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DiFFeRENTIATION & FuncTions (Q 6, 7 & 8, PAPER 1)

LEssoN No. 2: DIFFERENTIATING FROM FIRST PRINCIPLES

2007
8 (b) Differentiate x> —3x with respect to x from first principles.
SOLUTION

The Ax approach:

1.

4.

5

7.

y = x> —3x

Y+ Ay = (X+ AX)? = 3(X + AX)

= Y+ Ay = X + 2X(AX) + (Ax)? — 3x — 3(AX)

Y+ Ay = X2 4 2X(AX) + (AX)? —3x — 3(AX)

y =x° —3x

SAY = 2X(AX) + (Ax)® —3(AX)

Ay _ 2x(Ax) + (AX)? —3(Ax)

AX AX
ﬂ:2x+Ax—3
AX

Aim2Y Zox+(0)-3=2x-3
x-0 AX

o3

dx

The h approach:

1. f(x)=x*-3x

2. f(x+h) = (x+h)?=3(x+h)
= f(x+h)=x*+2xh+h*-3x-3h

3. f(x+h)— f(x)
=x*+2xh+h?-3x—3h—x?+3x
=2xh+h%—-3h

f(x+h)—f(x) 2xh+h®-3h
h - h

f(x+h)— f(x)
h

6. Iim( f(“h%‘ 1) ):2x+(0)—3

x—0

=2X+h-3

=2Xx-3

7.ﬂ:2x—3
dx
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6 (b) Differentiate 3x —x* with respect to x from first principles.

SOLUTION
The Ax approach:
1. y=3x—x

2. Y+ Ay = 3(X+ AX) — (X + AX)?
= Y+ Ay = 3x+ 3(Ax) — X* — 2X(AX) — (AX)*

3. Y+ Ay = 3x+3(AxX) — X* — 2X(AX) — (AX)?
y  =3x —x’
LAY = 3(Ax)

— 2X(AX) — (AX)?

Ay _3(Ax) - 2x(Ax) — (Ax)®
AX AX

4.

5. ﬂ:B—Zx—Ax
AX
6. lim2Y. —3— 2x— (0) = 3—2x

x=0 AX

7.d—y=3—2x
dx

f(x+h)— f(x)

The h approach:
1. f(X) =3x—x?

2. f(x+h)=3(x+h)—(x+h)’

= f(x+h)=3x+3h-x*-2xh—h?

3. f(x+h)—f(x)

=3x+3h—x*-2xh—h*-3x—x?
=3h-2xh—h?

f(x+h)— f(x) 3h—2xh—h’

h h
=3-2X-h

h

. Iim(f(x+hr)]_ f(x) J:3—2x—(0)

x—0

=3-2X

7. 39k

dx
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8 (b) Differentiate x*+3x with respect to x from first principles.
SoLuUTION

The Ax approach:

1.

4.

5

7.

y = X +3X

.Y+ AY = (X+ AX)? +3(X + AX)

= Y+ Ay = X + 2X(AX) + (AX)? + 3X + 3(AX)

Y+ AY = X2+ 2X(AX) + (AX)? +3x + 3(AX)

y =x° +3x

Ay = 2X(AX) + (Ax)?

Ay _ 2x(AX) +(AX)® +3(Ax)
AX AX

Ay
AX

=2X+AX+3

Ay

im—==2x+(0)+3=2x+3

x—0 AX

ﬂ:2x+3
dx

+ 3(AX)

The h approach:
1. f(x)=x*+3x

2. f(x+h)=(x+h)*+3(x+h)

= f(x+h)=x*+2xh+h*>+3x+3h

3. f(x+h)— f(x)
= x> +2xh+h?+3x+3h—x*-3x
=2xh+h?+3h

f(x+h)—f(x) 2xh+h?+3h
h - h

f(x+h)— f(x)
h

=2Xx+h+3

6. Iim( f(“hr)]_ f(x) j:2x+(0)+3

x—0

=2X+3

7.ﬂ:2x+3
dx
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6 (b) Differentiate X*—2x with respect to x from first principles.

SoLuTION
The Ax approach:
1. y=x*-2x

2. Y+ AY = (X+ AX)* —2(X + AX)
= Y+ Ay = X* + 2X(AX) + (AX)® — 2X — 2(AX)

3. Y+ AY = X* 4+ 2X(AX) + (AX)? = 2x — 2(AX)
y =x° - 2X
SAY = 2X(AX) + (AX)? —2(Ax)

Ay _ 2x(Ax) +(AX)* —2(Ax)
AX AX

4.

5. ﬂ:2x+Ax—2
AX

6. Iimﬂ:2x+(0)—2:2x—2
x—0 AX

7.ﬂ:2x—2
dx

The h approach:
1. f(x)=x*-2x

2. f(x+h)=(x+h)>=2(x+h)
= f(x+h)=x*+2xh+h*-2x-2h

3. f(x+h)— f(x)
=x*+2xh+h?=2x—2h—x* + 2x
=2xh+h?-2h

f(x+h)—f(x) _2xh+h?-2h
h - h

f(x+h)— f(x)
h

6. Iim( f(“hr)]_ f(x) J=2x+(0)—2

=2Xx+h-2

x—0

=2X-2

7. d—y:2x—2
dx
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8 (b) Differentiate 3x? —x from first principles with respect to x.

