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Question 1 (3 marks)

a. y= cos(l —xz)
dv
oA sin(l —xz) X —2x (chain rule)
= 2xsin(1 —xz) (1 mark)
sin(2x)
b. =
f(X) | +e%
(1+¢2%) x 2cos(2x) — 2¢2* x sin(2x)
"(x)= tient rul
f (x) (1 +62x)2 (quo ient rule) (1 mark)
. (1 + eU) % 2c0s(0) — 2¢ x sin(0)
f(0)=
(1 +eO)2
_ (1+1)x2x1=-2x1x0
(1+1)?
_4-0
= 7
=1 (1 mark)
Question 2 (3 marks)
a. (fog)(x) =’log€(x2 + ]) (2 mark)
b. dfcg =dg =R (1 mark)
g™ [0, ) (1 mark)

Note that the minimum value of x? is zero, so the minimum value of x2+ 1 is 1, and

loge(l) =(.
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Question 3 (5 marks)

a. average rate of change =

5 1 Kk
= (1 mark)

Note that the value of f(%) can be found using the symmetry of the graph, i.e. the
graph passes through the point (% 2).

Alternatively, it can be found by evaluating tan(%) +1=2,

1
b. flx)=1+—
J3
1
tan(2x) +1=1+——
3
i S
tan(2x) = —
3 C
o= St Im b ez X
X = 56 6 ase angle = p (1 mark)
_ ot om Im
- 12' 127 12°
But d,«- = (— -, 1) and from the graph, we see that there would only be one point of
intersection between the graph of f and the line y =1+ 7 Sox= 1—“2 (1 mark)
3
C. The graph of f is reflected in the y-axis and then translated 2 units down to obtain the
graph of g.
x = E
4
|
|
I
I
y=/f(x)]
I
)
» X
©,-1 |
I
I
I
| (1 mark) - correct shape
| (1 mark) — correct axis intercepts
|
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Question 4 (4 marks)

a. j:_lxi] dx=[3]0ge(x+l)];_]

(1 mark)

= 3(]0ge(e -1+1) —loge(l))

= 3(loge(e) —O)
=3x1

=3

b. f '(x) = 2sin(mx)

f(x) = f 2sin{ Tx)dx

2
= - — < =+
T COS(TEJC) C

2 1
So f(x)= - ¥cos(nx) -

(1 mark)

(1 mark)

(1 mark)
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Question 5 (4 marks)
a. y= leoge(Qx)

dy 2
— =241 2%) + 2y —
X oge( x) +x >

= 2x10ge(2x) +x
(1 mark)
1 1
b. average value = — L Flx)dx
L
5 2
1
=2 [ xlog (2x)dx
2
1
= [ 2xlog (20)dx (1 mark)
2
dy
From part a. — =2xlog (2x) +x
dx e
Il (2+log (24) +x)dx = x’log (21)
[2xt0g (2x)dx+ [x dx=xlog (2x)
f2xloge(2x)alx =x210g€(2x) - fx dx
=x2log (2x) - x_2 +c
g, 5
Xz !
So average value = leogg(Qx) -5 |, (1 mark)
2
1 1 1
=l1og (2) = || —log (1) - —
(o2 @3] Fre 0]
1 1
=log (2)-—-0+—
og (2) 5 2
3
= loge(Z) - E
B 3
= loge(z) 5 (1 mark)
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Question 6 (2 marks)

E(P) =p
; 4 1
Pr( P=0) =( ),70(1_[,)4=_ (1 mark)
0 4
1
l-p=+ ——
NG
1
Since 0<p <1, then p=1- T (1 mark)
2
Question 7 (4 marks)
a. Stationary points occur when f'(x) =0
flx)=x+
x_
=x+ (x— 2)_'
frx) =1-(x=-2)72
. 1
We require that |- ——=0
(x=2)?
1
l=—
(x=2)*2
(x—2)%2=1
x—2=+1
x=1+2 or x=-—14+2
x=3 orx=1 (1 mark)
1 , 1
_f(1)=1+—1=0 and j(3)=3+3 =4
The stationary points are (1, 0) and (3, 4). (1 mark)
b. i Looking at the stationary points on the graph and using our answers to

part a., we note that if the graph of f is translated by between 0 and 4

units downwards, then the graph of f will not intersect with the x-axis.

Hence there will be no solutions to the equation f(x) + ¢=0.

