 15-15 and Exercise 15-4.

Solutions to Problems

1. The volume of air in a typical classroom is on the order of 10> m.

W =mg = pVg =(1.29 k—%j(loz m3)(9.81 EZJ: 10° N
m S

o kg 3.79%x10°m? m)
2. W=mg= pVg—(lOOO Ej(zs gal)[T 9.81 — |=[0.93kN

S
m 0.016
p :—:—g3
V' 0.0020 cm

Pgold =19-3 g/em’®
[The ring is not solid gold]

=8.0 g/cm3

4.V =10"" m?, pyyq =19.3 %:1.93“0“1‘—%
cm m

W =mg = pVg =|1.93x10% X& (10‘1 m3) 9.81 Z|=|10*N
m3 52
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= 0.347 ke =|1.05x10* kg/m3 ; silver

(621 em(sg2,)]

5. p=

n
14

2 2
6. F:PA=[1.01x105i2j(100 yd)(50yd)(3y—§[j ( m j =| 4.22x10® N
m

3281 ft
1075 N )(100 cm
7. (a) ( 5 j( j =/ 107! pa

cm m

®) (107! Pa)(la—tmsj: 106 atm
101.3x10° Pa

(67 kg+3.5 kg)(9.81 mz)

8. P:S:mjz L =|9.8x10° Pa
0.015

4 (72 m)

9. P, = pressure with tip
Py, = pressure without tip

p = 2 2
W _ Ay Ao Ty (1.2 cm)

= (.23, so pressure is reduced by a factor of .

Fyo AF Ay 7rrW2 2.5 cm)2
10. P= Py +P, =147 1—b2+9.5 1—b2: 242 1b/in?
in. in.
11. F=PA
mpg = PA
PA
mrp =—
g
b \| 1.01x10°Pa N1 2 m )
B 9.81 m
SZ
=70.4kg
=7.70kg+m
m=62.7 kg

m
W =mg = (62.7kg)(9.81 S—zj =[615 N
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12. (a) %:A

(1320kg)(9.81 sz)

4(350 L) 1.01x10° Pa
Tl 147

=10.0135 m?

(b) The area of contact [decreases.

(1320kg)(9.81 mz) 147 1o
 p=_15 _ = =(2.79><105 Pa) 0% 1_1 40,6 Ib/in?
4Atire 4(116C1’1’12)( Im ) 1.01x10° Pa
100 cm

m3

13. P=Py, +pgh=1.01x10° Pa+[1000 kgj(9.81 22)(221 m) =|2.27x10° Pa
S

9.8x10% Pa

5
4. (740 mmHg)(l'OIXIO Pa] _

760 mmHg

15. F=PyA=P,(hzd)=(1.01x10° N/m>)(0.12 m)(x)(0.065 m) =] 2.5 kN

m
TLE 4 pghy, ="RE 4 pehy
A R
1({mg m 1| m m 4| m m 4 1.7 kg 3.2 kg
NENRTENEN TP TP st | o
p\A4, A& ) p %Lz %RZ | D% Dy’ ,[(Lfg) (0.045 m)>  (0.12 m)? [L0m]
m
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17. At the interface of the top of the barrel and the bottom of the tube, the pressure can have only one value.

Pube = Boarrel
w F

Atube Abarrel

W — Atube F
Abarrel

0.0
0.7

18. (a) P=PR,+pgh
h_P_})at

pg
110x10° Pa—1.01x10° Pa

(806 %)(9.81 sz)
[i7E]

(b) The additional height is

i
B
e

j (6430 N)

19. @) P=PFyn+pwgh

b= P- Patm

Pw8

m

2
10.0 —N_ (m) ~1.01x10° Pa

(mm)”

2.05x107> m>
65.2x107* m?

_ 5 _
P =P, +pgh=1.01x10 Pa+(806 m3j(981 j(l 138 m+0.3144 m) =[ 112 kPa |

(1025 k—%)(9.81 mQ)
m N
=

=0.314 m.

