CHAPTER 10: Fluids

Answersto Questions

1.

Density istheratio of massto volume. A high density may mean that lighter molecules are packed
more closely together and thus a given amount of mass is occupying a smaller volume, making a
higher density. An atom of gold weighs less than an atom of lead, because gold has alower atomic
mass, but the density of gold is higher than that of lead.

The air pressure inside the cabin of an airplane is lower than normal sea-level air pressure, evidenced
by the sensation in the ears as the plane descends and the cabin reaches normal air pressure. If the
container was opened at normal air pressure before the flight, then the pressure inside the container is
normal air pressure. During the flight, while the pressure outside the container is lower than that
inside the container, the difference in pressure causes aforce from the inside towards the outside,

and so the contents may get forced out of the container.

Let the first container have amass of water M,. The force of gravity on the water, acting
downward, isthus M,g . The sidewalls only exert aforce perpendicular to the walls, whichis
horizontal for the first container. Thus there must also be anet upward force of F, =M, g on the

water to keep it at rest. Thisisthe normal force from the bottom of the container. This upward force
isthe pressure at the bottom of the container times the area of the container, and is the same for all
three containers. The second container has more water, and so has alarger downward force of

gravity on it ( M,g>F, ) , but the same upward force from the bottom of the container. Thusthere

must be additional upward force on the water. That upward force comes from the normal force of
the slanted sides of the container pushing on the water. That force has an upward component — just
enough to add to the normal force and balance the force of gravity. Similarly, the third container has

less water, and so has a smaller downward force of gravity (M3g < Fup) . With the same upward

normal force from the bottom, there must be more downward force on the water for it to be at rest.
That downward force comes from the normal force of the slanted sides of the container pushing on
the water. That force has a downward component — just enough to add to the gravity force and
balance the force. The key to this problem is that the force on a container due to the hydrostatic
pressure is aways perpendicular to the surface of the water. According to Newton's 3 law, the
container will push back on the water in the exact opposite direction, also perpendicular to the
surface of the container.

*upT 3
1

Mlg Mzgl MSQ

The sharp end of the pin (with asmaller area) will pierce the skin when pushed with a certain
minimum force, while the same force applied in pushing the blunt end of the pen (with alarger area)
into the skin does not pierce the skin. Thusit is pressure (force per unit ared) that determines
whether or not the skin is pierced.
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10.

11.

12.

The boiling water makes arelatively large quantity of steam inside the can. The gasinside the can
(including the steam) will be at atmospheric pressure, but will be much warmer than the
surroundings. When the gas in the sealed can cools, the steam condenses and the pressure drops
greatly. Thislowering of pressure on the inside means that the outside air pressure is higher than the
pressure in the can, and thus the outside air pressure crushes the can.

From a microscopic viewpoint, the water molecules are moving very fast when boiled to a vapor.
Many of the water molecul es escape the can, but the remaining ones can hold the can in its original
shape because their high speeds mean they hit the walls with alarge force and balance the force
caused by the outside air pressure. After thelid is put on and the can is cooled, the water vapor
molecules slow down (some will condense), and no gas can enter from outside the can. The slow
molecules are not moving as fast and so put lessforce on the inside walls. The greater force from the
outside air pressure then crushes the can.

The blood pressure exerted by the heart isto be measured. If the blood pressureis measured at a
location h lower than the heart, the blood pressure will be higher than the pressure at the heart, due to
the effects of gravity, by an amount pgh. Likewise, if the blood pressure is measured at alocation h

higher than the heart, the blood pressure will be lower than the pressure at the heart, again due to the
effects of gravity, by an amount pgh.

Sincetheice floats, the density of ice must be less than that of the water. The mass of theice
displaces awater volume equal to its weight, whether it is solid or liquid. Thus asthe ice melts, the
level in the glass stays the same. Theice displaces its melted volume.

The density of iceis greater than that of alcohol, so the ice cube will not float in a glass of alcohal.
The ice cube will sink in the alcohol.

Both products have gas dissolved in them (the carbonation process), making their density lower than
that of water. The Coke has a significant amount of sugar dissolved in it, increasing its density and
making it greater than that of water. The Diet Coke does not have the dissolved sugar, and so its
density remains less than that of water . Thus the Coke sinks, and the Diet Coke floats.

Iron ships are not solid iron. If they were, then they would sink. But the ships have quite a bit of
open space in their volume (the volume between the deck and the hull, for instance), making their
overal density less than that of water. The total mass of iron divided by the total volume of the boat
is less than the density of water, and so the boat floats.

Refer to the diagram in the textbook. The pressure at the surface of both containers of liquid is
atmospheric pressure. The pressure in each tube would thus be atmospheric pressure at the level of
the surface of the liquid in each container. The pressure in each tube will decrease with height by an
amount pgh. Since the portion of the tube going into the lower container islonger than the portion

of the tube going into the higher container, the pressure at the highest point on the right side is lower
than the pressure at the highest point on the left side. This pressure difference causes liquid to flow
from the left side of the tube to the right side of the tube. And as noted in the question, the tube must
be filled with liquid before this argument can be made.

Since sand is denser than water, adding a given volume of sand (equal to the area of the barge times
the depth of added sand) to the barge will require that an even greater volume of water be displaced
to support the added weight. Thus the extra height of the barge caused by adding the sand will be
more than compensated for by the extra depth to which the barge has to be submerged in order to
float. Removing sand would have the opposite effect — the barge would get higher.
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13.

15.

16.

19.

If you assume that the air isincompressible, then the answer isyes. The full balloon will have more
weight (more downward force), due to the mass of the air in the balloon. The full balloon will also
have an upward buoyant force on it, equal to the weight of the air displaced by the balloon. Since
the balloon is both containing air and floating in air, the weight of the air inside the balloon is the
same magnitude as the buoyant force. Thus the empty balloon will have the same apparent weight as
the filled balloon.

However, the air inside the balloon is compressed dlightly compared to the outside air, and so hasa
higher density. This higher density means that the weight of the air inside the balloon is higher than
the weight of the air it displaces, and so the filled balloon has a higher apparent weight than the
empty balloon.

Asthe balloon rises, the air pressure outside the balloon will decrease and be lower than the pressure
inside the balloon. The excessinside air pressure will cause the balloon to expand, lowering the
pressure inside but stretching the balloon in the process. If, at launch, the material of the balloon
were aready stretched to the limit, the expansion of the balloon due to the decreasing outside air
pressure would cause the balloon to burst. Thus the balloon is only filled to afraction of the
maximum volume.

