C12 - 3.4 - Projectile/#'s/Revenue Max/Min Notes

The height vs distance of a rock thrown off a cliff. What
is the max height and the distance it took to get there?

h Max h=-2d%+8d+10
(218)  p'=_4d+38
0=-4d +8
i d=2m

The difference between two numbers is 10 if their product is a minimum.

Yy
Leta = 1st # a—b=10 a X b = minimum
Letbh = 2nd # a—b=10 a X b = wintmum— y b
let y = minimum +b +b y=axb

a=(10+b) y=aXxXbh
\y= (10+b)xb  (=5,-25)
y = 10b + b? Min

Tst# =5 a=10+(-5) y = b? + 10b

S
— a—b=10 min=aXxb

@mum product i@ 5—(=5)=10 =5x -5

=-25

Find Two numbers who sum to 8 and the sum of their squares is a minimum.

leta = 1st # a+b=8 a?+b?=minimum
Letb = 2nd # —b  —Db a*+ b? =minimum y
let y = minimum a=8-b y=a*+b?
a=(8—.llgy=a2+b2
y =(8—b)%+b?
a=8—(4) Y= 64—16b+b*+0b?
y = 2b%* — 16b + 64
y'=4b—16
0=4b—-16

A student sells candy
to their friends each
day. Candy sells for 6
dollars, and 10 friends
buy the candy. If they

G2

Let p = price, Let q = quantity, Let R = revenue

| Let x = # of price increases |

R

R=pXq
R=(6+1x)(10 — 1x)

R =60—6x+ 10x — x2 Max

increase the price by 1 5 (2,64)

dollar, 1 less friend R, ~ —x" +4x + 60 (0,60)

decides not to buy the R =-2x+4

candy. What is the 0=—2x+4 N

price and quantity that

will max revenue? R =pq p=6+1(2) q=10-1(2)

R=8x8 p=6+2 q=10-2

E=$6D
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C12 - 3.4 - Rectangle/Prism/Cylinder Max/Min Notes

.Max A[?a‘? P=2l+w A=lw 100 200 300
W 800 =21 +w A =1(800—20)
P =800m |l w = 800 — 21 A= —=21%? +800!
e A" =—41+800
w = 800 — 2(200) 0 = —4l +800
200
A =400(200
400 800 = 2(200) + 400 \/ 1= 80000 m
Min Perimeter? A=lw P =3l+2w
— 216
I 216_[2‘/‘1/6 P=3l+2<_l>
W W= P =31+432171
P’ =3 —432[72

A=216m?
m _ 216 0 =3— 43202

w =
12
12 =7
12 =144

18 216 = 12 x 18 \/
P = iiiZ) +2(18)
Open Top V = lwh SA = x? + 4xh
! 0 0
500 = x2h oa— 2?1 (220 « ! ]} 0 o,
=X x| — < >
n _ 5%0 x2 SA" - 0 +
x SA = x? +2000x 1 A 10,3000\ _~7
SA" = 2x — 2000x (Min)

X
X h = @ 0 =2x —2000x~2
02 2000
2% = Min SA is 300 cm?.

V =500mL

Min SA? =
SA =102+ 4(10)(5)

CS A

Cylinder V=1000mL, Find dimensions for Min SA.

V =nr?h SA = 2nr? + 2nrh V =nrh
1000 = nrr2h " 1000 V =n(5.4)%(10.9)
_ 1000 SA = 2nr® + 2nr <?> V = 1000
mr? SA = 2mr? + 200071
SA' = 4nr — 200072 r
1000 0 = 4nr — 2000r~2
h
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C12 - 3.4 - Distance/to Curve/Ladder Max/Min Notes

Shortest Distance from 2+/x to pt (6,0).

11x)2sqrt(x)

a’ + b% = ¢?

d=\/(x2_x1)2+(y2_%)2 c =+a?+ b?
d=y((4)—(E)D2+((4) —(0)? c=+22+42
d=+V4+16 ®)
d =1/20 a’? +b? =c?
Q@=2D 22442= (2v5)”

20 = 20

Shortest ladder.

=(x+2)?+ (y +3)2

2
L= (x+2)2+<<2>+3>

d= \/(xz — x1)* + (¥ — y1)?

