
Higher Mathematics

GCC Straight Line

1.[SQA]

2.[SQA] Find the size of the angle a◦ that the line
joining the points A(0,−1) and B(3

√
3, 2)

makes with the positive direction of the
x -axis. 3

O x

y

A(0,−1)

a◦

B(3
√
3, 2)

3.[SQA]

4.[SQA] Find the equation of the line through the point (3,−5) which is parallel to the line
with equation 3x+ 2y− 5 = 0. 2
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Higher Mathematics

5.[SQA]

6.[SQA]

7.[SQA] Triangle PQR has vertex P on the x -axis,
as shown in the diagram.

Q and R are the points (4, 6) and (8,−2)
respectively.

The equation of PQ is 6x− 7y+ 18 = 0.

(a) State the coordinates of P. 1

(b) Find the equation of the altitude of
the triangle from P. 3

(c) The altitude from P meets the line
QR at T. Find the coordinates of T. 4

6 – 7 + 18 = 0 T

P

Q(4, 6)

R(8, –2)

O
x

x

y

y
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Higher Mathematics

8.[SQA]

9.[SQA]
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Higher Mathematics

10. Triangle ABC has vertices A(4, 0) ,
B(4, 16) and C(18, 20) , as shown in
the diagram opposite.

Medians AP and CR intersect at the
point T(6, 12) .

B

P
C

T

A

R

Q

O x

y

(a) Find the equation of median BQ. 3

(b) Verify that T lies on BQ. 1

(c) Find the ratio in which T divides BQ. 2

11.[SQA] Triangle ABC has vertices A(2, 2) ,
B(12, 2) and C(8, 6) .

(a) Write down the equation of l1 ,
the perpendicular bisector of
AB. 1

(b) Find the equation of l2 , the
perpendicular bisector of AC. 4

(c) Find the point of intersection of
lines l1 and l2 . 1

(d) Hence find the equation of the
circle passing through A, B and
C. 2

O x

y

A(2, 2) B(12, 2)

C(8, 6)

[END OF QUESTIONS]
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Higher Mathematics

GCC Straight Line

1.[SQA]

Part Marks Level Calc. Content Answer U1 OC1

(a) 2 C CN G1 proof 1995 P2 Q1

(b) 8 C CN G8, G7, G1 (i) H(4, 72), (ii) proof
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2.[SQA] Find the size of the angle a◦ that the line
joining the points A(0,−1) and B(3

√
3, 2)

makes with the positive direction of the
x -axis. 3

O x

y

A(0,−1)

a◦

B(3
√
3, 2)

Part Marks Level Calc. Content Answer U1 OC1

3 C NC G2 30 2000 P1 Q3

•1 ss: know how to find gradient or
equ.

•2 pd: process
•3 ic: interpret exact value

•1 2−(−1)
3
√
3−0

•2 tan a = gradient stated or implied by
•3

•3 a = 30

3.[SQA]

Part Marks Level Calc. Content Answer U1 OC1

3 C CR G2 1992 P1 Q13

4.[SQA] Find the equation of the line through the point (3,−5) which is parallel to the line
with equation 3x+ 2y− 5 = 0. 2

Part Marks Level Calc. Content Answer U1 OC1

2 C CN G3, G2 1991 P1 Q1
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Higher Mathematics

5.[SQA]

Part Marks Level Calc. Content Answer U1 OC1

3 C CN G3, G3 1998 P1 Q1

6.[SQA]

Part Marks Level Calc. Content Answer U1 OC1

(a) 6 C NC G3, G5, G8 1992 P1 Q2

(b) 2 C NC G8
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Higher Mathematics

7.[SQA] Triangle PQR has vertex P on the x -axis,
as shown in the diagram.

Q and R are the points (4, 6) and (8,−2)
respectively.

The equation of PQ is 6x− 7y+ 18 = 0.

(a) State the coordinates of P. 1

(b) Find the equation of the altitude of
the triangle from P. 3

(c) The altitude from P meets the line
QR at T. Find the coordinates of T. 4

6 – 7 + 18 = 0 T

P

Q(4, 6)

R(8, –2)

O
x

x

y

y

Part Marks Level Calc. Content Answer U1 OC1

(a) 1 C CN G4 P(−3, 0) 2009 P1 Q21

(b) 3 C CN G7 y = 1
2(x+ 3)

(c) 4 C CN G8 T(5, 4)

•1 ic: interpret x-intercept

•2 pd: find gradient (of QR)
•3 ss: know and use m1m2 = −1
•4 ic: state equ. of altitude

•5 ic: state equ. of line (QR)
•6 ss: prepare to solve sim. equ.
•7 pd: solve for x
•8 pd: solve for y

•1 P = (−3, 0)

•2 mQR = −2
•3 malt. = 1

2

•4 y− 0 = 1
2(x+ 3)

•5 y+ 2 = −2(x− 8)
•6 x− 2y = −3 and 2x+ y = 14
•7 x = 5
•8 y = 4
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8.[SQA]

Part Marks Level Calc. Content Answer U1 OC1

(a) 3 C CN G5, G3 1994 P2 Q2

(b) 2 C CN G1

(c) 2 C CN G1
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9.[SQA]

Part Marks Level Calc. Content Answer U1 OC1

5 C CN G8 1995 P1 Q6
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Higher Mathematics

10. Triangle ABC has vertices A(4, 0) ,
B(4, 16) and C(18, 20) , as shown in
the diagram opposite.

Medians AP and CR intersect at the
point T(6, 12) .

B

P
C

T

A

R

Q

O x

y

(a) Find the equation of median BQ. 3

(b) Verify that T lies on BQ. 1

(c) Find the ratio in which T divides BQ. 2

Part Marks Level Calc. Content Answer U3 OC1

(a) 3 C CN G7 y− 16 = − 25(x− (−4)) 2010 P1 Q21

(b) 1 C CN A6 proof

(c) 2 C CN G24 2 : 1

•1 ss: know and find midpoint of AC
•2 pd: calculate gradient of BQ
•3 ic: state equation

•4 ic: substitute in for T and complete

•5 ss: valid method for finding the
ratio

•6 ic: complete to simplified ratio

•1 (11, 10)
•2 − 6

15 or equiv

•3 y− 16 = − 25(x− (−4))
or y− 10 = − 25(x− 11)

•4 2(6) + 5(12) = 12+ 60 = 72

•5 e.g. vector approach
−→
BT =

(

10
−4

)

,
−→
TQ =

(

5
−2

)

•6 2 : 1
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Higher Mathematics

11.[SQA] Triangle ABC has vertices A(2, 2) ,
B(12, 2) and C(8, 6) .

(a) Write down the equation of l1 ,
the perpendicular bisector of
AB. 1

(b) Find the equation of l2 , the
perpendicular bisector of AC. 4

(c) Find the point of intersection of
lines l1 and l2 . 1

(d) Hence find the equation of the
circle passing through A, B and
C. 2

O x

y

A(2, 2) B(12, 2)

C(8, 6)

Part Marks Level Calc. Content Answer U2 OC4

(a) 1 C CN G3, G7 x = 7 2001 P2 Q7

(b) 4 C CN G7 3x+ 2y = 23

(c) 1 C CN G8 (7, 1)

(d) 2 A/B CN G8, G9, G10 (x− 7)2 + (y− 1)2 = 26

•1 ic: state equation of a vertical line

•2 pd: process coord. of a midpoint
•3 ss: find gradient of AC
•4 ic: state gradient of perpendicular
•5 ic: state equation of straight line

•6 pd: find pt of intersection

•7 ss: use standard form of circle equ.
•8 ic: find radius and complete

•1 x = 7

•2 midpoint = (5, 4)
•3 mAC = 2

3

•4 m⊥ = − 32
•5 y− 4 = − 32(x− 5)

•6 x = 7, y = 1

•7 (x− 7)2 + (y− 1)2
•8 (x− 7)2 + (y− 1)2 = 26

or

•7 x2 + y2 − 14x− 2y+ c = 0
•8 c = 24

[END OF QUESTIONS]
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Higher Mathematics

GCC Quadratics and Polynomials

Paper 1 Section A

Each correct answer in this section is worth two marks.

1. Which of the following diagrams
shows a parabola with equation
y = ax2 + bx+ c , where

• a > 0

• b2 − 4ac > 0?

A. O x

y

B. O x

y

C.

O x

y

D.

O x

y

2. The diagram shows the graph of a
cubic.

•

(1, 2)

–1 2O x

y

What is the equation of this cubic?