So we require that — 4 < ¢ <0. (1 mark)
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i. Method 1

In order to become the graph of y=1+ f ( a — x) , the graph of y=f( x) has
been

o reflected in the y-axis

e translated a units horizontally (to the left if a is negative and to the
right if a is positive)

o translated 1 unit vertically upwards

Fory=1+ f (a— x) to have no y-intercepts, we require that its vertical
asymptote lies on the y-axis.

The vertical translation has no effect on the horizontal movement of the
graph.

The reflection in the y-axis means that the asymptote of x =2 will be
relocated to become x=— 2.

A translation of 2 units to the right will then place the asymptote on the

y-axis. So we require that ¢ =2. (1 mark)
Method 2
y=1+f(a—x)
=l+g-x+——
a-x—2

Subsitute x =0 to get the y-intercept i.e.
1

y=l+a+
a—2
Since 1+ a+ 5 is undefined when a =2, the graph can have no
a—
y-intercepts when a =2. (1 mark)
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Question 8 (7 marks)

a. Since the probability density function f is continuous at x=a, then
e*—1=6e~% at x=a (1 mark)
therefore e¢— 1=6e~¢
ef—1—6e =0
eX®—e4—6 =0  (multiply left and right hand sides by ¢ %)
(ed=3)(e+2) =0

e?=3 or e?=—2 but ¢¢ >0 so reject this.
Soa=log (3). (1 mark)
b. i Pr(a<X<b) =1-Pr(0<X<a) since Pr(0<X<bh) =1
Y — £
N y=6e¢
y=e" - 13
™ Pr(a<X<b)
>
0] a b
Note that a =log,(3)

log (3)
Pr(0<X <a) =f (e*— 1) dx
0

[ex- x]‘oge(3J
=( o108 _ log ( 3)) _ ( 20— 0)
=3- 10g€( 3) -1
=2-log (3)
(1 mark)
So Pr( a<X<b) =1—(2— loge(?:))
=log (3) -1 (1 mark)
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ii. So 6e ~* dx=log (3) — 1 (from part b. i.) (1 mark)
Ioge( 3)

Now f be ™+ dx=[—66_“"] ’
log,(3) log,(3)

—(—6e=) = (=g "%) (1 mark)

=(—6e-?) - (—6>< é)
=(-6e7t) - (-2)
=2—6e" "

So 2— 6e_b:log€( 3) -1
—6e~b=log (3) -3

e P=3— loge( 3)

3—10ge(3)
¢ V=z—m8m8
6
3—10ge(3)
—b=log | ———
g, 6
3—10g‘;(3)
b=-log | —————
g, 6

6
b=log | ———
‘| 3—1log (3)

(1 mark)
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Question 9 (8 marks)

a. X-intercepts occur when y =0
O=+/3—x
x=3

Ais the point (3, 0).
y-intercepts occur when x=0

y=y3-0
-3

B is the point ( 0, \/E)

J3-0

0-3

J3

3

gradient =

\E(x—3)

Using the coordinates of point A, y-0=-—

b. Method 1

0
343 2
:[O+——3 3]—(——x3\/3+0—0) since 3
2 3

(1 mark)

(1 mark)

(1 mark)

=\27=3/3

3
2

(1 mark)

© THE HEFFERNAN GROUP 2024 Maths Methods Units 3 & 4 Trial Exam 1 solutions



10

Method 2 — using AAOB

3 )
area =f A/ 3—xdx— %x 3><\/§
0

343
2 > 34/3
=[——(3—X)2] - —— (1 mark)
3 0 2
3
2 - 343
—(0) - |-=x32 |- 2=
3 2
3
2 34/3 -
=— 3 B—T 1.6 32= 27=3./3

square units (1 mark)

f‘(x):%(:%—x)zx—l ( chain rule)
=_—] (1 mark)

24/3—x

3
d. In AABO, tan( £ BAO) =£

1
Z BAO=tan~ 1(—)=30°

So the line AB makes an angle of 150° with the positive direction of the x-axis. When
0=30°, the tangent to f at P makes an angle of 120° with the positive direction of the
X-axis.
F'(x) =tan( 120°)
=- \/5 (tan is negative in the second quadrant)
(1 mark) T C
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12
_ 1
24/ 3
. . [ 35 1
P is the point | —, ——
1223

11

(using our result to part c.)

(1 mark)

(1 mark)
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