


Warm Up

Quiz: Derivative Rules



c \—:X

m Sometimes an equation only implicitly

defines y as a function (or functions) of x .

n E:{amples
mxZ+y2=25

m X’ + 1y = by

e The first equation could easily be rearranged for y =...

Y= 25 = x°

N
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Actually gives two functions

(@) x2+y*=25 (b) flx)=y25—x* (©) g(x)=—v25—x?



= The other sample equation

x>+ y° = 6xy

= can be solved for y but

= the results are very complicated.

x*+y =6xy

A

=Y

FIGURE 2 The folium of Descartes
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Implicit Differentiation

m There is a way called implicit differentiation
to find dy/dx without solving for y :
= First differentiate both sides of the equation
with respect to x ;

m Then solve the resulting equation for y'.

= We will always assume that the given
equation does indeed define y as a
differentiable function of x .

Example

m For the circle x? + y* = 25, find
 dy/dx

an equation of the tangent at the point (3, 4) .

Solution:

Start by differentiating both sides of the equation:

d 5 , d
—= (7 +y?) === (25)
dx dx

d | d 5

—(x7) + — (¥

dx (") dx .
Remembering that y is a function of x and using the

Chain Rule, we have

)=20

d d . dy dy
e 4 —m —, 1) —— = 2 ——
V)T O TPy

?

Thus... 2x + 2v£=0
" dx

dy _ _x

Solving for av ...
ox dx v

Therefore at the point (3,4) the equation of the tangent
would be...

3

y—4=—3(x—3) or 3x + 4y =25



Same Example Revisited

m Since it is easy to solve this equation fory,
we
= do s0, and then

= find the equation of the tangent line by earlier
methods, and then

= compare the result with our preceding
answer:

Solution

m Solving the equation gives Yy =%~ 25 _ x>

as before.

m The point (3, 4) lies on the upper

semicircle Y= V25— x° and so we consider

the function f(x)=+25-x"

Differentiate f:
d
' _ 1 _u2\—1)2 )
= 5(25 — (25
f(x) =5 ( x) n ( x°)

X
25 — x?

= 3(25 — 2%V (—2x) = —




Solution (cont’d)

25-3°
leading to the same equation
Sx +4y =25
for the tangent that we obtained earlier.

m Note that although this problem could be
done both ways, implicit differentiation
was easier!




Example

= For the folium of Descartes x° + y° = 6xy ,
= Find y'
= Find the tangent to the curve at the point (3, 3)

= At what points on the curve is the tangent line
horizontal?
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Example:
Given x“ - 3x’y" + y' = 5xy’ — 4
Find 9

'71 ~
. W 0rd
X L,v(’ \4/‘*4

- [ 1)?'}1-;- 3 (: 2y %ﬂi—%%{;: @7(3’%\5\
°i‘er(~ane Sxt) = 5y 22
ol bd-la - 7‘;/) = g‘AX ”Yy

G~ SP-dnt
\Gx’; wa/ Sxyt
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7%‘ B+ 8y - X
g —xX=ahdy

2 ‘4' W (‘3 3
ge #56y dy 30

%“;‘(%x‘,
+SG 6
o 13X
= oo ;>
; % Sxy84 I
Gxoﬁ;tSG 62
pIy”

=¥

.
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Example:

: dy . i
Find i . given the curve x* —3xy = (sz -8 y)q
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Page 107
#1d,f, h
#2¢c,d
#3c,d
# 5 a

# 6 a, b, c
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Attachments

Q Worksheet - Average Rate of Change #2.doc

Q Worksheet - Instantaneous Rate of Change.doc
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2.2 Extra Practice

A thermometer is taken from a room where the temperature is 20°C to the
outdoors where the temperature is 5°C. Temperature reading (T) are taken
every half-minute and are shown in the following table. The time (1) is
measured in minutes.

| 00 |05 |10 |15 |20 [25 |30 |35 |40 |45 |50

T |20 [15 [12 |98 |83 |72 |65 |60 |57 |55 [53

a)  Find the average rate of change of temperature with respect to time
over the following time intervals:

i) 2<t<4

i) 2<t<35
i) 2<t<30
iv) 2<t<25

b)  Sketch the graph of T as a function of t and use it to estimate the
instantaneous rate of change of temperature with respect o time
when t = 2.

A spherical balloon is being inflated. Find the instantaneous rate of change
of the volume with respect to the radius when the radius is 10 cm.

4
V(r)=—m
(r) 3

If a ball is thrown into the air with a velocity of 30 m/s, its height in metres
after t seconds is given by y = 30t - 4.9t%. Find the instantaneous velocity
when t = 2.

A cubic crystal is being grown in a laboratory. Find the instantaneous rate
of change in volume of the cube with respect to its edge length x, measured
in mm, when x = 4,

V(x)=x

A particle moves in a straight line with position function s = t? - 41 + 3,
where t is measured in seconds and s in metres. Find the instantaneous
velocity of the particle at time t = 3.

1. @) i) -1.3°/min ii) -1.5°/min iii) ~1.8°/min iv) -2.2°/min b) about ~2.5°/min; 2 1260cm*/cm; 3. 10.4m/s; 4. 48mm*/mm; 5. 2m/s.
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