SoLUTION
The Ax approach:

1. y=3x"-x

2. Y+ Ay = 3(X+ AX)? — (X + AX)
= Y+ Ay = 3x% + 6X(AX) + 3(AX)? — X — (AX)

3. Y+ Ay = 3%% + 6X(AX) + 3(AX)? — X — (AX)
y =3x° —X
S Ay = 6X(AX) + 3(AX)?

—(Ax)

Ay _ 6x(AX) +3(Ax)* - (Ax)
AX AX

4.

S.ﬂ:6x+3Ax—1

AX

6. Iimﬂ =6x+3(0)-1=6x-1
x—>0 AX

7. ﬂ =6x-1
dx

The h approach:
1. f(x)=3x*-x

2. f(x+h)=3(x+h)>—(x+h)
= f(x+h)=3x*+6xh+3h*-x-h

3. f(x+h)=f(x)
=3x*>+6xh+3h*—x—h—-3x*+x

=6xh+3h*-h

f(x+h)—f(x) 6xh+3h?—h

h h

5. f(“hr)]_ F) _gyi3n-1

6. |in3( f(”ht)]_ 19 J:6x+3(0)—1
=6x-1

7Y _ex 1

dx
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6 (a) Differentiate 7x + 3 from first principles with respect to x.

SOLUTION
The Ax approach:

1.y=7x+3

2. y+Ay =7(x+Ax)+3

= Y+AYy =7X+7(AX)+3

3. y+Ay =7x+7(AX)+3
y =7x +3

LAY = 7(AX)
Ay _7(AX)
AX  AX

4.

The h approach:
1. f(x)=7x+3

2. f(x+h)=7(x+h)+3
= f(x+h)=7x+7h+3

3. f(x+h)—f(x)
=7X+7h+3-7x-3="7h
f(x+h)—f(x) _7_h

4,
h h
5. f(x+h)—f(x) _7
h
6. Iim( f(x+h)-f(x) j=7
X—0 h
7. Y
dx
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6 (b) Differentiate from first principles

with respect to x.
SoLuUTION

The Ax approach:
1.y = x*+5x
2. Y+ Ay = (X+ AX)® +5(X + AX)
= Y+ AY = X* + 2X(AX) + (AX)? + 5X + 5(Ax)

3. Y+ Ay = X* + 2X(AX) + (AX)? + 5x + 5(AX)
y =x° +5X

Ay = 2X(AX) + (AX)? +5(AX)
Ay _ 2X(AX) + (AX)® +5(Ax)
AX AX
5. &

. — =2X+AX+5
AX

4.

6. Iimﬂ:2x+(0)+5:2x+5
x=0 AX

7.ﬂ=2x+5
dx

x? +5x

The h approach:
1. f(x) = x* +5X
2. f(x+h)=(x+h)*>+5(x+h)
= f(x+h)=x*+2xh+h*+5x+5h
3. f(x+h)— f(x)
= x* +2xh+h? +5x+5h— x* —5x

= 2xh+h® +5h
p f(x+h)—f(x) _2xh+h?+5h
' h h
5. f(X+h3]— %) =2Xx+h+5
6. Iing( f(”h:]‘ f(x) j=2x+(0)+5
=2X+5
7.d—y:2x+5

dx
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6 (b) Differentiate from first principles
with respect to x.

SoLuTION

The Ax approach:

1.y=3x*-2

2. Y+ Ay =3(X+AX)* -2

= Y+ Ay =3%* +6X(AX) + 3(AX)* - 2

. Y+ Ay = 3x% + 6X(AX) + 3(AX)* -2
y =3x* -2

3x? -2

S Ay 6X(AX) + 3(Ax)*

Ay _6x(Ax) + 3(Ax)?

4.
AX AX
5. ﬂ =6X + 3AX
X
6. lim =Y —6x+3(0) = 6x
x—0 X
7. d—y:6x
dx

The h approach:
1. f(x)=3x*-2

2. f(x+h)=3(x+h)*-2
= f(x+h)=3x"+6xh+3n*-2

3. f(x+h)-f(x)
=3x*+6xh+3h>—2-3x*+2
=6xh +3h?

f(x+h)— f(x) _6xh+3h?
h h

fx+h)-f(x) _

h
.lim

(f(x+h)— f(x) j:6x+3(0)
x—=0 h

=6X

6x+3h

7. ﬂ:6x
dx
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7 (a) Differentiate from first principles
3x—7
with respect to x.
SOLUTION
The Ax approach:
1. y=3x-7

2. Y+ Ay =3(X+Ax) -7
= Y+Ay =3x+3(Ax) -7

3. y+Ay =3x+3(Ax) -7
y =3X -7
LAY = 3(Ax)

Ay _3(Ax)
AX AX

4.

The h approach:
1. f(x)=3x-7

2. f(x+h)=3(x+h)-7
= f(x+h)=3x+3h-7

3. f(x+h)—f(x)
=3x+3h—-7-3x+7=3h

f(x+h)-f(x) _3h

h h
5. f (x+h)—f(x) _3
h
6. Iim( f(x+h)—f(x) j:3
x—0 h
7 d_y=3

" dx




