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Related Rates: Problems involving finding the rate of change for a variable with respect to time

This is also an application of implicit differentiation: Finding derwatlves of variables with respect to
time t.
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2. Write what you are trying to find st o YaLids

3. Write an algebraic or geometric equation relating the variables (needs to be in terms of the rates that
. you are either given or are trying to find)"
4. Differentiate equation with respect to time ¢
5. Substitute and solve

- *Important Note: Remember that when the item is getting bigger, the rate is positive
If the item is gettmg smaller, the rate is n ega‘uv —regardless of direction
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Example 2: A 25 foot ladder is leaning against a vertical wall. The bottom of the Jadder is being pulled horizontally away
from the wall at the constant rate of 3 ft/ sec. a) How fast is the tap of the ladder moving and in what direction when the
bottom of the ladder is 15 ft from the wall? b) at what rate is the a;g,amc,l;angmg when the bottom of the ladder is 15 ft from
.the wall?
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£.10 cubic centinfeters per second. Find the rate of change of the
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T - Example 3: A spherical balloon is being inflated at a rate of. ; .

© y surface area of the balloon at the moment when the surface area is 64.
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Example 4: Joe is standing 6 miles straight east of Moe. If Joe walks stralght north at 3 mph while Moe walks straight
south at 1 miph, at what rate is the distance between them changing after 2 hours?

| l]gm/) _‘“Q’mf!; | Xf’j”}
T | e ge S (E) 2l )

J EYRY: /i %"’j*;z
, L A7 Moo\ = o\ 22

e 1O LW ¢ si({) ( %) a{(jf[f‘) [af?ff"

;ng; . fi%m ’ﬁ’m ifm
gﬂft‘? &&%‘ o rﬁ% - :?«i’b - 5;” e

. Example 5: A conical tank (vertex down) is 10 feet across the top and 12 feet deep. If water is flowing into the tank at a
rate of 10 cubic feet per minute, find the rate of change of the depth of the water when the water 1s 8 feet deep. m’fz/
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AP. Calculus AB Worksheet 2-6 - Related Rates WS #1

1.

40¢ = 30h
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2. The volume of a cube is decreasmg at arate of 10 m® / hour. How fast is the total surface area -

decreasing when the surface area is 54 m*?
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3. A light is on the top of a 12 ft tall pole and a 5ft tall person is walking away from the pole at a rate of

2 ft/sec.

*(a) At what rate is the tip of the shadow moving away from the pole when the person is.25-ft from the pole?
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A conical water tank with a height of 40 ft and a radius of 30 ft is leaking at the rate O.Z,ft_l.mlg
When the height (h) of the water in the tank is 30 ft, at what rate is the height of the water changing?
(Volume of a cone = L 7*h)
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" 4. A tank of water in the shape of a cone is leaking water at a constant rate of 2 f/hr, The base radms of

the tank i 5 and the height of the tank is 14-ft.
(a) At:what rate is the depth of the Water iri the tank ¢hanging when the depth of the water is 6 £t7

() At What 1ate is the radius of the top of the water i the tank changmo When the-depth of the water 15 6 7
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Jet A travels due east from San Francisco toward St. Louis at 500 mph J et B travels due north from New Orleans toward St
Louis at 600mph. Find the rate of change of the distance between the two jets when. they are 300 miles apart, and jet A is 100
miles from St. Louis (round answer to 3 decimal places) *Be sure to draw diagram, and watch your s1gls')
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AP Calculus AB
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Related Rates Quiz Review
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1. A conical tank (vertex down) full of water is 10 feet across the top and 12 feet deep. If water is flowing out of
the tank at a rate of 12 cubic feet per mmute, find the rate at wj_%gvh the water level is dropping when radius of

the water level is 4 ft. "‘ff"!{?w fr’},e Vﬁ]uﬁ%
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2. A conical tank (vertex down) full of water is 10 feet across the top and 12 feet deep. Ifwateris flowing out of
the tank at a rate of 12 cubic feet per minute, find the rate of change of the radius of water level when radius

of the water level is 4 ft.
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3. Helium is pumped into a spherical balloon at the constant rate of 25 ft’/min. At what rate is the surface-
area of the balloon increasing the moment when the diameter is 16 £t?
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4. A 17 ft ladder is leaning against a wall. If the bottom of the ladder is pulled along the ground away from.

the wall at a constant rate of 5 fi/s,

a) how fast will the top of the ladder be moving down the wall when it is 8 ft above the ground?
b) At what rate is the area of the triangle changing when the ladder is 8 ft above ground?
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,alculus AB_Related Rates WS #2
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| 1) 1990 problem #4

The raditis » of a sphere is increasing at a constant rate of ( O 04 centimeters per second.

(Note: the volume of a sphere with radius ris V' = 4 37 r?

)

a) Atthe time when the radius of the sphere is 10 centlmeters, what is the rate of increase of its volume?
b) At the time when the volume of the sphere is 36m cubic centimeters, what is the rate of increase of the area of a cross section

through the center of the sphere?

