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

2007

x* -1
2

6 a) Differentiate
() X +1

with respect to Xx.

(b) (i) Differentiate + with respect to x from first principles.
(i) Find the equation of the tangent to y =1 at the point (2, 3).

(c) Let f(x)=tan™% and g(x)=tan"2, forx>0.
(1) Find f'(x) and g'(x).
(i) Hence, show that f (x) and g(x) is constant.

(iiii) Find the value of  (x) + g(x).

SoLuTIoN
6 (a) . ! |
THe QuoTient RuLe: If y == then:
xX*=1 dy (X*+1)2x—(x*-1)2x v
Tl dx 2 1 1)2 du dv
X“+1 dx (x*+1) v
b Tdx o |...... (4]
3 3 dx %
_2XTH2X-2X7+2x . 4X
(x* +1)° (X% +1)°
6 (b) (i)
FirsT PRINCIPLES PROOF 4. If y = l = d_y = _i_
x dx X
Proor
+Ay =
yrey X+ AX
1
y=-
X
Ay = 1 1 Xx-x-Ax_ AX _
X+AX X X(X+AX)  X(X+AX) by subtraction
...ﬂZ—;ﬁd—yz |imﬂ=_i
AX  X(X+AX) dx ao0AX  XP
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6 (b) (i)
X dx X dx )., 4

Eqgn. of Tangent, T: x+4y+k =0
(2,3)eT =2+4(3)+k=0=k=-4
Eqgn. of Tangent, T: x+4y—-4=0

6 (c) (i) INVERSE TAN

dy 1 The formula in the tables is slightly
y=tan'x= Pyl different. In the tables leta =1 to
get formula 10.

Formula 10 can be extended to:

o dy 1
=tan' f —= = f'(x
y=tan 0= &= 100 | @)

1 L 1 4 2
a2 2= AT T2
+(%) 1+%) 4 x°+4
1 - -2 2
g2 =
1+(2) x“(1+-3) X +4

f(x)=tan ()= f'(x) =1

g(x)=tan(3) = g'(x) =

6 (c) (ii)
’ ' _ _ 2
f(x)+g(x)_xz+4 X* +4

stant, you get zero.

=0= f(x)+9g(x)=c, aconstant. If you differentiate a con-

6 (c) (iii)

f(x)+g(x)=c=>tan*(¥)+tan*(3)=c
This is an identity. You can put any values you like in for x. Choose wisely. x = 2 is a good
value to choose.

~tan7 (@) +tan(Z)=tan T l+tan 1=z 42 =12
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7 (a) Taking 1 as the first approximation of a root of x* +2x—4 =0, use the
Newton-Raphson method to calculate the second approximation of this root.

(b) (i) Find the equation of the tangent to the curve
3x% + y? = 28 at the point (2,-4).

(i) x=e'cost and y=e'sint, Show that &= X*Y.

dx x-y

(c) f(x)=Ilog,3x—-3x, where x> 0.

(i) Showthat (3,-1) is a local maximum point of f (x).

(i1) Deduce that the graph of f (x) does not intersect the x-axis.

SoLuTioN
7 (a)
STEPS
Xpa = X, —% ,,,,,,, @ 1. Write down f (x).
- 2. Do f'(x).
Forn=1: x —x — 104 3. Substitute starting value x_into
T f'(x) formula 16.
4. Repeat if asked.
Forn=2: X; =X, — f(%,) .
f'(x,)
L f(x)=x"+2x-4
2. f'(x)=3x*+2
3 xx ot g T 1r2-4_, 116
f'(x) f'() 3+2 5 5 5
7 (b) (i)
3x2+y2=28:6x+2yﬂ203d—y:—%:>(ﬂJ __ 3@ _3_
dx dx y dX ) g (-4) 2

Eqgn.of T: 3x—-2y+k =0
(2,-4)eT=312)-2(-4)+k=0=>k=-14
Eqgn.of T: 3x—-2y-14=0
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7 (b) (i) THe PropucT RuLE: If y =uxv then:
dy d—y:uﬂ+vd—u
dy dx o (dt) dy dx dx dx |77 e
Do - first, then do ==, and then divide -——<=—=
dt dt (CJXJ dx dy
dt y:5|nx:>&:cosx ....... e
. d . .
yzetsmt:d—i:et(cost)+smt(e‘)=et(cost+smt) y:cosx:%:-sinx _______ @
x=¢' cost:>d—y:e‘(—sint)+cost(et):e‘(cost—sint) y=et= Y e e
i TR -
. dy _e'(cost+isint) _ (cost+isint)
“dx  e'(cost—isint)  (cost—isint)
X+y e'cost+e'sint e'(cost+sint) (cost+sint)
Xx—y e'cost—e'sint e'(cost-sint) (cost-sint)
Jdy _x+y
Cdx x-—y
7(c) (i)
f(x) = In3x—3x Turning Point = % =0]..... @
= f/(x)=%-3
" l 2
= "X =—= Local Maximum: d—Z <0
X ax® ) .
Finding the turning point(s): A R @
d
f'(xX)=0=1-3=0=>1=3=x=1% Local Minimum: (dTZj >0
TP

f(1)=In3()-3) =1

Turning point: (£,-1)
There is only one solution and therefore, only one turning point.

d’y 1
oltl
dx” Gy (3)°

7 (c) (i)
The only turning point is a local maximum which is
below the X-axis. There are no other turning points

=-9<0. This turning point is a local maximum.

X

»

and so it is not possible for the graph of f (x) to have
any values above the local maximum. Therefore,
f (x) cannot cross the X-axis.

<+— Local Max. g




