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Section 3.10: Related rates
0. Tdentify

In this section, we have two or more quantities that are changing with respect to time t. We will apply

the following strategy:
1. Read the problem carefully and draw a diagram if possible.

2. Express the given information and the required rates in terms of derivatives and state vour “find”
and “when”.

3. Find a formula (equation) that relates the quantities in the problem. (If necessary, use Geometry!
of the situation to eliminate one of the variables by substitution.) Don’t substitute the given

numerical information at this step!!!
4. Use the Chain Rule to differentiate both sides of the equation with respect to &,

5. Substitute the given mumerical information in the resulting equation and solve for the desired rate

of change.
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EXAMPLE 1. A spherical balloon is inflated with gas at a rate of 25ft* /min. How fast is the radius

changing when the radius is 20v¥

4.
0. Wk Hest  volume V (%) &
Qs - rodins RLE)
R = 2 ft -

V() = 25 F/min
V= 4TRr3

2. Find  R'(E)  when

3. We Know thet fo\" sPhU’!l
_ oy 3
T owr e \)(‘k - ﬂ;@(k\\
y, Di(—{«vu\kak Goth Mdes uaing Chaun Rule ¢
V'(¥) = L;' ,X(R(tﬂz- R'(¢)

5. Sulehhuk Hu.s nwme ki Coll kel

25 = H-2" R'(¢)
25 &/MM\

\ -
R'(E) = e
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MUseful formulas:

s Triangle: A = Lbh

T "i =
— Equilateral Triangle: & = %: A= %

— Right Triangle: Pythagorean Theorem e =a? + b
s Traperoid: A= ;—1(&1 + ba)
s Farallelogram: A =bh
e Circle: A=x=r" C=2nr

s Sector of Circle: A= %r'zrﬁ': s=rf

4 ;
s Sphere: V = ?Ir:r'!: A= dar®

e Cylinder: V =nr'k

|
e Cone: V= irrrlh



cn2_171_LN_3_10_S17.notebook March 23, 2017

EXAMPLE 2. A ladder 25 feel long and leaning against a vertical wall. The bottom of the ladder slides
away from the wall at speed 3 feet fsec. Determine how fast the angle between the top of the ladder and

the wall is changing when the angle is T radians.

Quarditien: DY), x(t)
Givan X =3 ft/,

dt
. 40 _T,
Hnd a3t when © /q
[ —
it i hrre’ sin B(4) = x (+)
& ' S nd = 2;’5 D‘Hu‘mkak and WV-J C—"T;
(€
% % (ste 0L8Y) = &\ s

ad _ L\ dx
Subskhde the given dode
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EXAMPLE 3. A water tank has the shape of an inverted right circular cone with height 16m and base

radius 4m. Water is pouring into the tank al 3m?® /min. How fast is the water level rising when the water
e M-\_—-

Quantitast  V(E), Y&)
Given -———3 /mr\

Eind —_\&_ when -&_S m .

Vi) = (T [%ﬂ]

: -,,J-Q ournd
D\{l{-crv\.{'\ WAL C- R

in the tank is 5 meters deep?
1

T
3= 52Ul 4

d\/-‘*r @ )Ilo\:\

s\u@ \w The
c;rvu» dad-m

W ta——';
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EXAMPLE 4. Two people are separated by 350 meters. Person A starts walling north at a rate of 0.6
m/sec and 7 minutes later Person B starls walking south at 0.5 m/sec. Al whal rate is the distance

separating the two people changing 25 minutes after Person A starts walking?

Buantehies. x(€), Y&, Z(¥)

o-‘ﬂs *\ N Given: x'(6)= 0.6 M/sec
4 y'(0= 0.5 ™[Se~

= K?\S"‘““" find 20 whea t=25Min
0.5™/ N N
° @) = [ x@+ye] +350

f Differentioke ™

* 2 ¥ Find %(8),4(6),2H 22 @2 ()= a(x&\*«s(ef)(x (e\+3(+)
awmins nhon £= LD WMin,

350 £=A5 min o 148 2\39\@00*5%) "

(0.6+0.5

2l (.07

x (1500) = speed A+ kimeh
= x'. 1550= 0.6 [500

= EDD W"\
%(\S‘D\%:S\}uo\&- Lime B
=y'. (356- )+ 6

= 0.5 1860 =5 ‘IOW\S

—y 2 = (x+4)"+350"
2(1500) = \]k@oo £S'o) 4250

f«(lquq
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EXAMPLE 5. A plane flying with a constant speed of 360km /hour passes over a radar stalion al an
altilude of 2km and climbs at an angle of 30°. Al whal rate is the distance from the plane to the radar

station inereasing 1 minule lafer? QAMHA X('E\ ) 3(.&)
> Givan® dX - 306K
dt |
¥ 4 =" . —
o Find 2% \hen £= {min = eo;‘
| /3 t

y WUsing Lors of Corvine
y  we Xt AT 2% 2 w30 v 90)

= - g (L)

—y = oy ey

Heo\* = [ O+ ax © + 4
Di fheruntiee Lot Aden

Rnd X (€) ound ‘j(‘g /7 a > V\)(J’—lé’o\r\o

_ \ug \n 20
J\W 4M|h :T‘Lt_)l\ &C\k&— \"J _ "BL)O‘\:S(J
Ne o Loqeple| ooz o (5)70 o
X(‘gg = X-25=360 g | adw . ‘Q\;\
@‘ﬁ 'CD 1..5(’0
® -2
\\){o\" g.(\“b

\ — 6‘ km/l\ - ‘ . 'A/
- )={ [ () *ax(@) + ,:;ﬁ"‘ L

=J6 2 (+y == 4B
- 1\1_"':,; \<H\/‘\
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