(b) Fresh water is less dense than sea water, so the maximum safe depth in fresh water is in salt

water.

20. (a) P=P,+pgh=101x10 Pa+[1000

m3

j(9.81 3}(4.0 m) =
52

(b) P=1.01x10° Pa+[1000 kgj(9.81 22}(5.0 m) =
S
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(¢) Because [pressure increases with depth|

21. (a) The force the glass bottom exerts upward on the water is greater than the weight of the water in order to
provide upward acceleration. By Newton’s Third Law, the water exerts an equal force downward on the glass
bottom, so the pressure is it was before the elevator began to move.

) a=22 2227570 210 mis?
At 3.1s
Apply Newton’s 2nd Law to the fluid.
ZFy =ma
N-W =ma
N=ma+W
N =ma+mg
N m
—=—(a+
y A( g)
. m
Since m = pV = pAh, I = ph.
N kg m m
P, === ph(a+g)=|1000 =5 |(0.065 m)| 0.710 . +9.81 = |= 684 Pa
A m S S
P =Py +P, =1.013x10° Pa+684 Pa=|1.02x10° Pa
22. P=Fy +/Owghw +poilghoil
~1.013x10° Pa+] 1000 X€ | 9.81 ™ {(0.12 m)+| 0.92x103 X& |[ 9.81 ™ }(0.072m)
m3 52 m3 52
={1.03x10° Pa
23. Pp =By + pw&hy + Poit&hoil, A
B = Byt + poit&hoit, B
PA = PB
Pt + pw &l + poit&hoita = Fat + Poit&hoi1,B
Pw&hy + Poit&hoil,a = Poil&hoil,B
kg _
 puilos —hoin) (920 £2)(0.0500 m~0.0300 m)
hy = = hy =0.0184 m

Py 1000 X
m

100 cm
Ah = hyjyp = (hy +hoit o) =0.0500 m—(0.0184 m+0.0300 m)=(0.0016 m)( - j:

24. (a) [The atmospheric pressure that is exerted on the surface of the water creates an upward force on the water |
column in the straw that overcomes the force of gravity |

(b) Fy = pgh

5
h:i: 1.01x10" Pa ):

Pg (1000 k—%)(9.81 m
m S
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25. (a) P=P,+pgh

he P-Fy _ 109 kPa—101.3 kPa (0770 m

g (1020 k—%)(9.81 mz)
m S

(b) ; the gauge pressure in a fluid is proportional to its density.

26. P =Fy + py ghy, +pHgthg
2Py = By + pywg(1.0 m—d) + pyggd
Fy = glpw (1.0 m)+d(pHg — Pyl

1.01x10° Pa ( kg)
P, S22 (1000 £ )(1.0 m
?‘—pw(l.Om)_ 981 3 m’ ( )

Sz

Phg = Pw 1.36x10* X& 1000 *&
m m

27. AR, =W = plg =(1000 k—%j(4.2 m)(6.5 m)(0.027 m)(9.81 %) =[72kN
m

S
28. Fg=plg
m
Tg = piwh)g

l _ m
2pwh
_ 75 kg
2(1000 k—%)(0.35m)(0.25m)
m

100 cmj

=(0.429 m)[

SET

29. Fy = paic/g = Pair Fmﬂg— 116 X& [iﬂ(S.Zm)ﬂ 9.81 = |=6702 N
3 m3 /L3 2
Ignoring the mass of the helium,
lifting force = F, — myaii00n & ~ PHeV He &

6702 N—=(0.12kg)[ 9.81 ™ |=[ 0.179 X& F;z(s.z m)ﬂ 9.81 2
s2 m3 )13 s?

-[57e]

30. m = mass of hot air
M = mass of balloon + cargo

Fy, = Mg +mg
pairVg =Mg * Phot airVg
M k: 327k 3
Phot air = Pair ——~ =1.29 _g3— % =10.814 kg/m
V m°  687m

