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

2011

6. (a) Differentiate cos® x with respectto x.

(b) Theequationofacurveis y=e™,

. ., dy
() Find v

(i) Find the co-ordinates of the turning point of the curve.

(iif) Determine whether this turning point is a local maximum or a local minimum.

(c) Thefunction f isdefinedas x — 2—)(1 where x e R\{-1}.
X+

(i) Find the equations of the asymptotes of the curve y =f (x).

(i) Pand Q are distinct points on the curve y =f (x).
The tangent at Q is parallel to the tangent at P.
The co-ordinates of P are (1, 1).
Find the co-ordinates of Q.

(iif) \erify that the point of intersection of the asymptotes is the midpoint of [PQ].

SoLuTION
6(a)

y=[f(xI"= % =n[f (OI"" % f/(x)
X

y = cos’ X = (cos x)°

d : - L
2 _ 2(cos x)(—sin x) = —2cos xsin x Y =cosx=> = —sinx
dx -

6 (b) (i)

y=e” y:eux):%:ef(”xf’(x)

dy -

& =-2xe~* REMEMBER IT AS:

Repeat the whole function x Differentiation of the power.
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6 (b) (ii)
Yo oy =0
dx
2X
B 0 Turning Point = 8 _ 0
e dx
-2x=0
s x=0 To find the turning points set
xzo;y:e*():io:l %:Oandsolveforx.
€
~TP: (0,0
6 (b) (iii)
dy =-2xe”* =
o Local Maximum; _y <0
d2y —x2 5@ dX -
— =(=2x)e" (-2x)+e™* (-2)

2
2,.—x2 —x2 Local Minimum: d_y >0
=4xe " —2e -

=e ™ (4x2 -2)
d’y ) : .
vl B 4(0)* —2=-2<0= (0, 1) isalocal maxium.

X
x=0

6(c) (i)

FINDING THE VERTICAL AsYMPTOTE: Put the denominator equal to zero.
(x+)=0=>x=-1

FINDING THE HORIZONTAL AsYmpTOTE: Find limy.
X—00
2X
limy=Ilim| —
X—>0 Xx—o | X +1

L 2X
_1'33[»((1+1J

=2
y=2
Sketch the situation: /l 4y /
t
Q
yo o7 5 T
~ Pl 1 -
M X
[
|
X =1 | v
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6 (c) (ii)
2X
f(X)=——
) X+1
f'(x)= (x +1)((2) 1)(22 X)) [Differentiate the function to get an expression for slope.]
X+
_ 2X+2-2X
(x+1)° kel
(x+1)? 3
2 2 1 : y=27 Tt |
') = S =—=— [Find the slopeatx=1.] < LY >
O+ 4 2 / X
[
X=r1 , v
() =4
= 2 5 :3 [Find the values of x which have this slope. Parallel tangents
(x+1)° 2 have the same slope.]
4=(x+1)*
+2=x+1
~x=1 -3
X=—3: f(-3) =2 _6_
(-3)+1 -2
~Q(-3,3)
6 (c) (iii)
P(11 1)| Q(_3| 3)
1-3 143

Midpoint of [PQ] :(

the asymptotes.

2 ): (_1! 2)

2

As you can see from the diagram the midpoint of [PQ] is is equal to the point of intersection of
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7. (a) Findthe slope of the tangent to the curve x* +y* = x—2 atthe point (3,-2).

(b) Acurve isdefined by the parametric equations

- —4t
X=——and y=——— where t = —1.
t+1 U (t+1)°

() Find X and ﬂ
dt dt

(i) Hence find g_y and express your answer in terms of x.
X

(c) Thefunctionsf and g are defined on the domain x € R \{-1, 0} as follows:

f :xatanl(_—xj and g:x—>tan1(x—+1)
X+1 X

() Showthat fi(x)=— -
2x% +2x+1
(if) Itcanbeshownthat f'(x)=g'(x).

One of the three diagrams A, B, or C below represents parts of the graphs of f

and g. Based only on the derivatives, state which diagram is the correct one, and
state also why each of the other two diagrams is incorrect.

Diagram 4 Diagram B Diagram C
y A y A y A

| 2=
(x) \
& g(x) )

> X > X > X

S ) 1)

SOLUTION
7(a)

2x+3y2xﬂ:1
dx
3y2xﬂ=1—2x
dx
dy 1-2x
dx 3y’
(d_yj _1—2(3)_1—6__3
3-2)

dx T 3(-2) 3(4) 12
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7(b) (i)
)
Do % first, then do % and then divide % :%
(&)
t-1 4t
o o
dx _ (t+)@Q)- (-1 By (t41)(4)— (A2t 4 1))
& D dt (t+1)*
e C AP +2t+1) +8t(t+1)
(t+1)? = ()’
- _ —4t* -8t—4+8t° +8t
G B (t+1*
_4P-4
C(t+D)*
CAP-D) A=)+
(t+1)* (t+1)*
_At-1)
C(t+2)°
7 (b) (i)

(dyj 4(t-1)
dy _\dt)_ (t+1)° _4t-1) (t+1)° _2¢t-1) _,

dx (de 2 (t+1)°
dt ) (t+1)?

2 (t+)
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7(c) (i)

af =X
f (X) =tan [mj

; 1 (x+DED) - (=)@ d 1
f'(x) = X = tan-. . '
(X) (_X jz (x11) y=tan* (=2 1+f(x)2xf(x)
1+ —
x+1
B 1 X—x—1+x
N x? (x+1)?
(X +1)?
e
(X+1)? + x? W
3 -1
X2+ 2X+14 %2
3 -1
2X% +2x+1
7(c) (i)
-1 -1 -1
f'(x)=9'(x) = = = <0 forallx.
(x)=9'() 2X7+2x+1 X2 +2x+1+x5  (x+1)*+x°
Therefore, the graph for f (x) is always decreasing.
g(x) has the same slope and is also decreasing.
Diagram 4 Diagram B Diagram C

%%

A A A

VAC))

» X > X

S ) S )

A is correct: Both functions are decreasing with the same slopes everywhere.
B is incorrect: Both slopes are not the same everywhere.
Cisincorrect: Both functions are increasing.