(@ The boat displaces enough water to equal the weight of the boat. If the boat is removed from
the water, the water will no longer be displaced and thus the water level will lower.

(b) While the anchor isin the boat, the water displaced has aweight equal to that of the boat and
the anchor together. If the anchor is placed on the shore, then less water will need to be
displaced, and the water level will lower.

(c) Whilethe anchor isin the boat, the water displaced has aweight equal to that of the boat and
the anchor together. If the anchor is dropped into the pool, the water displaced is equal to the
weight of the boat (which will float) and the weight of avolume of water equal to the volume of
the anchor (which will sink). Since the anchor is more dense than the water, it takes more water
displacement to hold up the anchor (while in the boat) than is displaced when the anchor isin
the water. Thusthe water level will lower when the anchor is thrown overboard.

Salt water has a higher density than fresh water. Thus you have to displace less salt water to equal
your weight than you do in fresh water. Y ou then float “higher” in the salt water.

The papers will move toward each other. Bernoulli’s principle says that as the speed of the gas flow
increases, the pressure decreases (when there is no appreciable change in height). So asthe air
passes between the papers, the air pressure between the papersislowered. The air pressure on the
outside of the papersisthen greater than that between the papers, and so the papers are pushed
together.

Asthe car drives through the air, the air inside the car is stationary with respect to the top, but the
outside air is moving with respect to the top. There is no appreciable change in height between the
two sides of the canvastop. By Bernoulli’s principle, the outside air pressure near the canvas top
will be lessthan theinside air pressure. That difference in pressure resultsin aforce that makes the
top bulge outward.

The roofs are actually pushed off from the inside. By Bernoulli’s principle, the fast moving winds of
the tornado or hurricane cause the air pressure above the roof to be quite low, but the pressure inside
the house is still near normal levels. Thereis no appreciable change in height between the two sides
of theroof. This pressure difference, combined with the large surface area of the roof, gives avery

large force which can push the roof off the house. That iswhy it is advised to open some windows if
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atornado isimminent, so that the pressure inside the house can somewhat equalize with the outside
pressure.

20. Itispossible. Dueto viscosity, some of the air near the train will be pulled along at a speed
approximately that of thetrain. By Bernoulli’s principle, that air will be at alower pressure than air
further away from the train. That difference in pressure resultsin aforce towards the train, which
could push alightweight child towards the train.

21. Water will not flow from the holes when the cup and water arein free fall. The acceleration due to
gravity isthe same for al falling objects (ignoring friction), and so the cup and water would fall
together. For the water to flow out of the holes while falling would mean that the water would have
an acceleration larger than the accel eration due to gravity. Another way to consider the situation is
that there will no longer be a pressure difference between the top and bottom of the cup of water,
since the lower water molecules don’'t need to hold up the upper water molecules.

22. Thelift generated by awind depends on the speed of the air relative to the wing. For example, a
model in awind tunnel will have lift even though the model isn’t moving relative to the ground. By
taking off into the wind, the speed of the air relative to the wing is the sum of the plane’s speed and
thewind speed. Thisallows the plane to take off at alower ground speed, requiring a shorter
runway.

23. Asthe stream of water fals, its vertical speed isfaster away from the faucet than close to it, due to
the acceleration caused by gravity. Sincethe water is essentially incompressible, Eq. 10-4b applies,
which saysthat afaster flow has asmaller cross-sectional area. Thus the faster moving water has a
narrower stream.

24. \When the two ships are moving parallel to each other, water between them starts to move with them
due to viscosity. Therewill be more water moving along with the shipsin between them then on
their outside sides. According to Bernoulli’ s principle, this moving water is at alower pressure than
stationary water, further away from the ship. Each ship will thus experience a net force towards the
other ship and be drawn in towards the other ship. Thusthey risk colliding.

Solutionsto Problems

1. Themassisfound from the density of granite and the volume of granite.
m=pV =(27x10’kg/m’)(10°m’) = 2.7x10"kg ~ [3x10"kg

2. Themassisfound from the density of air and the volume of air.
m=pV =(1.29kg/m’)(4.8 m)(3.8 m)(2.8 m) =66 kg

The massisfound from the density of gold and the volume of gold.
m=pV =(19.3x10° kg/m®)(0.60 m)(0.28 m)(0.18 m) =|5.8x10°kg| (~13001b)

4. Assumethat your density isthat of water, and that your massis 75 kg.

D9 _[5a0im]- 751

:; ~100x10° kg/m®
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To find the specific gravity of the fluid, take the ratio of the density of the fluid to that of water,
noting that the same volume is used for both liquids.

sJ _ Puid _ (m/V )ﬂu.d ~ Mg _ 88.789—-35.00g m

e Puater (m/v)wam m/vaer 98 44 g- 35. 00

The specific gravity of the mixture isthe ratio of the density of the mixture to that of water. To find
the density of the mixture, the mass of antifreeze and the mass of water must be known.
V =G V

rnentifreae = 10 antifreeze ~ antifreeze mtifreaep waavantifreae mNaer = p water * water

33 — p mixture — mﬁxture/v mixture — I’T’lmtifreﬁﬂe + rnNaer — g;a'vtifreeﬂelo wetervmtifreeze + p waavwaa

e p water ,0 water p waeerixture ,0 WaGVn'i xture
mtifreaevantifreeze +Vwaer — (080) (50 L) + 40 L — 089
9.0L

mixture

(@) The pressure exerted on the floor by the chair leg is caused by the leg pushing down on the
floor. That downward push is the reaction to the normal force of the floor on the leg, and the
normal forced is equal to the weight of theleg. Thusthe pressureis

W,  1(60kg)(9.8m/s’
¢ ( )2 =7.35x10" N/m’ ~|7x10" N/m’

chair —

(0.020 cmz)( 1m
100 cm
(b) The pressure exerted by the elephant is
W 1500 kg)(9.8m/s
et = — = ( 9)(98m )2 = 1.84x10° N/m? ~|2x10° N/m?|.
1m
(800 cmz)(

100 cm

Note that the chair pressure islarger than the elephant pressure by a factor of about 400.

From Equation 10-3b, the pressure differenceis

AP = pgah = (L05x10° kg/ ) (9.80my's*) (1.60m) = 1.646x10° N/ m? (_1 mm-Hg j

133N/m?

=[124mm-Hg

(@) Thetotal force of the atmosphere on the table will be the air pressure times the area of the table.

F = PA=(1013x10° N/m?) (16 m) (29 m) =[4.7x1C°N]

(b) Since the atmospheric pressure is the same on the underside of the table (the height differenceis
minimal), the upward force of air pressure is the same as the downward force of air on the top

of thetable, [4.7x10°N].

