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2.6 Related Rates
Study 2.6, p. 154 # 1-19, 21-25

Goal:
1. Understand how variables change

with respect to time.
2. Understand "with respect to".

~ pour cement high rise @ 1:30

water drop ripples
a S
water drop ripples pour cement high rise @ 1:30
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26 Re|ated RateS Goal: Understand how variables

change with respect to time.

~water drop ripples
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What variables are
changing? .

with respect to

what?
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water drop ripples
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Goal: Understand how variables

2.6 Related Rates change with respect to time.

pour cement What variables are
_highrise @ 1:30  changing?
3

with respect to
what?

________________
- -~

........
__________

pour cement high rise
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2.6 Related Rates
Refer to problems # 24 - 27
) geogebra: Related Rates
What is common to all these problems? a
A
o
rate of change of distance with respect to time
dx dy
dt dt
rate of change of volume with respect to time %

rate of change of area with respect to time dA
dt
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2.6 Related Rates

G: xy=6 F: dy/dx at (-6, -1) 6

implicit diff.

dy
— 4+ y-1=0
Xty )

From the previous section:

¢ 1)

How can we interpret dy/dx = -1/67?
slope of tangent line at (-6, -1)

TALSO, INSTANTANEOUS RATE OF CHANGE]
J_of y with respecttox! _ _\
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2.6 Related Rates

When rate of change is with respect to time instead,
how do you decide what variables to use?

How do you proceed? Example:

An airplane is flying at an altitude of 5 miles and passes directly over a radar antenna.
When the plane is 10 miles away, the radar detects that the distance S is changing at a rate
of 240 miles per hour. What is the speed of the plane?

G: altitude 5 mi; F: speed of plane
when plane 10 mi away, S changing at 240 mph

5A H B
4 rate of change with respect to time
8
5 v
2
:
_oy geogebra: Related Rates
0 1 2 3 "5\
6. Check:

Did you include units? Yes
Does the answer make sense? Yes. dH/dt is directly proportional to S and inversely prop. to H, so it should be larger than dS/dt.

If there were angles involved, did you use radians? No angles
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2.6 Related Rates

~ step-by-step
5]

RELATED RATES:
1. Identify: a ""given'' rate, a ""to find"' rate, other conditions
2. Determine the relationship (equation) between the given and the to
find. Use a diagram, if possible, or known formula.
3. If possible, use the given information to reduce the number of
variables.
' 4. Differentiate implicitly with respect to time. This always involves
the chain rule. For example,
aF ¥ o o Yk
di dr dt dt  dx dt
5. Substitute the given values and solve for the unknown rate.
6. Check:
+ Did you include units?
¢ Does the answer make sense?
o If there were angles involved, did you use radians?

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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2.6 Related Rates

geogebra: Related Rates

An airplane is flying at an altitude of 5 miles and passes directly over a radar antenna. a

When the plane is 10 miles away, the radar detects that the distance S is changing at a rate
of 240 miles per hour. What is the speed of the plane?

G: altitude 5 mi; F: speed of plane
when plane 10 mi away, S changing at 240 mph 1. Identify: a "given" rate,
slA H B Variables H and S a "to find" rate, other variables.
Then rates of change: 4H | |dS
dt dt

2. Determine the relationship (equation)
between the 'given' and the 'to find'".
Use a diagram, if possible, or known formula|

3. If possible, use the given information
to reduce the number of variables.
(Not needed here.)

4. Differentiate implicitly with respect to time.
This always involves the chain rule.

5. Substitute the given values and
solve for the unknown rate.

6. Check:
Did you include units? Yes
Does the answer make sense? Yes. dH/dt is directly proportional to S and inversely prop. to H, so it should be larger than dS/dt.
If there were angles involved, did you use radians? No angles
®
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2.6 Related Rates a

G: altitude 5 mi;

: 1. Identify: a "given" rate,
s - B ¥:rlables H afncr: S dH ds a "to find" rate, other variables.
en rates of change: == 2
4 dt dt
5 * i 2. Determine the relationship (equation)
v - between the 'given' and the 'to find'.
2 H? +52= g2 Use a diagram, if possible, or known formula,
3. If possible, use the given information
! to reduce the number of variables.
dH ds (Not needed here.)
L o ; 5 3 2H- — 4+ 0 = 28 - — 4. Dif_ferenliate_imp]icilly with r'espect to time.
dt dt This always involves the chain rule.
remember F: speed of plane dH
dt
b 5= dH . Substitute the given values and
/ . . . Substitute the given values ang
é = ,?l/gm/ 2H - dt = 2(10"") 1240 mt/h solve for the unknown rate.
ar h
. mi
an  |(10mi) 2407
need H: dt H
(from above)
2 2 _ ¢2 .
e an  [(1omi)-24057]
H>= 10>-5% = 75 _ h
di 5V3 mi
. mi
dH [(10m1) -240 T] 480 mi mi @
—_ = — — = 277.1 —
dt 53 mi V3 h h

 Calculus Home Page
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geogebra: Related Rates

An airplane is flying at an altitude of 5 miles and passes directly over a radar antenna.
When the plane is 10 miles away, the radar detects that the distance S is changing at a rate
of 240 miles per hour. What is the speed of the plane?

