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1.6 Analyse Optimum Volume and Surface Area

1. Each box/rectangular prism has the same

(Volume) 4000 crn®
Calculate the surface ared of each box. Include the
bottom of each box. List them in order from

greatest to least surface afea. D C A B

Which is the optimum shgpe (minimum surface be.
area for the given volumg)? B is closest Jo a cu

~ OP1IMAL 15 1536.90cm”
A V'd'guihao(:.@(lo> 19@

‘V; Z4 L
! HES il

20cm

T——

7707 |

~— 20 cm —> ~“— 18 cm—> 2.

SA =90w+&.0.1\+2wh <A = 1536 On
= (a0)10)* a(20)(20)+ 2(10)(29)
- 100 cm™
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/ Sk= 1800 e

T Sh=1990em’

- 25 cm——>
Summary: Optimizing the dimensions of a
rectangular prism.
Among all rectangular prisms with a given volume, a
cube has the minimum surface area.
Among all rectangular prisms with a given surface
area, a cube has the maximum volume
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- The minimum surface area of a square-based
prism occurs when the height is equal to the

side \enSH\ of the base.

Special Case: When the bottom is not included, the
minimum surface area for a given volume occurs
when the side length of the base is equal to twice
the height of the square-based prism.

Optimizing with constraints
There may be constraints on the prism you are
optimizing:
e The dimensions may have to be whole numbers,
or
e The dimensions may have to be multiples of a
given number.
In these cases it may not be possible to form a
cube. The maximum volume or minimum surface
area occurs when the dimensions are closest in
value.
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2.  Each cylindrical container has the same
surface area. Calculate the volume of each. List
them in order from g‘linfi:n;um to maximum
volume. Which cylinder is the optimum shape

(maximum volume for a given surface area)?

E s OPTIMAL SA = LA+ anrh
% = o (3F+ an(5Y2)
‘ =534 em”
V =1 ‘.1\,‘
N=12em = v (57012
L 9425 om’

Y ~——
F - '

A S—

\=923.6 em’

8.1686 cm

i o
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G — Tcm
5.,4zm1 V=747 em®
L
-

\= 86T )em

) N———
Summary: For a cylinder, the maximum volume for
a given surface area occurs when the height is
equal to the diameter.

For a cylinder, the minimum surface area for a given
volume occurs when the height is equal to the
diameter.

K d=h
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Ex. 1 A rectangular prism has a maximum volume
and uses 38 f cardboard. What are the

dimensions and volume?
¥ CUBE SA=3FY

So, (onl = 3¥Y V=o"
e b V=g
L=y V=512
% =JH
xX=%

' a cube T X Bm X¥m will have

[§ LY

3
Phe maximum volume op 5|2 m.
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Ex. 2 A@ has a volume of 1331 Mm*

What dimensions give a minimum surface area?
Calculate the surface area.

V = /133) > SA= 0%
S0, x°= 33 SA = L(ID*
x =l

. ‘W\e Yﬁ\v{lmum Su«*@ce area
eQ 1abw* occurs Wh a cube
“mX“W\X”m. |
wme )N\M mize SA.

RSN
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Ex. 3 What are the optimum d,ir?'t_a_psions (i.e.,
nanr
minimum surface area) for aﬁZén thgf can hold 750

mL of juice? (\mL =1 om®)

\ = 150 om?
=2 anro=150
EL 2L
~= 25 BPTIMZING
- (152
- 3&‘\,)
r= JN4.3602..
N= Y\.4923725 ...
vt 4d9um h=3ar

o H=a.8cm

U nadius Bdon, hdﬁH q.% e
cesubs 1a Yhe op‘\\m\ c.‘.,llrvief.
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Maximizing Volume & Minimizing Surface Area Summary
**All of these — provided all sides are enclosed**

Given Surface Given Volume,
Area, Minimizing
Maximizing Surface Area
Volume
Square Based Prism Surface Area = 6x° | Volume = x’
Enclosing all sides. Solve for x. Solve for x.

3

(optimal is a cube with | Volume =x Surface Area = 6x°

side length x)

Cylinder Surface Area = 61 | Volume = 27
Enclosing all sides. Solve for r. Solve for r.
(optimal has Volume = 27 Surface Area = 61/°
height = diameter or

h = 2r)
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