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 p;4. where p; 1s 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,4. where p, 1s the pressure outside. The magnitude
of the net force 1s F = (p; — p,)A.

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

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

7. (a) The pressure difference results i 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.

We consider a force vector at angle &. Its leftward component 1s Ap cos &i4. where dA 1s
the area element for where the force 1s applied. We make use of the symmetry of the
problem and let ¢4 be that of a ring of constant & on the surface. The radius of the ring 1s
7= R sm 6. where R 1s the radius of the sphere. If the angular width of the ring 1s d€. in

radians. then its width is R d@and its area is d4 = 2R’ sin 6 d6. Thus the net horizontal
component of the force of the air 1s given by

F,=27R°Ap j:j sind cos 8d6 =xR>Ap sin’ 6 :"2: TR*Ap.

(b) Weuse 1 atm=1.01 % 10° Pa to show that Ap =0.90 atm = 9.09 x 10* Pa. The sphere
radius 1s R =0.30 m. so

F,=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 1s attached to a sturdy wall.
The force of the wall on the sphere would balance the force of the horses.



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 Argentinosauris 1s

| 5 ltorr
= p. .+ pgh=80torr+(1.06x10° kg/m’)(9.8 m/s* )21 m—9.0 m)| ————
P = Do + P2 ( /)9, m/s?)( i)
=1.0x10° torr.
(b) The gauge pressure at the feet of the Argentinosaurus 1s
D._. =p. . +pgh =80 torr+(1.06x10° kg/m’ )(9.8 m/s*)(21 m) ltiJ
et Thmm O i 133.33 Pa.

=80 torr 4+ 1642 torr =1722 torr ~ 1.7 x10° torr.



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.

20. (a) The force on face 4 of area .44 due to the water pressure alone 1s

F,=p A, =p,ghAd,=p,ed)d’ :2(1.0><103 kg/m;)(Q.Sm/f][5.0111)3
=2.5x10° N.

Adding the contribution from the atmospheric pressure.

Fp=(1.0x 10° Pa)(5.0m)*=2.5 x 10° N,
we have

Fi=F,+F,=25x10° N + 2.5x10° N=5.0x10° N.

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

Fg = Daesds = Pu8 [%J d’ =%pwg(f-” = % (] 0x10° kg/nf)(9.8111/52)[5.0111)3

=3.1x10° N.
Adding the contribution from the atmospheric pressure.

Fy=(1.0x 10" Pa)(5.0 m)*=2.5x 10° N,
we obtain

F,=F,+F, =2.5x10° N + 3.1x10° N=5.6x10° N,



26. The gauge pressure vou can produce i1s

(IDOng/nf ) (9.8111/’*:-;1 ){4.{] x107 111)

< =—-3.9x107atm
1.01x10° Pa/atm

p=—pgh=-

where the minus sign indicates that the pressure inside your lung 1s 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: py = p; — pg()2 — y1). We take y; to be at the surface of Earth.

where the pressure is p; = 1.01 % 10° Pa. and y; to be at the top of the atmosphere, where
the pressure 1s pa» = 0. On the other hand. if the density varies with altitude. then

Py =P — JjF’g dy .

For the case where the density decreases linearly with height. p= oy (1 — ¥/h). where oy 1s
. . " .
the density at Earth’s surface and g = 9.8 m/s” for 0 < y < k. the integral becomes

h ' y 1
P =p1—fﬂpog L= jdy=p =3 pogh

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

_p . 101x10 Pa
pg (1.3 kg/m’)(9.8m/s")

Yo — 0N =79%10° m =709 km.

(b) With density decreasing linearly with height. p,=p, — p,gh /2. The condition p; =0
mplies
2p,  2(1.01x10° Pa)

= —3 —— =16 x10° m = 16 km.
2g (L3 kgm™)(9.8 m's™)

LEARN Actually the decrease in air density 1s approximately exponential, with pressure
halved at a height of about 5.6 km.



28. (a) According to Pascal’s principle. F/d =fla > F = (4/a)f.

(b) We obtain

3. ’
f:EF—( 80 cm)

==~ _(20.0x10° N) =103 N.
A (53.0 cm)’

The ratio of the squares of diameters 1s equivalent to the ratio of the areas. We also note
that the area units cancel.



31. THINK The block floats in both water and oil. We apply Archimedes’ principle to
analyze the problem.

EXPRESS Let ¥ be the volume of the block. Then. the submerged volume in water 1s
V.=2V /3. Smece the block 1s floating. by Archimedes’ principle the weight of the

displaced water 1s equal to the weight of the block. 1.e.. pw V: = pop V. where o 1s the
density of water. and pp 1s the density of the block.

ANALYZE (a) We substitute ¥, = 2F/3 to obtain the density of the block:
op=2p/3=2(1000 kg 1113) 3~6.7 x10 kg m’.