= (@~ ©7 + (@D - )

d=vyx2-12x+36+4x [y = [F(x)
d=+x2—-8x+36 y = f'(x)
L =
d=(x% —8x+36)2 24/ f(x)
1 1
d’=5(x2—8x+36)_§><(2x—8)
d = x—4
Vx2—8x+36
0= x—4
Vx2 —8x + 36 = 2/x
0=x—4 _2\/—
< I S
T~ ’ ”~
d - 0 +
d /
Il Not Optimal
L=1[y?+22 +/x? + 32
y

36v/x2 — 9 = x*+/36x73 + 4

LI
0

2x +4—72x"3 —18x72
0=2x5+4x3—-18x—72

36 18
L= [x*+4x+4+—5+—+9
x?2 x

2
(x+2)2+ (<E> + 3)
x

(2.0596 + 2)2 + ((

2.0596

)

Min Distance Between. d=+/(x; — %)% + (v — y1)? a=vt b = vt

da km d = /(250)% + (=20t + 20)? a=25(0.94) b=40-20(0.94)
@ P | 2(256) + 2(~20¢ + 20)(—20) b
— 25t + LY = dit vt 2,/(250)7 + (=20t + 20)? ceJaT i p?
3 Noon (a=0,b=40)
bl db km 0 = 2(25t) + 2(—20t + 20)(—20) :
d Jr = 20— 0 = 50t + 800t — 800 End Points
Noon (d=40km)
2pm (d=50km)

y=mx+b
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C12 - 3.4 - Area Under Graph/Shapes Max/Min Notes

Max rectangle area under y = 4 — x2 above x — axis.
— A 42
y=4-x 4_x2 A=1lw
A= (2x)(y)
2x A=2
A=8
A'=8
-l 0=8
D 6x2 =8
| 4
3 2 _ %
4 = 3 = =
=
2z 1 =4 —x
< ) > y
A" =8 —6x? A =8 — 6x2 .
. } ° \ A'=8- 6<1>2 4 =8_6(1) ye=RT
A - 2 4
. = 3
2 8
.}4 _!3 j‘ ’; (\/’§' 3)
A=2x(2+x)(2—x)
Max area under circle graph Equation of Circle A=lw
o’ x? 24y =12 A = 2x/9 — x?
x?% + y2 = 32 , >
X,/ 9 — A" =29 —x%— 2x
O~ /9-x) 17 r_g_xz( )
T 2 4x?
| Il | xl Il N y - i 9 x 0 = 9 —_— xz —_
4 > T 2 4 \/6_—3(2
T 2
21 \/9—x2 2 /9_x2= 4x
34 V9 _xZ
i 2x 9 — 2 = 2x
L A =2xy/9 —x?

A =2(2.16)9 — (2.16)2 G = 2.16 unitd—4.16
b

Max volume cylinder inscribed in sphere r = 5v3

V =mnr2h x%+y?=r?
7 V =nx?(2y) X% +y? = (5v3)2
SV3 x2+y2=75
x V =mn(75—y%)2y

V =n(150y — 2y3)

V' =m(150 — 6y?)
0 = (150 — 6y?)
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C12 - 3.4 - Open Box/String Max/Min Notes

An open rectangular box is made by cutting equal lengths from each corner of a 8 cm by 15 cm rectangular
piece of cardboard, then folding up the sides. Find the length of the square that must be cut from each
corner so the box has a Max Volume and find Max Volume.

let x = length to cut I sc. x
8 8 — 2x ﬁw *
x.». K 8 — 2x
V = Ilwh 15 X 15 — 2x y 15 — 2x
V =(8-2x)(15—-2x)x Domain - v

V =4x3 — 46x% + 120x
V' =12x2%2—92x + 120
0=12x2-92x+120 | . cantbe

0>x>4

[2nd] [Calc]max]

V =(8-2x)(15—-2x)x

0 =3x2—-23x+40 negative!
gative! V =(8-2(1.67))(15— 2(1.67)(1.67)
0=@Bx—-5)(x—6) Cant cut two )
4's off a 8! 3
% :@: 1.66 @O\ 7 (7.5.0)

(6,—72)

A 30 cm string cut to make a square and a circle. Find where to cut to max area.