10. The pressure difference on the lungs is the pressure change from the depth of water

133N/m’

(85mm-Hg)(1 v j
Y _1154m~[L2n]

o9 (100><103kg/m )(9.80m/s%)

AP = pgAh — Ah=—
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11. The sum of the force exerted by the pressurein each tire is equal to the weight of the car.

2
4(2.40x10° N/m) (2200 )| =
4PA 10'cm’

mg=4PA — m= - =[2.2x10°kg

g (9.80m/52)

12. Theforce exerted by the gauge pressure will be equal to the weight of the vehicle.
my=PA=P(7r%) —

1.013x10° N/m?
(0 am)| BN 1o my:
Prr 1atm "
m= = =[1.08x10"kg
g (9.80m/s%)

13. The height isfound from Eq. 10-3a, using normal atmospheric pressure.

P 1.013x10° N/m®
P=pgh > hotoo LOSONM

pg  (0.79x10°kg/m’)(9.80m/s’)

14. (a) The absolute pressureis given by Eq. 10-3c, and the total force is the absolute pressure times
the area of the bottom of the pool.

P = P, + pgh=1013x10° N/’ +(100x10° kg/m’ ) (9.80ny's* ) (2.0 m)

= |1.21x10° N/m’

F = PA=(121x10° N/m?)(22.0 m) (8.5 m) =|2.3x10'N
(b) The pressure against the side of the pool, near the bottom, will be the same as the pressure at the
bottom, P =[1.21x10° N/m?

15. If the atmosphere were of uniform density, then the pressure at any height h would be P =R, — pgh.

At the top of the uniform atmosphere, the pressure would be 0. Thus solve for the height at which
the pressure becomes 0, using a density of half of sea-level atmospheric density.

1.013x10° N/m?
P -pn=0 > oSOV e

pg  +(129kg/m?)(9.80m/s’)

16. The pressure at pointsaand b are equal since they are the same height in the same fluid. If they
were unequal, the fluid would flow. Calculate the pressure at both aand b, starting with atmospheric
pressure at the top surface of each liquid, and then equate those pressures.

Pa - F?) - R) +poilghoil = F?) +pwaergh/vaer - poilhoil = pwaerh/vaer -
P (1:00x10° kg/m*) (0.272 m-0.0941m)
SO (0.272m)

ol

—|6.54x10% kg/m’

17. (@) Thegauge pressureis given by Eg. 10-3a. The height is the height from the bottom of the hill
to the top of the water tank.

P, = pgh=(1.00x10" kg/m")(9.80mys’ ) 5.0 m+(110 m)sin58° | =9.6x10° N/ m?’
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(b) Thewater would be able to shoot up to the top of the tank (ignoring any friction).
h=5.0m+(110 m)sin58 =

18. The minimum gauge pressure would cause the water to come out of the faucet with very little speed.
This means the gauge pressure needed must be enough to hold the water at this elevation. Use Eq.
10-3a

P, = pgh= (1.00x103 kg/m?’)(9.80m/sz)(38 m) =[3.7x10° N/m?

19. The pressurein the tank is atmospheric pressure plus the pressure difference due to the column of
mercury, as givenin Eqg. 10-3c.
(@ P=R+pgh=104bar+p, gh

5 2
:(1.04ba)(l.00x10 N/m
1bar

1.00x10° N/m’
1bar

j+(13.6><103 kg/m®)(9.80mys’)(0.280 m) =[1.41x10° N/’

(b) P= (1.04bar)( j+(13.6><103 kg/m®)(9.80mys’ ) (-0.042 m) =|9.84x10° N/ m’
20. (a) Themass of water in the tube is the volume of the tube times the density of water.
m= pV = pzr’h=(1.00x10°kg/ m3)7z(0.30x10‘2m)2 (12 m) = 0.3393kg ~ [0.34kg

(b) The net force exerted on the lid is the gauge pressure of the water times the area of thelid. The
gauge pressure is found from Eq. 10-3b.

F =P, A= pghrR’ =(100x10" kg/m’ ) (9.80ny's* ) (12m) 7 (0.21m)" =

" gauge

. . . AV AP .
21. From section 9-5, the change in volume due to pressure changeis — = —E , Where B is the bulk

0
modulus of the water, given in Table 9-1. The pressure increase with depth for afluid of constant
density isgiven by AP = pgAh, where Ah isthe depth of descent. If the density changeissmall,
then we can use the initial value of the density to calculate the pressure change, and so AP = p,gAh.
Finally, consider a constant mass of water. That constant mass will relate the volume and density at
the two locationsby M = pV = pV, . Combine these relationships and solve for the density deep in

thesea, p.

N =pN, =
PN PN PNy py 1025kg/m?’
VoV, +AV Vﬁ(—VoA—Pj 1 Pogh 1_(1025kg/m3)(9.80m/52)(6.O><103m)
B 2.0x10° N/m’

=1057kg/m® ~|1.06x10° kg/m’

1057
220 103
Pl p, 00

The density at the 6 km depth is about | 3% larger | than the density at the surface.
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22

23.

24,

25.

26.

The difference in the actual mass and the apparent mass is the mass of the water displaced by the
rock. The mass of the water displaced is the volume of the rock times the density of water, and the
volume of the rock isthe mass of the rock divided by its density. Combining these relationships
yields an expression for the density of the rock.

mactual - mapparent = Am = ,0 Watervrock = ,0 water mrock d
rock
Mg 9.28kg 3 3
1.00x10° kg/m =12.99x10° kg/m
Prock = Puaer "3 1 = o/m’) 9.28 kg - 6.18 kg o/

If the aluminum is floating, then the net force on it is zero. The buoyant force on the aluminum must
be equal to itsweight. The buoyant forceis equal to the weight of the mercury displaced by the
submerged aluminum.

Fbuoymt = mAIg - pHg gV submerged pAIg total d
Vipogd P 2.70x10°kg/m’

Vou  Pu,  136x10°kg/m’

=10.199| ~ 20%

(&) When the hull is submerged, both the buoyant force and the tension force act upward on
the hull, and so their sum is equal to the weight of the hull. The buoyant force is the weight of

the water displaced.
T+F =mg —

buoyant

Ul pW er
T = rrg - Fbuoyant = rnhullg _pwatervsubg = rnnullg _pwater rﬂﬂ - g rnhuII ( 2 j

hull hull
1.00x10° kg/m’
~ (18x10'kg)(9.80 m/sz)[l— R j ~1538x10°N ~

(b) When the hull is completely out of the water, the tension in the crane’ s cable must be
equal to the weight of the hull.

