APPLICATIONS OF DIFFERENTIATION

4.1 RELATED RATES

Compute the rate of change of one quantity in terms of the rate of change of another quantity.

Normally differentiate all quantities with respect to time.

Example 2 on p. 266
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Make a diagram:
l y

10 The ladder is always 10 ft long

dy
—_2 -7
at ¢ L

X > The change in x is positive

dx_ 1ft/sec o _
dt because x is increasing.

Label diagram: variables, rates of change (derivatives), numerical values which do not change

Write an equation which relates all the variables: x? + y2 = 102

. . T . . dy dx dy
Differentiate implicitly with respect to time: 2x at i 2y — at =0=> 3t T Yat =0
Evaluate “when”: When x = 6, we can used the Pythagorean Theorem to gety = 8.

dx dy dy dy _§

dt+ydt 0:>6()+8 =0= gt )

Answer question(s) completely, include units and “when”: The top of the ladder is sliding down

(because rate of change of y is negative) the wall at a rate of % ft per second when the foot of

the ladder is 6 ft from the wall and the foot is sliding away from the wall at a rate of 1 ft/second.

. Exercise 8 on p. 269

Diagram:
. Label: 15 6
d
Xy =
dx X —>» y —>
— =5 ft/sec
dt
. - . 15 x+y 2
Equation: Based on similar triangles: 5y = 6x+6y =15y = y = 3 X

. .d daf 2 ) _d(5 )_ 5dx
Differentiate implicitly with respect to time: dt(x +y)= dt(x + 3XJ = a[ng =3

Evaluate “when”: When x = 40: this is actually irrelevant because there is no x in our
differentiated equation!

5dx 5 25
34t 3073
Answer: The tip of his shadow is always moving at a rate of 8% ft per second whenever the

man is walking away from the light pole at a rate of 5 ft per second.



V. Exercise 24 on p. 270

A. Diagram: 15 X
o
40 o
9t - 2° /min 12
C. Equation: Use Law of Cosines: x2 =122 + 152 - 2(12)(15)cos 6
. o dx de dx - de
D. Differentiate |mpI|C|tIy.9 ZXE = —360(—sm6)ﬁ = Xy = 180siné T
E. Evaluate “when”: 6 = 60° = x? = 369 — 360(—%} =189 = x = /189 = 3421
F. x%%180sin028? = 3y219%  180sin60° - = 9X _ B _ Z\ﬁ ~.396  Mustuse
BT dt dt 90 T dt 321 3V7

radians!
G. Answer: The length of the third side is increasing by approximately .396 square meters per

minute when the angle between the given sides has measure 60° and is increasing at a rate of
2° per minute.



