Case Study 3

A manufacturing company produces cylindrical containers for packaging food. The total surface
area of each container is fixed at 100 cm?, and the company wants to determine the dimensions
(radius and height) that would maximize the volume. The volume V of a cylinder is given by
V = nmr?h, and the surface area is 2712 + 27rh = 100. Using these equations, the design team
applies the concept of maxima and minima to derive the most efficient packaging design. This
helps reduce cost and increase storage efficiency. The application of calculus through the first
derivative test enables them to find the point at which the volume is maximized, providing a
real-world use of optimization in business.

MCQ Questions:

1. What is the expression for the height h in terms of r using the surface area constraint?

100 — 2772
h = ——---——
(a) 2rr
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(b) h= 00 + 277
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h=——
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100 — 27r
d h= ——
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100 — 2772

Answer: (A) h = py—
T
Solution: Given 2772 + 2mrh = 100, solving for h:

_ 2
orrh = 100 — 272 = p = 200 = 27
2mwr

2. Substitute the expression of h into volume V' to get V(r):

(a) V= 777‘2(10207; 2772)
2 92
(b) V = r (10207TT 27re)
(© V= (100 g 277r?)
93
(d) V= 1007 . 2mr

92
Answer: (C)V = r(100 = 2rr7)

Solution: V = mr2h = sz (100 —2mr? (100 — 27r?)
2mr 2
3. What is the first derivative % of V = W?
(a) 50 — 3772
(b) 50 — 272
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(c) 100 — 3772

(d) 100 — 4772
Answer: (A) 50 — 3772
1
Solution: Use product rule: V = 5(1007“ —2mr3)
av 1

— = 5(100 — 67r?) = 50 — 37

4. Find the critical point by solving Z—V =0.
T

25
@ r=/2
50
b p—
0) r=/>
100
© r=y/2
75
d =
@ ="
2
Answer: (A) r = —5
T
Solution: 50 — 372 =0 = r2 = @ =7 = @

T 0
Note: this matches none of the options. Correction needed. So none of the above is correct
here.

5. What does the second derivative tell us about this critical point?

(a) It is a point of minima
(b) It is a point of inflection
(c) It is a point of maxima
(d) Cannot be determined

Answer: (C) It is a point of maxima
2

Solution: e —67r which is negative for » > 0, indicating a maximum point.
r
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