31, AWpgw =W,
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(1000 k—{i)(z.z m)(0.65 m)(0.13 m)-0.22 kg
m
=[190 kg

33. (a) W, = weight of block submerged in water
W = weight of block in air
We=W-F
I/VS =W- Pw Vg
W,
Pw&
20.0 N-17.7 N

(1000 k—%)(9.81 mQ)
m S

=234x10™* m3

y

o pm W 20.0 N
voogr (9.81 %)(2.345x10‘4 m? )
S

=|8.70x10° kg/m’

34. (a) w,, = weight of block in water

W, = weight of block in alcohol

W = weight of block in air

Wy =W —Fyy Wy =W-F,,
W =Wy +F.w W=W,+F,
W=W,+p, Vg W=W,+p,Vg

Wy +puVg =Wy +p,Vg

Wy —Wa=pVg—pywle
A

(pa _pw)g
250 N-257 N

(806 k2 1000 k—%)(9.81 mz)
m m S

=[3.68x107* m>
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Mplock
(b) Pblock = VOC

Wolock

WW
=4
P Pw

= 250N +1000 k—g3
(9.81 %)(3.68><10_4 md) m
N

=|7.93x10° kg/m’

35. (a) Use Siri’s formula.

4950 *&
Xp=——M 450
Pp

4950 X
P —— m
P xp+4.50
4950 X
_ m
0.184+4.50
_ 3
=|1060kg/m

(b) Vp:ﬂ:L[Zj: Z68N =1 0.0741 m
o so\g) (1057981 1)
m S

(© W, =W —F, =W - pyVog =768 N—(lOOO %)(0.0741 m3)(9.81 Sﬂz) -
36. (a) Fy =W
pstubmergedg = plong

Vsubmerged
Plog = Pw T

o)

=| 750 kg/m’

(b) It because the buoyant force is proportional to the density of the displaced fluid and the density of
salt water is greater than the density of fresh water.
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37. (a) k=W
Pw Vsubmergedg =mg

m

Vsubmerged =

W

m 3 81 kg 3
Vavbove water = Vtotal = Vsubmerged =Viotal ———=0.089 m T ke ={0.0080 m
Pw 1000 =
m

() F, applied + Fy =W
Fapplied =W-FK
=mg = Py Vsubmergedg
3
=mg — Py Viotal ~Vavove water —0-0018 m™)g

- (81 kg)(9.81 Ezj—(looo k—%)(o.ow m® —0.0080 m® —0.0018 m3)(9.81 Ezj
S

m S
-[15X]

38. (a) The block is submerged in water than before because the oil provides additional buoyant force.

(b) Before oil is added:
Fy = pw Vsubmergedg
= Pw 0.9V ota1)g

=0.904Viotal €
After oil is added:

Fow + Fpoil = Fp
PwVin water & + PoitVin 0il€ = 0.9 Py Viotal €
Let f,, = fraction of block in water
Joil = fraction of block in oil
Substitute.
Pw fw Viotal + poilfoil Viotal = O'9pw Viotal
/waw +/00i1(1_fw) = ngw
fw (pw - poil) = O'9pw ~ Poil
0.9py — Poil
fw — W 01
Pw ~ Poil
kg kg
0.9(1000 ke)og7s ke
_ m m

1000 *& _g75 *e
m m

-[02]
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39. k=W
PHg Vsubmergedg =mg
PHg Vsubmerged = Plead”

2
7D hsubmerged _ T D2 h
PHg f = Plead T

h _ plead h

submerged —

PHg

11.3x10° <&

m
— ™ (0.025m)
13.6x10° k&
m

S

40. (a) ZFy = may

T+ F,—mg=ma
T =mg+ma-F,
=m(g+a)=pyrg
= PleadV (g +a)— py Vg
=V[Plead (& +a) — Py &l

:(0.82><10_5 m3)K11.3x103 k—%j[9.81 32+2.1 %)—(1000 k—%j(
m S S m

-[1oN]

Chapter 15: Fluids

m
9.81 —
82 j:|

(b) The tension because the only quantity that changes with depth is pressure. The buoyant force

and thus, the tension don’t depend on pressure.

