Dr Oliver Mathematics
Mathematics: Higher
2022 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. Determine the equation of the line perpendicular to

or + 2y =17,

passing through (—1,6).

Solution
Sr+2y=7T=2y=-5x+7
:>y=—gx+%

and this means the perpendicular has gradient

The equation of this line is
y=32zx+c

for some constant ¢. Now, since the line passes through (—1,6),

and the equation is
y==2z+2

2. Evaluate
2log; 6 — log; 4.



Solution

21ogs 6 — logs 4 = logs 6% — log, 4

36
= logg 1

= log, 3°
=2.
3. A function, h, is defined by
h(z) =4 + 3,
where x € R.
Find the inverse function, h™*(z).
Solution
Let
y=4+ %x
Then
_ 1 _ 1
y=4+zx=y—4=3r
= 3(y —4) = ;
hence,
h™!(z) = 3(z —4), e R,

4. Differentiate

y =V — 271

where z > 0.



Solution

y=\/x3—2x’1:>y=:c%—2x’1

dy 5 1 2
= — = 3jx2 + 207",
de 2

as shown below.

5. A line makes an angle of 37 radians with the y-axis, and passes through the point (—2,0)

YA
g
3
(_2) D:'
-
0 x
Determine the equation of the line.
Solution
The z-axis makes an angle of
Lr—lp_lg
with that line and
tan(3m) = \/?g
So, the equation of the line is
y-0=%+2)=y=Y(r+2).

6. Evaluate



Solution

7. Triangles ABC and ADFE are both right angled.
Angle BAC = q and angle DAFE = r,as shown in the diagram.

(a) Determine the value of:
(i) sinr,

Solution

and

= DE?*+ AE?* = AD? = 12 + 32

sinr =

= AD? =10
= AD =10
1

V10




(ii) sing.

Solution

AB? = BC?* + AC? = (V/13)? = BC? + 22
= 13=BC? +4
— BC? =9
= BC =3

and

sing =

5

(b) Hence determine the value of sin(q — r).

Solution

sin(q — r) = singcosr — sinr cosq

)~ (i )

[el-&-

8. Solve
logs « + logg(x + 5) = 2,

where x > 0.

Solution

logg © + logg(z + 5) = 2 = logg x(x + 5) = 2log, 6
= logg z(x + 5) = logg 6°
= z(r +5) = 6°
= 2° + 52 —36 = 0




add to: +5
multiply to: —36 } /TP

= (z+9)(r—4)=0

=xr=-90rx =4

hence, x = 4.

9. Solve the equation
cos2x° = 5cosz® — 3,

for 0 < 2 < 360.

Solution

cos22° = Heosz® — 3 = 2cos’x2° — 1 =5cosx° — 3

= 2cos?1° —5cosz® +2 =10

add to: -5 41
multiply to: (+2) x (+2) = +4 ’

= 2cos?z° —4cosx® —cosz® +2 =0
= 2cosz’(cosz® —2) — 1(cosz® —2) =0

= (2cosz” — 1)(cosz® —2) =0

= coszx’ = %

= x° = 60 or z° = 300,

since cos x° = 2 does not have any solutions in R.

10. The diagram shows the graph of a cubic function with equation y = f(z).
The curve has stationary points at (0,3) and (4, 0).



(a) Sketch the graph of

y=21f(x) + 1.

Solution




(b) State the coordinates of the stationary points on the graph of y = f(3z).

Solution
(0,3) and (8,0) (twice).

11. Express

222 + 122 + 23

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

Solution
202 + 122 + 23 = 2[2? + 62] + 23
=2[(x* + 62 +9) — 9] + 23
=2(x+3)*—18+23
=2(x + 3)® +5.




12. Given that
f(x) = 4sin(3x — in),

evaluate f'(§m).

Solution

f(z) = 4sin(3z — 37) = f'(z) = 12cos(3x — 57

and
(f'(im) = 12 cos [3(3m) — in]
= 12cos(3m)

— 6v3.

)

13. (a) (i) Show that (z + 2) is a factor of

f(r) = 2° — 22° — 20z — 24.

Solution
f(—2) = -8 —-8+40 — 24 = 0;

the remainder is zero which means (x + 2) is a factor.

(ii) Hence, or otherwise, solve f(x) = 0.

Solution
We use synthetic division:

2|1 -2 —20 -24
I -2 8 24
1 -4 —12 0

Now,

f(z) =0=2° 22" - 200 —24 =0
= (v +2)(2* — 4 —12) =0




add to: -4 | 6. 42
multiply to: —12 ’

= (x+2)(z—6)(x+2)=0
=z = —2 (twice) or = = 6.

The diagram shows the graph of y = f(x).

7 y=/(x)

=Y

The graph of y = f(x — k), k > 0, has a stationary point at (1,0).
(b) State the value of k.

Solution
k= 3.

14. C} is the circle with equation
(x —7)*+ (y + 5)% = 100.

(a) (i) State the centre and radius of C}.

10



Solution
The centre is (7, —5) and the radius is v/100 = 10.

(ii) Hence, or otherwise, show that the point P(—2,7) lies outside C}.

Solution

V(=2 =72+ (T+5)2 = /(-9)? + (12)?
= /225
=15
> 10;

hence, the point P(—2,7) lies outside C}.

Cy is a circle with centre P and radius r.

(b) Determine the value(s) of r for which circles C; and Cy have exactly one point of
intersection.

Solution
Let 71 and ro be the radii for C; and C5 respectively.

or

11

(2)



Then either

ro+1r1=15=1ry+10=15

=719 =25

or

ro—11=15=1r—-10=15

§T2:25
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