A. y = −x(x+ 1)(x− 2)

B. y = −x(x− 1)(x+ 2)

C. y = x(x+ 1)(x− 2)

D. y = x(x− 1)(x+ 2)

3. If f (x) = (x− 3)(x+ 5) , for what
values of x is the graph of y = f (x)
above the x -axis?

A. −5 < x < 3

B. −3 < x < 5

C. x < −5, x > 3

D. x < −3, x > 5
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Higher Mathematics

4. What is the solution of x2+ 4x > 0,
where x is a real number?

A. −4 < x < 0

B. x < −4, x > 0

C. 0 < x < 4

D. x < 0, x > 4

5. Solve 6− x− x2 < 0.

A. −3 < x < 2

B. x < −3, x > 2

C. −2 < x < 3

D. x < −2, x > 3

6. The discriminant of a quadratic
equation is 23.

Here are two statements about this
quadratic equation:

I. the roots are real;

II. the roots are rational.

Which of the following is true?

A. neither statement is correct

B. only statement I is correct

C. only statement II is correct

D. both statements are correct

7. A function f is given by
f (x) = 2x2− x− 9.
Which of the following describes the
nature of the roots of f (x) = 0?

A. No real roots

B. Equal roots

C. Real distinct roots

D. Rational distinct roots

8. The roots of the equation
kx2 − 3x+ 2 = 0 are equal.

What is the value of k?

A. − 98
B. − 89
C. 8

9

D. 9
8
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Higher Mathematics

9. The diagram shows the graph with
equation y = k(x− 1)2(x+ t) .

10

1 5O x

y

What are the values of k and t?

k t

A. −2 −5
B. −2 5

C. 2 −5
D. 2 5

10. A parabola intersects the axes at
x = −2, x = −1 and y = 6, as
shown in the diagram.

–2

6

–1 O x

y

What is the equation of the
parabola?

A. y = 6(x− 1)(x− 2)

B. y = 6(x+ 1)(x+ 2)

C. y = 3(x− 1)(x− 2)

D. y = 3(x+ 1)(x+ 2)

11. A function f is defined on the set of
real numbers by
f (x) = x3 − x2 + x+ 3.

What is the remainder when f (x) is
divided by (x− 1)?
A. 0

B. 2

C. 3

D. 4
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Higher Mathematics

[END OF PAPER 1 SECTION A]

Paper 1 Section B

12. (a)[SQA] Express f (x) = x2 − 4x+ 5 in the form f (x) = (x− a)2 + b . 2

(b) On the same diagram sketch:

(i) the graph of y = f (x) ;

(ii) the graph of y = 10− f (x) . 4

(c) Find the range of values of x for which 10− f (x) is positive. 1

13.[SQA] Find the values of x for which the function f (x) = 2x3− 3x2 − 36x is increasing. 4

14.[SQA] Given that k is a real number, show that the roots of the equation kx2 + 3x+ 3 = k
are always real numbers. 5

15.[SQA] For what value of k does the equation x2 − 5x+ (k+ 6) = 0 have equal roots? 3

16.[SQA]

17.[SQA] Find the values of k for which the equation 2x2 + 4x+ k = 0 has real roots. 2

18. (a) (i) Show that (x− 1) is a factor of f (x) = 2x3 + x2 − 8x+ 5.

(ii) Hence factorise f (x) fully. 5

(b) Solve 2x3 + x2− 8x+ 5 = 0. 1

(c) The line with equation y = 2x − 3 is a tangent to the curve with equation
y = 2x3 + x2 − 6x+ 2 at the point G.

Find the coordinates of G. 5

(d) This tangent meets the curve again at the point H.

Write down the coordinates of H. 1
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Higher Mathematics

19.[SQA] Factorise fully 2x3+ 5x2 − 4x− 3. 4

20.[SQA]

21.[SQA] One root of the equation 2x3 − 3x2 + px+ 30 = 0 is −3.
Find the value of p and the other roots. 4

22.[SQA]

23.[SQA] Express x4 − x in its fully factorised form. 4

24.[SQA]

25.[SQA] Express x3 − 4x2 − 7x+ 10 in its fully factorised form. 4

26.[SQA]
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27.[SQA]

28.[SQA]
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29.[SQA]

30.[SQA]
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31.[SQA]

32.[SQA]

[END OF PAPER 1 SECTION B]
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Higher Mathematics

Paper 2

1.[SQA]

(i) Write down the condition for the equation ax2 + bx + c = 0 to have no real
roots. 1

(ii) Hence or otherwise show that the equation x(x + 1) = 3x − 2 has no real
roots. 2

2.[SQA] Show that the roots of the equation (k− 2)x2 − (3k− 2)x+ 2k = 0 are real. 4

3.[SQA]

4.[SQA] The roots of the equation (x− 1)(x+ k) = −4 are equal.
Find the values of k . 5
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Higher Mathematics

5.[SQA]

6.[SQA] Show that the equation (1 − 2k)x2 − 5kx − 2k = 0 has real roots for all integer
values of k . 5

7.[SQA] The diagram shows a sketch of a
parabola passing through (−1, 0) ,
(0, p) and (p, 0) .

(a) Show that the equation
of the parabola is
y = p+ (p− 1)x− x2 . 3

(b) For what value of p will the line
y = x + p be a tangent to this
curve? 3

O x

y

(−1, 0) (p, 0)

(0, p)

8. (a)[SQA] Given that x+ 2 is a factor of 2x3 + x2 + kx+ 2, find the value of k . 3

(b) Hence solve the equation 2x3 + x2 + kx+ 2 = 0 when k takes this value. 2
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9.[SQA] The diagram shows part of the graph of the
curve with equation y = 2x3− 7x2 + 4x+ 4.

(a) Find the x -coordinate of the maximum
turning point. 5

(b) Factorise 2x3 − 7x2 + 4x+ 4. 3

(c) State the coordinates of the point A and
hence find the values of x for which
2x3− 7x2 + 4x+ 4 < 0. 2

O x

y

A

(2, 0)

y = f (x)

10.[SQA] Find p if (x+ 3) is a factor of x3− x2 + px+ 15. 3

11.[SQA] When f (x) = 2x4− x3+ px2+ qx+ 12 is divided by (x− 2) , the remainder is 114.
One factor of f (x) is (x+ 1) .

Find the values of p and q . 5

12.[SQA]

13.[SQA] The diagram shows a sketch of the
graph of y = x3 − 3x2+ 2x .
(a) Find the equation of the
tangent to this curve at the
point where x = 1. 5

(b) The tangent at the point (2, 0)
has equation y = 2x− 4. Find
the coordinates of the point
where this tangent meets the
curve again. 5

O
x

y

y = x3 − 3x2+ 2x

[END OF PAPER 2]
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Higher Mathematics

GCC Quadratics and Polynomials

Paper 1 Section A

Each correct answer in this section is worth two marks.

1. Which of the following diagrams shows a parabola with equation
y = ax2 + bx+ c , where

• a > 0

• b2 − 4ac > 0?

A. O x

y

B. O x

y

C.

O x

y

D.

O x

y

Key Outcome Grade Facility Disc. Calculator Content Source

B 2.1 C 0 0 CN A7, A15, A17 2010 P1 Q13
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2. The diagram shows the graph of a cubic.

•

(1, 2)

–1 2O x

y

What is the equation of this cubic?

A. y = −x(x+ 1)(x− 2)

B. y = −x(x− 1)(x+ 2)

C. y = x(x+ 1)(x− 2)

D. y = x(x− 1)(x+ 2)

Key Outcome Grade Facility Disc. Calculator Content Source

A 2.1 C 0 0 CN A7, A19 2011 P1 Q17
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3. If f (x) = (x− 3)(x+ 5) , for what values of x is the graph of y = f (x) above the
x -axis?

A. −5 < x < 3

B. −3 < x < 5

C. x < −5, x > 3

D. x < −3, x > 5

Key Outcome Grade Facility Disc. Calculator Content Source

C 2.1 A/B 0 0 CN A16 2011 P1 Q18

4. What is the solution of x2+ 4x > 0, where x is a real number?

A. −4 < x < 0

B. x < −4, x > 0

C. 0 < x < 4

D. x < 0, x > 4

Key Outcome Grade Facility Disc. Calculator Content Source

B 2.1 C 0 0 CN A16 2010 P1 Q18

hsn.uk.net Page 3

Questions marked ‘[SQA]’ c© SQA
All others c© Higher Still Notes



Higher Mathematics

5. Solve 6− x− x2 < 0.

A. −3 < x < 2

B. x < −3, x > 2

C. −2 < x < 3

D. x < −2, x > 3

Key Outcome Grade Facility Disc. Calculator Content Source

B 2.1 C 0 0 NC A16 2012 P1 Q19

6. The discriminant of a quadratic equation is 23.

Here are two statements about this quadratic equation:

I. the roots are real;

II. the roots are rational.

Which of the following is true?

