Solution 1.69

The needle “dents” the surface downward and the surface tension forces are upward, as shown. If
these tensions are nearly vertical, a vertical force balance gives:

SF=0=2YL-pgZd’L, or d =~ /8—Y Ans. (a)
4 7pg

(b) Calculate dmax for a steel needle (SG ~ 7.84) in water at 20°C. The formula becomes:

8y 8(0.073 N/m)
"\ mpg  \ 7(7.84 x 998 kg/m*)(9.81 m/s?)

~0.00156 m~16 mm Ans. (b)
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