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NEXT STEP

STEP 111, 2024, Q3 MS
3. (i) (a)

1 x+c x+c
y=yg(x)= |].'I(1 +;)_x[:r+ D =In(x + 1}_]nx_x{x+1}
dy 1 1 xx4+1)—(x+c)(2x+1)

dx x+1 x x2(x+1)2
M1
x4 ) -xx+ 1) -x(x+ )+ (x+e)(2x+1)
B xIx +1)2
(2Ze—1)x+¢
T X x+1)2
Al

When ¢ = ?1: a5 x > 0,(2c = 1)x = 0 ,and ¢ > 0 , so the numerator is positive and the

denominator is a non-zero square so also positive, so ¥ = g(x) has positive gradient.
E1(3)
{b) ¥ = glx) has negative gradient for 0 < ¢ {% Lif

(2e—=1x+c=<0

That is
(2c=1)x < =c¢
So
= [N
-1 1-2¢
B1 (1)

(i) (a)
If ¢ =% , then fram (i} (a) the gradient is positive
E1
andwe are giventhat g(x) = —w as x = 0.
The gradienttends to zero as x — o, andto w as x = 0. E1

Also, g(x) =0 as x — o0, E1
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NEXT STEP

G1(4)
(b)

If ¢ =f , then from (i)(b) the gradient is negative for x > % x

B1

The gradient is zero when x = %, and positive when x < -:- , and tending to zero as x — o, and
to w0 as x — 0. B1

Again, we aregiven that g(x) - —w as x - 0,and g(x) = 0 as x - ».

There is a turning point (maximum) at G ,n3 -1 ) = (i 3 In% ) which is above the x-axis.

M1 A1

G1(5)
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NEXT STEP

(i)
flx) = (1 +%)M
]n(f[x}} ={x+c)ln (1 +%)

Thus

AT PR

fiix) = f(x)g(x)
M1 A1 (2)
Also, flx) is positive for x = 0.

{a) As has been demonstrated in (i) (a) and {ii) (2), gi{x) <0 for x = 0 when ¢ =

Pl | it

L 50
f'{x) = 0 and fis a decreasing function. E1

{b) As has been demonstrated in (i) (b) and (i) (b), g(x) =0 forsome x >0 when 0 < ¢ -::é .
so f'(x) =0 forsome x and f has a turning point. E1

c) When c =10,
-1
g'(x) TP
Is always negativeand — —ce as x =+ 0,and =0 as x — o
E1
whilst g(x) = e as x = 0,and g(x) =0 as x = w
so g(x)is positiveforall x = 0, E1

thus f'(x) is too and thus f is an increasing function

forall x =0 E1(5)
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