A. neither statement is correct

B. only statement I is correct

C. only statement II is correct

D. both statements are correct

Key Outcome Grade Facility Disc. Calculator Content Source

B 2.1 A/B 0 0 NC A17 2011 P1 Q9
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Higher Mathematics

7. A function f is given by f (x) = 2x2− x− 9.
Which of the following describes the nature of the roots of f (x) = 0?

A. No real roots

B. Equal roots

C. Real distinct roots

D. Rational distinct roots

Key Outcome Grade Facility Disc. Calculator Content Source

C 2.1 C 0 0 NC A17 2009 P1 Q12

8. The roots of the equation kx2 − 3x+ 2 = 0 are equal.

What is the value of k?

A. − 98
B. − 89
C. 8

9

D. 9
8

Key Outcome Grade Facility Disc. Calculator Content Source

D 2.1 C 0 0 CN A18 2010 P1 Q6
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9. The diagram shows the graph with equation y = k(x− 1)2(x+ t) .

10

1 5O x

y

What are the values of k and t?

k t

A. −2 −5
B. −2 5

C. 2 −5
D. 2 5

Key Outcome Grade Facility Disc. Calculator Content Source

A 2.1 C 0 0 CN A19 2010 P1 Q16
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Higher Mathematics

10. A parabola intersects the axes at x = −2, x = −1 and y = 6, as shown in the
diagram.

–2

6

–1 O x

y

What is the equation of the parabola?

A. y = 6(x− 1)(x− 2)

B. y = 6(x+ 1)(x+ 2)

C. y = 3(x− 1)(x− 2)

D. y = 3(x+ 1)(x+ 2)

Key Outcome Grade Facility Disc. Calculator Content Source

D 2.1 C 0 0 NC A19 2012 P1 Q13
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Higher Mathematics

11. A function f is defined on the set of real numbers by f (x) = x3 − x2 + x+ 3.

What is the remainder when f (x) is divided by (x− 1)?
A. 0

B. 2

C. 3

D. 4

Key Outcome Grade Facility Disc. Calculator Content Source

D 2.1 C 0 0 NC A21 2011 P1 Q7

[END OF PAPER 1 SECTION A]

Paper 1 Section B

12. (a)[SQA] Express f (x) = x2 − 4x+ 5 in the form f (x) = (x− a)2 + b . 2

(b) On the same diagram sketch:

(i) the graph of y = f (x) ;

(ii) the graph of y = 10− f (x) . 4

(c) Find the range of values of x for which 10− f (x) is positive. 1

Part Marks Level Calc. Content Answer U1 OC2

(a) 2 C NC A5 a = 2, b = 1 2002 P1 Q7

(b) 4 C NC A3 sketch

(c) 1 C NC A16, A6 −1 < x < 5

•1 pd: process, e.g. completing the
square

•2 pd: process, e.g. completing the
square

•3 ic: interpret minimum
•4 ic: interpret y-intercept
•5 ss: reflect in x-axis
•6 ss: translate parallel to y-axis

•7 ic: interpret graph

•1 a = 2
•2 b = 1

•3 any two from:
parabola; min. t.p. (2, 1); (0, 5)

•4 the remaining one from above list
•5 reflecting in x-axis
•6 translating +10 units, parallel to
y-axis

•7 (−1, 5) i.e. −1 < x < 5
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Higher Mathematics

13.[SQA] Find the values of x for which the function f (x) = 2x3− 3x2 − 36x is increasing. 4

Part Marks Level Calc. Content Answer U2 OC1

2 C NC C7, A16 1996 P1 Q16

2 A/B NC C7, A16

14.[SQA] Given that k is a real number, show that the roots of the equation kx2 + 3x+ 3 = k
are always real numbers. 5

Part Marks Level Calc. Content Answer U2 OC1

1 C NC A17 1991 P1 Q18

4 A/B NC A17

15.[SQA] For what value of k does the equation x2 − 5x+ (k+ 6) = 0 have equal roots? 3

Part Marks Level Calc. Content Answer U2 OC1

3 C CN A18 k = 1
4 2001 P1 Q2

•1 ss: know to set disc. to zero
•2 ic: substitute a, b and c into
discriminant

•3 pd: process equation in k

•1 b2 − 4ac = 0 stated or implied by •2
•2 (−5)2 − 4× (k+ 6)
•3 k = 1

4
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Higher Mathematics

16.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

1 C NC A18 1992 P1 Q17

3 A/B NC A18

17.[SQA] Find the values of k for which the equation 2x2 + 4x+ k = 0 has real roots. 2

Part Marks Level Calc. Content Answer U2 OC1

2 C NC A18 1993 P1 Q3
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Higher Mathematics

18. (a) (i) Show that (x− 1) is a factor of f (x) = 2x3 + x2 − 8x+ 5.

(ii) Hence factorise f (x) fully. 5

(b) Solve 2x3 + x2− 8x+ 5 = 0. 1

(c) The line with equation y = 2x − 3 is a tangent to the curve with equation
y = 2x3 + x2 − 6x+ 2 at the point G.

Find the coordinates of G. 5

(d) This tangent meets the curve again at the point H.

Write down the coordinates of H. 1

Part Marks Level Calc. Content Answer U2 OC1

(a) 5 C CN A21 (x− 1)(x− 1)(2x+ 5) 2010 P1 Q22

(b) 1 C CN A22 x = 1,− 52
(c) 5 C CN A23 (1,−1)
(d) 1 C CN A23 (− 52 ,−8)

•1 ss: know to use x = 1
•2 ic: complete evaluation
•3 ic: state conclusion
•4 pd: find quadratic factor
•5 pd: factorise completely

•6 ic: state solutions

•7 ss: set ycurve = yline
•8 ic: express in standard form
•9 ss: compare with (a) or factorise
•10 ic: identify xG
•11 pd: evaluate yG

•12 pd: state solution

•1 evaluating at x = 1...
•2 2+ 1− 8+ 5 = 0
•3 (x− 1) is a factor
•4 (x− 1)(2x2 + 3x− 5)
•5 (x− 1)(x− 1)(2x+ 5)

•6 x = 1 and x = − 52

•7 2x3 + x2 − 6x+ 2 = 2x− 3
•8 2x3 + x2 − 8x+ 5 = 0
•9 (x− 1)(x− 1)(2x+ 5) = 0
•10 x = 1
•11 y = −1

•12 (− 52 ,−8)

19.[SQA] Factorise fully 2x3+ 5x2 − 4x− 3. 4

Part Marks Level Calc. Content Answer U2 OC1

4 C NC A21 1989 P1 Q2
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20.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 1 C NC A21 1999 P1 Q1

(b) 3 C NC A21

21.[SQA] One root of the equation 2x3 − 3x2 + px+ 30 = 0 is −3.
Find the value of p and the other roots. 4

Part Marks Level Calc. Content Answer U2 OC1

4 C NC A21 1993 P1 Q7

22.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 2 C NC A21 1995 P1 Q2

(b) 2 C NC A21
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23.[SQA] Express x4 − x in its fully factorised form. 4

Part Marks Level Calc. Content Answer U2 OC1

4 C NC A21 1996 P1 Q7

24.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 2 C NC A21 1997 P1 Q5

(b) 3 C NC A21

25.[SQA] Express x3 − 4x2 − 7x+ 10 in its fully factorised form. 4

Part Marks Level Calc. Content Answer U2 OC1

4 C NC A21 1998 P1 Q2
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26.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 3 C NC A21 1992 P2 Q1

(b) 2 C NC A6

(c) 6 C NC C8
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27.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 3 C NC A21 1994 P2 Q1

(b) 4 C NC A21
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28.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 4 C NC C4, G3 1995 P2 Q2

(b) 5 C NC A23
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29.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(ai) 1 C NC A6 1998 P2 Q5

(aii) 4 C NC C4, G3

(b) 2 C NC A23

(b) 5 A/B NC A23
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30.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 2 C NC A6 1999 P2 Q4

(b) 2 C NC G3

(c) 4 C NC A23

hsn.uk.net Page 18

Questions marked ‘[SQA]’ c© SQA
All others c© Higher Still Notes



Higher Mathematics

31.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 7 C NC A23, A21 1993 P2 Q7

(b) 1 A/B NC A24
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32.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 3 C NC CGD 1989 P2 Q3

(b) 1 C NC CGD

(c) 1 C NC A26

(c) 3 A/B NC A26

[END OF PAPER 1 SECTION B]
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Paper 2

1.[SQA]

(i) Write down the condition for the equation ax2 + bx + c = 0 to have no real
roots. 1

(ii) Hence or otherwise show that the equation x(x + 1) = 3x − 2 has no real
roots. 2

