Selected Problems
from Chapter 14
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The open vertic t
of densities Rhol =
Which do not mix. Find
bottom of the tube.
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P =P, +p,0h, + p,gh,

=1.01x10°+10°%x9.8x1.0+600x9.8x2.0
—1.01x10°> +0.098x10°> +0.1176 x10°
11.2x10° N.m

e 1n FIGURE contains two ligquids
000 kg/m**3 and Rho?2

= 600 kg/m**3,

the PRESSURE (in N/m**2) at the
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Z)Fau:ifor: U-tube is partially filled with water. 0il, of
density 0.75 g/cm**3, 1is
water level in the right arm rises 3 cm (see Fig. ). The

length of the oil
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P, + 0,9L =P, + p, 9(0.06)

_0.06_6

column,

oL =p, (0.06)
0.75xL =1.0%x0.06

075 75

=0.08 m

poured into the left arm until the

L, is then:




3) An object hangs from a spring balance. The balance indicates

Az
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30 N in air, 20 N when the object is completely submerged in
water, and 24 N when the object is completely submerged in an

unknown liquid. The density of the unknown liquid equals

g/cm** 3
g/cm** 3
g/cm** 3
g/cm** 3
g/cm** 3

L T e T = I T
[T = s B B

W =mg =30N
W -B,..=20N =B, .. =10N =pVg (1
W —Bjgua =24 N = Bjjgg =6 N = piV9  (2)

devide (2) by (1) = D _ % — Puas =0.6 g fom®

Pu 1

water

liquid




4 A block of wood floats in water with two-third of its wvolume

ind the DENSITY of the wood (in kg/m**3).
f water is 1.0* 10**3 kg/m**3).

| . » B
Al 6o’/
A2 1500
A3 1000
A4 500
A5 333
: v w
W =B (floating)

pwoodvg = pwater (%V )g
Lot =2 Prwer = 2x1.0x10° =667 kg /m°
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hﬁ rate of flow of water through a horizontal pipe
Determine the SPEED of flow at

- S ow

0 m**3/minute.

polint

a0

3 L

m/s
m/s
m/s
m/s
m/s

where the radius of the pipe 1s 5.0 cm.

volume rate =R, =

2.0
" m3/s=(xR
50 (ZR*WN =

Vv=42m/s

Av

= (7 x0.05%



Water (density = 1.0 x 10**3 kg/m**3) flows through a
horizontal pipe as shown in FIGURE . At the wider end
its speed 1s 4.0 m/s and at the narrow end its speed

eed
is 5.0 m/s. The DIFFERENCE in pressure,PZ - Pl, between

the two ends is:
P,
PR Py ~
+4.5 x 10*¥*3 Pa
-4.5 x 10*3 Pa 9 Vi=5m/s V,=4m/s
+7.0 x 10*¥*2 Pa
-7.0 x 10**Z Pa
0.0 Pa

1 1
P.+= .+ pgy, =P, +§pv22 +p9y, (Y.=VY,)

2
1 1
Hﬁ*i%NEZZF%'FEﬁNZZ

P, P, :%p(vf -v,%) :%x103 x (5° —42) =§x103 Pa = 4.5x10° Pa



7)% large open tank filled with water has two small holes in its

bottom,
In steady flow,

vl

Which of the

vl
vl
vl
vl
vl

and the

= 7.2

= 2 w2

= v2 / 2
= v2 / 4
= 4 v2

v =./2gh

v depends only on the hieght of the water from the holes

—V, =V,

one with twice the
the speed of water leaving the larger hole is
of the water leaving the smaller hole is vZ.
llowing statements is correct?

radius of the other (see Fig. ).

>-:

radius =1 radius = 2r



*4 A partially evacuated airtight container has a tight-fitting
lid of surface area 77 m* and negligible mass. If the force
required to remove the Iad s 480 N and the atmosphenc pres-
sure is 1.0 > 10" Pa, what is the air pressure in the container
before it is opened?



