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DIFFERENTIATION & APPLICATIONS (Q 6 & 7, PAPER 1)

2008

6 (a) Differentiate /x* with respect to x.

X —X

(b) Lety=""2%_
e +¢e
d 4
Show that — =

dx (e*+e™)*
(c) The function f(x)=2x*+3x*+bx+c has a local maximum at x =—2.

(i) Find the value of b.

(if) Find the range of values of ¢ for which f (x) = 0 has three distinct real roots.

SoLUTION
6 (a)

et it LI U IR Y

" dx dx
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6 (b) Tre Quotient RuLe: If y =2 then:
v

du dv yzex:ﬂzex

Ve —u-—
dy_ dx dx T -
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y=e'® = W _gre0, frx)
du [T
Uu=e—e"=—=¢e"+e*

dx REMEMBER IT AS:

e Formula 7 can be extended to:

Repeat the whole function x Differentiation of the power.
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- du -
u=e*-e X:>d—:ex+e g
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X
dy (e"+e )" +e)—-(e"—e")(e*—e™)
dx (¥ +e7%)?
dy e”+e’+e’+e®—e”+e’+e’—e?  [e°=1]
dx (" +e7)°
Ldy 4

Tdx (e +e)?
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6 (c) (i)

f(x)=2x*+3x* +bx+c

= ()= 6X2+6X+Db To find the turning points set

o F1(=2) =6(=2)2 +6(-2) +b =0 % _ 0 and solve for x.
—24-12+h=0
A b=-12

6 (c) (ii)
There will be three distinct roots if the maximum and minimum points are on opposite sides
of the x-axis.

You know that there is a local maximum at x =-2.
Find the other turning point which is a local minimum.

f'(xX)=0=6x"+6x-12=0

= x*+x-2=0

= (xX+2)(x-1)=0

Lx=-2,1

Therefore, there is a local minimum at x = 1.
Three distinct roots = f(-2)>0and f(1)<0

f(-2)>0=2(-2)° +3(-2)* -12(-2) +¢ >0
= -16+12+24+c>0

=c+20>0

=c>-20

f()<0=2(10)°+310)*-12(1)+c<0
=2+3-12+¢c<0

=c-7<0

=c<7

s.—20<c<7
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7 (a) Differentiate 2x+sin2x with respect to x.

(b) The equation of a curve is 5x +5y* + 6xy =16.

d
() Find d—i in terms of x and y.

(i) (1,1)and (2, —2) are two points on the curve.
Show that the tangents at these points are perpendicular to each other.

(c) Let y:sin‘l[ X j
V1+x?
. dy . a
Find —= and express it in the form ——, where a, b e N.
dx a+Xx
SOLUTION
7(a)
y =2X+5in 2X _sin § dy .
y=sin f(x) = > =cos f (X)x f'(x) | ... &)
dy dx
= —==2+2C0S2X
dx
7 (b) (i)

5x* +5y° +6xy =16

.'.10x+10yd—y+6[xd—y+ y(l)} =0
dx dx
ﬂ+6xd—y+6y:0
dx dx
ﬂ+3xd—y+3y:0
dx dx

=10x+10y
= 5X+5Yy

= (3x+5y)ﬂ =-5x-3y
dx

cdy  5x+3y
dx 3x+5y
7 (b) (i)

(ﬂ} _ H+3) _ 8 _
1)

dx 31)+5(1) 8

(ﬂ} __22)+3(=2) _ 4 _
X o  3(2)+5(-2) 4

These two slopes are perpendicular because their product is 1.
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7(c)
. dy 1 u
y=sint f(X)=> L =—e=xf'(X) | THE QuoTIENT RULE: If y == then:
d o f(x) O Y=y

du dv

dy Vax Vdx
J ay _ x2 X |....... e

dx %

. X
y=sin™
{\/l+ X2

Ay 1 X[(1+ ) @) - xR+ xZ)%(2x)}
dx 2 (1+x%)
1— X
{\/1+ X2 ]
dy 1 1+ Xx2)? —x*(1+x2) 2
B (1+x%)

= — X
O S e
1+ x°

2\3 2 2\~3
:d_y: 1 ><(1+x)—x(1+x)
dx 1 1+x?)
1+ x?

2\3 2 2\—3
jg_i:(l+xz);[(l+x) X“(L+x%) }

(1+x?)
:d_y: @A+x3) =@+ x0)° | [ 1+ =X
dx 1+x%) (1+x%)
Jdy 1
Cdx 14+

OR Here is a lovely method, very slick.

- 71 X - X

y =sin =siny=—+
V1+x? 1+ X2

=>tany=X
= y=tan"x y—tan‘lx:ﬂ— 1 @

- - - 2 -------

dy 1 e L 77+ x> = (W1+x%)?

CAX 1+ X = 722+ x2 =1+ X?

=27°=1
sz=1