Part Marks Level Calc. Content Answer U2 OC1

3 C CN A17 1999 P1 Q8

2.[SQA] Show that the roots of the equation (k− 2)x2 − (3k− 2)x+ 2k = 0 are real. 4

Part Marks Level Calc. Content Answer U2 OC1

1 C CN A17 1990 P1 Q18

3 A/B CN A17
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3.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 1 C CN A6 1994 P2 Q9

(b) 2 C CN C4, CGD

(b) 4 A/B CN C4, CGD

(c) 2 A/B CN A17
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4.[SQA] The roots of the equation (x− 1)(x+ k) = −4 are equal.
Find the values of k . 5

Part Marks Level Calc. Content Answer U2 OC1

1 C CN A18 1995 P1 Q20

4 A/B CN A18 k = −5, 3
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5.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 3 C CN CGD 1993 P2 Q4

(b) 5 C CN A18, CGD
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Higher Mathematics

6.[SQA] Show that the equation (1 − 2k)x2 − 5kx − 2k = 0 has real roots for all integer
values of k . 5

Part Marks Level Calc. Content Answer U2 OC1

5 A/B CN A18, A16, CGD proof 2002 P2 Q9

•1 ss: know to use discriminant
•2 ic: pick out discriminant
•3 pd: simplify to quadratic
•4 ss: choose to draw table or graph
•5 pd: complete proof using disc.≥ 0

•1 discriminant = . . .
•2 disc = (−5k)2 − 4(1− 2k)(−2k)
•3 9k2 + 8k
•4 e.g. draw a table, graph, complete
the square

•5 complete proof and conclusion
relating to disc.≥ 0

7.[SQA] The diagram shows a sketch of a
parabola passing through (−1, 0) ,
(0, p) and (p, 0) .

(a) Show that the equation
of the parabola is
y = p+ (p− 1)x− x2 . 3

(b) For what value of p will the line
y = x + p be a tangent to this
curve? 3

O x

y

(−1, 0) (p, 0)

(0, p)

Part Marks Level Calc. Content Answer U2 OC1

(a) 3 A/B CN A19 proof 2001 P2 Q11

(b) 3 A/B CN A24 2

•1 ss: use a standard form of parabola
•2 ss: use 3rd point to determine k
•3 pd: complete proof

•4 ss: equate and simplify to zero
•5 ss: use discriminant for tangency
•6 pd: process

•1 y = k(x+ 1)(x− p)
•2 k = −1 with justification (i.e.
substitute (0, p))

•3 y = −1(x+ 1)(x− p) and complete

•4 x2 + 2x− px = 0
•5 b2 − 4ac = (2− p)2 = 0
or (2− p)2 − 4× 0 = 0

•6 p = 2
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8. (a)[SQA] Given that x+ 2 is a factor of 2x3 + x2 + kx+ 2, find the value of k . 3

(b) Hence solve the equation 2x3 + x2 + kx+ 2 = 0 when k takes this value. 2

Part Marks Level Calc. Content Answer U2 OC1

(a) 3 C CN A21 k = −5 2001 P2 Q1

(b) 2 C CN A22 x = −2, 12 , 1

•1 ss: use synth division or
f (evaluation)

•2 pd: process
•3 pd: process

•4 ss: find a quadratic factor
•5 pd: process

•1 f (−2) = 2(−2)3 + · · ·
•2 2(−2)3 + (−2)2 − 2k+ 2
•3 k = −5

•4 2x2 − 3x + 1 or 2x2 + 3x − 2 or
x2 + x− 2

•5 (2x− 1)(x− 1) or (2x− 1)(x+ 2) or
(x+ 2)(x− 1)
and x = −2, 12 , 1

9.[SQA] The diagram shows part of the graph of the
curve with equation y = 2x3− 7x2 + 4x+ 4.

(a) Find the x -coordinate of the maximum
turning point. 5

(b) Factorise 2x3 − 7x2 + 4x+ 4. 3

(c) State the coordinates of the point A and
hence find the values of x for which
2x3− 7x2 + 4x+ 4 < 0. 2

O x

y

A

(2, 0)

y = f (x)

Part Marks Level Calc. Content Answer U2 OC1

(a) 5 C NC C8 x = 1
3 2002 P2 Q3

(b) 3 C NC A21 (x− 2)(2x+ 1)(x− 2)
(c) 2 C NC A6 A(− 12 , 0), x < − 12

•1 ss: know to differentiate
•2 pd: differentiate
•3 ss: know to set derivative to zero
•4 pd: start solving process of equation
•5 pd: complete solving process

•6 ss: strategy for cubic, e.g. synth.
division

•7 ic: extract quadratic factor
•8 pd: complete the cubic factorisation

•9 ic: interpret the factors
•10 ic: interpret the diagram

•1 f ′(x) = . . .
•2 6x2 − 14x+ 4
•3 6x2 − 14x+ 4 = 0
•4 (3x− 1)(x− 2)
•5 x = 1

3

•6
· · · 2 −7 4 4

· · · · · · · · ·
· · · · · · · · · 0

•7 2x2 − 3x− 2
•8 (x− 2)(2x+ 1)(x− 2)

•9 A(− 12 , 0)
•10 x < − 12

hsn.uk.net Page 26

Questions marked ‘[SQA]’ c© SQA
All others c© Higher Still Notes



Higher Mathematics

10.[SQA] Find p if (x+ 3) is a factor of x3− x2 + px+ 15. 3

Part Marks Level Calc. Content Answer U2 OC1

3 C CN A21 1990 P1 Q1

11.[SQA] When f (x) = 2x4− x3+ px2+ qx+ 12 is divided by (x− 2) , the remainder is 114.
One factor of f (x) is (x+ 1) .

Find the values of p and q . 5

Part Marks Level Calc. Content Answer U2 OC1

5 C CN A21 1991 P1 Q6
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12.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

8 C CN A21, C8 1993 P2 Q1
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13.[SQA] The diagram shows a sketch of the
graph of y = x3 − 3x2+ 2x .
(a) Find the equation of the
tangent to this curve at the
point where x = 1. 5

(b) The tangent at the point (2, 0)
has equation y = 2x− 4. Find
the coordinates of the point
where this tangent meets the
curve again. 5

O
x

y

y = x3 − 3x2+ 2x

Part Marks Level Calc. Content Answer U2 OC1

(a) 5 C CN C5 x+ y = 1 2000 P2 Q1

(b) 5 C CN A23, A22, A21 (−1,−6)

•1 ss: know to differentiate
•2 pd: differentiate correctly
•3 ss: know that gradient = f ′(1)
•4 ss: know that y-coord = f (1)
•5 ic: state equ. of line

•6 ss: equate equations
•7 pd: arrange in standard form
•8 ss: know how to solve cubic
•9 pd: process
•10 ic: interpret

•1 y′ = . . .
•2 3x2 − 6x+ 2
•3 y′(1) = −1
•4 y(1) = 0
•5 y− 0 = −1(x− 1)

•6 2x− 4 = x3 − 3x2 + 2x
•7 x3 − 3x2 + 4 = 0

•8
· · · 1 −3 0 4

· · · · · · · · ·
· · · · · · · · · · · ·

•9 identify x = −1 from working
•10 (−1,−6)

[END OF PAPER 2]
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GCC Vectors

1.[SQA] ABCD is a quadrilateral with vertices A(4,−1, 3) , B(8, 3,−1) , C(0, 4, 4) and
D(−4, 0, 8) .
(a) Find the coordinates of M, the midpoint of AB. 1

(b) Find the coordinates of the point T, which divides CM in the ratio 2 : 1. 3

(c) Show that B, T and D are collinear and find the ratio in which T divides BD. 4

2.[SQA]

3.[SQA]

4.[SQA]

5.[SQA]
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6.[SQA]

7.[SQA]
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8.[SQA]

9.[SQA]
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10.[SQA]

11.[SQA] A box in the shape of a cuboid
is designed with circles of different
sizes on each face.

The diagram shows three of the
circles, where the origin represents
one of the corners of the cuboid. The
centres of the circles are A(6, 0, 7) ,
B(0, 5, 6) and C(4, 5, 0) .

Find the size of angle ABC. 7

O

x

y

z

A

B

C

12.[SQA] The vectors p , q and r are defined as follows:

p = 3i − 3 j + 2k , q = 4i − j + k , r = 4i − 2 j + 3k .