T = mg =(1.8x10°kg)(9.80m/s’ ) =1.764x10°N ~|L8x10°N

The buoyant force of the balloon must equal the weight of the balloon plus the weight of the helium

in the balloon plus the weight of the load. For calculating the weight of the helium, we assumeit is

at 0°C and 1 atm pressure. The buoyant force is the weight of the air displaced by the volume of the
balloon.

Fbuoyant = pairvballoong = nfl-leg + rqjdloong + rncargog -
rncargo palr balloon m-ie rnoalloon = pairvballoon pHe balloon rnoalloon (pair - pHe)VbaIIoon - rnoalloon
= (1.29kg/m’ - 0.179kg/m* )4 7 (7.35 m)’ — 930 kg = [920 kg|=9.0x10°N

The difference in the actual mass and the apparent mass is the mass of the water displaced by the
legs. The mass of the water displaced is the volume of the legs times the density of water, and the
volume of the legs is the mass of the legs divided by their density. The density of thelegsis
assumed to be the same as that of water. Combining these relationships yields an expression for the
mass of the legs.
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Megs
Mea ~ rnappatent =Am= pwater\/legs = Puater —= = Zmeg -

legs

_Am _(78kg-54kg)
Mo =7~ 2 B

12 kg

27. The apparent weight is the actual weight minus the buoyant force. The buoyant force isweight of a
mass of water occupying the volume of the metal sample.

m,
M9 = My 0~ Fg =M 9=V, P, 0 =M, 0 — p 0,00 >
metal
m,
rnapparent = rT]metal - = pHZO d
metal

M,y 63.59 s s

P = Do = 1000kg/m?) = 7840kg/m
o ( b mappa,em) H:0 (63.59—55.49)( )

Based on the density value, the metal is probably :

28. Thedifference in the actual mass and the apparent mass of the aluminum is the mass of the air
displaced by the aluminum. The mass of the air displaced is the volume of the aluminum times the
density of air, and the volume of the aluminum is the actual mass of the aluminum divided by the
density of aluminum. Combining these relationships yields an expression for the actual mass.

m
V — Pa,-r actual -

m ud m aren = pair
actual apparent Al ,OA|
m 2.0000 kg
m. = e =12.0010 k
actual 1_@ - 1.29 kg/m3
P 2.70x10° kg/m’

29. There are three forces on the chamber: the weight of the chamber, the tension in the
cable, and the buoyant force. See the free-body diagram.
(@) Thebuoyant forceisthe weight of water displaced by the chamber.

Fbuoyant = pHZOVchamberg = IOHZO %”Rcshamberg
=(1.025x10°kg/m® )4 7 (2.60m)’(9.80m/s’)
— 7.3953x10°N ~

(b) Tofind the tension, use Newton's 2™ law for the stationary chamber.

Fbuoymt = ng + FT -
Fy = Foppye ~ M0 = 7.3953x 10°N —(7.44x10'kg ) (9.80m/s*) =

30. (a) Thebuoyant forceisthe weight of the water displaced, using the density of seawater.
Fbuoyant = rn/vater g = ,0 watervdisplacedg

displaced

9.80m/s’) =[653N

= (1.025x10° kg/m*) (65.0 L)(MJ(
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(b) Theweight of the diver is m, g = (68.0 kg)(9.80m/s’) =666 N . Since the buoyant

forceisnot as large as her weight, |she will sink|, although it will be very gradual since the
two forces are almost the same.

31. (a) Thedifferencein the actual mass and the apparent mass of the aluminum ball is the mass of the
liquid displaced by the ball. The mass of the liquid displaced is the volume of the ball times the
density of the liquid, and the volume of the ball is the mass of the ball divided by its density.
Combining these relationships yields an expression for the density of the liquid.

rT.loall

Mes ™ Myt = AM= PiiaVoar = Piquia —— =
Al
Am (3.40 kg—2.10 kg) . . . .
o me——p, = 2.70x10° kg/m” ) =]1.03x10" kg/ m
pllqwd B pAI 340 kg ( g/ ) g/
m . —
(b) Generalizing the relation from above, we have |, = Wm—ma‘me”‘ Posec
object

32. Thedifferencein the actual mass and the apparent mass is the mass of the alcohol displaced by the
wood. The mass of the alcohol displaced is the volume of the wood times the density of the alcohol,
the volume of the wood is the mass of the wood divided by the density of the wood, and the density
of the alcohal isits specific gravity times the density of water.

m L rnactu
My ~ mapparem = palcvwood = Pac — SGalcszO —d
pwood pwood
Lwood 0.48k
pWOOd = SG"wood = S(';alc rnamual = (079) g = m
Puo (Mo~ M) (0.48kg—0.047kg)

33| The buoyant force on theice isequal to the weight of theice, sinceit floats.
Fbuoyant :Vvice - rnsea/valer g = rT](:eg - rnsea/vaer = rT]ce -

submerged submerged

pwamatervseawater = pioe\/ice d ($)sea/vater pwaterv_submerged = (%)ioe pwater\/ice d
(%)seawater V_S'meﬁged = ($)ioe\/ice -
G)
Vsubmerged = ( )'Ce \/ice = 0917 \/ice = 0'895\/ice
ice (33)seawater 1025

Thus the fraction above the water is V.

above :\/ioe _Vsubmerged = 0105 \/ice or 105%

34. For the combination to just barely sink, the total weight of the wood and lead must be equal to the
total buoyant force on the wood and the lead.

Fweight = I:buoyant - mNOOd g + rnPbg = Vwoodpwaer g +VPblOwater g -

00 pwer pwer
mNood+rT]Pb:mN dIowater—"_rnpblowater - nbo[l__aj:rmood( . _1j -

wood Pb p Pb

wood
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o I s BN -
Pucen Le ~ (5.25kg)~22>2_Z _[576kg

n]Pb:mNoodT:mNood—l ﬁ_
1 Luae - 1-—
Pro Spr 11.3

35. UseEq. 10-4b, the equation of continuity for an incompressible fluid, to compare blood flow in the
aortaand in the major arteries.