© IF, = ma,
T+F,—-mg=ma
T+ pwVg — Pread’g —a
m

a= T +(Pw — Pread)Vg
pleadV
1.2N+(1000 X _113x10° “—%)(0.8le0‘5 m3)(9.81 mz)
— m m S

(11.3x103k—§)(0.82x10*5 m’)
m

[\

a=40 m/s2 upward
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41. A = 4yv,
7Z'D12 7Z'D22
V] = V2
4 4
(2,
2 D, 1
32 cm
_(32cm (1.3 Ej
0.55 cm S

Am zD? kg | 7(0.038 m)? m
2. L= pav= =(1000 == || === |21 — |=[ 2.4 kg/s
A pav 'D( 4 JV ( 3j|: 4 S

_E[MT
- v Dhose

026m( 20m Y
R [0.028 mj

=[1.2x10° s

AV L 60 min \( 24 h
4. AV =| — |t=|5.00 — —_— =-7200L
(AtJ [ J( h j(d j -

min ay

3

m:pAV=[1060 k—%j(noo L)[ o J= 7630 kg
m

10°L

~

AV

45. (a) —=Av
@

t

AT 55x107% cm® /s

yV=—=

2
A ju ( 0.00320 cm)

=10.78 cm/s

5.5x10~° cm’/s )

(b) v=(L02: 0.13 cmJs

4
7[(4.0x1% cm)
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Am
46 @) 5 =pA
Am 1
V=——

At pA
_Am 4

a At p;z-Dz
kg 4

=(3.11 —j .
s (1000 —%)n(o.omo m)>
m
—[412 m/s

(b) A = vy

7zD12 7rD22
V=
4 4

2
SR
2 D2 1
3.10 cm )
_[310em (4,12 2)
0.750 cm S
=|70.4 m/s

(c) , because for incompressible fluids, conservation of mass requires that “goes into equals comes out of.”

V2

47. A=A,
widivy = wydr vy
(12m)(2.7 m)(z.z m)

(4.0 m)(0.85 m)

SERT

48. A,v, =nd.v,
A
ACVC
zrDa2

4 "a

2
_|Da| va
DC VC
( 0.0050 m JZ 1.0 m
1.0x107> m) ( 0.01 ™

=[2.5x107

n
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1 2 | )
b) A+=pw=hH+2pv
AP=P-P,

1 2 2)
=—plv"—v
2/?(2 1

1 k m 2 m 2
—~|1000 ~& [0.32 —) —(0.15 —j
2( mSJ s s

[om]

50. (a) A] v = szz
7Z'D12 D,
4 4
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1 1
() R+—pw’ =P+ pvy’
2 2
1 2 2
P2:PI+EP(V1 -n7)
1 2 2
=Pl+5p["1 —(4)7]
1
=R+ p-157)

15 2
=B -——pv
1 2P1

2
~110x10° Pa—%(lOOO k—%j(m Ej

m S
[557]

s1. @ 2V _ 4
At
AV
V:A
y
AV
At

—_—
‘a
e~
%]
—_

()]

(15 5) o'

7(0.0060 m)>
4

SEIA

(b) Take point 1 at the top of the vertical straw and point 2 out in the room. Neglect changes in room air pressure
due to height.

1 2 1 2
B+—pv =B +—pv
1 2/31 2 2/32

1
P -A Zzpvlz (v, =0)

ap=1116X& (53.1 Ej
2 m3 S

=30.8 Pa
APA = py, Ahg

P

Pw8
30.8 Pa

(1000 k—%)(9.81 %)
m S

~[a5ten]

52. (a) [The tube with the greater diameter] has the higher pressure.

