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Surface
Tension
(a) w (h) Substance (N/m)
FIGURE 10-37 Surface tension acting on Mercury (20°C) 0.44
(a) a sphere, and (b) an insect leg. Example 10-14, Blood, whole (37°C) 0.058

Blood, plasma (37°C) 0.073
Alcohol, ethyl (20°C) 0.023

surface. Figurc 10-37a shows_how .lhc su!‘l'acc tf.:nsion can :support t.hc wcig}?t W Water (0°C) 0.076
of an object. Actually, the object sinks slightly into the fluid, so w is the “effec- =
tive weight” of that object—its true weight less the buoyant force (AR Gl
[ Lg _]L c Lg = = y s {]Uuuc) 0.059
UMD ES ESTIMATE | Insect walks on water. The base of an Benzene (20°C) 0.029
insect’s leg is approximately spherical in shape, with a radius of about  Soapsolution (20°C)  =0.025
2.0 % 107 m. The 0.0030-g mass of the insect is supported equally by its six  Oxygen (~193°C) 0.016

legs. Estimate the angle 6 (see Fig. 10-37) for an insect on the surface of
waler, Assume the water temperature is 20°C.

APPROACH Since the insect is in equilibrium, the upward surface tension
force is equal to the effective pull of gravity downward on each leg.
SOLUTION For each leg, we assume the surface tension force acts all around a
circle of radius r, at an angle 6, as shown in Fig. 10-37. Only the vertical compo-
nent, y cos 0, acts to balance the weight mg. So we set the length L in Eq. 10-10
equal to the circumference of the circle, L. = 2arr. Then the net upward force
due to surface tension is F, = (ycos6)L = 2mrycosf. We set this surface
tension force equal to one-sixth the weight of the insect since it has six legs:

2mrycosf = tmg

(6.28)(2.0 X 10 m)(0.072N/m)cos# = (3.0 x 10 *kg)(9.8 m/s?)

So 6 = 57°. 1f cos # had come out greater than 1, the surface tension would not
be great enough to support the insect’s weight.

NOTE Our estimate ignored the buoyant force and ignored any difference
between the radius of the insect’s “foot™ and the radius of the surface depression.

Soaps and detergents lower the surface tension of water. This is desirable (X)PHYsics APPLIED
for washing and cleaning since the high surface tension of pure water prevents Soaps and detergents
it from penetrating easily between the fibers of material and into tiny crevices.
Substances that reduce the surface tension of a liquid are called surfactanis.

Surface tension plays a role in another interesting phenomenon, capillarity.  Capillaricy
Itis a common observation ‘lha[ water in a glass L;umafiner rises ‘up shightly  fieURE 10-38  Water (a) “wets”
where it touches the glass, I_-‘1g. 10-38a. The water is said to “wet” the glass. . cirface of glass, whereas
Mercury, on the other hand. is depressed when it touches the glass, Fig. 10-38b; (1) mercury does not “wet” the glass.
the mercury does not wet the glass. Whether a liquid wets a solid surface is
determined by the relative strength of the cohesive forces between the mole- 12
cules of the liquid compared to the adhesive forces between the molecules of 7[
the liquid and those of the container. Cohesion refers to the force between /
molecules of the same type, whereas adhesion refers to the force between mole- BN
cules of ditferent types. Water wets glass because the water molecules are more - . _\3\
strongly attracted to the glass molecules than they are to other water molecules. Waler Mercury
The opposite is true for mercury: the cohesive forces are stronger than the J |
adhesive forces. '

@ (b)
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