( Av)aorta = ( Av)arteri&s -
2
Vi = MV&M = M(mcm/s) =90.5cm/s~[0.9m/s
Aarteris zocm

36. We apply the equation of continuity at constant density, Eqg. 10-4b.
Flow rate out of duct = Flow rate into room

V V 9.2m)(5.0m)(4.5m
Aiuctvduct =xr 2Vduct = t"ﬂ - Vduct = r;otom = ( )( )( 60)5 = 31m/5
tofil 7 Rofi 7(0.15 m)2 (16 min)( : )
oo room 1 min

37. Bernoulli’s equation is evaluated with v, =v, = 0. Let point 1 be theinitial point, and point 2 be the
final point.
R+1pV +p0y, =P +1pV; + pgy, — B +pgy, =P, +pgy, -
P-R=p9(¥,-¥,) - AP=-pgAy

But achangeiny coordinate is the opposite of the change in depth which iswhat is represented in
Eq. 10-3b. So our final resultis AP = pgAh, Eg. 10-3b.

38. Wemay apply Torricelli’ s theorem., Eg. 10-6.
v, =20(y, - ¥,) =/2(9.80m/s* ) (4.6m) =[95m/s

39. Thevolume flow rate of water from the hose, multiplied times the time of filling, must equal the
volume of the pool.

Y Vv .05m)* (1.2
(AV) === = t:qu‘)‘" - 7(305m) (2 m) = 4.429x10°s
eelhoe (s "(—1"1 ﬂ 0.40m/s
A1) (o || (040ms
4.429x1053[1d—ayj _[5.1days
60 60 245

40. Apply Bernoulli’s equation with point 1 being the water main, and point 2 being the top of the spray.
The velocity of the water will be zero at both points. The pressure at point 2 will be atmospheric
pressure. Measure heights from the level of point 1.

P+3pV +pgy, =P, +3 0V + o0y, —
R -P,, = pgy, = (1.00x10° kg/m’)(9.8m/s*) (15 m) =|1.5x10° N/m"’

1
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41.

42.

43.

Use the equation of continuity (Eg. 10-4) to relate the volume flow of water at the two locations, and
use Bernoulli’ s equation (Eqg. 10-5) to relate the pressure conditions at the two locations. We assume
that the two locations are at the same height. Express the pressures as atmaospheric pressure plus
gauge pressure. We use subscript “1” for the larger diameter, and subscript “2” for the smaller
diameter.
zr? r?
Aivl = szz -V, :Vlizvl 12 :Vl%

I

zr,

RAR o + o0y, = R P+ gy,

1 2 _ 1 2 _ 1 2r14 _

Fi+EPV1—F’z+EPVz—Pz+EPV1r—4 - V=
2

2(32.0>< 10°Pa— 24.0x10° Pa)

~ 4
(1.0x10°kg/m’) M—l
(20x107m)

—[5.6x10° m?/s

The pressure head can be interpreted as an initial height for the water, with a speed of 0 and
atmospheric pressure. Apply Bernoulli’ s equation to the faucet location and the pressure head
location to find the speed of the water at the faucet, and then calculate the volume flow rate. Since
the faucet is open, the pressure there will be atmospheric as well.

P +%pvfzauoet + P W race = Prea +%pvr?eed TPWres —

2

2
Viacer = ;( P ~ P ) + Vﬁeed +29 ( Yhead ~ yfauca) =2QYeq

Viacs = 20 ea
Volumeflow rate = Av = z1%,/2gy,,, = 7| 4(1.85x10°” m)]2 \/2(9.80 m/s’)(15.0m)

— [4.6x10° m*/s

We assume that there is no appreciable height difference between the two sides of the roof. Then the
net force on the roof due to the air is the difference in pressure on the two sides of the roof, times the
areaof theroof. The difference in pressure can be found from Bernoulli’ s equation.

1 2 _ 1 2
Pinside +Epvinside + pgyinside - I:2>utside + 2 pvoutside + pgyouts'de -

V2 :i RN

outside

=)

inside

P

— 1
outside — 2 Pair
oof

I:air = %pairvjuts'derof = %(129 kg/m3)(35 m/S)2 (240m2) =

The lift force would be the difference in pressure between the two wing surfaces, times the area of
the wing surface. The differencein pressure can be found from Bernoulli’s equation. We consider
the two surfaces of the wing to be at the same height above the ground. Call the bottom surface of
the wing point 1, and the top surface point 2.
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R+1pV +p0y, =P +1pV, +pgy, - R-P=1p(v;-V)
F =(F;—IDZ)(Areaofwing):%p(vj—vf)A

=4(1.29kg/ m3)[(260 m/s)” - (150 m/s)z](78 m*) =

45. Theair pressure inside the hurricane can be estimated using Bernoulli’ s equation. Assume the
pressure outside the hurricaneis air pressure, the speed of the wind outside the hurricane is 0, and
that the two pressure measurements are made at the same height.

1 2 _ 1 2
F?ns'de +3pvinside + pgyinside - I?Jutside +Epvouts'de + pgyouts'de -
P 2

= _ 1
inside — " outside 2 peu’rvinside

2
1000m 1h
=1.013x10°Pa-<(1.29kg/m®)| (300km/h
) 2( g/ ){( /)( km j(36008j:|
=19.7x10"Pal ~ 0.96am

Use the equation of continuity (Eg. 10-4) to relate the volume flow of water at the two locations, and
use Bernoulli’ s equation (Eg. 10-5) to relate the conditions at the street to those at the top floor.
Express the pressures as atmospheric pressure plus gauge pressure.

A&reetvstreet = Aopvtop -

7(5.0x107m)’

2

_y, | D _ (0.60m/s)

= Ve =2219m/s~|2.2m/s
T A, 7(2.6x10°m)

1 2 _ 1 2
PO + Pgauge +3pvstreet + pgystreet - R) + Pgauge +Epvtop + pgytop -

street top

Pgauge = Pgauge +%p (Vsztreet - th)p ) + pgy( ystreet - ytop)

top Street

1.013x10°Pa
atm

= (3.8atm)(

+(1.00x10°kg/m®)(9.8m/s’ ) (-18m)

j+%(1.00><103 ka/ m3)[(0.60 m/s)’ —(2.219 m/S)ZT

- 2.063x10° Pa[Lmsj ~[2.0am
1013=10°Pa

47. (a) Apply the equation of continuity and Bernoulli’s equation at the same height to the wide and
narrow portions of the tube.

A

AZVZ:A&Vl - VZZVlK
2(P -

Reipi=Reioy > 2B gy
P
2
2(P-P 2 9 2(P-P
A E )
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. _2K(R-P) . [2(R-R)
TR T M eA A
2(R-P)
b 17 2 2
(b) v,=A (AR
2(18mmHg)(Mj
2 mmHg
= 7[4(0.010m)] =[0.24m/s

(1000kg/m®)(*[4(0.030m)]* - z*[4(0.010m)])

48. Apply both Bernoulli’ s equation and the equation of continuity between the two openings of the
tank. Note that the pressure at each opening will be atmospheric pressure.

