 RELATED RATES PROBLENS

TO ILLUSTRATE THE GENERAL FEATURES OF THESE PROBLENS WE BECIN
WiTH A SINPLE EXANPLE .

A STONE 1S DRoPPED INTO A PoOL OF WATER . A CIRCULAR RIPPLE
SPREADS OUT IV THE Pool. THE RADIUS INCREASES AT A RATE oF
3 in[sec, How FAST IS THE AREBA oF THE CIRCLE INCREASING ¢

CENERAL FEATURES : Two RATES OF CHANGE INVOLVED
ONE KNowN, ONE To BE DETERNINED, NEED A
RELATIONSHIP BETWEEN THESE RATES oF CHANGE SO WE
CAN PLUG IN THE ONE WE KMoWS AND SOLVE FOR THE
ONE wE DoN'T KNOW,

PROCEDURE ( ILLUSTRATED oN THE EXANPLE ABOVE ) :

I. ODRAW A "SNAPSHOT AT SonE TYPICAL 1NSTANT A
AND INTRODUCE NANES FoR THE VARIABLES wnosE RATES OF
CHANGE (DERIVATIVES) ARE INVOLVED,

Pzred ) = nADIVS oFf THE

A=ALd) « AREA oF TrE CiRcLE AT TINE X
CIRCLE AT .
Ting




L., WRITE oot exPL)cm.y WHAT You Knowd AND WwHAT You'RE
SUPPOSED T FIND,

r ;
KNowN : %z = 3in/sec

. o ﬁ
FIWI? : di

3. FIND A RELATIONSHIP BETWEEN THE VARIABLES TWENSELVES
THAT IS TRUE AT ALL TiNES 4

A
A = 7Tr

4, DIFFERENTIATE THIS RELATIONSHIP wiTH RESPECT
0o £
dr

'g% = 1r(.zr-a ) =amrs

S. PLUVE IN THE DERIVATWE Yov KNoW,

gg— 2 2rr (3) = 67T l’a"/sec

NOTE : IN THIS ExﬂnPLE, EVEN THouGgH I INCREASES AT A

ConsSTANT RATE , A DoEs NoT , I.E., -gf— DEPENOS on T,

THIS NAKES SENSE, RIGHT ¢  THE LARGER THE CIRCLE THE
CREATER THE EFFECT on THE AREA oF A 3in CHANGE IN
THE RADIVS | |




MORE EXANPLES :

How FAST DOES THE WATER LEVEL RISE IN A CYLINDRICAL
CAN OF RADIVS Q FT IF WATER 158 BEING POURED inv AT A

RATE oF '3 F1%/s8c 4

)

N

V= Vtk) -
£ VOLURE oF S

WATER AT
Tine £

} y = Yt = DEPTH OF WATER
ar rine %

KNOWN - 7 3
\ d
FIND ¢ ;f

RELATIONSHIP BETWEEN VX ) AND yu‘-) { FORDVLA FOR THE
voLunE oF A CYLINDER 15 V = wrth )

V= miay

V = HTY |
DIFFERENTIATE WwITH RESPECT TO £ :

d
g{* a‘"’ﬁ

I
= 9. = FT/sEc

w

So

Uy
ok,




.

%e- = dw (3:-",%?): er'zgf
- So dv
de . & _ e erinw

GAS 1S ESCARNG FRoN P SPHERICAL BALLOON AT A RATE OF
2 FT’/nm, How FAST Is TE RADIVS DECREASING LHED - |

IT (THE RADWS) 15 1A FT ¢ | |

rerid) = Raows AT TinE £

V = Vid )= vowne 47 e £

KNOWN ﬁ-’- 2 -2 ( NOTE THE minvs SIGN )
: . S’f. = I
FinDd T wnen

RELATIONSHIP BETWEEN VW) AND ML )  ( FORNULA FOR THE VOLVNE

OF A SPHERE ) :
Vv = g"ll'f'g

DIFFERENTIFTE wity REspEcT © £ @

at ° g N (2t 202 7

e AL A B3 A



A LADDER A FT Low6 RESTS on THE ( HoRizoNTRL ) GRoOND *
AND LEANS ACAINST A (VERTICAL) WALL . THE BASE OF THE
LADDER 15 PULLED AWAY FRoN THE WALL AT A RATE of M FT/skc,
Hows FAST IS THE ToP oF THE LAODER SLIDING Down THE WALL
WHEN THE BASE s 10 FT FRon TiE wALL ! |