(a) Find 2p − q + r in terms of i , j and k . 1

(b) Find the value of |2p − q + r | . 2
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Higher Mathematics

13.[SQA]

14.[SQA] The vector ai + b j + k is perpendicular to both the vectors i − j + k and
−2i + j + k .
Find the values of a and b . 3

15.[SQA] Calculate the length of the vector 2i − 3 j +
√
3k . 2

16.[SQA] Show that the vectors a = 2i + 3 j − k and b = 3i − j + 3k are perpendicular. 3

17.[SQA]

18.[SQA]
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19.[SQA]

20.[SQA] If u =





−3
3
3



 and v =





1
5
−1



 , write down the components of u + v and u − v .

Hence show that u + v and u − v are perpendicular. 3

21.[SQA] A cuboid measuring 11 cm by 5 cm by 7 cm is placed centrally on top of another
cuboid measuring 17 cm by 9 cm by 8 cm.

Coordinates axes are taken as shown.

O

x

y

5 7

89

11

17

z

A

B
C

(a) The point A has coordinates (0, 9, 8) and C has coordinates (17, 0, 8) .

Write down the coordinates of B. 1

(b) Calculate the size of angle ABC. 6
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Higher Mathematics

22.[SQA] The diagram shows a square-based
pyramid of height 8 units.

Square OABC has a side length of 6 units.

The coordinates of A and D are (6, 0, 0)
and (3, 3, 8) .

C lies on the y-axis.

(a) Write down the coordinates of B. 1

(b) Determine the components of
−→
DA

and
−→
DB. 2

(c) Calculate the size of angle ADB. 4

O
x

y

A(6, 0, 0)

BC

D(3, 3, 8)
z

23. D,OABC is a square based pyramid as shown in the diagram below.

M

BC

A

D(2, 2, 6)
z

O
x

y

O is the origin, D is the point (2, 2, 6) and OA = 4 units.

M is the mid-point of OA.

(a) State the coordinates of B. 1

(b) Express
−→
DB and

−→
DM in component form. 3

(c) Find the size of angle BDM. 5
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24. The diagram shows a cuboid OPQR,STUV relative to the coordinate axes.

P is the point (4, 0, 0) , Q is (4, 2, 0)
and U is (4, 2, 3) .

M is the midpoint of OR.

N is the point on UQ such that
UN = 1

3UQ.

z

S

M

T

N

R

P (4, 0, 0)

Q (4, 2, 0)

U (4, 2, 3)
V

O
x

y

(a) State the coordinates of M and N. 2

(b) Express the vectors
−→
VM and

−→
VN in component form. 2

(c) Calculate the size of angle MVN. 5

25. (a)[SQA] Roadmakers look along the tops of a set
of T-rods to ensure that straight sections
of road are being created. Relative to
suitable axes the top left corners of the
T-rods are the points A(−8,−10,−2) ,
B(−2,−1, 1) and C(6, 11, 5) .

Determine whether or not the section of
road ABChas been built in a straight line. 3

A

B

C

(b) A further T-rod is placed such that D has
coordinates (1,−4, 4) .
Show that DB is perpendicular to AB. 3

A

B

C

D

26.[SQA]
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27.[SQA]

28.[SQA]

29.[SQA] Show that P(2, 2, 3) , Q(4, 4, 1) and R(5, 5, 0) are collinear and find the ratio in
which Q divides PR. 4

30.[SQA] A is the point (2,−5, 6) , B is (6,−3, 4) and C is (12, 0, 1) . Show that A, B and C
are collinear and determine the ratio in which B divides AC. 4

31.[SQA] D, E and F have coordinates (10,−8,−15) , (1,−2,−3) and (−2, 0, 1) respectively.
(a) (i) Show that D, E and F are collinear.

(ii) Find the ratio in which E divides DF. 4

(b) G has coordinates (k, 1, 0) .

Given that DE is perpendicular to GE, find the value of k . 4

32.[SQA] The point Q divides the line joining P(−1,−1, 0) to R(5, 2,−3) in the ratio 2 : 1.
Find the coordinates of Q. 3

33.[SQA]
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34.[SQA]

35.[SQA]
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36.[SQA] VABCD is a pyramid with a rectangular base ABCD.

Relative to some appropriate axes,

−→
VA represents −7i − 13 j − 11k
−→
AB represents 6i + 6 j − 6k
−→
AD represents 8i − 4 j + 4k .

K divides BC in the ratio 1 : 3.

Find
−→
VK in component form. 3

A B

CD

V

K1

3

37.[SQA]

38.[SQA]

39.[SQA]
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40.[SQA] For what value of t are the vectors u =





t
−2
3



 and v =





2
10
t



 perpendicular? 2

41.[SQA] A(4, 4, 10) , B(−2,−4, 12) and C(−8, 0, 10) are the vertices of a right-angled
triangle.

Determine which angle of the triangle is the right angle. 3

42.[SQA] Find the value of k for which the vectors





1
2
−1



 and





−4
3
k− 1



 are perpendicular. 3

43.[SQA]

44.[SQA]
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45.[SQA] Vectors p , q and r are represented
on the diagram shown where angle
ADC = 30◦ .

It is also given that |p | = 4 and |q | = 3.

(a) Evaluate p .(q + r ) and r .(p − q) . 6

(b) Find |q + r | and |p − q | . 4

A

pD

30 °

B

r

q

C

46.[SQA]

47.[SQA]

48.[SQA]

49.[SQA] PQRS is a parallelogram with vertices P(1, 3, 3) , Q(4,−2,−2) and R(3, 1, 1) .

Find the coordinates of S. 3

[END OF QUESTIONS]
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Higher Mathematics

GCC Vectors

1.[SQA] ABCD is a quadrilateral with vertices A(4,−1, 3) , B(8, 3,−1) , C(0, 4, 4) and
D(−4, 0, 8) .
(a) Find the coordinates of M, the midpoint of AB. 1

(b) Find the coordinates of the point T, which divides CM in the ratio 2 : 1. 3

(c) Show that B, T and D are collinear and find the ratio in which T divides BD. 4

Part Marks Level Calc. Content Answer U3 OC1

(a) 1 C CN G6, G25 1989 P2 Q2

(b) 3 C CN G25

(c) 4 C CN G23, G25

2.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 1 C CN G16 1990 P1 Q5

(b) 1 C CN G16
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3.[SQA]

eplacements

Part Marks Level Calc. Content Answer U3 OC1

(a) 1 C CN G16 1993 P1 Q1

(b) 2 C CN G16

4.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

3 A/B CN G16 1994 P1 Q18
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5.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 2 C CN G16 1998 P1 Q3

(b) 1 C CN G26

(c) 1 C CN G16

6.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 2 C CN G16 1998 P1 Q5

(b) 2 C CN G16
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7.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 3 C CR G16 1992 P2 Q2

(b) 2 C CR G16

(c) 3 C CR G27

(d) 5 C CR G28
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8.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 3 C CR G16 1994 P2 Q3

(b) 1 C CR G25

(c) 4 C CR G28

(d) 2 C CR CGD
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9.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 2 C CR G16 1996 P2 Q3

(b) 7 C CR G28
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10.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 2 C CR G16 1998 P2 Q1

(b) 5 C CR G28

(c) 2 C CR CGD
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11.[SQA] A box in the shape of a cuboid
is designed with circles of different
sizes on each face.

The diagram shows three of the
circles, where the origin represents
one of the corners of the cuboid. The
centres of the circles are A(6, 0, 7) ,
B(0, 5, 6) and C(4, 5, 0) .

Find the size of angle ABC. 7

O

x

y

z

A

B

C

Part Marks Level Calc. Content Answer U3 OC1

5 C CR G17, G16, G22 2001 P2 Q4

2 A/B CR G26, G28 71·5◦

•1 ss: use
−→
BA.

−→
BC

|−→BA||−→BC|

•2 ic: state vector e.g. −→BA
•3 ic: state a consistent vector e.g. −→BC
•4 pd: process |−→BA|
•5 pd: process |−→BC|
•6 pd: process scalar product
•7 pd: find angle

•1 use
−→
BA.

−→
BC

|−→BA||−→BC|
stated or implied by •7

•2 −→
BA =





6
−5
1





•3 −→
BC =





4
0
−6





•4 |−→BA| =
√
62

•5 |−→BC| =
√
52

•6 −→
BA.

−→
BC = 18

•7 ÂBC = 71·5◦
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Higher Mathematics

12.[SQA] The vectors p , q and r are defined as follows:

p = 3i − 3 j + 2k , q = 4i − j + k , r = 4i − 2 j + 3k .

