
AP Calculus

Related Rates Notes

Recall:

Name: k{,"\
P.1"

*Wl = frsincethe variables are different

Similarly:

*U -ffana*lrl = ff since the variables don't match we need to use the chain

rule. The "t" refers to time, so how does y change with respect to time, how does x

change with respect to time?

Example 1: Finding Related Rates 
la. Suppose x and y ar€ both differentiable functionsgf t and are RELATED by the equation

V -' lii.' rio@'n"n@eiu"n *''--Q*ren@
Equation:

I =Y3 ,t-7

Given rates and/or values: #- t"#
X=t #'z (2)

b. Suppose x and y arq$oth differeqtiable functjqnLof t and are RELATED by the equation

@"^{fr'n*F4eiu"n**[o;*Ehurren@
Equation:

$'x'-bY ++ #til=#L*-aE
Givenratesand/orvarues:^ I 
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Guidelines for Solving Related-Rate Problemsf i.ii:i$llti11fifriifii{?f{;',-,- ano qua,,,,0",,,,, oo@
vi[e a sketch and labelthe quantitifl-

qua

2. Devefop a mathernatical model. DjAW n,il!I!!Ejj!(most oftenthese problems involve

' geometric figures) Label the parts thgt are important, distinguish between constant values

rnJ'vrri.nt" vatuesfe.g. atx = ,,#= i reintONLYwhen x = }is thisthevatue forff)
3: wTite 3n gquation relating ilre varil'utes ;;;; rates oi ctrange bre either given orto bJ

d rmula.
4. . Ditf...q n,tii'te:'both sides of the equation WITH RESPECT To ftMe: Beiiuie to:+.o'ryn!1 ,] .

oireientiationru|es,chain,product,quotient,etc.
Substitute valuqs for aly quantities that depend on time. Substitute into the resulting

ffiestoi..ihevlr.iiuies...anuthqiir;tesoi.ch.angaiA|wAi.s=-i*1lHi
,,,,, DnRynrNE TH:EN SUBSTITUTE Then solVe,,f.orthe:required::::aate of .change, . .=. ,,.,,,.,r,tt,...

6, , 'rntUiprat ttre sOiutiOn, rra*-taie toui::m,,thematical result,into tfre proutem, ieiiing ano

decide whether the result makes sense.

5,

VerbalStatement Mathematical Model

A spherical balloon is inflated with sas at the rate
ot iooCuffibertmifiufJ I "* 

- d,Atf
fu) cm'7

/rhtyt
All edges ola cube are expanding at a rate of 3 €gD,
per,c6cond/ q'

.Jc
# t b Cnlsec,

At a sa-'itl-and gravel plant, sand is falling onto a
conical pile at a rate of roc66ilJeEB[i,urf;a]* # = tD 4+'/r,^
A crankshaft rotates counte]6lockwise at 

^^.APconstantrateof zoffi "a ' dQ : ?oo rer/-dt+ - -- 
/lrylty\

A playqlgnning from 2no to 3'o base at a speed of
28 ft per secondjs 3Qft:fromlhird-base. il r ZV{+/s. T- 3() f,+

ctt(
. Changing at a "constant rate" means ll is tne same no matter what the value of r is.

. Changing at a "variable rate" means f OepenOs on the value of r.

Example 2: A hot air balloon rising straight up from a levelfield is tracked by a range t'q"@fgg
theba||oon,,oenttherangefinder,set9y3!Q!,ner"i['ltr,;-n8l"i,
increasing at the rate
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Example 3: A police cruiser,.approaching . -r,tna..*'.0 'ta. 

, is chasing a d1
speeding car that has turned the corner and is now moving slraight eep!.When the cruiser ,t@tfr.il

- 
-r7north of the intersection and the .ar is[6,s?it"r\fo'the east. The police determines with radar that the

distance between them is increasing rtlffi;4tf the cruiser is moving dffin\.t the instant of

measurement,@ \d,g A ?"f,*t tl,,o*t',r

ffiA de

X" rq" = cz 
tar 

{\^./ Sptll .rb f"lX 4{'=C- t'r,to1*'U'
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Example 4: Watgr runs into a conical tank at the rate o

Example 5: Find of change of the distance between

The tank stands point down and has

\ = {nr"h
q=\&>".#,

,du
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.^ Example 6: A pebble is dropped into a calm pond, causing ripples in the form of concentric circles.,The

*. 
-radius 

of the outer ripple is increasing at a rate 
"@, 

when the radius is@.t *r,.t tffiillt-t*
Y' 'totlotG}.of 

the disturbed water chansine? \' 4r \ v-

,{:"rthedisturbl;?T^anging? 

-ffi

/ ->Y * = 2rrr'5 Ths ra'\s ai u'hioh')n^r +D\a\

\ a ) A - )rrr'& 
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{-, iis\wr""t w'-v/".

V *=2n(,r)(D i: cv*^C,i5 Yy#, 
radr\6

o,L U isLt-g+ \SUlr+-IlSec.A4v M=Brrai

neight is three times the radiut when (a)

radius'r@.nd (b)the radius islfficrrel [ = 3 (

t\;3,- i= tnn.h. 
(L a) # '3tr(r,)'(.') 

^itll* (61z\v\riy,^

\=; zTZt) Ilr'ovdruvY\c \s cM^6t^1 o

1itr"'
*) urr"# ")#= 3rt(u)"b) = 3\5br
dJ Tw vo\uv'^s i+ cMqr "i a^ a"^V {,.3\ 7 rn

3' 
t'|

3qsbn in7/-;n,
nt>\anjr

Example 8: A construction worker a buildins bv means of a rope tied to

one end of the plank. Assume the opposite end of the plank follows a path perpendicular to tle wall-of

the buitding and the-worker pults the rope 6Dt a rate "@o*f,rr@
. when the base of the ladder'@trom the wall? " %
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