¢) Atthe time when the volume and the radius of the sphere are increasing at the same numerical rate, what is the radius?
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2. Jet A travels due east from San Franc1sco toward St. Louis at 500 mph. Jet B travels due north from New Orleans toward St.
Louis at 600mph. Find the rate of change of the distance between the two jets when they are 300 miles apart, and jet A is 100
miles from St. Louis (round answer to 3 decimal places) *Be sure to draw dlag;ram and watch your s1gns')
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3. A manis driving north at a rate of 17 m/s. He sees a railroad track 20m ahead of him that is perpendicular to the road. There is a
train going east on the track crossing the road and the man determines with a radar gun that the engine is 35 m from him and the
distance between his car and'the engine is increasing at the rate-of 5 /s, What is the speed of the train?
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A oan 5.5 ft tall walks away at a rate of 2 ft/sec away from a lamppost that is 12 feet above ground. When the man is 8 ft away - \
. from the base of the light, :
a. At what rate is the length of his shadow changing? (ans: 1.69 ft/s)
b. At what rate is the tip of his shadow moving? (ans: 3.69 ft/s)
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5. A spherlcal balloon is inflated so that its volume is increasing at the rate of 40 cubic feet per minute. How fast is the surface area
of the balloon increasing when the radius is 5 feet? ;NOte S=4nr?and V= —7rr )
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A coffeepot has the shape of a cylinder with radius
5 inches, as shown in the figure above. Let 4 be the
i depth of the coffee in the pot, measured in inches,
where % is a function of time, 7, measured in
-seconds. The volume, ¥, of coffee in the pot is

—T— changing at the rate of — Sﬂ\/z cubig inches per
_hL second. (The volume of a cylinder with radius » and

dh
height h is V= m*h.) Find m as a function of h.

(This means your answer will contain the var1ab1e
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7. Water is leaking out of a full cylindrical container at a rate 0of2 in */hr. The container has a.dlameter of 8 in. and height of 12 in.
At what rate is the height of the container changing when the container is half full?
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/ / Related Rates Notes 2 - Similar Triangles and Shadow Problems }\(’f ( ‘@
) Example 1: ,

- R sccond

A man who is 6 feet tall is walking away from a lamp post at a rate of 5 feet per m}rm%e

The lamp post is 20 feet tall. The person casts a shadow on the ground in front of them. g:j £y

a) How fast is the shadow growing when the person is 30 feet from the lamp post? o ot
b) How fast is the tip of the shadow moving when the person is 30 ft from the lamp post?
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| dx
1) — =rate of person walkin
20 f¢ ) dt f P g

2) % = rate of change of shadow length

3) % -+ % = rate of change of tip of shadow

2. A street light-is mounted at the top of a 15 ft pole. A man 5 ft tall walks towards the pole at a
rate of 5ft per second. A) How fast is the tip of his shadow moving when he is 40 ft from the
pole? B) How fast is the length of the shadow changmg when he is 40 ft from the pole?
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3. A conical tank (vertex down) is 40 feet across the top and 40 feet deep. If water is leaking out

of the tank at a rate of 80 cubic feet per minute, find the rate of change of the radius of the water

when the water is 8 feet deep. (V = lm‘zh)
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4. 2003 AB problem #5
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A coffeepet has the shape of a cylinder with
radius 5 inches, as shown in the figure above. Let
h be the depth of the coffee in the pot, measured
in inches, where his a function of time, £,
measured in seconds. The volume, V, of coffee in

the pot is changing at the rate of — 57[\/% cubic
inches per second. (The volume of a cylinder with

. o L. dh
, radius rand height h is V=nr?h.) Find 72‘ asa

function of h. (This means your answer will
contain the-variable h)
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/ . Ch, 2.6b More Simjlar Triangle Related Rates , Linear Approximation, L Hopital’s Rule I

A. More Similar Triangles (Shadow Problem) ﬂ
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dy dx _ g C |
= R.0.C. of tip of shadow
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T R.0.C. of length of shadow; . H
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Example 1: A man 6 ft tall walks at.arate of 5 ft/s L%

towards the lamp post that is 15 ft above ground. When
he is 10 ft from the base of the light
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a) At what rate is the length of his shadow
changing?
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b) At what rate is the tip of his shadow changing?
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B. Linear Approximation — Approximating nearby y- Linear approximation steps:
values on a graph using the tangent line equation a) Identify equation and
: ' Sy b) Ideutify ordered pair of nearest integer x- va]ue
v - ¢) Find derivative to determine slope
»”Z;% d) Find equation of tangent line y —y =m(x —xy)
, ,{:C?;) P, e) Plug decimal value into tangent line equation to
o f \ & o L approximate function value: y(x) = mx +b
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Linear approximation steps:
a)  Identify equation and
b)  Identify ordered pair of nearest integer x-value
¢)  Find derivative to determine slope
d)  Find equation of tangent line y—yi
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Example 3: Use lmeanzatlon to approxnmate
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Plug decimal value into tangent line equation to approximate function vatue: y(x)
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. AP Calculus AB

Linear Approximation Homework

1. Find the local linear approximation of f'(x) = Jx and at a= 1 and use it to approximate +/0.9 and V1L,
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2’ Find ‘the local linear appr0x1mat10n Of f(3) = <= ata =4 and use it to approximate \/w and —e \/W
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3. Use an appropriate local linear approximation to estimate the value of the gwen quantity.
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Use an appropriate local linear approximation to estimate the value of the given quantity <y
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4, Suppose the only information we have about a function fis that /(1) = 5 and the graph of its derivative
- is ag shown below.

a,” Use a linear approxunatlon to estimate /(0.9) and f(1.1). A
b. Are your estimates in part a too large or too small? Explain why.
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