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Q-1) The volume of a sphere is increasing at a rate proportional to its surface area. At the beginning
the volume of the sphere is 36 ¢m?, and becomes eight times its original volume in two minutes.
Find when the volume of the sphere becomes sixty four times its original volume.

[ Volume of a sphere of radius r is %m“?’, and its surface area is 4mr?.]

Grading: 10 points
Grader: emre.sahiner@bilkent.edu.tr

Solution:

We write V (t) = 37r(t)* and S(t) = 4mr(t)? to show dependence on time ¢.

We are given that V'(t) = K.S(t), where K is a constant.

This gives V'(t) = 4mr(t)? r'(t) = K 47r(t)?, which then simplifies to r/(t) = K.

We now know that r(t) = Kt + C for some constant C.

We are also given that V(0) = 36. Solving r(0) from 367 = 3mr(0)?, we find that r(0) = 3.
Thus we know r(t) = Kt + 3.

Now we use the given fact that V' (2) = 8V/(0). This gives us the equations

4
(2K + 3)* = 8 x 367

3
(2K +3)° =8x27=2%x3*= (2 x3)? =6°
2K+3=6
K=2.
2
4 3 , .
We finally have V() = 577(5 t + 3)°, and we want to solve for ¢ in V' (¢) = 64 x 36m. Thus we have
4 3
§7r(§t+ 3)% = 64 x 367
3
(§t+3)3:64><27:43 x 3 =(4x3)3=12°
3
—t+3 =12
5 +

This is easily solved to give ¢t = 6.

So the answer is that the volume becomes sixty four times its original volume 6 minutes after start
time.