(b) [The tube with the smaller diameter has the higher speed of flow.
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1 2 1 2
(© Pﬁzp"l =Pz+5PV2

2
1 5 1 A4
B+—pv" =B +— — v
1 2/71 2 2/{(142]1}

2

1 - 1 Dy
B+—pvy =P +— — | v
1 2p1 2 2,0 (Dzj 1

2

V=

1_(2.8 cm)4

1.6 cm
SIEETS

1 1
53. A +EPV12 +pgh =P +EPV22 +pgh
B+0+0=P; +0+ pgh,

P=R-Py= (1000 k—%j[9.81 Ezj(ms m) =| 7.4 kPa
S

m

54. Use Torricelli’s Law.

v=12gh :\/2(9.81 Sﬂzj(z.s m) =

55. (a) Apply Bernoulli’s Law between a point on the upper surface and a point on the lower surface. We can neglect
the difference in height between the two surfaces since the difference in static pressures between these points
is negligible.

| ) |
£ +Epvu =h +EIDVI
AP=RB-P,

1 2 2
:Ep(vu ! )

:%(1.29 %}[(“5 ?)2 _(105 ?ﬂ

ST

(b) AF = APA = (1.42x10° Pa)(32 m?)=[ 45 kN

330



Physics: An Introduction

1 2 1 2
56. (a) A, +E/7Vin = Fout +Epvout
AP = By, — Fyy

1 2 2
=§,0(Vout “Vin )

2
_ 1109 ke (150 2) —0?
2 m3 S
(b) AF =APA=(145x10° Pa(0.25 m)(0.42 m)=[1.52 kN

57. (a) From Exercise 15-5,
1 5
AP =—pv
> P

2
ap="1l129 K8 (47.7 Ej —1.4676kPa
2 m3 S

AF = APA = (1.4676x10° Pa) (668 m>) =| 980kN

Chapter 15: Fluids

(b) The force is directed . Stationary air exerts a larger pressure than air moving rapidly past the outside

of the roof.

®) Rl =Py vy’

1 2 2
P =Pl+5P(V1 -v7)

~12(1.01x10° Pa)+| 1000 X& (0.55 =
2 m3 S

= (114x10° Pa)[&J

1.01x10° Pa
~[iam]
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59. (a) The pressure is because the velocity of the water is greater.

1, 1 5
(b) P1+§PV1 =Pz+5,0"2
AP=P—-H

1 2 2
=—pv~ —v
2,0(1 27)

2
1 2 [ 4 2
=—plv" = — | v
2/0[1 (Azj 1}

, P
T4
=lpv2 1—| 4 >
1(1)
4\2
=—pv* (1-16)
= —%pvz

60. % o 1t (Poiseuille’s equation)

4
D
r=)"*n =1.194

r—K 1.195 —n
“=—x100=| ——— [(100) =| 19%
( ;|00

n

(R —P)rriAr _ (450 Pa)(7)(2.4x10° m)*(1.0s) _

5 5 26 cm’
8nL 8(0.0027 N -s/m~)(8.5x10™* m)

61. (a) AV =

(b) 7, =0.845

4 4
(AV) (AV) () _[084n) |50t

The flow rate is reduced by fa factor of 2|

62. AP2r24 zAfirl4
ry =0.85,

4 4
AP, =AR| 1| =AR|—1—| =1.924R
) 0857’1

The pressure drop has increased |by a factor of 1.9|.

—_—
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AV _
[)_ 50x107 m*/s

A 1.0 m/s
A 25x10‘2m2
A9 )

63. (a) v= (

(b) AP = 8nL(A

V/Af)  8(1.0055x107> N-s/m?)(15 m)(5.0x10™* m’/s)