(a) Find 2p − q + r in terms of i , j and k . 1

(b) Find the value of |2p − q + r | . 2

Part Marks Level Calc. Content Answer U3 OC1

(a) 1 C CN G18 1989 P1 Q3

(b) 2 C CN G16

13.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G18 1999 P1 Q6
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Higher Mathematics

14.[SQA] The vector ai + b j + k is perpendicular to both the vectors i − j + k and
−2i + j + k .
Find the values of a and b . 3

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G18 a = 2, b = 3 1990 P1 Q12

15.[SQA] Calculate the length of the vector 2i − 3 j +
√
3k . 2

Part Marks Level Calc. Content Answer U3 OC1

2 C CN G18 4 1995 P1 Q1

16.[SQA] Show that the vectors a = 2i + 3 j − k and b = 3i − j + 3k are perpendicular. 3

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G18, G27 a.b = · · · = 0 1991 P1 Q3
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Higher Mathematics

17.[SQA]
eplacements

Part Marks Level Calc. Content Answer U3 OC1

(a) 2 C CN G18, G16 1997 P1 Q4

(b) 1 C CN G16

18.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 3 C CN G18, G26 1993 P1 Q12

(b) 2 A/B CN G27
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Higher Mathematics

19.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 2 C CN G20 1999 P2 Q3

(b) 2 C CN G20

(c) 5 C CN G28
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Higher Mathematics

20.[SQA] If u =





−3
3
3



 and v =





1
5
−1



 , write down the components of u + v and u − v .

Hence show that u + v and u − v are perpendicular. 3

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G20, G27 1994 P1 Q7
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Higher Mathematics

21.[SQA] A cuboid measuring 11 cm by 5 cm by 7 cm is placed centrally on top of another
cuboid measuring 17 cm by 9 cm by 8 cm.

Coordinates axes are taken as shown.

O

x

y

5 7

89

11

17

z

A

B
C

(a) The point A has coordinates (0, 9, 8) and C has coordinates (17, 0, 8) .

Write down the coordinates of B. 1

(b) Calculate the size of angle ABC. 6

Part Marks Level Calc. Content Answer U3 OC1

(a) 1 C CN G22 B(3, 2, 15) 2000 P2 Q9

(b) 6 C CR G28 92·5◦

•1 ic: interpret 3-d representation

•2 ss: know to use scalar product
•3 pd: process vectors
•4 pd: process vectors
•5 pd: process lengths
•6 pd: process scalar product
•7 pd: evaluate scalar product

•1 B= (3, 2, 15) treat





3
2
15



 as bad form

•2 cosÂBC =
−→
BA.

−→
BC

|−→BA||−→BC|

•3 −→
BA =





−3
7
−7





•4 −→
BC =





14
−2
−7





•5 |−→BA| =
√
107, |−→BC| =

√
249

•6 −→
BA.

−→
BC = −7

•7 ÂBC = 92·5◦
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Higher Mathematics

22.[SQA] The diagram shows a square-based
pyramid of height 8 units.

Square OABC has a side length of 6 units.

The coordinates of A and D are (6, 0, 0)
and (3, 3, 8) .

C lies on the y-axis.

(a) Write down the coordinates of B. 1

(b) Determine the components of
−→
DA

and
−→
DB. 2

(c) Calculate the size of angle ADB. 4

O
x

y

A(6, 0, 0)

BC

D(3, 3, 8)
z

Part Marks Level Calc. Content Answer U3 OC1

(a) 1 C CN G22 (6, 6, 0) 2002 P2 Q2

(b) 2 C CN G17
−→
DA =





3
−3
−8



,

−→
DB =





3
3
−8





(c) 4 C CR G28 38·7◦

•1 ic: interpret diagram

•2 ic: write down components of a
vector

•3 ic: write down components of a
vector

•4 ss: use e.g. scalar product formula
•5 pd: process lengths
•6 pd: process scalar product
•7 pd: process angle

•1 B = (6, 6, 0)

•2 −→
DA =





3
−3
−8





•3 −→
DB =





3
3
−8





•4 cosÂDB =
−→
DA.

−→
DB

|−→DA||−→DB|

•5 |−→DA| =
√
82, |−→DB| =

√
82

•6 −→
DA.

−→
DB = 64

•7 ÂDB = 38·7◦
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Higher Mathematics

23. D,OABC is a square based pyramid as shown in the diagram below.

M

BC

A

D(2, 2, 6)
z

O
x

y

O is the origin, D is the point (2, 2, 6) and OA = 4 units.

M is the mid-point of OA.

(a) State the coordinates of B. 1

(b) Express
−→
DB and

−→
DM in component form. 3

(c) Find the size of angle BDM. 5

Part Marks Level Calc. Content Answer U3 OC1

(a) 1 C CN G22 (4, 4, 0) 2011 P2 Q1

(b) 3 C CN G20, G22
−→
DB =





2
2
−6



 ,
−→
DM =





0
−2
−6





(c) 5 C CN G28 40·3◦

•1 ic: state coordinates of B

•2 pd: state components of −→DB
•3 ic: state coordinates of M
•4 pd: state components of −→DM

•5 ss: know to use scalar product
•6 pd: find scalar product
•7 pd: find magnitude of a vector
•8 pd: find magnitude of a vector
•9 pd: evaluate angle BDM

•1 (4, 4, 0)

•2




2
2
−6





•3 (2, 0, 0)

•4




0
−2
−6





•5 cos BDM =
−→
DB·−→DM
|−→DB||−→DM|

•6 −→
DB·−→DM = 32

•7 |−→DB| =
√
44

•8 |−→DM| =
√
40

•9 40·3◦ or 0·703 rads
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Higher Mathematics

24. The diagram shows a cuboid OPQR,STUV relative to the coordinate axes.

P is the point (4, 0, 0) , Q is (4, 2, 0)
and U is (4, 2, 3) .

M is the midpoint of OR.

N is the point on UQ such that
UN = 1

3UQ.

z

S

M

T

N

R

P (4, 0, 0)

Q (4, 2, 0)

U (4, 2, 3)
V

O
x

y

(a) State the coordinates of M and N. 2

(b) Express the vectors
−→
VM and

−→
VN in component form. 2

(c) Calculate the size of angle MVN. 5

Part Marks Level Calc. Content Answer U3 OC1

(a) 2 C CN G22, G25 M(0, 1, 0),N(4, 2, 2) 2010 P2 Q1

(b) 2 C CN G17
−→
VM =





0
−1
−3



 ,
−→
VN =





4
0
−1





(c) 5 C CN G28 76·7◦ or 1·339 rad

•1 ic: interpret midpoint for M
•2 ic: interpret ratio for N

•3 ic: interpret diagram
•4 pd: process vectors

•5 ss: know to use scalar product
•6 pd: find scalar product
•7 pd: find magnitude of a vector
•8 pd: find magnitude of a vector
•9 pd: evaluate angle

•1 (0, 1, 0)
•2 (4, 2, 2)

•3 −→
VM =





0
−1
−3





•4 −→
VN =





4
0
−1





•5 cosM̂VN =

−→
VM.

−→
VN

|−→VM||−→VN|
•6 −→
VM.

−→
VN = 3

•7 |−→VM| =
√
10

•8 |−→VN| =
√
17

•9 76·7◦ or 1·339 rads or 85·2 grads
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Higher Mathematics

25. (a)[SQA] Roadmakers look along the tops of a set
of T-rods to ensure that straight sections
of road are being created. Relative to
suitable axes the top left corners of the
T-rods are the points A(−8,−10,−2) ,
B(−2,−1, 1) and C(6, 11, 5) .

Determine whether or not the section of
road ABChas been built in a straight line. 3

A

B

C

(b) A further T-rod is placed such that D has
coordinates (1,−4, 4) .
Show that DB is perpendicular to AB. 3

A

B

C

D

Part Marks Level Calc. Content Answer U3 OC1

(a) 3 C CN G23 the road ABC is straight 2001 P1 Q3

(b) 3 C CN G27, G17 proof

•1 ic: interpret vector (e.g. −→AB)
•2 ic: interpret multiple of vector
•3 ic: complete proof

•4 ic: interpret vector (i.e. −→BD)
•5 ss: state requirement for perpend.
•6 ic: complete proof

•1 e.g. −→AB =





6
9
3





•2 e.g. −→
BC =





8
12
4



 = 4
3

−→
AB or

−→
AB = 3





2
3
1



 and
−→
BC = 4





2
3
1





•3 a common direction exists and a
common point exists, so A, B, C
collinear

•4 −→
BD =





3
−3
3





•5 −→
AB.

−→
BD = 0

•6 −→
AB.

−→
BD = 18− 27+ 9 = 0

or

•5 −→
AB.

−→
BD = 18− 27+ 9

•6 −→
AB.

