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Algebra and functions
Exercise A, Question 1

Question:

Simplify this expression:
4x — By + 3x + 6y
Solution:

4x — 5y + 3x + 6y

=4x + 3x — by + by
=7X+ y
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Exercise A, Question 2

Question:

Simplify this expression:
3r+7t—-5r+3t
Solution:

3r+7t—-5 + 3t
=3r-5r+7t+ 3t
= —-2r+ 10t
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Algebra and functions
Exercise A, Question 3

Question:

Simplify this expression:
3m-2n-p+5m+3n-6p
Solution:

3m-2n-p+5m+ 3n- 6p
=3m+5m-2n+3n-p-6p
=8m+n-7p
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Algebra and functions
Exercise A, Question 4

Question:

Simplify this expression:
3ab - 3ac + 3a - 7ab + 5ac
Solution:

3ab — 3ac + 3a — 7ab + 5ac
= 3ab - 7ab — 3ac + 5ac + 3a
=3a-4ab + 2ac
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Algebra and functions
Exercise A, Question 5

Question:
Simplify this expression:

7x2 — 2x2 + Bx2 — 4x2

Solution:

7X2 = 2x2 + 5x2 — 4x2
= 6%
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Exercise A, Question 6

Question:

Simplify this expression:

4m?n + 5mn? — 2m?n + mn? - 3mn?
Solution:

4m?n + 5mn? — 2m?n + mn? - 3mn?
= 4nm?n - 2mén + 5mn? + mn? - 3mn?
= 2m?n + 3mn?
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Exercise A, Question 7

Question:

Simplify this expression:
52+ 4x+1-3x2+2x+ 7
Solution:

52+ 4x+ 1 -3+ 2x+ 7
=52 -+ AX+2X+1+7

=2x2+6x + 8
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Question:

Simplify this expression:
6x2+5x — 12+ 3x2 - 7x + 11
Solution:
6x2+5x— 12 + 3% - 7Tx + 11
=62+ 32 +5x—Tx-12 + 11
=0x2-2x-1
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Algebra and functions
Exercise A, Question 9

Question:

Simplify this expression:

32— 5x+2+3x2 - 7x— 12
Solution:

W2 -5x+2+ A - 7x-12
=3+ 32 -5x—-Tx+2-12
=6x2 - 12x - 1C
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Algebra and functions
Exercise A, Question 10

Question:

Simplify this expression:

4c?d + 5cd? - c2d + 3cd? + 7¢2d
Solution:

4c2d + 5cd? - ¢2d + 3cd? + 7¢2d

= 4c2d - c2d + 7¢2d + 5cd? + 3cd?
= 10c?d + 8cd?
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Question:

Simplify this expression:
22 +3x+1+2(3x2+6)
Solution:
22+3X+1+2(3%%+6)
=22+ 33X+ 1+63+12

= 8x2 + 3x + 13
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Exercise A, Question 12

Question:

Simplify this expression:
4(a+a’h) -3(2a+a’)
Solution:

4(a+a?h) -3(2a+a)
= 4a + 4a’b - 6a - 3a°b
=a’h-2a
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Algebra and functions
Exercise A, Question 13

Question:

Simplify this expression:
2(3%+4x+5) -3 (x2-2x-3)
Solution:

2(3%+4x+5) -3 (x¥-2x-3)
=6x2+8x+10-32+6x+9

=3x2 + 14x + 19
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Algebra and functions
Exercise A, Question 14

Question:

Simplify this expression:
7(1-x%) +3(2-3x+5x%)
Solution:

7(1-x%) +3(2-3x+5x%)
=7 -7 +6- X+ 15¢
=8x2-9x + 13
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Exercise A, Question 15

Question:
Simplify this expression:
4(a+b+3c) -3a+2
Solution:

4(a+b+3c) —3a+2c
=4a+4b+12c-3a+2c
=a+4b+14c
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Exercise A, Question 16

Question:

Simplify this expression:
4(c+3d2) -3(2c+d?)
Solution:

4(c+3d?) -3 (x+d?)
= 4c + 1202 - 6¢ — 3d?