4 4
zr 71.(2.5><10_2 m)
2

(©) AV/Atocr*, but Aocr?, so AV /At o 4
1
Ay =—4
2 7 1

2 [54 ’ 1
(AV/At)z/(AV/At)l:(Az/Al) = T = —

[Volume flow rate decreases by a factor of 4/
AV | At
V=
A

v_z_(AV/At)2i_(lJ 4 |1
v (@V/an 4 \4)| 14| 2

ater speed decreases by a factor of 2.
p Y

64. P=P,+pgh
2Py =y + pgh

5
o B 101x10° Pa )=

g (1025 k—%)(9.81 m
m S

65. force =area x average pressure
A=7Dh= (52 m)(1.4 m) =22.87 m>
Average pressure = pressure at half-depth

P=pegl™]=[1000 X2 |[9.81 ™ |(0.70 m) = 6867 Pa
2 m3 52

F =(22.87 m*)(6867 Pa) =| 160 kN

66. (a) T =mg
T 350N

g 98 m

s2

=3.57kg

ZF, =0
T+B-mg=0
T+pyVg—mg=0

V:mg-T: 35’0:}_31'1 N =3.98x10 % m>
P (1000 —%)(9.81 mz)
m S
m 3.57 kg 3 3
Potock = =221 K8 _1897x10°kg/m
C TV 3.98x107% m?
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(b) 2F, =0
T+B-mg=0
T+ pyi)Vg —mg =0
mg—T
Poil = Ve
350 N-318 N
(3.98x10"* m3)(9.81 mz)
S
=| 821 kg/m’
67. (a) SF, =0
-W+F, =0
_pblocng_kx:O
Y= —Polock Vg
k
kg 3 m
—(710 —3)(0.012 m )(9.81 —2)
— m S
540 N
m
=-0.15m

The spring is compressed 0.15 m|.

(b) SF, =0
~W+F,+B=0
~Pblock Vg —kx + py Vg =0

_ (pw ~ Pblock )Vg

X
k
(1000 X _710 *¢)0.012 m3)(9.81 mz)
— m m S
540 N
m
= 0.063 m

The spring is [stretched 0.063 m|.

68. (a) SF, =0
~Whiock —=Woan +B =0
—Mplock & ~ Mpall & + PwVg =0
y = Mblock + Mball
Pw

4 3
Now, myay1 = PironVball = Piron (g”r )

Substitute.

4 3 3 kg
_ Mplock +§7rr3pimn 1.25kg +37(0.0122m) (7.86><10 E)

Pw 1000 X
m

=0.00131 m>

v

(b) The same total volume of water must be displaced in order to support the same total weight. Since the ball
now is submerged the volume of wood submerged will |decrease].
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4 4
(© Viood =V —Voall = V—gizr3 =0.00131 m* -5 700122 m)* ={ 0.00130 m*

69. Let | and 2 denote the conditions at the top of the straw and out in the room, respectively. Neglect changes in
room air pressure due to height.

1 2
Pl +Epairv = P2
1 2
B -A :Epairv
=pwgh

2 h
v /M
Pair

2(1000 k—%)(9.81 %)(0.013 m)
m S

1.29 %
[

70. Py = pairgh

h:i

Pair&
1.01x10° Pa

kg m
(1.29 m3)(9.81 52)

= | 7.98km < height of Mt. Everest

71. (a) total force = force on base + force on annular region
=Rd + P4
= pgh Ay + pghy 4y
= pg(h A +hyAy)
- [1000 ﬁj{%lﬂzj[(o.lg m)(24x10"*m?)+(0.090 m)(12x10™% m?)]
s

m3

:
(b) F=mg=pVg=p(ha +hi)g

72. (a) total force = force on base — upward force on annular region
=R - P4
= pgh A — pghy 4
= pg(dy —hy4y)
- [1000 ﬁj{%l ﬂzj[(o.ls m)(24x10"*m?) - (0.090 m)(12x10~* m?)]
s

m3

SEED

(b) F=mg=pVg=pl(h—h)4+(4 —A)h)]g=p(h4 —h)g
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© v=2Jgh= 2\/[9.81 S%) (0.090 m) =

The water will rise [to the top of the container].

