Dr Oliver Mathematics
Mathematics: Higher
2025 Paper 1: Non-Calculator
1 hour 15 minutes

The total number of marks available is 55.
You must write down all the stages in your working.

1. A curve has equation

y = a3 —22% + 5.

Find the equation of the tangent to this curve at the point where z = 2.

Solution

Well,
r=2=y=8—-8+5=5

so the point is (2,5).

Now d
y=1° 22 45— Y — 3.2 4y
dz
and
dy
= 0 & JE 29,0093

X :>d$
dy

-7 =4,
dz

Finally, the equation of the tangent is

y—5H=4(r—-2)=y—5=4r-38
=y = 4x — 3.

2. Find the equation of the perpendicular bisector of the line joining A(1,4) and B(9, 10).

Solution

The midpoint — call it C' — is

1+9 4+10
(L2441 o)




Now,

10 —4
MmaAB =
9—-1

_ 6

8

— 3

=1

which means

Mnormal = 3

Finally, the equation of the perpendicular bisector is

y—T7=—3(x-5)=y—-T=—-30+%

— _4 41
=y = 3x+ 3

3. Find
12 1
J(—Q—Fx?) dx, x > 0.
x
Solution
Well,
12 1 1
J (—2 +x2) dx = J (1235_2 +3:2) dx
x
3
=—1227" + 222 + ¢
4. Evaluate
3logs 2 + logg 5.
Solution




Now,

3logs 2 + logs & = logy 2* + logs &
= logs 8 + log, i
= logs(8 x 57)
= 10%3(%)
= 10%3(375
= —logs 3

=1

5. The diagram shows the graph of y = f(z), with stationary points at (0,3) and (4, 0).

7 y=f(x)
0,3)
-2 0 4 ™
Sketch the graph of
y="f(—z)+3

Solution

It goes through (—4,3), (0,6), and (2, 3) and has a down-up-down shape.




6. The diagram shows a right-angled triangle with angle q.

(a) Determine the value of

(i)

sin 2q,
Solution
Well,
hyp? = opp? + adj? = hyp? = 12 + 52
= hyp? =1+25
— hyp? = 26
= hyp = v/26.
Now,
sin 2q = 2sin g cos q
_ 1 5
=7 2 X \/—2—6 X \/—2—6
_ 10
26
= 5
3
cos 2q.
Solution




Well,

cos2q = 2cos’q—1

— 2 [cosq]’ — 1
12
:2‘[¢—fe] -1
-2 [2]-1
50
=0
_ 25
=%
(L
13

A second right-angled triangle has angle r as shown.

J17

(b) Find the value of sin(2q — r).

Solution
Well,

sin(2q — r) = sin(2q) cosr — cos(2q) sinr

5 4 12 1
= (Z)(R) - () (L)
_ 20 12
713417 13317
_ 8
13417
_ 8 VT

13417 V17
_ 817

13x17
_ 8/17

221




using the trick of

13 x 17 = (15 — 2)(15 + 2)

=15* —2°
=225 —4
= 221.

7. (a) Show that (x + 3) is a factor of

52% + 1622 — x — 12.

Solution

We use synthetic division:

LATCT AL CE
| —15 -3 12
5 1 -4 0

As their is no remainder, (z + 3) is a factor of the cubic.

(b) Hence, or otherwise, solve

5% + 1622 — 2 — 12 = 0.

Solution

Now,

523 41622 —2x—12=0= (2 4+ 3)(52°> + 2 —4) =0




e.g.,

add to: +1 L5 4
multiply to: (45) x (—4) = —20 ’

= (z+3)[52* +5r —4r —4] =0

= (z+3)[fzx(x+1)—4(z+1)] =0
= (x+3)br—4)(z+1)=0
=2+3=0,5r—4=0,orz+1=0

:>x=—3,m=%, orz = —1.

8. Given that

find the value of a.

log, 75 =2+ log, 3, a > 0,

Solution
Well,

because a > 0.

log, 75 =2 +log,3 = log, 75 —log,3 =2

= log, 20 =
= a? =25
= q =

9. Find the coordinates of the points of intersection of the line with equation

y=x+1

and the circle with equation

2? + 9% — 20 46y — 15 = 0.



Solution

Well,
X \ |
X x? +x
+1 | 4+ +1
and so

2+ =20 +6y—15=0

hence, the coordinates are (—4, —3) and (1, 2).

= 22+ (x+1)?* -2 +6(x+1)—-15=0
= 22+ (2 +20+1)—-20+62+6—-15=0
= 22°+6x—-8=0
= 22 +3x-4)=0
add to: +3
multiply to: —4}+4’ -1
= 2@+4)(z—-1)=0
= x+4=0o0rzx—-1=0
= r=—-4orx=1
= y=-3o0ry=2

10. The vectors u and v are such that

1
e u= 11,
0
1
ev=| 3 |, and
k

e the angle between u and v is 45°.

Find the value of k£, where k > 0.



Solution
Well,
wv = (1)(1) + (1)(3) + (0)(k)
= 4.
Now,
lu| = V12 + 12 4 02
=2
and
v = V1% + 3% + k2
= Vk2 + 10.
Next,
u.v = |u||v]| cos 45°
= 4=V2xVE?+10x %
= Vk24+10=4
= k*+10=16
= k*=6
= k= \f(j,
as k> 0.

11. The equation
922 + 3kz + k=0

has two real and distinct roots.

Determine the range of values for k.
Justify your answer.

Solution




Well,

b —4ac > 0 = (3k)* —4(9)(k) > 0
= 9k* — 36k > 0
= 9k(k—4) > 0.

We need a ‘table of signs’:

| k<0 k=0 O<k<4 k=4 k>0

k £ 0 + + +
(k—4) - — — 0 +
k(k—4) | + 0 — 0 +
Hence,
k<Qork>4.
12. Given that
° % = 6cosz + 8sin 2z and
dx
° y=4whenm=%7r,

express y in terms of x.

Solution

Well,
dy

dz
for some constant ¢. Now,

=6cosx + 8sin2z = y = 6sinxz — 4 cos2x + ¢,

1
6

=4=3-2+c¢

= c=3;

xz%7r,y=4:>4=6sin 7r—4cos%7r+c

hence,
y = 6sinz — 4 cos2x + 3.

10



13. A function, f, is defined on the set of real numbers.

The derivative of f is
f'(z) = (x +5)(2 — z).

(a) Find the z-coordinates of the stationary points on the curve with equation y = f(z)
and determine their nature.

Solution
Well,

X ‘ x +5

2 2¢  +10

—x | —a? —bax
and

f'(z) = —2* =32+ 10 = f"(z) = —22 — 3.

Now,

f'(z) =0=(x+5)(2—2)=0
=1r+5=00r2—2=0
=xr=-borx=2

Next,
r=-5=1f(x)=7>0
and
r=2=1{"(z)=-7<0.
Hence, the stationary point at x = —5 is a minimum turning point and the
stationary point at x = 2 is a maximum turning point.

It is known that

e f is a cubic function.

e £(0) <0.

e The equation f(z) = 0 has exactly one solution. The solution lies between —10 and
10.

(b) Draw a sketch of a possible graph of y = f(x).

11



Solution
Now,

f'(z) = —

v? —3r+10= f(z) = —

1

3

for some constant c. So a graph looks like this:

Y

X

3

— %xQ + 10z + ¢,

10

10

12




