1.

Further Differentiation — Section Test
(Answers)

L) y=x"+ex*+ 9x

ol
—g=3x2+12/c+_9

dx

i)
(t dx

Y o

BX°+H124+ 9=0

X*t4x+3=0
(x+1)(x+=2)=0
X=—1 or x=—23

whenx = -1, y=(-1)* +e(-1)* + 9x1=-1+6- 9=—4

When x = -3, y =(-3)°*+e(-3)*+ 9x—3=27+54-27 =0

The stationary points are (-1, -4) and (-3, 0)

(Lit)

X X< -= X =-2 =2 <x<- X =-1 X > -1
dg +ve o) -Ve 8] +ve
ax / \ /

The point (-2, 0) Ls a maximum point.
The point (-1, -4) is a minlmum point.

(v) y=x*+ex*+ 9x
= x(x* +ex+ 9)

= x(x +3)*
The graph cuts the x-axis at x = 0 and x = -2 (repeated).

The graph cuts the y-axis at y = o.

(-1, -4)
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D y=2x+x"—4x

Ay _

& =0+ 2x—-12x7
olx

dy _

At statiovwlrgj Poi,m,ts, = =0
dx

2Q+2x—12x% =0
1+x—6x" =0
exX*—x—1=0
(2x+1)(2x—1)=0

— 1

X=—3 or Xx=7%

44 agesed 11
2F — 2ZF o7

X X< —% | Xx=—3% —$<X<3 X =3 X >z

S
1
S

d Y Ve o) +ve

e INC || 7

(—%,-%) is a mintmunm point.

(£,%) is a wmaxinmum point.

() y=2x+x" —4x°
= x(2+ x—4x7)
=—x(4x" — x—2)
The curve cuts the x-axis at x = 0 and at the points satisfying
4xX*—x—2=0.
For this quadratic equation, 4 =4,6=-1,c=-2
1+1—4x4x—2 1+432

Using the quadratic formula, x =

g g
\ (£.%)
(1—+fz=
| (1++/23)
(-2.-3)




) , Ay
At s.tatmwar!d 'pom,ts, —— =0

dx

X —6x=0

2x(x—2)=0
X=0 or x=2

Whew;c=o,5 =&

wWhew x = 2, 5223—3><:22+é:8’—12+é==2
The s.tatiowan‘j points are (0, &) and (2, 2).

X X< O

X=0

O<X<2

X =22

oig +ve

Alx /

o

-VE

I

+ve

(0, &) is a maximum point.
(2, 2) is a minimum point.

(2, 2)




5. g:x“‘ —2x°

o
% - 4t o
ox

At stationary points, 4x° —ex* =0
[#)

whewn x = 0, gzo
when x=2, y=(3)"-2(3) =%-F=-%

X X< 0 X =0 O<x<% X

I
K

X >

IAT [

d Y -VE 0 -\

dx . L ™S

o

+ve

e

So (0, 0) is a point of inflection, and (2, -3Z) is a mintmum polnt.
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F {0 y=x"+ax +bx+e
The graph passes through the point (1, 1)
so1=1+4+b+c

a+b+ec=0

o
(i) Ji:3x2+mﬂ+h
dx

Statiowarg ’poiwts. are whew 2x° +2ax+b=0
1Maﬁmasmﬁmmqﬂwmtwmwx=~Lsosvif+2ﬂx—1+b:o

2—24+b=0
20—b=23

There is a stationary point when x = 3, s0 3x3* +24x3+6=0
2F+ea+b=0

ea+b=-22#
(iil) a+b+c=0 (1)
20—b=23 (2)
ea+b=—2# (=)
Adding (2) and (3): ga=—24 —a=-3
Substituting into (2) gives: V=20a—3=-6—-3=-9
Substituting into (1) gives: c=—a—-b=9+3=12

A=-3,0=-9,¢c=12



Ay _

g L =zx"-10x+2
olx

) . dy

At a statwwarld ‘PDLVLt — =0
dx

2X —10X+3=0
(zx—1)(x—2)=0
X =1/20r =.
The minbmum point is when x = = (from the sketch)
Atthispoint y=xX"—5x°+3x+4=27-45+ 9+4=-5

¥

you - 5u' + 3 = 4

The line Yy = - 5 crosses the curve again. To the Left of this erossing point, Yy
takes values below those at the minlmum stationary point.
X' —5X 43X +4=-5

X*—5x*+3x+9=0
x = 3lsavootso (x-2) is afactor.

X*—5xT+3x+ 9=0

(x—2)(x*—2x—23)=0

(x—2)(x—3)(x+1)=0
Y takes values below that at the minimuwm stationary point for x < -1.
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9. — 60X~ —114 x + 54
dx

%’

At a stationary polnt
YP e

EOX™ —114 X +54 =0

10X* —19x+ 9=0

(tox—-9)(x—-1)=0

The equation has two roots so there are two stationary points.

10. (1)
Y=10—-3x—x
a
—‘g:—z—:z,x
aAx
d:&
ax

Yy=3x(x"—2x)=3x"-6X"

a
2 9X* —12x
ax
di

Y ex-12
ax

(id)
Yy=(2x+5)(x"—z3x)=2x>-X"-15x
ay
ax
a”y

ax*

=X —-2x—15

=12 X—2



y=—=2x"+ex>+x-#

ay ;

——=—X +12x+1

ax

rﬂ(l

'{: =—12X+12
ax
)

a’g N

atx=1, ——=—-o(1)" +12(1)+1=#
ax
ﬂg 2

at x=z2, —=—-6(2) +12(2)+1=—1%
ax
ay

at x=-1, T —o(—1)* +12(—1)+1=—17

=—2(1)+12=0

d:l
at x==z, —g =—12(2)+12=-24
ax

ay

at x=-1, ——-=—-12(-1)+12 =24
ax



