Pure Mathematics Year 1/AS

Differentiation 12I

1 a fx)=x"—12x+8
f'(x)=2x—-12
Putting f'(x) =0
2x—12=0
x=6
f(6)= 6 —12x6+8=-28
The least value of f(x) is —28.

b f(x)= x*-8x-1
f'(x)=2x—8
Putting f'(x) =0
2x—8=0
x=4
f(4)= 4" -8x4—-1=-17
The least value of f(x) is —17.

¢ f(x)=5x>+2x
£(x) = 10x + 2
Putting f'(x) =0
10x+2=0

(oA 453

The least value of f(x) is —+.

2 a f(x)=10-5x"
f'(x) =—10x
Putting f'(x) =0
—10x=0
x=0
f(0)=10-5%x0>=10
The greatest value of f(x) is 10.

b f(x)=3+2x-x
f'(x)=2—-2x
Putting f'(x) =0
2-2x=0
x=1
f(1)=3+2-1=4
The greatest value of f(x) is 4.

¢ f(x)= (6+x)(1-x)=6-5x—x"
f'(x)=-5-2x
Putting f'(x) =0
-5-2x=0
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The greatest value of f(x) is 12+

y=4x" +6x
d—y=8x+6

dx

Putting 8x + 6 =0
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When x = —3,
4

2
4 4) 4 2 4

So (—2,—%) is a stationary point.

Il
o
\Y
S

So (—2,—%) is a minimum point.

y=9+x—x’

—=1-2x
dx
Putting 1 —2x=0

X =

1
2

So (4,94) is a maximum point.

y=x -x’—x+1
d—y=3x2—2x—1
dx

Putting 3x* —2x—1=0
Gx+ D(x—1)=0
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3 ¢ Sox= —% orx=1

When x = —l,
3
(-
3 3 3
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27

So (—%, 125—7) and (1, 0) are stationary
points.

2
jx—);:6x—2

2
When x = -+, d—f:é[—lj—z - —4<0
37 dy 3
So (—4,1%) is a maximum point.
2
WheanI,jx—y 6(1)-2 =4>0

2=

So (1, 0) is a minimum point.

d y=x(x’-4x-3)=x"—4x" -3x
d—y:3x2—8x—3
dx

Putting 3x> — 8x—3=0
Gx+1)(x—3)=0

Sox= —l orx=3
3

When x = —l,
3

14
27
When x =3,
y=3—4(3)>-3(3)
=-18
So (_l ﬁ) and (3, —18) are stationary

3227

2
3 d Whenx= —%, d—y:6(—lj—8

dx? 3
=-10<0
So (—+,4%) is a maximum point.

2

When x = 3, jx—fzé(_%)—s

=10>0
So (3, —18) is a minimum point.

1 o
e y=x+—=x+x
X
d—y=1—x_2
dx
Putting 1 —x2=0
xr=1
x==1
When x =1,

So (1, 2) and (=1, —2) are stationary
points.

f y=x"+"—=x"+54x"
X
d—y:2x—54 B
dx
Putting 2x — 54x 2 =0
x=2_7
x2
¥ =27
x=3
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3 f Whenx=3, 1 3 L

, 54 h yzxi(x—6):x5—6x2
=3 +—
g 3 d_yzéx% 3 _%
=27 dx 2
So (3, 27) is a stationary point. 3 1 1
dy Putting —x? -3x 2 =0
S —2+108x7 2
Whenx=3,df=2+lg=6>o 20 3
3x=3
So (3, 27) is a minimum point. 2
x=2
1 When x =2,
g y:x—3\/;:x—3x2 1
d_y_l_ix_% y=22(_4)
2 =42
1 . . .
Putting 1 3 L 1=0 So (2, —42 ) is a stationary point.
2 ¢y 3 5.3 3
; @t
o
24/x 2
3 Whenx=2,92- 3 ;3
Jr=2 42 42
; S0 (2, —4+/2 ) is a minimum point.
xX=—
. 4 i y=xt 124
Whenxzz, d—y=4x3—24x
dx
y= 9 5/2 Putting 4x* — 24x =0
4 4 dx(x* - 6)=0
__2 x=0orx=+6
4 Whenx=0,y=0
So (§,—%) is a stationary point. When x =+6 , y =36
&y _3 5 S0 (0, 0), (v/6 , =36) and (—+/6 , —36) are
dx*> 4 stationary points.
3 2
2 -5 d y _ 2
Whenng,d—i;:ix 2 ’ r 12 =24
4 4 \4 .
: When x =0, =2 =-24<0
_ é){gj enx o
43 So (0, 0) is a maximum point.
_2 >0 Whenxzix/g,
9 dZy
So (%,—2) is a minimum point. o =12x6-24=48>0

So (V6 , —36) and (—~/6 , —36) are
minimum points.
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4 a " 5 y=x3—3x2+3x
d—y=3x2 —-6x+3

Putting 3x* — 6x +3 =0

y =4x®+ 6x 3 -2x+1)=0

" 3x—1=0

Y - x=1

Whenx=1,y=1

So (1, 1) is a stationary point.

2 g Considering points near to (1, 1):
69 x 09 1 11

Y 003 0 0.03
dx
0

b +ve tve

YA Shape / — /
(.99 The gradient on either side of (1, 1) is
positive, so (1, 1) is a point of inflection.

y=9+zx-x2

y4
y=x*-3x%4+ 3x
1, 1)
0 x 3
/ \ ;
c
6 fox) =27 — 2x*
f'(x) = —8x°
Putting —8x° = 0
x=0
When x =0, y =27
So (0, 27) is a stationary point.
£ (x) = —24x>
When x =0, £”(x) = 0, so not conclusive
d Considering points near to (0, 27):
A X —-0.1 0 0.1
; f'(x) 0.008 0 —0.008
2 v 2
gme=ta=d) +ve 0 -ve

Shape / — /

So (0, 27) is a maximum point.
So the maximum value of f(x) is 27 and
the range of values is f(x) < 27.

=Y

(3.-18)
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7 a flx)=x*+3x>-5x*-3x+1 7 b
f'(x) =4x>+9x* — 10x — 3 YA
: 3 2 _
Putting 4x° + 9x* — 10x —3=0 - y=1f(x)
Using the factor theorem: f'(1) =0,
so dividing 4x> + 9x* — 10x — 3 by x — 1: 7 >
4x? +13x+3 \/ x
x=1)4" +9%" ~10x-3 (1.23)
4x’ —4x° (=3,-35)
13x* —10x
13x° —13x
3x-3
3x-3
0

(x—D@x*+13x+3)=0
x—DM@x+DH(x+3)=0

x=l,x=—l orx=-3
4

Whenx=1,
y=D*+3(1)°-51)7-3(1)+1
=-3

Whenxz—l,
4

357

256
When x = -3,
y=(=3)"+3(-3)*-5(-3)*-3(-3)+ 1
=-35
So (1,-3), (=3, —35) and (—+, ) are
stationary points.
f"(x) = 12x* + 18x — 10

Whenx =1, f"(x)=20>0
So (1, —3) is a minimum point.

When x = -3,
£(x) = 12(=3)> + 18(-3) = 10 =44 > 0
So (-3, —35) is a minimum point.

Whenxz—l,
4

wiev— 1o _ LY e[ L)
£1(x) 12[ 4) +18( 4) 10

4

So (—+,31) is a maximum point.
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