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SOLUTIONS TO PROBLEM SET 12

1 Young & Friedman 11-24 Stress on a Mountaineer’s Rope

A nylon rope usedby mountaineerselongatesl.10m under the weight of a 65.0-kgclimber. If the ropeis 45.0
m in length and 7.0 mm in diameter, what is Young’s modulus for this material?
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m(3.5% 10-3m)? (1.10m)
= 68x10°Pa

2 Young & Friedman 14-17

An object of average density p floats at the surface of a fluid of density. p

(a) How must the two densities be related?

If p < pruig andthe objectis initially entirely submergedthenthe buyantforce will exceedhe gravitationalforce
on the objectlt will rise to the surface and float there.

(b) In view of the answer to part (a), how can steel ships float in water?

If apieceof steelis hollow, its overalldensitywill be lessthanthatof solid steel. Sincethe averagedensityof an
objectdeterminedvuoyancyratherthantotal weightor the densityof somespecificpartof it, a pieceof steelcanbe
hollowed out until its average density is less than that of water and it will float.

(c) In terms of p and pruig, What fraction of the object is submergedand what fraction is abovethe fluid?
Check that your answers give the correct limiting behavior as p— gyjq and as p— 0.

Whenfloating at a constantevel, the total force on the objectis zero. This meansthat the buoyantforce andthe
gravitational force have the same magnitude.
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whereV is the object’s total voluma~Nhen the densities are the same, the object is not forced out of the fluid,
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||m uig:
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and when the object is much less dense than the fluid, almost all of it will be floating,

lim Vsubmerged: 0
p—0 \Y

(d) While aboard your yacht, your cousin Throckmorton cuts a rectangular piece (dimensions5.0 x 4.0 x
3.0cm?) out of a life preserver and throws it into the ocean. The piecehasa massof 42 g. Asit floatsin the
ocean, what percentage of its volume is above the surface?

T_he re_ctangulapiecehasa dens_ityof g’% Cimg andwaterhasby definitiona densityof 1 Cimg Thusg—g = 70%of the
piece is submerged, and 30% is above the surface.

3 Young & Friedman 14-34

A softdrink (mostlywater)flowsin a pipeatabeveragglantwith amasslow ratethatwouldfill 2200.355-Lcans
perminute. At point 2 in the pipe, the gaugepressurés 152 kPaandthe cross-sectiomreais 8.00cn?. At point1,
1.35m above point 2, the cross-section area @02m?.

(a) Find the mass flow rate.

Since we are dealing with constant flow, the derivatiyes the same as the discrefg.

dv AV
Pat = Par
_ (1kg) (220) (0.355L)
L (60s)
_ 1309
S

(b) Find the volume flow rate.

dv (220) (0.355L)

)
dt (60s)



(c) Find the flow speeds at points 1 and 2.

av
T A
dt Y
at
V.= 4
(130x10°31) m
Vi = 6.51—
(2.00x 10~4m?) s
(130x1031) m
v, = — 1637
(8.00x 10-4m?) s

(d) Find the gauge pressure at point 1.
Since we have an incompressible beverage, Bernoulli’'s equation can be used if we also ignore the small viscosity.
1 1
PL+POYL+ 5PV = P2+pOYa+5PVE
1
pr = p2+pg(y2—y1)+§p(v§—v%)
= oiofaav LAV (L1
= P2+pP| 94y 2\ dt A% A%

—  (152kPa) +<1o3r':193> ((9.812) (—1.35m) +% (1.30>< 102 ”f)z <—éi x 108 r;))

= 152kPa—132kPa—199kPa
= 119kPa

Notethat (y> —y1) is negativebecausegoint 2 is lower thanpoint 1, and (v% — v%) is negativebecausehe pipeis
wider at point 2 than at point 1.

4 Young & Friedman 14-56 The Great Molasses Flood

On the afternoonof Januaryl5, 1919,an unusuallywarm day in Boston,a 27.4-mhigh (90 ft), 27.4-m-diameter
cylindrical metaltank usedfor storingmolassesuptured. Molassedloodedinto the streetsin a 9-m-deepstream,
killing pedestrians and horses, and knocking down buildifitpe molasses had a density of 1@0

If the tank was full before the accident, what was the force the molasses exerted on its sides?

(Hint: Considerthe outwardforce on a circular ring of the tank wall of width dy at a depthy below the surface.
Integrateto find the total outwardforce. Assumethat beforethe tank ruptured,the pressureat the surfaceof the
molasses was equal to the air pressure outside the tank.)



[ —— ——— dy

—

At adepthy themolassegressurevasp(y) = po+ P9y, wherepg is atmospheripressurelf thetankhadadiameter
d, the area of the tank wall at y (a ring of height dy) was-d Ard) dy. Force being pressure times area,

dF

(Po+pgy) (rd) dy

/0 hd>/(|Oo+pg>/) ()

d (poh+ nghz)

m(27.4m) <<1.01>< 10° n’i) (27.4m) +% <1aoor';93> (9.81352') (27.4m)2>

2.38x 10PN +5.07x 16BN
7.45%x 10°N

Thisis thetotal force exertedby the molassesnthetankwall. Notethattherewasalsoaninward force of dpgh =
2.38x 10°N onthetankwall dueto theair outsidethetank. Thenetforceonthewall wasthustd 2h? = 5.07x 10°N

outward.