(b) Now. if p, 1s the density of the oil. then Archimedes’ principle yields o V= p, V.

Since the volume submerged in o1l 1s ¥ =0.90F . the density of the o1l 15

=7.4x10" kg/m’.

- .
= — |=(6.7x10" kg/m
Po ’%[VJ ( £ )GﬂﬂV

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 =pJV,.
Therefore,
2V /3
0.90F

. | o
2, =p“_[?“'r]=(1ﬂ{}li] kg/m’) =7.4x10" kg/m’.

I

That 1s, by comparing the fraction submerged with that in water (or another liquid with
known density). the density of the o1l can be deduced.



33. THINK The iron anchor 1s submerged in water. so we apply Archimedes’ principle
to caleulate its volume and weight in air.

EXPRESS The anchor i1s completely submerged i water of density py. Its apparent
weight 15 Wapp = W — Fp. where W= mg 1s 1ts actual weight and Fy =g, gV 15 the buoyant
force.

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

= = =2.04x107 m’.
£P.E o (1{}{}{} kg-"mj) (9.8 m-’sz) h .

y WV _ R 200 N

(b) The mass of the anchor 1s m = p._g. where p;_1s the density of wron (found m Table

14-1). Therefore, its weight in air 1s
W=mg=ppVe= (7870 kg/m’)(2.04 x 107 m’)(9.80 m's’) =1.57 x 10° N,

LEARN In general. the apparent weight of an object of density o that i1s completely
submerged in a fluid of density p; can be written as W, =(po—p; Vg .



35. The problem intends for the children to be completely above water. The total
downward pull of gravity on the system 1s

3(356N)+Np, gV

where N 1s the (minimum) number of logs needed to keep them atloat and V 1s the
volume of each log:

V=m(0.15m)" (1.80 m) = 0.13 m’.

The buoyant force 1s Fp = b= pu,ategl?’mbmﬂged where we require Vopmerged = NV. The density
of water 15 1000 kg m’. To obtain the minimum value of N. we set Vebmerged = NV and
then round our “answer” for N up to the nearest integer:

3(356N)
EV ( Prvster — Pavood )

3(356N)+ N P08V = Prue8NV = N =

which yields N=4.28 — 5 logs.



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

L

3
V bmerzed ™ 37 where 7, = 60 cm.

Thus. equilibrium of forces (on the iron sphere) leads to

’ .
Fy =M€ = PrueEVaimemi = Pionl (Emf —~ gfrrf]

where 7; 1s the inner radius (half the inner diameter). Plugging in our estimate for
Veubmerzed a5 Well as the densities of water (1.0 g c1113) and 1ron (7.87 ¢ c1113}. we obtain the

mner diameter:

- 13
1.0 g/em’
2n = '2?;,[1 - %] = 57.3 cm.
87 g/lem™



41. Let V, be the total volume of the iceberg. The non-visible portion 1s below water. and
thus the volume of this portion 1s equal to the volume ¥, of the fluid displaced by the
iceberg. The fraction of the iceberg that is visible 1s

V.-V, 4 V;

frac=— =11
v V.

Since iceberg 1s floating. Eq. 14-18 applies:
F,=mg=m;g = m=m;.

Since m = pV . the above equation implies

Py

V: p,
- f_ P
pY.=pV; = o

Thus. the visible fraction 1s

V .
Erar:=l——‘i"'=1—ﬂ .
v Pr

(a) If the iceberg ( o, =917 kg/m’ ) floats in salt water with =1024 kg/m’. then the
L4 £ Pr e

fraction would be

3
frac=1- Loy 217kem 6100
P 1024 kg/m

(b) On the other hand. if the iceberg floats in fresh water ( o, =1000 kg/m’). then the
fraction would be
_ 917 kg/m’

frac =1-LL =1 - =0.083=8.3%.
P 1000 kg/m




51. THINK We use the equation of continuity to solve for the speed of water as 1t leaves
the sprinkler hole.

EXPRESS Let v; be the speed of the water in the hose and v be 1ts speed as 1t leaves one
. . 7

of the holes. The cross-sectional area of the hose 1s 4; = mR". If there are N holes and 4,

1s the area of a single hole. then the equation of continuity becomes

-

R_
P " N4, L N

Wi

where R 1s the radius of the hose and r 1s the radius of a hole.

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

5 2
2 1.9

L = D —y = [ Cm] - {D.Ql 111-"'3)= 8.1 m's.

T Nd© T 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.



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

(b) Usingv =R/4 and 4 = nd /4. we set up ratios:

Vi 56/m(1.9)° /4 10
v, 26/m(1.3)°/4




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:
P+ pvi +pgh = py+3 v+ pghs .

where p 1s the density of water, by 1s the height of the water in the tank. p; 1s the pressure
there. and vy 1s the speed of the water there: h; 1s the altitude of the hole. ps 1s the pressure
there. and v, 1s the speed of the water there. The pressure at the top of the tank and at the
hole 1s atmospheric. so p; = p. Since the tank is large we may neglect the water speed at
the top: it 1s much smaller than the speed at the hole. The Bernoulli equation then

simplifies to pghy =+ ovi + pgh, .