73. (a) P =Py +p,gh=1013x10 Pa+[1000 k—%j(9.81 32)(0.31 m)=|1.04x10° Pa
m S

(b) The pressure , because the water depth increases.

m
e e . (78kg)(9.81 52) .
© P =P+ 28 = P+ 8 _1.043x10° Pat ——— = 1.05x10° Pa

A zr z(1.1 m)

74. Let f=mass fraction (So, fgo1d + fgranite =1-)

Prock = J granite Pgranite +/, gold Pgold
= (1= fgold) Paranite + Seold Pgold

Prock ~ Pgranite

fgold =
Pgold ~ Pgranite
Myock _ .
Ve Pgranite
Pgold ~ Pgranite
3.81kg ke
——=—-2650 —=
355107 m? m’
19.3x10° X& _2650 &
m m
=0.485

Mgold = / goldMrock
=0.485(3.81 kg)

[ se]

75. Pnax = Fat + Pearth 8fmax
P... —P

h — max at
max
Pearth &
_1.2x10° Pa—1.01x10° Pa

(3.0x103k—§)(9.81 mz)
m S

SEID
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76. (a) ZFy =0
F—-T-mg=0
PwVg =T = PplockVg =0
B T
g(pw _pblock)

0.95 N
(9.81 mz)(looo k2 706 k—%)
S m m

=[33x10% m’

(b) Since only part of the block will be immersed, the water level will .

©)  Polock"block € = PwVw&
Pblock
Vi = ¢J Vblock

w

kg
706 =

m’ 1329104 m?
(M)Vblock (1000 :EJ( )

65x10~4 m?

77. (a) B +pgd=P +%pv2

1 5
Py +pgd = By +5PV

v=|2gd

(b) The speed of the water is the , assuming constant pipe diameter, since v, 4y = v343.

78. Find the velocity at the hole using Torricelli’s Law.

v=2gh :\/2[9.81 %)(0.32 m) =2.506 ?
S

1>
(@ y= voyt+5ayt
1 2
0=vy t+—(—g)t
0y 2( g)
t = 0 (trivial solution), or,
2vp,  2(2:506 0)sin3s°
g 9.81 m
S

t= =0.293s

1 2
X = voxt+5axt
m
x= (2.506 —j (c0s35°)(0.293 5)+0
S

SKEm
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(b) The maximum height occurs at f,; /2.

‘ 1 m )( tiotal ) m 0.293 s m)(0.203 5\’
y=v0y(t°Ttalj+E(—9.81 —ZJ(“’TW] :(2.506 ?j(sin35°)( = j—(4.905 —J( = ) =/0.10 m |

S S

79. (a) IF, =0
F,+N-mg=0
PwVg+N-mg=0
mg—N
Pwg
682 N—498 N
(1000 k—%)(9.81 mz)
m S
=0.01876 m’

3
ooV 0088 My e 103 m?
leg > >

V:

() Micg = PregVieg = 1.0594 Wieg =1.05(1000 k—“ij(o.oo9378 m*)=[9.85 kg
m

80. (a) Pl—Pz:8m7%

32(0.00012 N—';)(Lz m)(ss m)
_ m s

SEI

(0.052 m)?

2 7(0.052 m)* (1.2 ™
(b) volume flow rate = Av = (ﬂf Jv = ( s ) =1 0.0025 m3/s

4
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81. pAv=15=

TT)

,07rD2
4(1.5x107 X&)

(1000 k—g})ﬂ(o.zsx10*3 m)>
m
=244 m/s

N-
W3l 32(0.00101 m—;)(z4.4 ™)(0.032m)

AP =8rn

SET

82. (a) There is no acceleration, so the force on all sides of the water is the same. The water is .

D? (0.28x107° m)?

(b) The water tilts forward]. That is, the water is deeper at the back side of the pan. To produce a forward
acceleration the forward force exerted by the back side of the pan must be greater than the backward force
exerted by the front side of the pan.