4. The magnitude F of the force required to pull the lid off is F = (p, — pi)A, where p, 1s
the pressure outside the box, p; is the pressure inside, and A i1s the area of the lid.
Recalling that IN/m” = 1 Pa, we obtain

43':'_54 ~=3.8x10" Pa.
T7=107 m”

F
=p ——=1.0x10° Pa—
p.=p, 1



*9 Calculate the hydrostatie difference in blood pressure be-
tween the brain and the fool in a person of height 1.83 m. The
density of blood is 1.06 x 10* kg/m”,




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

Ap = pgh=(1.06 % 10" kg/m")(9.8 m/s*)(1.83 m) = 1.90 x 10* Pa.



w3 The plastic tube in Fig.

18.30 has a cross-sectional aren

o 310 em®. The tube is filled i
with water until the short arm iy 4
follength d = 0.800 m) is full. < 2
Then the short arm is sealed  Fig. 14-30 Problems 13
s more water 5 gradually and &7,

pured into the long arm. If
lhe seal will pop off when the force on it exceeds Y.80 N, what

fiml height of water in the long arm will put the seal on the
verge of popping?



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



*25 An iron anchor of density 7870 kg/m* appears 200 N
lighter in water than in air. (a) What is the volume of the
anchor? (b) How much does it weigh in air? SSM



25. (a) The anchor is completely submerged in water of density p,. Its effective weight 1s
Wer= W= p, 2V, where W is its actual weight (mg). Thus,

- W \
v =W _ Eﬂ?ﬁﬁ —=2.04x10" m’.
P8 (1000 kg/m”) (9.8 m/s*

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

W =mg = pVg = (7870 kg/m* ) (2.04 x 102 m*) (9.80 m/s* ) = 1.57 ¥ 10° N .



**35 An iron casting containing a number of cavities weighs
GO0 N in air and 4000 N in water, What 1s the total volume
of all the cavities in the casting? The density of iron (thal &
a sample with no cavities) 1s 7.87 g/icm”, SSM



35. The volume V. of the cavities 1s the difference between the volume V.. of the
casting as a whole and the volume Vi, contained: V ., = Vgt — Vipon. The volume of the
iron is given by Vio, = Wgpopon, where W is the weight of the casting and o 15 the
density of iron. The effective weight in water (of density o) is Wegg = W — g Vg, Thus,
Fc:asr = (W_ erﬁ}fgpw and

g W oW W 6000 N — 4000 N 6000 N

ca gp. gp. B (9.8 m/s?) (1000 kg/m’) (9.8 m/s>)(7.87 x 10° ke/m’)
=0.126 m" .




*+43  Water is pumped steadily out of a looded basement at
a speed of 3.0 m/s through a uniform hose of racdius 1.0 cm.,
The hose passes out through a window 3.0 m above the wa-
lerline. What is the power of the pump? SsSm



43, Suppose that a mass Am of water is pumped in time Af. The pump increases the
potential energy of the water by Amgfli, where /1 is the vertical distance through which it is
lifted, and increases its Kinetc energy by %ﬂmv:, where v is its final speed. The work it

does is AW = Amgeh +%,-ium-'? and its power is
AW Am| 1 )

F= h+—v
At :u*'Lg J

Now the rate of mass flow is Am/ Ar = p Av, where p,, is the density of water and A is the
area of the hose. The area of the hose is A = - = m0.010 m)* = 3.14 = 107~* m* and

AV = (1000 kg/m?) (3.14 > 107 m?) (5.00 m/s) = 1.57 ke/s.

Thus,
( 1, ( {5.{}111].1"5}:.
P= pﬂv!\gh +Ev ] (1.57kgfs) .{‘? 8m/s” |(3.0m)+ 5 = 66'W.

\



*46 The intake in Fig. 14-44
has cross-sectiomal area of 0,74
m* and water flow at 0.40 m/s,
Al the outlet, dstance [) =
|80 m below the intake. the
cross-sectional area s smaller

tham m1 the ininke and the Fig. 14-44 Problem 46.

waler Nows oul at 95 mis

What is the pressure difference between inlet and outler?

Cacineraloy

harilding




46. We use Bernoulli’s equation:

1 J o a
Py =P =P§ﬂ+5ﬁ)[“f—":5)

where o = 1000 kgf'mj, D =180 m, v; = 0.40 m/s and v; = 9.5 m/s. Therefore, we find Ap
= 1.7 % 10° Pa, or 1.7 MPa. The SI unit for pressure 1s the Pascal (Pa) and 1s equivalent to
N/m’.
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