Differentiation by Rule.

Rule:
If y=Xx" then dy_ nx"*
dx
n dy n=1
And y=ax then —= =nax
dx
Note: The derivative of a constant = 0
And x°=1
Example:

Differentiate each of the following with respect to

Oy=x"  (G()y=-3% (i)y=-"

Answer:

i — A ﬂl: 41 = Q3

Hy=x i 3x x*t=3x

(i) y = -3x o 5x —-3X 15x

(iii)y:i2 x‘zisthesameasi2 so Y
X X X

d—y=2><3x2‘l +1x x"7 —0%x4™"
(iv) y=3X+x—14 );

=6x'+1
dx

Y - oxe™ =0

(V) y=6 o

(iv) y=3%+x—4

(V) y=6




Evaluating Derivatives.

Example:

Ify = 4x*-5x+3, find %Whenx =2

Answer:

y = 4x* =5x+3,

11




Product Rule:

Supposeu and v are functions ofx

If y = uv
Thegzzud—v+v%
dx ox  dx
Example:
(i) Ify = (3x* + x — 4)(X + 2), find %’
(i) Evaluateﬂ when x = -2
dx
Answer:
()  y=@+x-4)X+2)

/ \

u Y
u=3¥+x-4 V=R+2
%: 6x +1 d—V: X
dx dx
dy dv du
dx dx  dx
%’ = (3 + x — 4)(2x) + (X + 2)(6x + 1)
%= 6X’ +2X — 8X + B6X + X + 12x + 2
Y - 128+ 3¢+ 4x + 2
dx

(ii) % ez =12(-2F + 3(-2F + 4(-2) + 2

12(-8) + 3(4) +4(-2) + 2
-96+12-8+2
-90




Quotient Rule:
Supposeu and v are functions ofx

u
If =
y v
di o
Then 4 4 - dx
dx V
Example:
Find &Y if y=3X*2
dx X+1
Answer:
_3xX+2 Uu=2x*+2 and v=xX+1
X+1
SO %=6x d_V=1
dx dx
Jdu_ v
dy _ “dx dx
dx v?

dy _ (x+1)(6x) - (3x* +2)(1)
dx (x +1)°

dy _6x°+6x-3x" -2
dx (X +1)°

dy _3x"+6x-2
dx (x +1)?




Chain Rule:
The chain rule is used when a function is raised ta power.

If y = (function)”

Then %: n (function)"~* (derivative of function)

Example:

Find B s y = (X% - 4x)*
dx

Answer:

% = n (function)” ~* (derivative of function)

dy _ 3(x* - 4x)* (2x — 4)
dx




Finding the Slope and Equation of a Tangent to a Que at a Point

(X1, ¥1).

Steps:

1. Find Q’
dx

2. Evaluate % X = x1 (This gives the slope)

3. Use the equation of the line formula with the poihand slope.

Example:
Find the equation of the tangent to the curve y £x3x + 2 at the point (1, 0).

Answer:

2. The pointis (1,0) sa =1
W =21)-3
dx
=2-3
=-1
Slope=-1

3. m=-1 x;=1 y]_:O

y—-y = mE-x)
y-0 = -1%-1

= X+2




dy

Finding the coordinates of a point on the curve whegiven e

X

Example:

Find the coordinates of a points to the curve y x°2 3¥ — 12x at which the

tangents to the curve are parallel to the line 24x + 3

Answer:

Firstly, the slope of the liney =24 + 3is 24. (remembery = mx + C)

Step 1: y =2 -3 - 1X

dy_ BX> — X — 12
dx

Step 2: Let %: slope

6X° — &x — 12 = 24
6x°— 6 —36=0
X>—x—-6=0

x-3)k+2)=0

Sox =3 andx =-2

Step 3:  Find y values.
Whenx =3

y = 2(3) - 3(3) - 12(3)
y=54-27-36

y=-9

Point = (3, -9)

Whenx = -2

y = 2(-2)- 3(-2f - 12(-2)
y=-16-12 + 24

y=-4

Point = (-2, -4)




Maximum and Minimum Points.

: . . d
A maximum or minimum point occurs when d—y: 0
X

Example:
Find, using calculus, the local maximum and localimmum points of the curve

y=2x—3¥—12x + 18

Answer:
y= 2 —°— 1% + 18

1. d—y:6x2—6<—12

dx
2. Let% =0
BC—x—12=0 (
( divide by 6 to simplify) X>—-x—2=0
k—-2)k+1)=0

sox=2 andx=-1

3. Find the y values

Whenx =2 Whenx = -1

y=2-&°— 1% + 18 y=2-&°— 1%+ 18

y = 2(2fF — 3(2f - 12(2) + 18 y = 2(-2)- 3(-1F — 12(-1) + 18
y=16-12-24 +18 y=-2—-3+12+18

y=-2 y =25

Point = (2, -2) Point = (-1, 25)

4. 25 is greater than -2, so the Maximum Point = (-5) and the Minimum
Point = (2, -2)




Increasing or Decreasing
When the curve is increasing, the slope of the taegt to the curve will be
positive. When it is decreasing, the slope will beegative.

Example:



Rate of Change.

1. Velocity (speed) =

2. Acceleration = a =

Example:

A particle moves along a straight line such thaffex t seconds, the distance s metres from
fixed point o is given by s(t) = & 9f + 24t
Find (i) the speed and velocity of the particle terms of t.

(i) the speed of the particle after 6 seconds

(ii) the times when the speed is zero

(iv) the acceleration of the particle after 4 sewis

(v) the time at which the acceleration is zero

(vi) the time at which the acceleration is 6 /s

Answer: S(t) =2 — & + 24
i) 953?18+ 24 and 45 -g_18
dt dt?

m)gftﬂszswf—18@)+24::24ms

(i) 3t° =18+ 24 =0

t*-@+8=0
t-4)t-2)=0
t = 4sec andt = 2sec
. d’s
(w)mzzsmqu:24—18:6ﬁm
(V) 6t — 18 = 0 (vi) 6-18=6

t = 3 sec. t = 4sec




