
2.8 Word Inblems) Related Rates

? In this section we examine how variables

change wirt. to time, or even just each

EX Ladder Slipping Down the Wall
wall ladder Q: How quickly does the wall

f a l l
rate

(speed)

height change as the
26 ft floor rate is fixed at

flavorrate = 4Ft/min 4 ft/min ?
1 0 F 6

(i) Dingram * lilVariables lo = 26ft, X. = 10 $t

(iLi) egus: Shet x= the ladder's Hoor dis placemad
from the wall

- y= the ladder, higght tron the floor

them py thàg reà's Thu say, (x" + y' = 262)
(iv) Do the math :

We want y = weknow dx
dt dt

= 4 ft/min

? Ditt't x* + y' =26° urt. time to get :

t=  ( x °  +  y3 )  =  =  26 °
d t
- or -



d x"
=  0 power rule with

chain rule
= 0

?  S o l v e  F o r

? LetsApply This

@  t = 0

d t
t = 0

t  = 0

2y y = -Rx ex

d y
This relates floor
speed with wall speed

d t
speed on floor

speed down wall

X .  =  1 0  f t .  2 % 0  =  5 2 6 ' - 1 0 ' =  2 4 f

Xo é v a l u a t e  a t  t = 0 "
=  - -

o  d t /
It =0

= _ (107t) 1 f t /
2 4 f t  6 3 min

5
= - ft/min

cour the wall

= 1 ?= - 1.66 = 1.67



? Whati, the speed s minutes latr?

t = 5 min X ,  =  4  t ? 5 min = 20 f t
mih

(3

=  2 6 2 - 2 0 2= 5276: 2,69

~ 16.6'F6
t  =

? = 5 ??? ?

24 f t
2

4ft/min
16.6Ft

4ft / min

l o f t 2 0

X1 = 20ft, y= 16.6 FE
?  U s e  r a l e  r e l a t i o n

d y
I  - 0

d t
? Plug in data...

d y

dx
dE = 4 f+/min

120t616.676 ? 4ft/min)

= - 4.82 Ft/ min @ t = 5 min

v S  .

- 1. 62 ft/min @ t=0 minutes

speeding up ... get out of the way!!



Reeling in a buat

A boat is being pulled into a dock by a

rope. The front top surface of the boat is 1 m
below the dock.

Q: If the nape is reeled in at 1mlsg how tast
does the boat apfroach the dock at smut?

à) Ding ram - speed = ? / Im
giver= 1m/s i  w a t e r  l i n e

8 m

d t
tormul l '  =  x°+y

speed of surface of boat d x= d t = We seek
(ii) variables

y. = 1m, Xo= 8m , dt= 1m/s / dedx = ?

(Til) egn

(iv) Solve

x°t y? = l' not fixed this time
2x dxdt+ 2y =c y"= zede

2x dxd t= zedl

d x
= .

d t d t

related rates of rope

Boat speed



?  a t  t = 0 ? = 8°+12

x. = 8 m

d x

So plug data in: d t

= 165 = 8m

t 5 0

=

-  b

d l
d t

t = 0

565m. 1m/s
8 m

- 65

8
m/s

@ t = 5 sec:

/ 3 m

speed of =

boat
1.01 m/s

l ,  =  l .  -  V?  t
= V65 = (1/s) ? 5s = 565=5

= 3 m
x, = ??: - 1 ?

= 32 2= 58 2 2.83?

283m d x
d t = dt t = 0 --83?

= 1. 1 m/s 2 little faster



Volume Rates

Volume of a sphere is
Units:
leigh m, area m, volume mep

area of civile A = TR R

R

< V = 4 T R
3

A =4TTR
surface

area.

Exl The radius of a High Altitude Baloon, r, is
increasing 2+ 4mm / sec as it rises.

When the balloon is 800mm, what is the
rate of change of the volume of the balloon?

?= 800 mm dr = 4 mm/s
Ci) Diagram L V = ? dt

d t

(ce) Egn V= 4ar 3
Siul Solve Diff ' t  ? 1 (V=fir")

dvdt ?Bredr
dt

S o
d v

d t

related rate esn

1A. dr
d t

? Plug numbers in

= 16 T 800" mm'/s

= 1. 024X10 Tr mm ?

30 million mm/s



In verted Conicle. Reservoir

An inverted conical reservat it being filled at

the rate. f 2 cuft per min: H= 10ft, R=5ft .
Qi Howfast is the wato level rising when it is 6ft de

) Diagram
(ii) Data

dydt=?, 1o= yo=6ft.

H
y :

(li)egn Not cone is i the volume at the cyclinder
the come was delivered in

cylinder: V = B Height

Area of Base
Su

V .

tank

then V.

? We want to reduce the number of variable

Som 2 to  1 :



? To do this we recognize that x& y
ane legs of a right triangle. This A

tank water is similar to the dim-
ensions of the tank

? Similar A'S : HistoR aS Listo x"

convert to efu: R
=

X

Since we want ? t lets eliminate
the volume egn. y - RX = H

"x " from

=

? Insert x= 7/2 in to the Volume Famula

? Vunter = 5 T (Z) y

o R

1  d i f f ' t . . .

d d v
III

d t



? Diff't e want?dy

? populate

S o l v e  F a

d t

2Ft*
min = E (Gft)

2 . 4

? 36/86
d t

ans. smplifies
to ... d

about
1 inch
- r i s e  i n  1  m i n u t e  . . .
4

ft/min 0.07 Ft/m.



Math 21( 5b Name -

I. what is the rate of increase of the area

ot a square if it's edge is increasing
at 2mm/s when the edge is 60mm?