A

Av,=Av, = V,=V,—
A

R+1pV +p0y, =P +2pV, +pgy, — V-V, =29(y,-V,)=2gh

49. Use Bernoulli’s equation to find the speed of the liquid as it leaves the opening, assuming that the
speed of theliquid at the top is 0, and that the pressure at each opening is air pressure.

P+3oV +pay, =P +3pv, +pdy, = V,=429(h,-h)
(@ Sincetheliquid islaunched horizontaly, the initial vertical speed is zero. Use Eq. 2-11(a) for
constant acceleration to find the time of fall, with upward as the positive direction. Then

multiply the time of fall times Vv, , the (constant) horizontal speed.

2
y=Y, +Vt+iat’ —» 0=h+0-1gt® — t= /?hl

Ax:vlt:,/Zg(hz—l‘y)\/%: 2(h,-h)h

(b) Weseek someheight h suchthat 2,/(h, —h)h =2,/(h,—h)h .
2(h—n)h =2f(n-m)N - (h-h)h=(h-M)K -
h*-hh+(h,-h)h=0 —

o feEyodh ol heJh g Ay h(no2h) 2n-oh 2y
2 2 2 2 2

h=h-h
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50. Apply Eg. 10-8. Usethe average radiusto calculate the plate area.

T
R —-r
FI _ (rinner ](router |nner)

AV (271,,0) (0, )

[—0'024 m-N j(O.ZOxlO'Z m)

051
_ 0.0510m =[7.2x10%Pass

27(0.0520m)(0.120 m)(62 rev  2rrad lm'n)(o.oslom)

X
min rev 60 s

\'
F=7]AI— - n=

51. From Poiseuille's equation, the volume flow rateQ is proportional to R if all other factors are the

vV 1. .
same. Thus Q/ R'= TF isconstant. If the volume of water used to water the garden is to be same

in both cases, then tR* is constant.
4 4
3/8
tR' =t,R' > t = tl(ﬁj :tl[Lj =013,

R, 5/8
Thus the| time has been cut by 87%| .

52. Use Poisetille' s equation to find the pressure difference.

o "R (R-R)
8L
H -3 13
8[5.6x103 L min 1x107m }(o.zpa-s)(5.5x102m)
8QnL min  60s 1L
(R-R)= =

7R’ 7(0.9x10°m)’
- [4.0x10°P4|

53. Use Poiseuille' s equation to find the pressure difference.

o 7R (R-R)
8nL
8(450cm?/s)(10° m®/cm®)(0.20Pass)(1.9x10°m
(P-p)=L ( s)( fem ) - )(1.9+ )=985.1Pa~ 990 P4l
7R 7(0.145m)

54. Use Poiseuille’ s equation to find the radius, and then double the radius to the diameter.

Q:M
8rL
3 1/4
oo T 8(1.8x10°Pass) (21.0m)(9.0x123)0>< 4.0m j
d=2r=2| —21Q_| _, s —
7(R,-R) 7(0.71x 107 atm) (1.013x 10° Pa/atm)
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55. The pressure drop per cm can be found from Poiseuille’ s equation, using alength of 1 cm. The
volume flow rate is area of the aorta times the speed of the moving blood.

o TR (P-R)
8L
_ 2 8(4x10°Pass)(0.4m/s
(P, H):SU?ZSU”'_‘:VZ&Q": (4~ )( 2 /)=88.9Pa/m= 0.89Pa/cm
L 7R 7R R (1.2x10*2m)

56. From Poiseuille's equation, the volume flow rate Q is proportional to R if all other factors are the
same. Thus Q/R* is constant.

% _ Qi > R, = [ Qi

14
= Riia = (0'25)1/4 Ruia = 0.707R
Riw  Ria Qi J - - -

Thus the radius has been reduced by about :

2 p  2(0.40cm/s)(1.2x107m)(1.05x10° kg/m’)
n o 4x10°Pass

The flow is[turbulent | at this speed.
(b) Sincethe velocity is doubled the Reynolds number will double to 5040. The flow is
at this speed.

57. (8) Re= = 2520

58. Thefluid pressure must be 18 torr higher than air pressure as it exits the needle, so that the blood will
enter the vein. The pressure at the entrance to the needle must be higher than 18 torr, due to the
viscosity of the blood. To produce that excess pressure, the blood reservair is placed above the level
of the needle. Use Poiseuille’s equation to calcul ate the excess pressure needed due to the viscosity,
and then use Eq. 10-3b to find the height of the blood reservoir necessary to produce that excess

pressure.
zR' (R, -R) 87, LQ
SEAAA CF BLEYA P =P b < _ Ah -
Q 877b|00d L 2 1 P R4 pblood g
1 8n, L
s, Bal)
pbloodg ”R
133N/m?
(18mm-Hg) ¢ +
1mm-Hg
- 1 4.0x10°m?
- 4x10°%Pass)(4.0x107%m)| —————
[1.05><103k—93j(9.80m/32) B(410°Pars)(4.0x10 m)( 60s j
m
7(0.20x10°m)’
=1|1.8m

59. InFigure 10-35, we have y = F/2L . Usethisto calculate the force.
_F 51x10°N _
2L 2(0.070m)

3.6x10° N/m

I
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60.

61.

62.

63.

64.

Asin Figure 10-35, there are 2 surfaces being increased, and so y = F/2L . Usethisreationship to
calculate the force.

y=FJ2L — F=2yL=2(0.025N/m)(0.182m)=

From Example 10-14, we havethat 2zry cosd =<+mg . The maximum mass will occur at @ =0°.
127ry 127(3.0x10°m)(0.072N/m)

ax g 9.80m/s’
Thisis much less than the insect’s mass, and so | the insect will not remain on top of the water | .

=8.3x10°kg

2zrycosd =<mg — m,

(&) We assume that the weight of the platinum ring is negligible. Then the surface tension isthe
forceto lift the ring, divided by the length of surface that is being pulled. Surface tension will

F F
act at both edges of thering, asin Figure 10-35 (b). Thus |y = =—

Z(Zﬂr) 4rr

F 8.40x10°N

by y=7 " 47 (2.8x10°m)

=[2.4x107 N/m

The pressures for parts (a) and (b) stated in this problem are gauge pressures, relative to atmospheric
pressure. The pressure change due to depth in afluid is given by Eq. 10-3b, AP = pgAh.