−→
BD = 0 so AB is at right angles to

BD
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Higher Mathematics

26.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 4 C CN G23 1991 P1 Q7

(b) 1 C CN G25

27.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G23 1994 P1 Q4
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Higher Mathematics

28.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G23 1997 P1 Q2

29.[SQA] Show that P(2, 2, 3) , Q(4, 4, 1) and R(5, 5, 0) are collinear and find the ratio in
which Q divides PR. 4

Part Marks Level Calc. Content Answer U3 OC1

4 C CN G23, G25
−→
QR = 1

2

−→
PQ,

PQ : QR = 2 : 1
1990 P1 Q4

30.[SQA] A is the point (2,−5, 6) , B is (6,−3, 4) and C is (12, 0, 1) . Show that A, B and C
are collinear and determine the ratio in which B divides AC. 4

Part Marks Level Calc. Content Answer U3 OC1

4 C CN G23, G25 2 : 3 or equivalent 1996 P1 Q6
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Higher Mathematics

31.[SQA] D, E and F have coordinates (10,−8,−15) , (1,−2,−3) and (−2, 0, 1) respectively.
(a) (i) Show that D, E and F are collinear.

(ii) Find the ratio in which E divides DF. 4

(b) G has coordinates (k, 1, 0) .

Given that DE is perpendicular to GE, find the value of k . 4

Part Marks Level Calc. Content Answer U3 OC1

(a) 4 C CN G23, G24 3 : 1 2009 P1 Q22

(b) 4 C CN G27 k = 7

•1 ss: use vector approach
•2 ic: compare two vectors
•3 ic: complete proof
•4 ic: state ratio

•5 ss: use vector approach
•6 ss: know scalar product = 0 for ⊥
vectors

•7 pd: start to solve
•8 pd: complete

•1 −→
DE =





−9
6
12



 or
−→
EF =





−3
2
4





•2 2nd column vector and−→
( DE) = 3

−→
EF

•3 −→
DE and

−→
EF have common point and

common direction; hence D, E and F
are collinear

•4 3 : 1

•5 −→
GE =





1− k
−3
−3





•6 −→
DE.

−→
GE = 0

•7 −9(1− k) + 6× (−3) + 12× (−3)
•8 k = 7

32.[SQA] The point Q divides the line joining P(−1,−1, 0) to R(5, 2,−3) in the ratio 2 : 1.
Find the coordinates of Q. 3

Part Marks Level Calc. Content Answer U3 OC1

3 C NC G25 (3, 1,−2) 2002 P1 Q2

•1 pd: find vector components
•2 ss: use parallel vectors
•3 pd: process vectors

•1 −→
PR =





6
3
−3





•2 −→
PQ = 2

3

−→
PR

•3 Q = (3, 1,−2)
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Higher Mathematics

33.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G25 1992 P1 Q15
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Higher Mathematics

34.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 3 C CR G25 1990 P2 Q4

(b) 5 C CR G28
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Higher Mathematics

35.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 3 C CR G25 1997 P2 Q2

(b) 7 C CR G28
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Higher Mathematics

36.[SQA] VABCD is a pyramid with a rectangular base ABCD.

Relative to some appropriate axes,

−→
VA represents −7i − 13 j − 11k
−→
AB represents 6i + 6 j − 6k
−→
AD represents 8i − 4 j + 4k .

K divides BC in the ratio 1 : 3.

Find
−→
VK in component form. 3

A B

CD

V

K1

3

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G25, G21, G20





1
−8
−16



 2000 P1 Q7

•1 ss: recognise crucial aspect
•2 ic: interpret ratio
•3 pd: process components

•1 −→
VK =

−→
VA +

−→
AB +

−→
BK or−→

VK =
−→
VB+

−→
BK

•2 −→
BK = 1

4

−→
BC or 14

−→
AD or





2
−1
1



 or





−1
−7
−17





•3 −→
VK =





1
−8
−16




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Higher Mathematics

37.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 2 C CN G26 1999 P1 Q17

(b) 4 A/B CN G29, G30

38.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

1 C CN G26 1995 P1 Q16

3 A/B CN G29, G26
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Higher Mathematics

39.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

1 C CN G26 1997 P1 Q13

3 A/B CN G29, G27

40.[SQA] For what value of t are the vectors u =





t
−2
3



 and v =





2
10
t



 perpendicular? 2

Part Marks Level Calc. Content Answer U3 OC1

2 C CN G27 t = 4 2000 P2 Q7

•1 ss: know to use scalar product
•2 ic: interpret scalar product

•1 u.v = 2t− 20+ 3t
•2 u.v = 0⇒ t = 4

41.[SQA] A(4, 4, 10) , B(−2,−4, 12) and C(−8, 0, 10) are the vertices of a right-angled
triangle.

Determine which angle of the triangle is the right angle. 3

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G27 1989 P1 Q6
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Higher Mathematics

42.[SQA] Find the value of k for which the vectors





1
2
−1



 and





−4
3
k− 1



 are perpendicular. 3

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G27 k = 3 1995 P1 Q4
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Higher Mathematics

43.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

(a) 7 C CR G28, G16 1991 P2 Q5

(b) 3 C CR CGD
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Higher Mathematics

44.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G29, G26 1992 P1 Q18

45.[SQA] Vectors p , q and r are represented
on the diagram shown where angle
ADC = 30◦ .

It is also given that |p | = 4 and |q | = 3.

(a) Evaluate p .(q + r ) and r .(p − q) . 6

(b) Find |q + r | and |p − q | . 4

A

pD

30 °

B

r

q

C

Part Marks Level Calc. Content Answer U3 OC1

(a) 6 B CN G29, G26 6
√
3, 94 2009 P2 Q7

(b) 2 A CR G21, G30 |q+ r| = 3
√
3
2

(b) 2 B CR G21, G30 |p− q| =
√

(4− 3
√
3
2 )2 + ( 32 )

2

•1 ss: use distributive law
•2 ic: interpret scalar product
•3 pd: processing scalar product
•4 ic: interpret perpendicularity
•5 ic: interpret scalar product
•6 pd: complete processing

•7 ic: interpret vectors on a 2-D
diagram

•8 pd: evaluate magnitude of vector
sum

•9 ic: interpret vectors on a 2-D
diagram

•10 pd: evaluate magnitude of vector
difference

•1 p.q+ p.r
•2 4× 3 cos 30◦
•3 6

√
3(≈ 10·4)

•4 p.r = 0
•5 −|r| × 3 cos 120◦
•6 r = 3

2 and
9
4

•7 q+ r ≡ from D to the proj. of A onto
DC

•8 |q+ r| = 3
√
3
2

•9 p− q =
−→
AC

•10 |p− q| =
√

(4− 3
√
3
2 )2 + ( 32)

2(≈ 2·05)
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46.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

1 C NC A6 1989 P1 Q9

4 A/B NC G29, G26

47.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

5 C CN G29, G27 1991 P1 Q17
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Higher Mathematics

48.[SQA]

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G30 1994 P1 Q3

49.[SQA] PQRS is a parallelogram with vertices P(1, 3, 3) , Q(4,−2,−2) and R(3, 1, 1) .

Find the coordinates of S. 3

Part Marks Level Calc. Content Answer U3 OC1

3 C CN G30 1989 P1 Q4

[END OF QUESTIONS]
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Higher Mathematics

GCC Basic Differentiation

1.[SQA] If y = x2 − x , show that dy
dx

= 1+
2y

x
. 3

2.[SQA] Given f (x) = 3x2(2x− 1) , find f ′(−1) . 3

3.[SQA] Find
dy

dx
where y =

4

x2
+ x

√
x . 4

4.[SQA] Find f ′(4) where f (x) =
x− 1√
x
. 5

5.[SQA] Given that y = 2x2 + x , find
dy

dx
and hence show that x

(

1+
dy

dx

)

= 2y . 3

6.[SQA] Differentiate 2
√
x(x+ 2) with respect to x . 4

7.[SQA] Calculate, to the nearest degree, the angle between the x -axis and the tangent to
the curve with equation y = x3 − 4x− 5 at the point where x = 2. 4

8.[SQA] The point P(−1, 7) lies on the curve with equation y = 5x2+ 2. Find the equation
of the tangent to the curve at P. 4

9.[SQA] Find the equation of the tangent to the curve with equation y = 5x3 − 6x2 at the
point where x = 1. 4

10.[SQA] A curve has equation y = x− 16√
x
, x > 0.

Find the equation of the tangent at the point where x = 4. 6
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Higher Mathematics

11.[SQA] A ball is thrown vertically upwards. The height h metres of the ball t seconds after
it is thrown, is given by the formula h = 20t− 5t2 .
(a) Find the speed of the ball when it is thrown (i.e. the rate of change of height
with respect to time of the ball when it is thrown). 3

(b) Find the speed of the ball after 2 seconds.

Explain your answer in terms of the movement of the ball. 2

12.[SQA] A ball is thrown vertically upwards.