= —2c + 9d?
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Algebra and functions
Exercise A, Question 17

Question:
Simplify this expression:
5-3(x2+2x—-5) +3x2
Solution:
5-3(x*+2x-5) +32
=5-3?-6x+15+ 3
=20 - 6x
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Algebra and functions
Exercise A, Question 18

Question:

Simplify this expression:
(r2+3t2+9) — (2r2+3t2-4)
Solution:

(r2+3t2+9) - (22+3t2-4)
=r2+3°+9-22-3?+4
=13-r2
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Algebra and functions
Exercise B, Question 1

Question:

Simplify this expression:
x3 x x*

Solution:

=34

=x7
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Algebra and functions
Exercise B, Question 2

Question:

Simplify this expression:
2x3 x 3x?

Solution:

=2x3x3*%2
= 6x°
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Algebra and functions
Exercise B, Question 3

Question:
Simplify this expression:

4p3+ 2p

Solution:
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Algebra and functions
Exercise B, Question 4

Question:

Simplify this expression:
3" 4+x72

Solution:

=34 -2
=3x"2
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Algebra and functions
Exercise B, Question 5

Question:

Simplify this expression:
k3+k™2

Solution:

:|(3__2
:k5
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Algebra and functions
Exercise B, Question 6

Question:

Simplify this expression:
(y?) ®

Solution:

=yZXS
:ylo
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Exercise B, Question 7

Question:
Simplify this expression:

10x5 +2x 3

Solution:

— 55— -3
=5x8
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Algebra and functions
Exercise B, Question 8

Question:

Simplify this expression:

(p?) 2=p*

Solution:
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Algebra and functions
Exercise B, Question 9

Question:

Simplify this expression:
(2a3) 2+ 2ad
Solution:

= 4ab + 2a

=2a6-3

= 2a3
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Exercise B, Question 10

Question:
Simplify this expression:

8p'4+4p3

Solution:
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Exercise B, Question 11

Question:

Simplify this expression:
2a~4x3a”%

Solution:

=—pg "4t 5
=6a?
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Exercise B, Question 12

Question:

Simplify this expression:
21a%? + 7ab®

Solution:

— 33 24
=33%2h~2
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Algebra and functions
Exercise B, Question 13

Question:

Simplify this expression:
92 x3(x2) 3
Solution:

=272 x x2 %3

=27x2* 6

=27x8
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Algebra and functions
Exercise B, Question 14

Question:
Simplify this expression:

3x3 x 2x2 x 4x8

Solution:

=24 xx3+2+6
= 24x11
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Exercise B, Question 15

Question:

Simplify this expression:
7a*x (3a%) 2
Solution:

= 7a* x 9a8
= 63al2
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Exercise B, Question 16

Question:

Simplify this expression:
(4y°) 3+2°
Solution:

= 64/ + 2y
=326
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Algebra and functions
Exercise B, Question 17

Question:
Simplify this expression:

2a8 + 3a2 x 6a°

Solution:

— 43 2+5
= 4ab
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Algebra and functions
Exercise B, Question 18

Question:

Simplify this expression:
3a* x 2a° x a®

Solution:

— gt t5+3
= 6al?
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Exercise C, Question 1

Question:
Expand and simplify if possible:
9(x-2)
Solution:
=9x-18
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Algebra and functions
Exercise C, Question 2

Question:
Expand and simplify if possible:
x(x+9)
Solution:
= X% + Ox
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Algebra and functions
Exercise C, Question 3

Question:
Expand and simplify if possible:

-3y (4-3y)
Solution:

= =12y + 9y?
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Algebra and functions
Exercise C, Question 4

Question:
Expand and simplify if possible:

X(y+5)
Solution:

=Xy + 5x
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Algebra and functions
Exercise C, Question 5

Question:
Expand and simplify if possible:
-x(3x+5)

Solution:
= - 3x? - 5x
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Algebra and functions
Exercise C, Question 6

Question:
Expand and simplify if possible:
-5x(4x+1)

Solution:
= — 20x2 — 5x
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Algebra and functions
Exercise C, Question 7

Question:
Expand and simplify if possible:
(4x+5)x

Solution:
= 4x2 + 5x
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Algebra and functions
Exercise C, Question 8

Question:

Expand and simplify if possible:
-3y (5-2y%)

Solution:

= - 15y + 6y3
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Algebra and functions
Exercise C, Question 9

Question:

Expand and simplify if possible:
-2x(5x-4)

Solution:

= - 1Cx% + 8x
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Algebra and functions
Exercise C, Question 10

