Dr Oliver Mathematics
Mathematics: Higher
2025 Paper 2: Calculator
1 hour 30 minutes

The total number of marks available is 65.
You must write down all the stages in your working.

1. Triangle ABC has vertices A(—9,—14), B(9,20), and C(21, —24).

/
/

B(9,20)

! C(21,-24)

(a) Find the equation of the altitude through B.

Solution
Well,
—24 — (—14)
MAC= o1 T (—9)
—10
T30

_ 1
= —3,

so that makes the perpendicular through AC myorma = 3.

Finally, the equation of the altitude through B is
y—20=3(x—9)=y—20=3x—27
=y =3r—T.




(b) Find the equation of the median through A.

Solution
The midpoint — let’s call it D — of BC'is

21 20 + (—24
9421 0+ (=20 _ py5 )
2 2
Now,

—2 — (—14)
m ey = o = M T ‘m
AL

12

24

1

2

and the equation of the median through A is

y+ld=1(z+9)=y+1d=12r+9

— 1, 19
= Y=L 5.

(c) Determine the point of intersection of the altitude through B and the median

through A.
Solution
Now,
1 19 .5 5
3r—T=350— 5 =50=—3
=1r=—1
=y = —10;

hence, the point of intersection is (—1, —10).

2. Express
222 + 16z + 5

in the form
p(r+q)? +r.



Solution
Well,

2207 + 162 +5 = 2(2* +82) + 5

coefficient of z : +8
half it: +4
square it: (+4)? = +16

—

2[

=2[(z +4)*—-16]+5
2(
2(

hence, p =2, ¢ = 4, and r = —27.

2 + 8z +16) — 16] + 5

3. The diagram shows the graph of

y=1x*—2x+3.

ya / y=x*-2x+3




Calculate the shaded area.

Solution

Now,

4. A function, g, is defined by

g(x) = (x — 4)*, where x € R.
Find the inverse function, g=!(x)
Solution
Well,
y=(r 4> = Yy=2—4
= Yy +4=uz,
and so
g a) = YT+ 4

D.

(a) Show that the points A(—3, 2,

1), B(6,—1,5), and C(12,—3,9) are collinear
Solution




6.

Well,
AB = A0 + OB
— —0OA+ 04
-3 6
= — 2 |+ —1
—1 5
9
=| -3
6
and
BC = BO + OC
— 0B+ 0C
6 12
=—| -1 |+ -3
5 9
6
=| -2
4
9
= % o2
6
= %AB;
as they have a point in common, A, B, and C are collinear.
(b) State the ratio in which B divides AC.
Solution
Now,
AB : BC = % = 2

(a) Express
S5cosz — 9sinx

in the form
k cos(x + a),



where k > 0 and 0 < a < 2.

Solution
Well,
k cos(x + a) = k(cosz cosa — sinxsina)
= kcosacosx — ksinasinz,
SO
kcosa =5 and ksina = 9.
Now,
= \/ (cos? a + sin” a)
= +/(kcosa)? + (ksina)?
= V52 +9?
=4/25+ 81
= +/106
and
ksina 9
tana = = tana = ¢
cosa
= a = 1.063697 822 (FCD)
= a = 1.06 (3 sf).

(b) Hence solve
5cosx —9sinx =7, for 0 < x < 27.

Solution




Well,

S5cosx —9sinz = 7= /106 cos(x + 1.063...) =7

= cos(z + 1.063...) = \/+076

= x + 1.063... = 5.460015 379, 7.106 355236 (FCD)
= 1z = 4.396 317 556, 6.042 657413 (FCD)
=z = 4.40, 6.04 (3 sf).

7. Find
f(?)a: +2)"dx

Solution

J(3x +2)dr = 5Bz +2)%+ec

8. ABCDE is a rectangular-based pyramid as shown.

e AD = 6i + 4j + 2k.
e DC = 2i —4j + 2k.
e DE = —4i— 3j + 4k.

Express BE in terms of i, j, and k.



Solution
Well,

BE = BA+ AD + DE
—CD+ AD + DE
— _DC + AD + DE

— —(2i — 4j + 2K) + (6i + 4j + 2k) + (—4i — 3j + 4k)
— 5j + 4k.

9. A sequence satisfies the recurrence relation

Up41 = MUy + 4a
where m is a constant.

(a) The sequence approaches a limit of 10 as n — 0.
Determine the value of m.

Solution
Well,

10=10m +4=10m =6

= m =

(S

(b) Given that u; = 19, calculate the value of wuy.

Solution
Now,

U1:§U0+4319:§UO+4
= 15 = 2w,
:>UQ:25

10. A hotel owner is designing signs showing the room numbers.



2Z
Room
413

e Each sign is a rectangle with a right-angled triangle above it.

e The length and breadth of the rectangle are 5x centimetres and y centimetres
respectively.

e The shorter sides of the triangle are 3x centimetres and 4x centimetres.

5x

The area of the sign is 150 square centimetres.

(a) Show that the perimeter, P cm, of the sign is given by

60
P =9.6x+ —.
x

Solution
Well,

area = triangle + rectangle = 150 = [5(4x)(3x)] + bxy
= 150 = 62° + 5zy
= 5zy = 150 — 627

150 — 62

—Y= 5%




and

P=y+4zx+3zx+y+dx
=2y + 12z

2(150 — 622

5%4
300

60
= 9.6 + —,
AL L7As

as required.

Each sign will be lit using a lighting strip placed around its perimeter.

The hotel owner requires the perimeter, P, of the sign to be as small as possible.

(b) Find the minimum value of P.

Solution
Now,

P =96x + 60 = P =9.6x + 60z~ !
X

dP
= — =9.6—60x2
dz

d’p s
and
dp
— =0=96—-60x"2=0
dz
= 9.6 = 60z 2
= 1% =6.25
= =20

= P =48 cm.

Is the value a minimum? Well,

2

d°P
=20= —5 =7.68>0;
T = q122 ;

hence, it is a minimum.

10



11. Solve
3sin2z° +4cosx® = 0, for r < x < 360.
Solution
Well,
3sin2z° +4cosz® = 0 = 3(2sinz’ cosz”) +4cosz® =0

= 6sinz°cosz’® +4cosz° =0
= 2cosz’(3sinz” +2) =0
= cosz®° =0or 3sinz°+2=0
= cosz’ =0 or sinz° = —%.

cosz® = 0:

cosz® = 0= x =90, 270.
sin x° = —%:
sinz® = —% = r = 221.8103149, 318.1896851 (FCD)
= r = 222, 318 (3 sf).

12. Functions f and g are defined on the set of real numbers by:

o f(z) =2° + 3 and
e g(z)=1—2x

(a) Find an expression for h(z), where h(z) = f(g(x)).

Well,

Solution

(b) Find h'(z).
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Solution
Now,

W (z) = 5(1 — 2*)* x (—32?)
= —152%(1 — 2*)*.

13. A radioactive substance, which has been collected, decays over time.

The mass of the radioactive substance remaining is modelled by
M = 1506—0.005415

where M is the mass, in micrograms, ¢ years after the radioactive substance was collected.

(a) Determine the initial mass of the radioactive substance.

Solution

Well,
t = 0= M = 150 micrograms.

(b) Calculate the time taken for the mass of the radioactive substance to decay to
120 micrograms.

Solution
Now,

150670.005415 =120 = 670.0054t _ 4

5
0.0054¢t _ 5
4

— 0.0054¢ = In 3

_1 Ip?

0.0054 1 1

— t = 41.32287987 (FCD)
=t = 41.3 years (3 sf).

= €

=1 = In

14. Circle C] has equation
(z+5)°+ (y —6)> =09.

(a) State the centre and radius of C.
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Solution
The centre is (—5,6) and the radius is 3.

Circle (5 has equation
2 +y* — lda + 6y + 54 = 0.

(b) State the centre and radius of Cs.

Solution
Now,
coefficient of x : —14
half it: -7
square it: (=7)% = +49
and
coefficient of y : +6
half it: +3
square it: (+3)2 =49
Next,

2? +y? — 14 + 6y + 54 =0

= 2% — 14z + 9 + 6y = —54
= (2 — 14z +49) + (y* + 6y +9) = —54 + 49+ 9
= (r—T772+(y+3)?> =4

so, the centre is (7,—3) and the radius is 2.
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Circles C1, (5, and Cj are touching as shown in the diagram.

The centre of circle C3 lies on the line joining the centres of C; and Cj.

&

(c) Determine the equation of Cj.

Solution
The distance between the centres of C; and C5 is

VT (=52 + (-3—-6)2 = V122 + 92
= 15.

Now,

diameter = 15 +3 — 2
=16

and that means the radius of Cj is 8.

Next, the ratio is
0103 5 0302 =5:10.

So the means the centre of Cj is
(=543 x 12,6 + 3 x (—9)) = (—1,3).
Finally, the equation of Cj is

(z + 1)+ (y — 3)* = 64.
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