Yayct) W

Knvownw gf s 4

4y wHEny X = 10
di _

s

FIND

RELATIONSHIP BETWEEN Xik) AND ytk) ( PYTHAGOREAN

THEOREN ) & L
x* ¢ y" z 2

DIFFERENTIATE wiTH RespecT £

4*%*-‘73’ =0

So | dx
dy | . X 9x

dé ° y di

NOTE : wHEN X=/0, XP+yt: 26" cives 10" +yts 20t
so y =3,
Z!'d% : - 2 (4): - 35:' FT/sec




4. A BALLOON IS RISING STRRIGHT UP FRon A LEVEL FIELD AND

IS BFING TRACKED BY A CANERA 500 PT FRON THE poinT

OF LIFT OPF, AT THE INSTANT WHEN THE CANERA'S ANCLE
T |
oF BLEVATION 1S < | THAT ANGLE 15 INCREASING AT A

RATE OF O.14 RADIANS /M, How FAST 1S THE BALLOON
RISIvE AT THAT INSTANT ¢

- :

.},l'.*ybf)

-

-

-
-
-
—"-
-
-
-

-

3

i

1

s - T S
500 -

KNOWN gg :

G C O M wHEN G {

d x
Finp : L wren 6° 4

RELATIONSHIP BETWEEN Ot) Avo yek) ( DEFINITION oF 1A 6)

o & =

Yy = S6o 1an 8

DIFFERBNTIATE with REsPEcT W £ ¢

did:z s 500 Secze g%

$00 (2)(0.M)

140 PT]HW

¥




WATER 15 RONNING OLT oF A CoNiIcAL FUNNEL AT # RATE
oF 1 w%/sEc. IF THE ALTITUDE OF THE FUMNEL IS

8 v AND THE RADIS OF TS BASE IS H 1v, How PAST
IS THE WATER LEVEL DROPPING WHEN IT 1S v FRON
™E ToP ¢

Ve=vit)

NOTE : IT NAY NoT BE o8VIOVLS AT THIS POINT THAT wE
NEED X =Xd) (RADIVS OF THE WATER LEVEL AT TINE £ )

SINCE -3{-‘! IS GIVEN AND dif 16 REQUESTED, T™HE

REASON 1S N THE FoRNULA FOR THE VOLONE OF A CONE

WHICH REQUIRES BoTH THE ALTITUDE AND THE eaoms.




KVowN : ;2' z =)
FIND : .3’% wHEN Y= 8-2:6

RELATIONSHIP BETWEEN) Vit) Any yet) ( FORNULA FoR THE
VOLUNE OF A CONE ) : '

Ve ¥ .,,.x‘-),

SINCE WE HAVE WO INFORNATION ABOYT X oR f’f

WE ILL mm'rE X N TERDS oF y USING SIntLp

TRIANGLES

DIFFERENTIHTE wiTH RespecT 0 £




Jv o 2dy r,zd
d.t=lz.(37d.é)"fyd£
dv
so : -d s -l
?E - __;"..-;_- T e—— = - == m/sec
Iy Tuh ST

C. A NAN G FT TALL 1S WALKING AT 3FT/SEC TowARD A STREETLICHT
18 FT BIGH, HOW FAST IS THE LENGTH OF HIS SHADOW CHANGING |

by e
N A Y

-v-l-
£z L8> = LENGTH oF SHADOW
ar rine A

———
Xz Xit)

X
SUNMLAR TRIANGLES => "é'

ep——— .L
Y ] = L= 3%

. dx
owon : X _
KN J¢ ° 3

. dl
FInD ; 73 |

RELATIONSHIP BETwesN Lid)yamo xit) : £ = T X
DIFFERENTIATE WITH RESPECT B £ : |

g% : '3"5’% : =(-3)=* -1 FT/seC




