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

LEssoN No. 9: DIFFERENTIATING FROM FIRST PRINCIPLES

2006
6 (c) Prove by induction that %(x”) =nx"', n>1 neN.

SoLUTION

StaTEMENT: If y=x" prove g—y =nx""* forall neN,.

X
Proor

Step 1. Forn =1: Prove y = x* :ﬂzl

dx

y =X
y + Ay = X + AX

Ay = AX

Y imY Yy
A &0 AX  dX

Step 2. n=k: Assume y = x* = % =kx*
X
Ster3.n=k+ 1: Prove y=x*"' = j_y = (k+1)x*
X
ProOF: y=x" =x*xx= % = x* x1+ xxkx** (Product Rule)
X

=x +kx* = x"(k+1)

2005
7 (a) Find from first principles the derivative of x> with respect to x.

SoOLUTION

Y+ Ay = (X+ AX)® = X% + 2XAX + (AX)®

y=x*

Ay = 2XAx+ (AX)® by subtraction

.'.ﬂ:2x+Ax :>d—y= Iimﬂ=2x
AX dx -0 AX
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6 (b) (ii) Differentiate, from first principles, cos x with respect to x.

SOLUTION

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

y =COS X
. Ay = €0s(X + AX) —Cos X = —2sin(x +4*) sin(4)
limSn% _y
A . sin(&* It =1 1.
.‘.—y:—sm(x+%)—(2) =Y
AX (%)
d . A .
.'.—y: lim —y:—sm xx1
dx Ax-0 AX
=-sinx
2002
6 (b) (i) Prove, from first principles, the addition rule:
it ¢ h df du+dv
I X) =u(x)+v(x) then ——=—+—.
(x) =u(x) +Vv(x) ax dx @ dx
SOLUTION
ey dy _du dv
1. Sum RuLe: If y = u + v then dx_dx+dx
Proor
y+Ay = (u+Au) + (v+Av)
y = u+v
Ay = AU + Av
.'.ﬂ:£+ﬂ:> Iimﬂzﬂ:d—u+ﬂ
AX  AX AX  M0AX  dx  dx  dx
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6 (b) (ii) Now, find from first principles the derivative of +/x with respect to x.

SoLUTION

y=f(x)=vx

Y+ Ay =~/ X+ AX

y=+x

,-,Ay:M—\/_:\/X+Ax_&x\/X+AX+\/§
1 X+ AX +/x

Ay = X+AX—X AX

B \/x+Ax+\/; \/x+Ax+\/;

ﬂ:; 3d_y:|imﬂzi

AX  x+AX+xdx o0 AX 24X




