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ApxR? B FIGURE 1.9 Forces acting on one-half of a liquid drop.

The pressure inside a drop of fluid can be calculated using the free-body diagram 1n Fig. 1.9.
If the spherical drop 15 cut 1n half (as shown), the force developed around the edge due to surface
tension 1s 27 Ro. This force must be balanced by the pressure difference, Ap, between the intemal

pressure, p;, and the external pressure, p,. acting over the circular area, #R". Thus,
2wRo = Ap wR*

or

2a
Ap=p;—p.= 2 (1.21)



1.95 Smalldroplets of carbon tetrachloride at
68 °F are formed with a spray nozzle. If the av-
erage diameter of the droplets is 200 zm what is
the difference in pressure between the inside and

outside of the droplets?
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1.96 A 12-mm diameter jet of water discharges vertically

into the atmosphere. Due to surface tension the pressure inside
the jet will be slightly higher than the surrounding atmospheric

pressure. Determine this difference in pressure.

For equilibrium (see fgure ),
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1.97 Asshownin Video V1.9, surface tension forcescan be strong
enough to allow a double-edge steel razor blade to “float” on wa-
ter, but a single-edge blade will sink. Assume that the surface ten-
sion forces act at an angle @ relative to the water surface as shown
in Fig. P197. (a) The mass of the double-edge blade is
0.64 X 10 kg, and the total length of its sides is 206 mm. De-
termine the value of 6 required to maintain equilibrium between
the blade weight and the resultant surface tension force. (b) The AR bl
mass of the single-edge blade is 2.61 X 10 kg, and the total ® FIGURE P1.97
length of its sides is 154 mm. Explain why this blade sinks. Sup-

port your answer with the necessary calculations.
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(b) For single-edge blade
W=amy, X 3 (2.01 x16% &g) (481 ™/s2)

= 0.025L N
T sing = (0« lengh of blade ) sin &
= (7.34x107% N, ) (0.15% mm) 5in B
= 0.0113 sin P
In order for blade 4o "Lloat”™ W < Tsine.

Since maximum Value fovr snd s L i follows

that W >Tsine and single-edge blade will sink.
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1.103 (See Fluids in the News article titled “Walking on water,”
Section 1.9.) (a) The water strider bug shown in Fig, P1.103 is
supported on the surface of a pond by surface tension acting along
the interface between the water and the bug’s legs. Determine the
minimum length of this interface needed to support the bug. As-
sume the bug weighs 107N and the surface tension force acts

vertically upwards. (b) Repeat part (a) if surface tension were to
support a person weighing 750 N.

BFIGURE P1.103
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Capillarity
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1.101 An open, clean glass tube (6§ = 0°) is inserted vertically
into a pan of water. What tube diameter is needed if the water
level in the tube is to rise one tube diameter (due to surface
tension)?
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1.100 Anopen, clean glass tube, having a diameter of 3 mm,
is inserted vertically into a dish of mercury at 20 °C. How far
will the column of mercury in the tube be depressed?
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Thusj Ca/umn will be de/oressec/ 3.00




1.94 When a 2-mm-diameter tube is inserted into a liquid in an
open tank, the liquid is observed to rise 10 mm above the free sur-
face of the liquid. the contact angle between the liquid and the tube

is zero, and the specific weight of the liquid is 1.2 X 10* N/m’.
Determine the value of the surface tension for this liquid.
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