F: speed of plane

when plane 10 mi away, S changing at 240 mph

6. Check:
Did you include units? Yes
Does the answer make sense? Yes. dH/dt s directly proportional to S and inversely prop. to H, so it should be larger than dS/dt.
v i i i 2 ales dH S ds das . s
If there were angles involved, did you use radians? Noangles  dH _ S dS _"dS oo o g 08
dt H dt dr H

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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2.6 Related Rates
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a

G: Using a rope, a worker pulls a 5 m plank up the side
of a building at a rate of 0.15 m/s.

roun

———

F: How fast sliding o

n
when 2.5 m from building? 1. Ideniify: a "given ate.
a "to find" rate, other variables.

2. Determine the relationship (equation)
between the 'given' and the 'to find'.
Use a diagram, if possible, or known formula.

0.15 m/s
3. If possible, use the given information

to reduce the number of variables.
(Not needed here.)

5 4. Differentiate implicitly with respect to time.

m This always involves the chain rule.
—
?m/s

5. Substitute the given values and
solve for the unknown rate.

6. Check:
Did you include units? Yes
Does the answer make sense? Yes. x is decreasing
If there were angles involved, did you use radians? No angles

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework Part 1
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2.6 Related Rates
G: Using a rope, a worker pulls a 5 m plank up the side
of a building at a rate of 0.15 m/s.

Calculus Home Page

a

Class Notes:

293
oAt

X=2.5

1. Identify: a "given" rate,
a "to find" rate, other variables.

2. Determine the relationship (equation)
between the 'given' and the 'to find'.
Use a diagram, if possible, or known formula.

3. If possible, use the given information
to reduce the number of variables.
(Not needed here.)

4. Differentiate implicitly with respect to time.
This always involves the chain rule.

5. Substitute the given values and
solve for the unknown rate.

*

Check:

Did you include units? Yes

Does the answer make sense? Yes. x is decreasing

If there were angles involved, did you use radians? No angles

Prof. G. Battaly, Westchester Community College, NY
Homework Part 1

&

2.6 Related Rates

oty
ac

need y:
(from above)
2.52 +y2 = 52

Calculus Home Page

¢

0./S—M/S

y?2 =52 —2.52 = 25-6.25

y=V25-6.25 = 4.33

93
oAt

X=25

F: How fast sliding on grountlFf

when 2.5 m from building?

F: G:
XIH’%‘_)%

1. Identify: a "given" rate,
a "to find" rate, other variables.

2. Determine the relationship (equation)
5 2 between the 'given’ and the 'to find'.
Use a diagram, if possible, or known formula.
3. If possible, use the given information
to reduce the number of variables.
(Not needed here.)

4. Differentiate implicitly with respect to time.
This always involves the chain rule.

5. Substitute the given values and

dx
2.5m: E +y-(0.15m/s)= 0 solve for the unknown rate.

m
dx (0.15%)
dt 2.5m
m
ax _ _ 433 (0'15?) = -0.26
a = T @IIm e = T0.zem/s
6. Check:

Did you include units? Yes
Does the answer make sense? Yes. x is decreasing
If there were angles involved, did you use radians? No angles
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2.6 Related Rates
A winch at the top of a 12-m building pulls a 12 m pipe to a
vertical position. The winch pulls in the rope at a rate of -0.2
m/sec. Find the rate of vertical change and the rate of |

s horizontal change at the end of the pipe wheny = 6.

X (va) 1. Identify: a "given" rate,
a "to find" rate, other variables.

2. Determine the relationship (equation)
between the 'given' and the 'to find'.
X Use a diagram, if possible, or known formula.

3. If possible, use the given information
to reduce the number of variables.

4. Differentiate implicitly with respect to time.
This always involves the chain rule.

5. Substitute the given values and
solve for the unknown rate.

6. Check:
Did you include units? Yes
Does the answer make sense? Yes.
X decreasing, y increasing; so dx/dt <0 and dy/dt >0
If there were angles involved, did you use radians?
angles

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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2.6 Related Rates
A winch at the top of a 12-m building pulls a 12 m pipe to a
vertical position. The winch pulls in the rope at a rate of -0.2
m/sec. Find the rate of vertical change and the

s horizontal change end

k| dy )t

db

Identify: a "given" rate,
a "to find" rate, other variables.

