Maximize box from square base 80 no top

A metal box (WITHOUT A TOP) is to be constructed from a square sheet of metal that is

80 cm on a side by cutting square pieces ofthe same size fromthe corners ofthe sheet and
then folding up the sides. Find the dimensions ofthe box with the largest volume thatcan be
constructed inthis manner

: < 2 sheet =1. ) 80 1
| € | > cuts =1
< > folds =1. 53.3333 u
< | > lateral_area =1.

| < >  base area =1.

> | surface_notop =0.

53.3333 u
80 u
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|
A metal box (WITHOUT A TOP) is to be constructed from a square sheet of metal that is

80 cm on a side by cutting square pieces of the same size from the corners of the sheet and
then folding up the sides. Find the dimensions of the box with the largest volume that can be
constructed in this manner

160
5 tateral aren o1 ﬂby@by 3
- length width height 3 3
TT base_area =1. 160 ]_60 ﬂ
3 3 3
> | surface_notop =0.
TT angle_1 =19, 13.3333 U
lateral area  surface area
Base Perimeter 25600 £ 1500
040 9 o 53.3333 u
3
base area Volume
25600 1024000
9 27
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V(x)z(side—Zx) (side— 2x)x=(s ide—2x) 2. x

V(x)z(sfdez—z- side* x—2- side- x+4x2) ‘X
V(x)=(4x2—4- side- x+sfd62) ‘X
V(x)=dx>—4- side- x> +side> - x
Vv (9= 23 4322 dside- x-+side?

—12x2—8side- x+side>

Many tried to take the derivative of V(x)

without expanding
Here is the correct method

V=) ()

V(x)z(side—Zx) 2.x

j%(sfde—Zx) 2 g=X
a . dag
—= —2x)\— —=1
o 2(szde 2x)( 2) 0
2—4(sz'de—2x)
A o) o A, 98
Ao glo)+ 2L g

V! (x)=—4(side—2x) -x+1- (s ide—2x) 2

=—4side x+8x2+(sid82—4side- x+4x 2)
:12xz—8- sidex+sid82

:(6x—sfde) (Zx—sfde)
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Vix)=( 80 —2x)(80 —2x)x=( 80 —2x)%-x

V(x)z(( 80 )2—2-( 80 )-x—2-( 80 )-x+4x2)-x

V(x):(4x2—4( 80)- x+( 80)2)-x

Vx)=4x3— 320-x%+ 6400 -x

dv
V' (0)=—=12-x2-2- 320 -x+ 6400
dx
av
V'(x)zd—ZIZx — 640-x+ 6400
X

Many try to take the derivative of V(x)
without expanding
Here is the correct method

V(x)=( 80 —2x)2-x Vx)=Ax)- g(x)

}g( 80 —2x)2 g=x

%:2( 80 —2x)(-2) ii_j_l
——4( 80 —2x)

e el

V' (x)=—4( 80 —2x)-x+1-( 80—2x)2

:_4( S0 )-x+8x2+(( 30 )2—4( 80 )-x+4x2)

=-320 .x.|_8x2-|-( 6400 — 320 -x+4x2)

—12x2— 640 -x+ 6400
=(6x— 80 )(2x— 80)
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5000 ¢

x=height

(0,0)

(40,0)

given: Box is to be cut outofa 80 by 80 square

Box has no top! Box made by cutting out x by x squares

Want. Maximum volume if height = x

general solution particular solution
height=x height=x
width=side—2x width= 80 —2x
length=side—2x length= 80 —2x

V(x):4x3—4-side-x2+sid82x V(x)=4x3—4-( 80 )-x2+( 80)2x
V(x)=4x3— 320 -x%+ 6400 x
V'(x)=12x%~8- side- x+side®  V'(x)=12x2—8-( 80 )-x+( 80 )2

V'(x)=12x2~ 640 -x + 6400
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general solution

—b:I:J b?—4-a-c

V(x)=4x3 —4- side- x> +side’x = 2

40 V'(x)=12x2-8- side* x+side>
(==,37925.9) x_—bi D

L N

D=discriminant of quadratic 2a

=b2—4- ac
2 (sice? - side+y| 16- side>
~(~8- side)*—4- (12)- \side —
24

—64- side®—48- side>

 cidotde o
16 side? - 8+ side+4- side
24
8- side—4-side 4 1
= ——side=—side max volume occurs here
2000 x=height 24 24 6
0 T 1;_\ T T v T T d >
(00) (40.0) 8- side+4-side 12 1 |
= ———side=—side min volume occurs here
24 24 2
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particular solution
V( ) 3 5 —b:I:J b2-4-a-c
40 x)=4x>— 320 -x“+ 6400 x X=
(—-3—,37925.9) 2a
_ | )
V'(x)=12x"~ 640-x+ 6400 elD
x:
D=discriminant of quadratic 2a
—b%—4-q-¢
640 :I:\/ 102400
—(-640 )2—4-(12)- ( 6400 ) x= s
= 102400
0640 + 320
=
24
640 — 320 320 40
= = = — max volume occurs here
2000 x—height 24 24 3
(0)0) (40,0) 640 + 320 960 |
: X= = 40 min volume occurs here
24 24
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V(X)=4x3— 320 *x%+ 6400 X

2

V'(x)=12x*— 640 x+ 6400

40
V! (x)=0 atx= — or x= 40
/-r 3 \
max volume occurs here min volume occurs here

The feasible region of this graph

Domain 0 < x < 40
\ why? if x = 20 no box

1
why? 40 =—side

why? if x =0 no box 2

Range 0 < V(x) < 1024000 \
\ 27

V(O) orV( 40 ) —

maximizing volume for a box with no top square.ths 8 of 10




53.3333 ugg ,

1000

53.3333-u__ 53.3333 u

_ X=height,

40 py 160 py 160 waste 1600
3 3 3 9
< > sheet =1
v( 40 )= 1024000 1024000
- ’T? cuts =1.
27 27
V' ( éfO ) dV [<T5 [folds =1.
3 —
’T? lateral_area =1. ’ﬁ base_area =1. > surface notop =0.
2844.44 25600 51200
9 9
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(15.46,37240.8)

15.46 u

2000 N - b 49.08 u 49.08 u

€ | >  givenx =155

L4 > |angle 2 =11.

49.08
by 49.08 by 15.46 waste 80 u
15.46)= 37240.8 956.046 S
.08 u
dV .
V'(15.46)=—="626.261
dx
80 u
Lateral Area Base Area Surface Area 49.08 u
3035.11 2408.85 5443.95 .
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