Question:
Expand and simplify if possible:

(3x-5)x2

Solution:
= 3x3 — 5x2
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Algebra and functions
Exercise C, Question 11

Question:

Expand and simplify if possible:
3(x+2) + (x=7)
Solution:

=3X+6+x-7
=4x-1
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Question:

Expand and simplify if possible:
5x-6- (3x—-2)

Solution:

=5x-6-3+2
=2x-4
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Exercise C, Question 13

Question:
Expand and simplify if possible:

x(3x2-2x+5)

Solution:
= 3x3 — 2x2 + 5x
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Exercise C, Question 14

Question:

Expand and simplify if possible:
7y* (2 -5y + 3y?)

Solution:

= 14y? - 35y8 + 21y*
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Algebra and functions
Exercise C, Question 15

Question:

Expand and simplify if possible:
—2y*(5-Ty+3y%)

Solution:

= - 10y? + 14y® - 6y*
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Algebra and functions
Exercise C, Question 16

Question:

Expand and simplify if possible:
7(x—-2) +3(x+4) -6(x-2)
Solution:

=7X-14+ X+ 12 -6+ 12
=4x+ 10
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Algebra and functions
Exercise C, Question 17

Question:

Expand and simplify if possible:
5x-3(4-2x) +6

Solution:

=5x-12+6&+6
=11x-6
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Algebra and functions
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Question:
Expand and simplify if possible:

32 -x(3-4x) +7

Solution:

=32 -3+ A2+ 7
=X -3 +7
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Algebra and functions
Exercise C, Question 19

Question:

Expand and simplify if possible:
AX(x+3) =2X(3x-7)
Solution:

= 4x% + 12X - 6x% + 14x
= 26x - 2X2
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Algebra and functions
Exercise C, Question 20

Question:
Expand and simplify if possible:

32 (2x+1) -5x%(3x—4)

Solution:

= 6x3 + 3x2 — 153 + 20x2
=23x2 - 9x3
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Algebra and functions
Exercise D, Question 1

Question:
Factorise this expression completely:

4x + 8

Solution:
=4(x+2)
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Algebra and functions
Exercise D, Question 2

Question:
Factorise this expression completely:

6x — 24

Solution:
=6(x—-4)
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Algebra and functions
Exercise D, Question 3

Question:
Factorise this expression completely:

2Cx + 15

Solution:
=5(4x+3)
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Algebra and functions
Exercise D, Question 4

Question:
Factorise this expression completely:

2X2 + 4

Solution:
=2(x2+2)
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Algebra and functions
Exercise D, Question 5

Question:
Factorise this expression completely:

4%2 + 20

Solution:
=4(x2+5)
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Algebra and functions
Exercise D, Question 6

Question:
Factorise this expression completely:

6x2 — 18x

Solution:
=6x(x-3)
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Algebra and functions
Exercise D, Question 7

Question:
Factorise this expression completely:

X2 = 7x

Solution:
=x(x-=17)
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Algebra and functions
Exercise D, Question 8

Question:
Factorise this expression completely:

2x2 + 4x

Solution:
=2x(x+2)
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Algebra and functions
Exercise D, Question 9

Question:
Factorise this expression completely:

3x2 - x

Solution:
=x(3x-1)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Algebra and functions
Exercise D, Question 10

Question:
Factorise this expression completely:

6x2 — 2x

Solution:
=2x(3x-1)
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Algebra and functions
Exercise D, Question 11

Question:
Factorise this expression completely:

1Cy? - By

Solution:

=5 (2y-1)
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Algebra and functions
Exercise D, Question 12

Question:
Factorise this expression completely:

35x2 — 28x

Solution:
=7x(5x—-4)
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Algebra and functions
Exercise D, Question 13

Question:

Factorise this expression completely:
X2 + 2X

Solution:

=x(x+2)
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Exercise D, Question 14

Question:
Factorise this expression completely:

3y2 +2y

Solution:

=y(3y+2)
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Algebra and functions
Exercise D, Question 15

Question:
Factorise this expression completely:

4x2 + 12x

Solution:
=4x(x+3)
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Algebra and functions
Exercise D, Question 16

Question:

Factorise this expression completely:

5y2 — 20y
Solution:

=5 (y-4)
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Algebra and functions
Exercise D, