FIGURE 10-15 (a) The fully submerged log
accelerates upward because Fy > mg. It comes %= 1200 kg

to equilibrium (b) when £F = 0, so
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Fp = mg = (1200 kg)g. Thus 1200kg, or

1.2 m°, of water is displaced.
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FIGURE 10-16 An object floating
in equilibrium: Fi = mg.
Fraction of floating object

submerged in water = its SG

FIGURE 10-17 A hydrometer.
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mg = (1200 kg)g
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Archimedes’ principle applies equally well to objects that float, such as wood.
In general, an object floats on a fluid if its density is less than that of the fluid. This
is readily seen from Fig. 10—15a, where a submerged object will experience a net
upward force and float to the surface if Fy = mg; that is, il pp Vg = p, Vg
or pr = pg. Al equilibrium—that is, when floating—the buoyant force on an
object has magnitude equal to the weight of the object. For example, a log whose
specific gravity is 0.60 and whose volume is 2.0m?® has a mass m = poV =
(0.60 x 10°kg/m*)(2.0m*) = 1200kg. If the log is fully submerged, it will
displace a mass of water my = pp V = (1000 kg/m*)(2.0 m*) = 2000 kg. Hence
the buovant force on the log will be greater than its weight, and it will float
upward to the surface (Fig. 10-15). The log will come to equilibrium when it
displaces 1200kg of water, which means that 1.2m?* of its volume will be
submerged. This 1.2m" corresponds to 60% of the volume of the log
(1.2/2.0 = 0.60), so 60% of the log is submerged. In general when an object
floats, we have Fy = myg, which we can write as (see Fig. 10-16)

o Viisp 8 = poVo 8.

where V,, is the full volume of the object and Vi, is the volume of fluid it
displaces (= volume submerged). Thus

v:jlspl - &
Vo Py

That is, the fraction of the object submerged is given by the ratio of the object’s
density to that of the fluid. If the fluid is water, this fraction equals the specific
gravity of the object.

Hydrometer calibration. A hydrometer is a simple
instrument used to measure the specific gravity of a liquid by indicating how
deeply the instrument sinks in the liquid. A particular hydrometer (Fig. 10-17)
consists of a glass tube, weighted at the bottom, which is 25.0em long and
2.00 cm? in cross-sectional area, and has a mass of 45.0 g. How far from the end
should the 1.000 mark be placed?

APPROACH The hydrometer will float in water if its density p is less than
p. = 1.000g/em?®, the density of water. The fraction of the hydrometer
submerged (_l’:“waccd/l/mm.) is equal to the density ratio p/p,.

SOLUTION The hydrometer has an overall density

m 450 g

Vo (2.00em?)(25.0cm)

p= = 0.900 g/cm’.

Thus, when placed in water, it will come to equilibrium when 0.900 of
its volume is submerged. Since it is of uniform cross section,
(0.900)(25.0em) = 22.5cm of its length will be submerged. The specific

gravity of water is defined to be 1.000, so the mark should be placed 22.5 cm
from the end.