30

————0<x<30
X 30 —x

C=xP=30—x

c=2nr 30X x? 1 N 4= x? + X (900 — 60x + )
x = 271 4 AT=E+E(9OO—6OX+X) T_4TI,' 16 XTX
, 1 1 2212 1 )
Ar =—x+ E(—6O + 2x) Ar = + E(900 —60(2.21) + (2.21)%)

2 411
x 5,1
———t—x

0=2"7 78

All Circle
C=2mr A=mnr? All Square
30 = 271 2 |Don’tcutit. Allcircle. | 4 =Iw
30 Check your endpoints.
r=—
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C12 - 3.4 - Cost Area/Length Max/Min Notes

h 3 $6
V=8 —
| | L= 2‘:7 CoStggse = Costsiges = ooy
w
2w
14 = sz SA* = 2w?* + 6wh C =9w? + 144w™! _| | |, | Domain
8—2v2vhh . C=9(2)*+1442)"* T [+ [T o>x>w
d=w SA=2W2+6W<W) d=$108 ¢ ~ 0 A
~w? SA = 2w? + 24w ¢ (2,108)
— 2 -1 )
C=2w" x45+24w™" X6 (0%,)  AbsMin (%, )
4 C = 9w~ + 144w Cost
h=— C' = 18w — 144w~2 |Cost = Area X oa
0=18w(1 —8w™?)
M 1-— 8W_3 =
1=
A=lw P =2y+4x
A=xy C =2y x 60 + 4x x 60
600 = xy 600
y 600 C:Z(T X 60 + 4x x 60
X T Cost
72000 Cost = Length X
A = 600m? ¢ =20 m Tyt length
m C =72000x"! + 240x
y= 600 C' = —72000x"2 + 240
0 V300 oo V300 . 72000
€00 C'=— + 240
<| | |> y=— x2
ST T 1 é%ﬁ _ 72000
2
c \ 0 / y=— 72000 X Check Answer
2 A=xy
N X
(0%, ) (V?;\(Lg,la?nl?’) (00, ) x = /300 A =20V3x10V3
A =600
1 cost
Min Cost A > C ¢ C =50(5—x)+80yx%2+9 |Cost =length X
80(2x) length
Pipeline across land then water. C'=-50+ ——
Water 2Vx? +9 i
@ \/m ; _ Check End Points
m __80x C =50(5— x) +80yx2 + 9
Land Vx2+9 € =50(5—0) + 8002 +9
~ 8x =5yx%2+9 C =$290
$50 4 S—x p B 64x2 = 25x2 + 225

C =50(5—x)+80yx%2+9

C =50(5 —0.416) + 80/0.416% + 9
C =$229.20
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C =50(5—x)+80yx%2+9

C =50(5—5)+804/5%2+9
C = $466.48




C12-3.0-f,f',f" Graph Notes

let m = slope

‘ Find f(x) f)Max: f'(x)=0
. ,
o intervals of : Find where &f'(x)>0-f'(x)<0
S -increase f(x)‘has a w
CP°[ F) _gecrease. relatlye :
: -maximum
ﬁﬁﬁ fx)ym>0 “minimum  f GO Min: f'(x) =0
T f)Inc: f'(x) >0 &f'(x) <0 f'(x)>0
1 &
T fx)m<o0 Find v.vhere f(x) Concup: f"(x) >0
Afuncton 0 bec: (<0 LS
ie. Position “up £(x) Conc down : f"(x) > 0
-down nc Down : (—2,1)U(3
4 y Find fx) Find where Find where
A ||.‘1tervals of : f(x)hasa: F(x) s
f'(x) -Increase -maximum concave :
| Ip -decrease. “minimum -up
b 2 -down

f)Inc: f'(x) >0 Flx)=08&

f(x): Max

f(x)Dec: f'(x)<0

A derivative function

f(x) Concup :
f'(x) >0

f'x)>0-f'(x)<0 Fleom>0

ie. Velocity
ind £ f(x) : Min f(x) Conc down :
iFrllfc‘erCang: fegm=0 [e>927 <0 f'(DJCC) Si)<<00

f'x)Inc: f"(x)>0

-increase
decrease
ecrease £0x) has 2 o0 =08
ffr)m <0 point of
f'(x)Dec: f"(x) <0 inflection.

Find out where

G=2

f'f)ym>0-f'(x)ym<0
f'(x) max

onc down : (—1,1)U(4,

F1(0) >0 f'(x) < 0 f'@) <0- f'(x)>0

f'(x) min

f'fx)ym<0-f'(x)ym>0

@=D

Find outwhere  f"(x) =0 &

1)

A Second derivative function
ie. Acceleration

f(x) hasa . ., .
point of f'x)>0- f"(x) <0 f"(x) <0-f"(x) >0
inflection. @

Find \{vhere f(x) Concup : f(x) Conc down :
fu(;c) is concave £ >0 F'(x) <0

Conc down : (~2,~1)U(13)U(3,4) >

-down
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