2

, (e ST
(@ Ah=—= — =[0.75m

P9 (1.00 9, 1kg  10°cm ](9.80m/sz)

cm® 1000g 1m
2

o (om0 S

(b) Ah=—= 4 ~[0.65m

- 6 a3
P9 [100-9 28 10N g gnp)e)
cm® 1000g 1m

(c) Forthefluidto just barely enter the vein, the fluid pressure must be the same as the blood

pressure.
2
1mm-Hg

AP

- = 6 3
P9 (1.00 9 , kg  107cm j(9.80m/sz)

Ah= =(0.24m

cm® 1000g 1m®

(&) Thefluidinthe needleis confined, and so Pascal’s principle may be applied.

=P N Fplunger — Fneedle — A’]eedle — 4 rnzesdle — rniedle
lunger needle needle lunger lunger lunger
P A)Iunger A1mdle P Aﬁlunger P ﬂ-rpfunger P rpfunger
2
0.10x10°m
=(2.4N)(—)2= 5.7x10*N
(0.65x10°m)
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65.

66.

67.

68.

133N/m?
1mm-Hg

b) F =P 18mm-H 7(0.65x107°m ‘- 0.32N
( ) plunger plunger Aulunga( g) ( )

The force can be found by multiplying the pressure times the area of the pump cylinder.
F. = PA=(210x10° N/m*)z(0.015 m)* =1.5x10°N

F, =P, A=(310x10° N/m*) 7 (0.015 m)’ = 2.2x10°N

The range of forcesis [1.5x10°N < F < 2.2x10°N|

The pressure would be the weight of the ice divided by the area covered by theice. The volume of
theiceisrepresented by V, and its thickness by d. The volumeis also the mass of the ice divided by
the density of theice.

p_F_mg mod_ mgd gdp = (9.80my/s* ) (3000m) (917 kg/m?) = [2.7x10" Pel

A VA VO mp

1a
= 27x10° Pa(—msj ~[270am
1013x10°Pa

The change in pressure with height is given by Eg. 10-3b.
AP pgah  (1.29kg/m®)(9.80m/s*)(380m)

AP = pgAh — - =0.047 -
P P 1.013x10°Pa
AP =0.047 atm
(@ Theinput pressureisequal to the output pressure.
F F
input = Poutput - — = _—
Anput Abutput
F 2 250N
input _2 4 2
= =7(9.0x10"m =(6.7x10"m
A = Ao F oo ( ) (970kg)(9.80m/s’)

(b) Thework isthe force needed to lift the car (its weight) times the vertical distance lifted.

W = mgh = (970kg) (9.80m/s*)(0.12m) = 1.141x10° I = [L1x10° ]
(c) Thework done by the input piston is equal to the work donein lifting the car.
W =W - F d =F d_=mgh —

input output input ~input output " ouptut

F_d .
o Sl | (250N)(018M) 5 10 155 < [3axt0m]

mg  (970kg)(9.80m/s’)
(d) The number of strokesisthe full distance divided by the distance per stroke.

0.12
hluII = Nhstroke - N = h'U” = m3 =
hyy. 3419x10°m

(e) Thework input is the input force times the total distance moved by the input piston.

W, =NFd,,, - 35(250N)(013m)=[L1x10°]

Since the work input is equal to the work output, energy is conserved.

35strokes
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69. The changein pressure with height is given by Eq. 10-3b.
AP pgAh  (1.05x10°kg/m’)(9.80m/s’)(6m)
P P 1.013x10°Pa

0 0

AP = pgAh — =0609 —

AP =0.6am

70. The pressure change due to a change in height is given by Eq. 10-3b. That pressure is the excess
force on the eardrum, divided by the area of the eardrum.

F
AP = pgAh=— >
£9 A

F = pgAhA=(1.29kg/m’)(9.80m/s’ )(950m)(0.50x10™*m*) =|0.60N

the place where the two fluids meet must be the same if the fluid is to be stationary. In
the diagram, the darker color represents the water, and the lighter color represents the

71. The pressure at the top of each liquid will be atmospheric pressure, and the pressure at | |
alcohol. Write the expression for the pressure at a depth for both liquids, starting at the ‘

top of each liquid with atmospheric pressure.
I:z'alcohol = I:?Z) + palcoholgAhalcohol = Pwater = B) + pwaler gAhNaler -

p alcohoIAhalcohol = p WalerAhwater -

Lacra _18,0cm (0.79) =[14.2cm

water

A, = AN

alcohol

72. The buoyant force, equal to the weight of mantle displaced, must be equal to the weight of the
continent. Let h represent the full height of the continent, and y represent the height of the continent
above the surrounding rock.

chontinent :Vvdisplaced - Ahpcominentg = A(h - y) pmantleg -

mantle

y = h| 1- Leemer | _ (35km) 1 2800kg/m' )
p mantle 3300 kg/ m3

73. Theforceisthe pressure times the surface area.
133N/m?
1mm-Hg

F=PA= (120mm-Hg)( j(sleo"‘ m*)=130.9N ~[130N

74. We assume that the air pressure is due to the weight of the atmosphere, with the area equal to the
surface area of the Earth.

F
P:K - F=PA=mg —

2
__PA_ 47RE P _ 47(6.38x10°m) " (1.013x10° N/m’)
g g 9.80m/s’

=|5.29x10"kg
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75. The pressure difference due to the lungs is the pressure change in the column of water.

(80mm-Hg) [M

_ _AP 1 mm-ng 3 §
AP=pgah = ah= ~ (1.00x10° kg/m’)(9.80m/s?) ~Lossm=[Lin]

76. The buoyant force due to the fresh water must be the weight of displaced seawater, and would be the
volume of the displacement times the density of sea water times the acceleration due to gravity. But
the buoyant force on the ship is also the weight of displaced sea water.

Fooprr =VagsPon 9=Med — M, =(2650m’)(8.50m)(1025kg/m’) =[2.31x10"kg

water

This can also be expressed as avolume.
M.,  231x10'kg
Pre  100x10° kg/m’

v —[2.31x10°'m?| =|2.31x107L |

fresh

77. The buoyant force on the block of wood must be equal to the combined weight of the wood and

copper.
(mNood+n]Cu)g:Vwoodpwaeg=medpwaerg - mNood+rnCu:randpwaer -
wood wood
P 1000kg/m’
= —2e _1|=(0.50kg)| ————-1|=]|0.33k
m, rmow[pwood J ( g)[ 600kg/m3 g

78. The buoyant force must be equal to the weight of the water displaced by the full volume of the logs,
and must also be equal to the full weight of the raft plus the passengers. Let N represent the number
of passengers.

weight of water displaced by logs = weight of people+ weight of logs

10\/Iogpwa(erg = Nrnpetsong +10v|ogplogg -
N — 10\/Iog (pwaler - plog) — 107[r|§gllog (pwaer - $Iogpwma) — lOﬂ-rljgllogpwaler (1_ gslog)

Mheson Mherson Mherson
~107(0.28m)’(6.1m)(1000kg/m°)(1-0.60) .
68kg
Thus people can stand on the raft without getting wet. When the 89" person gets on, the raft

will sink.

