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

2004

6 (a) Differentiate with respect to x.

2+5x

d
(b) (i) Given y =tanx, find the value of d_i at x=+/2.

(ii) Differentiate, from first principles, cos x with respect to x.

(c) Let f(x)=x’+6x>+15x+36, xeR.

(i) Show that f’(x) can be written in the form 3[(x+a)® +b], a, be R, where f'(x)
Is the first derivative of f (x).

(i) Hence show that f(x) =0 has only one real root.

SOLUTION
6 (a) -
y=LEO = =0l I 00 | @

1 ~ dy i 5
= =(2+5X) "t = 2L =-1(2+5X) 2(5) = - ——
Y=o e (2+5x) =5 (2+5x)*(5) T
6 (b) (i)
ﬂ = 1 = L :1 _ tan-l dy 1
(dxjx=ﬁ_1+(ﬁ)2_1+2 3 y=tan*x=L== | @
6 (b) (ii)

y = f (X) =cos x
y + Ay = cos(X + AX)
y =C0S X

. Ay = C0OS(X + Ax) —cos X = —2sin(x + &) sin(£) —
Sin

lim——=1 @
. in(2x 050 @ | e
.-.ﬂ:—s|n(x+%)sm(2)
AX ()
Y im A _ sinxxt
dx a0 Ax

=-sinx
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6 (c) (i)
f(x)=x*+6x*+15x+36 = f'(x) =3x* +12x+15
= f'(X) =3[X* +4x+5] = x> +4x+4+1] = 3[(x + 2)* +1]

6 (c) (i)
f'(x) =3[(x+2)* +1] > 0 for all values of x. This means the graph of this function is always
increasing. Therefore, it can only cut the X-axis once, i.e. one real root.

7 (a) An object’s distance from a fixed point is given by s =12+ 24t —3t? where s is in
metres and t is in seconds. Find the speed of the object when t = 3 seconds.

(b) The parametric equations of a curve are:
X =260 —sin 20
y =1-c0s20, where 0<0 <.

(i) Find ﬂ
dx

(i) Show that the tangent to the curve at 6 = £ is perpendicular to the tangent at
9 — 2z

3

2y

(c) Given that X = D1

+1
(i) show that e = 1%
1-x

. dy . p

(if) show that dx °an be expressed in the form ——, p.geN.
SOLUTION
7(a)

ds

3:12+24t—3t2:>v:$:24—6t V=G | €D

ds

— | =24-6(3)=6ms™
(&), =20
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7 (b) (1)

(dyj
d d
ParaMETRICS: DO Y first, then do % and then divide a)_dy

dt qt’ (dx) dx
dt

y =1-co0s260 :>d—y: 2sin 20
do

x=29—sin20:>3—2:2—2c0529

dy 2sin 20 sin 20
)

dx 2-2c0s20 1—cos20

7 (b) (i)

(ﬂj _sin2(z)  sin(z)  sing0° B ﬁ—\@

dx Jo_. 1-cos2(§) 1-cos(3) 1-cos60° 1-1 1

(ﬂj _sin2(¥) _ sin(y)  sin240°  -sing0® B B 1
dX Jy_zx 1-c0s2(%) 1-cos(%) 1-cos240° 1+cos60° 1+5 3 J3

J3 (_%j = —1 [Therefore, the tangents are perpendicular.]

7(c) (i)
ezy—l 2 2 2 2
X== = xEe¥+)=e? -1 xe” +x=¢" -1
e” +1

-1-x 1+X
=xe”’—e? =-1-x=eY(x-D)=-1-x=e" = =

x-1 1-x
7(c) (i)
e — ]LX — 2p¥ d_y _ (1-x)1) -1+ x)(=1)
1-x dx 1-x)°
32(1+xjﬂ=1—x+1:x32(1+_x]d_y= 2 :
1-x /dx 1-x) 1-x)dx (1-x)
Wy 1 1

dx  (1-x)(1+Xx) T1-X