After t seconds its height is h metres, where h = 1·2+ 19·6t− 4·9t2 .
(a) Find the speed of the ball after 1 second. 3

(b) For how many seconds is the ball travelling upwards? 2

13.[SQA] For what values of x is the function f (x) = 1
3x
3 − 2x2− 5x− 4 increasing? 5

14.[SQA] A sketch of the graph of y = f (x) where f (x) = x3 − 6x2+ 9x is shown below.
The graph has a maximum at A and a minimum at B(3, 0) .

O
x

y
A y = f (x)

B(3, 0)

(a) Find the coordinates of the turning point at A. 4

(b) Hence sketch the graph of y = g(x) where g(x) = f (x+ 2) + 4.

Indicate the coordinates of the turning points. There is no need to calculate
the coordinates of the points of intersection with the axes. 2

(c) Write down the range of values of k for which g(x) = k has 3 real roots. 1
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15.[SQA] A function f is defined by the formula f (x) = (x− 1)2(x+ 2) where x ∈ R .

(a) Find the coordinates of the points where the curve with equation y = f (x)
crosses the x - and y-axes. 3

(b) Find the stationary points of this curve y = f (x) and determine their nature. 7

(c) Sketch the curve y = f (x) . 2

16.[SQA] A curve has equation y = x4− 4x3 + 3.

(a) Find algebraically the coordinates of the stationary points. 6

(b) Determine the nature of the stationary points. 2

17.[SQA] A curve has equation y = 2x3+ 3x2+ 4x− 5.
Prove that this curve has no stationary points. 5

18.[SQA]
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19.[SQA]

20.[SQA]

[END OF QUESTIONS]
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GCC Basic Differentiation

1.[SQA] If y = x2 − x , show that dy
dx

= 1+
2y

x
. 3

Part Marks Level Calc. Content Answer U1 OC3

1 C NC C1 1989 P1 Q12

2 A/B NC A6, CGD

2.[SQA] Given f (x) = 3x2(2x− 1) , find f ′(−1) . 3

Part Marks Level Calc. Content Answer U1 OC3

3 C NC C1 1999 P1 Q5

3.[SQA] Find
dy

dx
where y =

4

x2
+ x

√
x . 4

Part Marks Level Calc. Content Answer U1 OC3

4 C NC C1 1995 P1 Q7
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4.[SQA] Find f ′(4) where f (x) =
x− 1√
x
. 5

Part Marks Level Calc. Content Answer U1 OC3

5 C NC C1 1996 P1 Q9

5.[SQA] Given that y = 2x2 + x , find
dy

dx
and hence show that x

(

1+
dy

dx

)

= 2y . 3

Part Marks Level Calc. Content Answer U1 OC3

3 C NC C1 1997 P1 Q8

6.[SQA] Differentiate 2
√
x(x+ 2) with respect to x . 4

Part Marks Level Calc. Content Answer U1 OC3

4 C NC C1 1998 P1 Q14

7.[SQA] Calculate, to the nearest degree, the angle between the x -axis and the tangent to
the curve with equation y = x3 − 4x− 5 at the point where x = 2. 4

Part Marks Level Calc. Content Answer U1 OC3

4 C NC C4, G2 1989 P1 Q13
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8.[SQA] The point P(−1, 7) lies on the curve with equation y = 5x2+ 2. Find the equation
of the tangent to the curve at P. 4

Part Marks Level Calc. Content Answer U1 OC3

4 C NC C4, G3 1999 P1 Q9

9.[SQA] Find the equation of the tangent to the curve with equation y = 5x3 − 6x2 at the
point where x = 1. 4

Part Marks Level Calc. Content Answer U1 OC3

4 C NC C4, G3 1992 P1 Q1

10.[SQA] A curve has equation y = x− 16√
x
, x > 0.

Find the equation of the tangent at the point where x = 4. 6

Part Marks Level Calc. Content Answer U1 OC3

6 C CN C4, C5 y = 2x− 12 2001 P2 Q2

•1 ic: find corresponding y-coord.
•2 ss: express in standard form
•3 ss: start to differentiate
•4 pd: diff. fractional negative power
•5 ss: find gradient of tangent
•6 ic: write down equ. of tangent

•1 (4,−4) stated or implied by •6
•2 −16x− 12
•3 dydx = 1 . . .

•4 . . .+ 8x− 32
•5 mx=4 = 2
•6 y− (−4) = 2(x− 4)
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11.[SQA] A ball is thrown vertically upwards. The height h metres of the ball t seconds after
it is thrown, is given by the formula h = 20t− 5t2 .
(a) Find the speed of the ball when it is thrown (i.e. the rate of change of height
with respect to time of the ball when it is thrown). 3

(b) Find the speed of the ball after 2 seconds.

Explain your answer in terms of the movement of the ball. 2

Part Marks Level Calc. Content Answer U1 OC3

(a) 1 C NC C6 1995 P1 Q21

(a) 2 A/B NC C6

(b) 2 A/B NC A6

12.[SQA] A ball is thrown vertically upwards.

After t seconds its height is h metres, where h = 1·2+ 19·6t− 4·9t2 .
(a) Find the speed of the ball after 1 second. 3

(b) For how many seconds is the ball travelling upwards? 2

Part Marks Level Calc. Content Answer U1 OC3

(a) 1 C CN C6, C6 1998 P1 Q17

(a) 2 A/B CN C6, C6

(b) 2 A/B CN C6, C6
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13.[SQA] For what values of x is the function f (x) = 1
3x
3 − 2x2− 5x− 4 increasing? 5

Part Marks Level Calc. Content Answer U1 OC3

2 C NC C7 1990 P1 Q16

3 A/B NC C7
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14.[SQA] A sketch of the graph of y = f (x) where f (x) = x3 − 6x2+ 9x is shown below.
The graph has a maximum at A and a minimum at B(3, 0) .

O
x

y
A y = f (x)

B(3, 0)

(a) Find the coordinates of the turning point at A. 4

(b) Hence sketch the graph of y = g(x) where g(x) = f (x+ 2) + 4.

Indicate the coordinates of the turning points. There is no need to calculate
the coordinates of the points of intersection with the axes. 2

(c) Write down the range of values of k for which g(x) = k has 3 real roots. 1

Part Marks Level Calc. Content Answer U1 OC3

(a) 4 C NC C8 A(1, 4) 2000 P1 Q2

(b) 2 C NC A3 sketch (translate 4 up, 2
left)

(c) 1 A/B NC A2 4 < k < 8

•1 ss: know to differentiate
•2 pd: differentiate correctly
•3 ss: know gradient = 0
•4 pd: process

•5 ic: interpret transformation
•6 ic: interpret transformation

•7 ic: interpret sketch

•1 dydx = . . .

•2 dydx = 3x2 − 12x+ 9
•3 3x2 − 12x+ 9 = 0
•4 A = (1, 4)

translate f (x) 4 units up, 2 units left

•5 sketch with coord. of A′(−1, 8)
•6 sketch with coord. of B′(1, 4)

•7 4 < k < 8 (accept 4 ≤ k ≤ 8)
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15.[SQA] A function f is defined by the formula f (x) = (x− 1)2(x+ 2) where x ∈ R .

(a) Find the coordinates of the points where the curve with equation y = f (x)
crosses the x - and y-axes. 3

(b) Find the stationary points of this curve y = f (x) and determine their nature. 7

(c) Sketch the curve y = f (x) . 2

Part Marks Level Calc. Content Answer U1 OC3

(a) 3 C NC A6 1990 P2 Q1

(b) 7 C NC C8

(c) 2 C NC C10
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16.[SQA] A curve has equation y = x4− 4x3 + 3.

(a) Find algebraically the coordinates of the stationary points. 6

(b) Determine the nature of the stationary points. 2

Part Marks Level Calc. Content Answer U1 OC3

(a) 6 C NC C8 1996 P2 Q1

(b) 2 C NC C8

17.[SQA] A curve has equation y = 2x3+ 3x2+ 4x− 5.
Prove that this curve has no stationary points. 5

Part Marks Level Calc. Content Answer U1 OC3

2 C NC C8, C7 1999 P1 Q16

3 A/B NC C8, C7
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18.[SQA]

Part Marks Level Calc. Content Answer U2 OC1

(a) 4 C NC C4, G3 1995 P2 Q2

(b) 5 C NC A23
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19.[SQA]

Part Marks Level Calc. Content Answer U1 OC2

2 C NC A3, C11 1990 P1 Q11

1 A/B NC A3

20.[SQA]

Part Marks Level Calc. Content Answer U1 OC2

(a) 2 C NC A3 1991 P1 Q9

(b) 3 C NC A3, C11

[END OF QUESTIONS]
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