79. Thework done during each heartbeat is the force on the fluid times the distance that the fluid moves
in the direction of the force.
W =FAl =PAAI =PV —

2
(105 mm-Hg)(Mj(mxloe m?)
W PV 1 mm-Hg
t

T
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80. The buoyant force on the rock is the force that would be on a mass of water with the same volume as
therock. Sincethe equivalent mass of water is accelerating upward, that same acceleration must be
taken into account in the calculation of the buoyant force.

buoyant mNaIer g mNatera' -
buoyant m/valer (g + a) aterpwaer (g + a) = Vrockpwaler (g + a)

My My, (3.0kg)3.4(9.80m/s’)
rock pwater (g " a) $rock (g ’ a) 2.7

For the rock to not sink, the upward buoyant force on the rock minus the weight of the rock must be
egual to the net force on the rock.

Fooyert = Moscd = M@ = Fogyery = Moy (9 +2) = (3.0kg) 3.4(9.80m/s*) =100N
The rock will sink|, because the buoyant forceis not large enough to “float” the rock.

=|37N

81. The pressure head can be interpreted as an initial height for the water, with a speed of 0 and
atmospheric pressure. Apply Bernoulli’ s equation to the faucet location and the pressure head
location to find the speed of the water at the faucet. Since the faucet is open, the pressure there will
be atmospheric aswell.

- +3 > PV, fauoet + P WY race = P +%pvseed T PWres —
Vi (9.5m/s)’

__faucet __ —
- Zget - 2(9.80m/s’) 20m

yhead

82. Apply both Bernoulli’ s equation and the equation of continuity at the two locations of the stream,
with the faucet being location 0 and the lower position being location 1. The pressure will be air

pressure at both locations. The lower location has y, = 0 and the faucet isat height y, =y .

_ A A/
A)Vo_plvl - Vl_VOA_Voﬂ(dl/Z)Z_VOdlz

4

d
P +1pV:+p0y, =R +ipV +p0y, — v(f+29y:vf:v§d—‘i1 N

1
2 1/4
d,=d | —2
v + 29y

83. (a) Weassume that the water islaunched at ground level. Sinceit also lands at ground level, the
level range formulafrom chapter 4 may be used.

2 g 8.0m)(9.80m/s
R:vosmze S v = .Rg :\/( )( / )
g sin 20 sin70°
(b) Thevolumerate of flow isthe area of the flow times the speed of the flow. Multiply by 4 for
the 4 heads.

Volumeflow rate= Av = 4zr’v = 4rx (1.5>< 10°° m)2 (9.134m/s)

=9.134m/s~|9.1m/s

_ 1L
=2.583x10 4 mS/S(mj ~10.26 L/S
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84.

85.

86.

87.

(c) Usethe equation of continuity to calculate the flow rate in the supply pipe.
(Av).  =(Av) _(AV),, _ 2583x10°m’/s

s s su ]
. - i A%upply T (0.95 x107 m)2

=10.91m/s

(@) We assume that the tube in the pail is about 4.0 cm below the surface of the liquid in the pail so
that the pressure at that two tube ends is approximately the same. Apply Bernoulli’ s equation
between the two ends of the tube.

Psmk +3 2 p snk + pgysmk pall p pa|| + pgypail -
=320 (Yans — Yy ) = 1/2(9.80m/s°) (0.50m) = 3.130m/s~ [3.1m/s

(b) The voI ume flow rate (at the pail end of the tube) times the time must equal the volume of water
in the sink.

(AV) t=V,, — t-—a (0.48m?)(4.0x10m)
pail sin

(Av),, 7(10x107m)’ (3.13m/s)

=120s

We assume that the speed of the water at the entry point to the siphon tube is zero, and we assume
that the pressure at both ends of the s phon hose is the same.

Ptop + p top + p gytop bottom + p bottom + p gybottom - Vbottom = \/zg ( ytop - ybottom)

2 29 (Ve ~ Yionon ) = 7(0.60x207m)° [2(9.80m/s* ) (0.64m)

Av = 712

tube bottom

=7l

= [4.0x10* m*/s

The upward force due to air pressure on the bottom of the wing must be equal to the weight of the
airplane plus the downward force due to air pressure on the top of the wing. Bernoulli’s equation
can be used to relate the forces due to air pressure. We assume that there is no appreciable height
difference between the top and the bottom of the wing.

P)mg

A
P + Pbottom IO Vbonom + p gybottom P + Ptop + top + p gylop

_ 2( Pbollom - I:zop) 2

topA+m bottomA - (P

bottom top

2

VtOP - P +Vbottom -
2(P,. —P 2 2(2.0x10°kg)(9.80m/s*
Vtop = \/%_'—Vsotmm = p_nf_'_vsottom = \/ 5129 kg/magglzoo mz) ) +(95 m/S)2

=185.3m/s ~[190m/s

From Poiseuill€’' s equation, the viscosity can be found from the volume flow rate, the geometry of
the tube, and the pressure difference. The pressure difference over the length of the tube is the same
as the pressure difference due to the height of the reservair, assuming that the open end of the needle
is at atmospheric pressure.

_zR'(R,-R)

8L ; Pz—Fi=Pb|ood9h -
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_AR(R-R) _ 7R Pyt _ 7(0.20x10°m)" (1.05x10° kg/m* ) (2.80m/s* ) (1.70m)

n= 3 . 6. 3
L L
& & gl 415, 1min 10 ™ |(38x107m)
min  60s cm

=[4.2x10°Pass|

88. From Poiseuille' s equation, the volume flow rate Q is proportional to R if all other factors are the
same. Thus Q/ R* isconstant. Also, if the diameter is reduced by 15%, so is the radius.

R‘ilnal R‘r‘]itiaj Qnitid R‘r‘]itial
The flow rateis 52% of the original valuel

4
innal _ Qinitial N h — M = (085)4 = 052
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