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Question 3 (25 marks)

(a) Factorise fully: 3xy —9x + 4y — 12.

(b) g(x) = 3xInx —9x + 4Inx — 12.
Using your answer to part (a) or otherwise, solve g(x) = 0.




(c) Evaluate g'(e) correct to 2 decimal places.

Marking Scheme

(
a) (3x + 4)(y — 3) Scale 5B (op 21 5)

Mid Partial Credit:
- Any relevant factorisation



(b)

(c)

3xinx —9x + 4lnx — 12 =
3x(lnx —3) + 4(lnx — 3) =
(Bx +4)(Inx — 3)

4
3x+4=0=>x= —3 (not possible)

Inx—3=0
Inx =3
x=e3

g'(x) =3x (%) +3)nx—9+4 (%)
g'(e) = 3(e) (%) +(3) In(e) — 9 + 4 (1)

e

4
g’(e):3+3—9+2=—1-53

Scale 10D (0, 4, 5, 8, 10)
Low Partial Credit:
- Any relevant factorisation of g(x)
- Trial and improvement with at least
two values tested
- Substitutes 20 < x < 20-1
- y=Inx

Mid Partial Credit
- Expression fully factorised

High Partial Credit:
- Inx=3

Full Credit —1:
- Both solutions presented

Note: Accept x = 20-1 for x = e3 in the
last line of the solution
Note: If no reference is made to 3x + 4

in the solution, then award high
partial credit at most

Scale 10D (0, 4, 5, 8, 10)
Low Partial Credit:
- Any relevant differentiation
- g(e) evaluated correctly to at least
2 decimal places

Mid Partial Credit
- Expression fully differentiated
- Product rule not applied but finishes
correctly

High Partial Credit:
- Derivative fully substituted




2017

Question 3 (25 marks)

(a) Differentiate §x2 — x + 3 from first principles with respect to x.

(b) f(x) =In(3x%+2)and g(x) = x + 5, wherex € R.
Find the value of the derivative of f(g(x)) atx = % :

Give your answer correct to 3 decimal places.




Marking Scheme

(a)

f(x+h)=%(x+h)2—(x+h)+3

1
flx) = §x2—x+3

Scale 20D (0, 5, 14, 17, 20)
Low Partial Credit
e any f(x +h)

flg(x)] = In[3(x + 5)* + 2]
=In(3x% +30x + 77)

. 6x + 30
') =32 30m 77
1 315
X = Z: f (x) = m = 0-3719

= 0-372

" Mid Partial Credit
fOx+h) —f(x) = @ + h_ _h e f(x+ h)— f(x) with some correct
3 3 work
f(x+h)—f(x) 2x h
A =3 t371 High partial Credit
1 x
_— “(x+h)2=(x+h)+3—(=—x+3
lim flx+h)—fix) — Z_X -1 o (3 ) simplified
h—-0 h 3 h
Notes:
e omission of limit sign penalised once
only
e answer not from 1st Principles merits 0
marks
(b)
d(fg(x)) Scale 5C (0, 3, 4, 5)
dx
Low Partial Credit:
(B(x +5)% + 2) (6(x +5)) e Any correct differentiation
. 2 e fg(x) formulated
dfg(z) 6%
- (4) = Zi 4 ) = 1530545 High Partial Credit:
g S(T)z +2 . —d(];g(x) found
X
= 0-372
Note:
OR Work with f(x) X g(x) merits low partial
credit at most
f(x) =In(3x% + 2)
g(x) = (x+5)




(a)

4275 _ 9

r=——=— T,=ar"1<0-01

95 20

n—-1

9
95 (= 0-01
> (20) <

Scale 15D (0, 5, 8, 12, 15)

Low Partial Credit:

e 7 found

e T, of a GP with some substitution

9\"1  0.01 Mid Partial Credit:
el < J :
(20> 95 e Inequality in n written
9 0.01 ; ; it
(n— 1) log (_) < log( ) High Partial Credit:
20 95 e Inequality in n simplified (log handled)
0.01
(n—1)> log( 95 ) Full Credit:
9 —=12.
log (ﬁ) e Accept n =12-47
(since log (%) is negative)
n—1>11-47
n > 12-47
12th day
(b)
B Scale 10C (0, 5, 8, 10)
4(2) +AV2 4 4 e Low Partial Credit:
1 ¢ length of one side of new square
a=8 r= ﬁ
a High Partial Credit:
Seo = e S, fully substituted
1 . .
. e Correct work with one side only
S =
-1
2
1
1+—=
__8 '\
Seo = 1 1
l== ilst=
V2 V2
1
o1+ 55)
V2

Se =16+8V2
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Question 5 (25 marks)
The function f is such that f(x) = 2x3 + 5x? — 4x — 3, where x € R.