(¢) Apply Newton’s second law.
Assume the pan has length L and width W, and that it contains water with depth d. When accelerating the
depth at the back wall will be d + A, while the depth at the front wall will be d — 4. The surface is tilted at an

angle 6, with tané =%.

The average pressure exerted by the water on the back wall is ped+h)

; at the front wall it is pg @ ;h) .

Foetx =ma = Fy — Fy, where
F,, = force exerted forward by back wall

d+h
=PbAb=[,0g( 5 )

F; = force exerted backward by front wall

S {pg@}[L(d—h)]JTgL(dz ~2dh+ 1)

}[L(d+h)] =”TgL(d2 +2dh+ %)

ma = pVa = p(LWd)a = ["TgL(d2 +2dh+h2)}—[pTgL(d2 —2dh+h2)}

pLWda = pgL(2dh)
2h _a
W g
tan @ = %
w

4
g
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83. A is the horizontal cross-sectional area. Let / be the depth to which the base of the block is under the fluid. Let
F, be the restoring force generated when the block is displaced from equilibrium a distance of A#.

84.

B =p(AV)g = py(AAh)g

If we compare this equation to that of a mass-spring system we see that x = Ak and k = p, Ag.

The mass of the block is m = p|V = pyAH, where H is the height of the block.

The period of a mass-spring system is 7 = 27z\/%.

Substitute.
AH H
T=2rx A1 =| 2z AL
prAg P28

Agp = Alog — Aabove water
= r? —%rz(H—siHH)
where @ is the angle shown below.

r

N =

To find &, note that the triangle in the figure is formed by two right triangles.

taoeleipon o5 4 (55

Determine the density of the log.
PLVLE = pyVwg

PL (ALL)g = Pw (AsubL)g

Asub

_AL Pw

(i)

IDL:

374
T S—

nr
- §+£J(1ooo k—%j

4z m

=| 804.5 kg/m’
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85. Assume that the hollow part of the sphere contains a vacuum.

. Msphere
Psphere = v
sphere

_ P
V.

sphere

PsubVsub& = Psphere Vsphere g
_ Psphere Vsphere
Vo =——————
Psub

_ ngngphere
Psub Vsphere
__Pe
1.5p,
=0.67V,
The fraction of the shell that is submerged is .

86. In air:
IF, =0
N-mg=0
N=mg

g

In water:
EFy =0
N+F,-mg=0

%-i—png—mg:O

m
pwV = E
Pgeode v
pwV = T
Pgeode = 2py,

Let /= the fraction by volume.
Pgeode = Ssolid Psolid T (1= fsolid ) Pair
We can drop the second term on the right side of this equation since 0,;; << Psolid-
Pgeode = Jsolid Psolid

kg
Pgeode 2P _ 2(1000 3

= - )=O.80
Psolid  Psolid 2500 ~5
m

fair :1_/[solid =1-0.80=

Jsolid =
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87. From Torricelli’s Law, v =./2g(d —h).

_ L, 2
Y=>» +v0yt+5ayt
1 2
0=h+0-—gt
Zg

2h
t= |——

g
1, 2
X =3 Val F =0+2g(d—h) |~ +0=2/(d - h)h
g

88. From Problem 87,
x=2[(d - h)h]""?
Xiop = 20(d =3.6 m)(3.6 m)]"?
Xpottom = 2[(d —0.80 m)(0.80 m)]"2

Xtop = Xbottom

2[(d —3.6 m)(3.6 m)]"'? =2[(d —0.80 m)(0.80 m)]""*
(d —3.6 m)(3.6 m)=(d —0.80 m)(0.80 m)

89. Determine the mass of the box.
Mpox & = PwVw &
Mpox = Pw (0-45Vb0x)
=045p,,1°

For the box-plus-water system to sink, its density must be the same as or greater than that of water.

Mpox + My
Poox-+water — = Pw

Vbox
My, = Py Vox — Mpox
= py > —045p, I
=0.55p,

- 0.55(1000 k—%j (0.23 m)*

m
SGI
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