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

hole 1s
Vv, =, Pg(hi —hy) = JE(Q.S m/s’ )(D.S{}m) =242m/s.

Thus. the flow rate 1s







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.
EXPRESS To calculate the flow speed at the lower level. we use the equation of
continuity: A1vi = Axva. Here A4 1s the area of the pipe at the top and vy 1s the speed of the

water there: A is the area of the pipe at the bottom and w; 1s the speed of the water there.
As for the pressure at the lower level. we use the Bernoulli equation:

pi+3 v+ pgh = py+5 pvi + pghy .
where p1s the density of water. hy 1s 1ts mitial altitude. and h 1s 1ts final altitude.
ANALYZE (a) From the continuity equation. we find the speed at the lower level to be
v =(A1/ A =[(4.0 cmz} (8.0 v::mz)] (5.0 m/s) =2.5m/s.

(b) Similarly. from the Bernoulli equation. the pressure at the lower level s

1
pr=p+=p(V—v; )+ pg(h—h)

=1.5%10°Pa +%(IDDDkg/mg}[{S.Gm,/sjz —(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

(py=py).



64. (a) The volume of water (during 10 minutes) 1s

2

V=(wt)4, =(15m/s)(10min)(60 s,/miu][g](ﬁ.ﬂi m) =6.4 m’.

(b) The speed in the left section of pipe 1s

v, =1 [-i]=v1 [%] =(15nﬂ5)[3.ﬂcm.]_ =5.4m/s.

4 4. 3.0cm

(¢) Since
p+31pv + pgh = p, +3 pv; + pgh,

and &z =h,. p, = p,. which 1s the atmospheric pressure,

p,=D, +%p(v11 —1»*22) =1.01x10°Pa +%(1.G><1[]3 kg/mg)[(lﬁnﬁs]z —(5.4111,.1’5)1

=1.99%10°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 Venturt meter. a device that measures the flow
speed of a fluid 1n a pipe. involve both the continuity equation and Bernoulli’s equation.

EXPRESS The continuity equation vields AV = av. and Bernoulli’s equation yields
LoV? =Ap+1pv’. where Ap = pr — p1 with ps equal to the pressure in the throat and p;

the pressure in the pipe. The first equation gives v = (4/a)V. We use this to substitute for
v 1 the second equation and obtain

%pVE =Ap+1p(4 "'a]z V.
The equation can be used to solve for V.

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

sz 2Ap _ i 2a’Ap
'dp[l—(zi’-’a)z) vp[al—fiﬂl

(b) We substitute the values given to obtain

=3.06m/'s.

| 2a°Ap 2(32 x 107 m?)* (41 % 10°Pa—55 x 10°Pa)
V;J Al (1000kg/ 1113)((32 x 107 m?)* — (64 x 1{}_41113)1]

Consequently. the flow rate is
R=AV =(64 x 107'm*)(3.06 m/s)=2.0 x 107 m’ /s

LEARN The pressure difference Ap between points 1 and 2 1s what causes the height
difference of the fluid in the two arms of the manometer. Note that Ap = pr — p1 < 0
(pressure in throat less than that in the pipe). but a< 4. so the expression inside the



67. (a) The friction force 1s

f=AAp = p,gdAd=(1.0x10° kg/'m’) (9.8 m's") (6. {}111)[ J(G 040 m)* =74 N.

(b) The speed of water flowing out of the hole is v = f2gd. Thus. the volume of water

flowing out of the pipemn f=3.0h1s

3
V = Avt =%(G.G4{} m)*{f2(9.8 m's?) (6.0 m) (3.0 h) (3600 s'h) =1.5x10°m’.



71. (a) The stream of water emerges horizontally (& = 0° in the notation of Chapter 4)
with v, = [2gh . Setting y — yo = —(H — h) in Eq. 4-22. we obtain the “time-of-flight”

;:Jﬂ ZJE(H‘;”'
-8 g

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

STH
x=vyt=.[2gh ’M =2.Jh(H —h) = E.J(ID em)(40 em—10 em) =35 em.
g

(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:

i —H?3+I—= 0 = h
4 2

which permits us to see that both roots are physically possible. so long as x < H. Labeling
the larger root hy (where the plus sign i1s chosen) and the smaller root as h; (where the
minus sign 1s chosen). then we note that their sum 1s simply

=H+'\/H3—IE +H—«fH:'—x3 _
2 2 '

Iy +h,

Thus. one root is related to the other (generically labeled h' and h) by h' = H — h. Its
numerical value 1s #'=40cm— 10 cm =30 cm

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

Y s -sh=0=h==
dh 2

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