(@) Show thatx = —3is a root of f(x) and find the other two roots.



(b) Find the co-ordinates of the local maximum point and the local minimum point of the
function f.

~ Local maximum point: Local minimum point:

(c) f(x)+ a, where ais a constant, has only one real root.
Find the range of possible values of a.




Marking Scheme
(a)

f(x) =2x3+5x2 —4x—3
f(=3) =2(=3)*+5(-3)* - 4(-3)

-3
= —54 445412 -3
f(=3)=0

= (x + 3) is a factor

2x? —x—1
x+3>2x3 +5x? —4x-3

2x> 4+ 6x°
—x? —4x
—x*—3x
-x-3
—x-3
fx)=(@x+3)2x2—x—1)
fx)=x+3)2x+1D(x—-1)

x=-3

Scale 15C (0, 5, 10, 15)
Low Partial Credit:
e Shows f(=3) =0

High Partial Credit:
e quadratic factor of f(x) found

Note:
No remainder in division may be stated
as reason for x = —3 as root

(b)

y=2x3+5x?—4x—-3

d
—y=6x2+10x—4=0
dx

3x24+5x—2=0
x+2)3x—-1)=0
3x—1=0 x+2=0

1
X=§ x=-2
@)= ren=9

1 —100)

Max = (—2,9) Min = (5,7

Scale 5C (0, 3, 4, 5)
Low Partial Credit:

d
. d—z found (Some correct

differentiation)

High Partial Credit
e roots and one y value found

Note:
One of Max/Min must be identified for

full credit

(c)

>100 <_9
a>—-ora

Scale 5B (0, 3, 5)

Partial Credit:

e one value identified

e no range identified (from 2 values)
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(a) Differentiate the function (2x + 4)? from first principles, with respect to x.

. o (1 dy
(b) (@) Ify—xsm(x), find dx




1
(ii) Find the slope of the tangent to the curve y = xsin ( o ), when x =

Give your answer correct to two decimal places.

Marking Scheme

Q6

Model Solution — 25 Marks

4
-

Marking Notes

(a)

flx+h)—f(x) = 2x +2h+ 4)* — (2x + 4)*?

i L X ERA= FG)
im =

h—0 h
T (2x + 2h + 4)? — (2x + 4)?
h—0 h
(4x% + 8hx + 4h? + 16x + 16h + 16)
_ ,lli_r:% —(4x? +}1l6x + 16)

_ 8hx + 4h? + 16h
= l1im
h—-0 h
=8x+16

or

fl)=(2x+4)2 =4x*>+16x + 16
f(x+h)=4(x+h)?+16(x+h) + 16
= 4x? + 8hx + 4h® + 16x + 16h + 16
limf(9c+ h) — f(x)

h—-0 h

_ 8hx + 4h? + 16h
lim
h—0 h

=8x +16

Scale 10D (0, 2, 5, 8, 10)
Low Partial Credit
e any f(x+h)

Mid Partial Credit
f(x+h)—f(x)
h

e |imit of

High Partial Credit
(2x+2h+4)%—(2x+4)?

h

e |imit of

Notes:
- omission of limit sign penalised
once only

- answer not from 1° Principles
merits 0 marks




(b)
(i)+
(i)

1
y = x.sin—
dy_ ) 1+ ( 1)( 1)
dx_smx X cosx e
dy 1 1 1
— =sin— ——cos—
dx X X
dy ~wm m m
d‘x—sm4 4cos4

Scale 15D (0, 4, 7, 11, 15)
Low Partial Credit
e any correct differentiation

Mid Partial Credit
e product rule applied

High Partial Credit
e correct differentiation

Note: one penalty for calculator in wrong
mode
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(b) Differentiate x —+/x +6 with respect to x.
(¢) Find the co-ordinates of the turning point of the function y =x—+/x+6, x>—6.




Marking Scheme

(b) Differentiate X—+/X+6 with respect to x.

f@)=x—J;Ig=x—@+6ﬁ
£ =1-4(x+6)F =1-—

2x+6

(¢) Find the co-ordinates of the turning point of the function y=x—+x+6, x=-6.

1
=0
20 x+6
= 2Jx+6 =1

=>x+6=7

fx)=0=>1-

—_5§53
=>x=-55

f(59=-53-}=-6}

(51,61







