15.37. Solve: (a) We can measure the atmosphere’s pressure by measuring the height of the liquid column in a
barometer, because p,... = pgh. In the case of the water barometer, the height of the column at a pressure of 1 atm is

p = Pamos _ 1.013x10° Pa
" Puieg (1000 kg/m®)(9.8 m/s?)

Because the pressure of the atmosphere can vary by 5 percent, the height of the barometer must be at least be 1.05
greater than this amount. That is, A,,, = 10.85 m.
(b) Using the conversion ratel atm =29.92 inches of Hg, we have

29.55 inches of Hg = 29.55
29.92

=10.337 m

X1 atm = 0.9876 atm

The height of the water in your barometer will be

5
j = Pumos _ 0.9876 x1.013x10° Pa 1021 m

Puwerg (1000 kg/m*)(9.8 m/s?)




15.38. Model: Oil is incompressible and has a density 900 kg/m’.
Visualize: Please refer to Figure P15.38.
Solve: (a) The pressure at point A, which is 0.50 m below the open oil surface, is

Pa = Do + P,ug(1.00 m = 0.50 m) = 101,300 Pa +(900 kg/m’*)(9.8 m/s*)(0.50 m) = 105,700 Pa
(b) The pressure difference between A and B is
Py —Pa= Do+ pgdy) — (py + pgd,) = pg(dys — d,) = (900 kg/m3)(9.8 m/SZ)(O-SO m) = 4410 Pa

Pressure depends only on depth, and C is the same depth as B. Thus p. — p, = 4410 Pa also, even though C isn’t
directly under A.



15.39. Model: Assume that oil is incompressible and its density is 900 kg/m’.
Visualize: Please refer to Figure P15.39.
Solve: (a) The hydraulic lift is in equilibrium and the pistons on the left and the right are at the same level.

Equation 15.11, therefore, simplifies to
E

left piston F;'ighl piston Wstudent _ Welepham

2 2
Aleﬂ piston Arighl piston T (rsmdem ) T (F elephant )

— Wslu ent — (70 kg)g _
= ’;ludenl - [W—d](relepham) - m(lo m) = 02415 m

elephant

The diameter of the piston the student is standing on is therefore 2 X 0.2415 m = 0.483 m.
(b) From Equation 15.13, we see that an additional force AF is required to increase the elephant’s elevation through

a distance d,. That is,

AF = pg(A + Align piston )dz

left piston
= (70 kg)(9.8 m/s’) = (900 kg/m’)(9.8 m/sz)ﬂ[(0.2415 m)” + (1.0 m)z]d2
=d,=0.0234m = 234cm



15.41. Model: Water and mercury are incompressible and immiscible liquids.
Visualize: 10 cm

Final

The water in the left arm floats on top of the mercury and presses the mercury down from its initial level. Because
points 1 and 2 are level with each other and the fluid is in static equilibrium, the pressure at these two points must
be equal. If the pressures were not equal, the pressure difference would cause the fluid to flow, violating the
assumption of static equilibrium.

Solve: The pressure at point 1 is due to water of depth d,, = 10 cm:

Pi = Pumos T Pu84,

Because mercury is incompressible, the mercury in the left arm goes down a distance /4 while the mercury in the
right arm goes up a distance /. Thus, the pressure at point 2 is due to mercury of depth dy, = 2h:

p2 = palmos + pHggng = patmos + 2pHggh

Initial

Equating p, and p, gives

1p, , _ 11000 kg/m’

Patmos + pwgdw = Patmos + 2pHggh =h=—

w=-———————10cm=3.7mm
2 py, 213,600 kg/m’

The mercury in the right arm rises 3.7 mm above its initial level.



15.61. Model: Treat the water as an ideal fluid obeying Bernoulli’s equation. A streamline begins in the bigger
size pipe and ends at the exit of the narrower pipe.

Visualize: Please see Figure P15.61. Let point 1 be beneath the standing column and point 2 be where the water
exits the pipe.

Solve: (a) The pressure of the water as it exits into the air is p, = Pyumos-

(b) Bernoulli’s equation, Equation 15.28, relates the pressure, water speed, and heights at points 1 and 2:

pi+4pv] +pgy, = py +4pv; +pgy, = p - py = 4p(v3 =)+ pe(y, — )
From the continuity equation,
VA =4, =(4 m/s)(5x107 m*)=v,(10x10™ m*)=20x10" m’/s=v, =2 m/s
Substituting into Bernoulli’s equation,
L= P2 = Py = P = +(1000 kg/m3)[(4 m/s)’ - (2 m/s)z] +(1000 kg/m®)(9.8 m/s)(4.0 m)
= 6000 Pa + 39,200 Pa = 45,200 Pa
But p, — p, = pgh, where h is the height of the standing water column. Thus
45,200 Pa

"= 1000 kg/m )08 mi) O




15.64. Model: The ideal fluid obeys Bernoulli’s equation.
Visualize: Please refer to Figure P15.64. There is a streamline connecting point 1 in the wider pipe on the left
with point 2 in the narrower pipe on the right. The air speeds at points 1 and 2 are v, and v, and the cross-sectional
area of the pipes at these points are A, and A,. Points 1 and 2 are at the same height, so y, = y,.
Solve: The volume flow rate is Q = A,v, = A,v, =1200x10™ m’/s. Thus
. 1200 x10° m’/s 120010 m'/s
> 71(0.0020 m)? 7(0.010 m)*
Now we can use Bernoulli’s equation to connect points 1 and 2:
P3Py +pgy, = py +pv; +pgy,
= p,—py = 5p(v: =)+ pg(y, — ) = +(1.28 kg/m3)[(95.49 m/s)” —(3.82 m/s)z] +0 Pa=5826Pa

=9549 m/s v, =3.82 m/s

Because the pressure above the mercury surface in the right tube is p, and in the left tube is p,, the difference in the
pressures p; and p, is py,gh. That is,
5826 Pa

- p, =5826 Pa = h=h= =437 cm
b p Prs8 (13600 kg/m*)(9.8 m/s?)




15.67. Model: Treat water as an ideal fluid that obeys Bernoulli’s equation. There is a streamline connecting
the top of the tank with the hole.

Visualize: Please refer to Figure P15.67. We placed the origin of the coordinate system at the bottom of the tank
so that the top of the tank (point 1) is at a height of 2 + 1.0 m and the hole (point 2) is at a height 4. Both points 1 and 2
are at atmospheric pressure.

Solve: (a) Bernoulli’s equation connecting points 1 and 2 is

P+ PV +pgy, = py + 1PV, +Pgy,
= Dumos + TPV + Pg(h+1.0m) = p, o+ 4 pv; + pgh
=v; —v =2g(1.0m)=19.6 m*/s’
Using the continuity equation Ay, = A,v,,
A, 2(2.0%107 m)’ v,
VWEl 2 T 2 V, =
A (1.0 m) 250,000
Because v, << v,, we can simply put v, = 0 m/s. Bernoulli’s equation thus simplifies to

v? =19.6 m*/s> = v, =4.43 m/s

1

Therefore, the volume flow rate through the hole is
0=Ay, =r(2.0x107 m)2(4.43 m/s)=5.56x10" m’/s =3.34 L/min

(b) The rate at which the water level will drop is
S 4.43 m/s
' 250,000 250,000

Assess: Because the hole through which water flows out of the tank has a diameter of only 4.0 mm, a drop in the
water level at the rate of 1.06 mm/min is reasonable.

=1.77x10” mm/s = 1.06 mm/min
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