4 (X1Y)
S, XY,

1
IV v
1
1 =,
Y y Lo lte e
: . . 2. Determine the relationship (equation)
bottom right triangle: between the given' and the 'to find'.
X x? +y? =122 Use a diagram, if possible, or known formula,

top left triangle:
x2 +(12 —y)?2 = 5?
solve bottom right for x? and substitute in top left to get just 2 variables:

122 — yZ + (12— y)Z —— 3. If possible, use the given _information
to reduce the number of variables.

simplify: 122 — 2 + 122 — 24y +y? = 57
2(122) - 24y = s?
dy ds 4. Differentiate implicitly with respect to time.

—24—= 25— This always involves the chain rule.
de dt

dy m
—24I =25(-0.2) i —0.4s mps 5. Substitute the given values and

need s: solve for the unknown rate.
(from above) dy —0.4s s
T Taa P g ™S
s?=2(12%) - 24(6) = 144
s=12 dy _ 12 _1
ac 60 "PET 5P
Still need dx/dt From equation for bottom right triangle: 2 EN r
b dx L, Ay Xal z1a
Ta T T X %= [9-3 1,
dx _ 2ydy ydy 61 s (R s )
a T "2xacT “xacT x5 X\('N_\“’(‘{
Still need x Use bottom right equation above to get x =6 /3 k. Chook: sels
dx 6 1 1 @ Did you include units? Yes
a T ev35  s5y3 S Does the answer make sense? Yes.

x decreasing, y increasing; so dx/dt <0 and dy/dt >0
If there were angles involved, did you use radians? No
angles
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2.6 Related Rates

g: ‘f()("— x) a)‘;%_/ G

ey
5

¥=3

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework Part 1
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2.6 Related Rates

=y (N)(-ﬂl @

Class Notes: Prof. G. Battaly, Westchester Community College,
Calculus Home Page
Homework Part 1
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2.6 Related Rates

gr (=50 b) F: %ré/x-.: 65%’5

Class Notes:
Calculus Home Page

Prof. G. Battaly, Westchester Community College, NY

Homework Part 1
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2.6 Related Rates

y Jes)  BF: ?f«?f/x-., s
& H(gt-5%)
5= V(Q(l)% -g‘%)

S<-pdt 4 (2
o g\ T

Calculus Home Page
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2.6 Related Rates

é: 311({:3)&) F:n)%}"/zss —

JD#& - 5 %—’—S’

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
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2.6 Related Rates

N
YIRS

L>> A kylr 5
Ax Yy—4 ¥

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
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2.6 Related Rates

fla-:_lr\xa ,%2-20”/9. P/%/

B N e
|

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
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2.6 Related Rates

e G )

I +X

ﬁ\ (1m)o—(axds)

(35" Dot -patd
b‘—

= —aX
Q-;—xt)"‘ e

S 1 N YA PV
()
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2.6 Related Rates W
\

&.}qﬂ\& %"Qom/%. F’—‘('%)
AL

x= 1L
b
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2.6 Related Rates b-géai/\
]

A Yy )
AX

x=1L
b

-—sh)(

ﬁ_ Cos X)dy {Co&‘é) 2oy

S EY Y
2:5'(/ S%?D% o} %, - G S.

3

{:‘—';%r— Acosx /s
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2.6 Related Rates 16. G: radius of sphere increases 3 i I’mln

F: rate of change of V whenr =9 in, r =36 in
AV
s

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page
w Homework Part 1

u |

2.6 Related Rates 16. G: radius of sphere increases 3 i ﬂmm

F: rate of change of V when r=9in, r =36 in

o

V=5’3—Trr3

A4V 4 Y (3) i frin
s 3(‘” rr A
= [Tr b e

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page

@

Homework Part 1

a

©G. Battaly 2015


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/hw/ch2s6.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/hw/ch2s6.htm

Related Rates July 08, 2015

2.6 Related Rates
G: dr/dt is constant

F: Is dA/dt constant? Why?

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
Homework Part 1

< 3

2.6 Related Rates
G: dr/dt is constant

F: Is dA/dt constant? Why?

=TIr

33
3
Y

&-/'Ar';'sﬂ‘kr
7

Therefore, dA/dt is NOT constant.
It varies directly as r varies.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
Homework Part 1
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2.6 Related Rates

§1xU=q

Calculus Home Page

u |

F. %/x

=%

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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2.6 Related Rates

E.
€1xg=q

Calculus Home Page
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2.6 Related Rates

Calculus Home Page

3 |

y=

Use Implicit Differentiation
\
2X + X3-27

Differentiate
with respect to:

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1

&

2.6 Related Rates

Calculus Home Page

y —
% B .
ﬁ.,&cﬁx

L

Use Implicit Differentiation
\

2X + X3 -7

Differentiate
with respect to:

PIXH

X <

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework Part 1

a
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