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The bouyancy is easily derived from the cylinder. The pressure from water (environment), which depends
on the depth from the water surface, are cancelled out at the cylinder side and the pressure difference between
the lower and upper surface contribute to the bouyancy.

How about sphere? The sphere with density p is immersed in the liquid with the density peny. The
liquid is existed z > 0 and the center of the sphere is located at z = zy. The radius of the sphere is r.

Let’s consider the circular ring on the sphere. The ring is located at z = zy + rcosf with the radius
R = rsinf. The angle 6 is measured from the z-axis which range 0 < 6 < 7 and is shown in the Fig.1.
The pressure or force acts on the spherical surface normal direction. The magnitude of the force dF" on the
infinitesimal surface area dS = 2w Rrd# is given by

dF = penvgzdS = penvg(zo + 7 c0s0)2m Rrdd = penvg(2zo + 7 cos 0) 212 sin AdO

The forces in the R-direction are cancelled out and we should consider the z-direction. The force in the
z-direction is given by

dF, = dF cost = penvg(z0 + rcos 9)2777“2 sin 0 cos 0d6
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Figure 1: The sphere with density p is immersed in the liquid with the density penyv. The liquid is existed z > 0 and the center
of the sphere is located at z = zg. The radius of the sphere is 7.

If we integreate 6 from 0 to 7

F, = penvg/ dé(zp +rcos€)27r7“2 sin 0 cos 0
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If we put X = cosf
dX = —sinfdd, =0—-X=1,0=71— X =-1)

—~1 1
Fe = pencg2mr’zo / dX(~1)X + penvg2rr® / dX(-1)X?
1 1
1 -1 1 -1
= penv92777‘2zo {—Xﬂ + penv927ﬂ“3 {—Xﬁi]
2 1 3 1

4
= 0+ pcnvg§7TT3 = ,Ocnvg‘/sphere

Then we get the bouyancy of the sphere is given by penygViphere, Where Vppere is the volume of the sphere.



