Calculus NotesCh 26 -RelatedRates

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

This is also an application of implicit dlfferentlatlon Finding derivatives of variables with respect to
time t.

Related Rates Steps:

L.
2.

3.
4.
5.

Write what you are given

Write what you are trying to find

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) " :

Differentiate equation with respect to time ¢

Substitute and solve

: *Important Note Remember that when the item is getting b1gger the'rate 1s posmv

“If the item is gettmg smaller, the rate is egatlv —~ regardless of direction

Example:1: The sides ofz,squar&arejncreasmg at.a rate.of 5 cm/min.. }fow fast.is.the.area.increasing when the.sides

measure 15 cm in length?

Example 2: A 25 foot ladder is leaning against a vertical wall. The bottom of the ladder is being pulled horizontally away

from the wall at the constant rate of 3 ft / sec. a) How fast is the top of the Jadder moving and in what direction when the
bottom of the ladder is 151t from the wall? b) at what rate is the area changmg when the bottom of the ladder is 15 ft from

.the wall?




-

Exagfle 4: Joe is standing 6 miles straight east of Moe. If Joe walks stra1ght north at 3 mph while Moe walks stralght
sopfh at 1 mph, at what rate is the distance between them changing after 2 hotrs?

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 is 8 feet deep.
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1. A comcal water tankw1tha Eeight of 40ft and a rachus 0f30 ft 13 lealcmg attherate of 2 ft3 / mm |
When the height (%) of the water in the tank is 30 ft, at what rate is the height.of the water changing?:
(Volume of a cone = L 27°h)

puddle

2. The volume of a cube is decreasmg ata rate of 10m®/ hour How fast is the total surface area -
decreasing when the surface area is 54 m*?

3/ light is on the top of a 12 ft tall pole and a 5£t tall person is walking away from the pole at a rate of

ft/sec.
(2) At what rate is 'rhe tip of the shadow movmg away from the pole when the person is 25 ft from the pole?
(b) At what rate is the tip of the shadow movmg away from the person when the person is 25 ft from the
pole?
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4. A tank of water in the shape of a cone is leaking water at a constant rate of 2 ft*/hr. The base radius of

the tank is 5 ft and the height of the tank is 14 ft...
(a) At what rate is the depth of the water in the tank changmg when the depth of the water is 6 ft?

(b) At what rate is the Tadius bf the top ‘of the water in the tank changing When the depth of the wateris 6 fif ( ™

5. Jet A travels dueeast from San Francisco 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 milesapart, and jet A is 100 miles from St. Louis (round answer to 3 decimal places)

*Be sure to draw diagram, and watch your signs!)

The trough shown in the figuré below is 5 feet long, and its vertical cross sections are inverted isosceles triangles with base 2
feet and height 3 feet. Water is being siphoned out of the troughi at a rate of 2 cubic feet per minute. At any time, 7, let 2 be
the'depth and 7 be the volume of water in the frough. )

) Find the volume of water in the trough when it is full.

b) What is the rate of change in % at the instant when the trough is % full by volume?

c) What is the rate of change in the area of the surface of the water (shaded in the figure) at the instant when the-trough is %

full by volume?
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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 minute, find the rate at which the water level is dropping when radius of

the water level is 4 ft.

2. Aconical 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 minute, find the rate of change of the radius of water level when radius

of the water level is 4 ft.




3. Helium is pumped into a spherlcal balloon at the constant rate of 25 ft /min. At what rate is the surface

area of the balloon increasing the moment when the chameter i$16 f17 V=2mr® §=A4nr? o

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 ft/s, o
a) how fast will the top of the Jadder be moving down the wall When it is 8 ft above the ground'? K
b) At what rate is the area of the triangle changing when the ladder is 8 ft above ground? )

N
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Related Rates: Problems involving finding the rate of change fér a variable with respect to time
m This is also an application of implicit differentiaﬁon: Finding derivatives of variables with respect to
time t.
Related Rates Steps:

1. Write what you are given
2. Write what you are trying to find
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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 gettmg bigger, the rate is positive
If the item is ge.ttmg smaller, the rate is negatlv —regardless of - direction

; measure 15 cmmlength') @ ggggn 5

J
bide fﬂfﬁ o %’”

Arede / -t

oy A= X j

LENE I N
= ()

Given d | Q‘mﬂ AH

Gient = enfn A7

C R e ]

O

e

W"“i—«-.w

ﬁﬁg\(m’)(g) = /bOCm/J

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 fastis the top of the ladder moving and in what direction when the

bottom of the ladder is 15 1t from the wall? b) atwhat rate is the a;g,@gh.angmg when the bottom of the ladder is 15 ft from
-the wall? .
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Example 3: A spherical balloon is being inflated at a rate of 10 cubic centinfieters per second. Find the rate of change of the
surface area of the balloon at the moment when the surface area is 647.
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Example 4: Joe is standing 6 miles straight east of Moe. If Joe walks straight north at 3 mph while Moe walks straight
south at 1 mph, at what rate is the distance between them changing after 2 hours?

dz 4 if .
FE= 37 T Beknph

. Example5: 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 is 8 feet deep / W
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A.P. Calculus AB  Worksheet 2—6 — Related Rates WS #1

1. A conical water tank with a height of 40 ft and a radius of 30 ft is leaking at the rate of
1\/ w When the height (h) of the water in the tank is 30 ft, at what rate is the height of the water changmg‘7

(Volume of a cone = 1 7*h)
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2. The Volume of a cube is decreasmg at a.ra’tje of 10 m® / hour. How fast is the total surface area -
-R —

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?

" (b) At what rate is thei-x-p-ef-ﬂae—shafyw moving away from the person when ttggr;gmsliﬁ.&om—d&e—/‘

pole?
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" 4. A tank of water in the shape of a cone is leaking water at a constant rate 0f 2 f/hr. The base radlus of

the tank is 5 ft and the height of the tank is 14 ft.
(a) At'what rate is the depth of the Water in the tank changing when the depth of the water is 6 ft‘? ;

(b) At what rate is the radius of the top of the water in the tank changing when the depth of the water is 6 ft?
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g' Jet A travels due east from San Francisco toward St. Louis at 500 mph Jet B travels due north ﬁom 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 51gns')
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6. The trough shown in the figure below is 5 feet long, and its vertlcal cross sections are inverted isosceles friangles:with base 2
feetand heighit 3 feet. Water is being s;phoned ot of the trout,h at«a rate of 2 pubic feet per minufe. Afany time, 7, let hbe

epth and Vbe’\‘.he volume of water n the tronzh

&0 change. m k at the mstant when “che ‘frough s % full by volume?
ite of ‘change in the areéa of the surface of the water (shaded inthe figure) at the instant when thie tiough is:%
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AP Calculus AB

Related Rates Quiz Review

i L
SeluTiong ﬁi%g/

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
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2. A conical tank (vertex down) full of water is 10 feet across the top and 12 feet deep. If water is flowing out 61‘

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 surfaoe
area of the balloon increasing the moment when the diameter is 16 ft7 V=- r3 S = 4nr?
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4. A 17 ftladder is leamng against a wall. If the bottom of the ladder is pulled along the ground away from:

the wall at a constant rate of 5 ft/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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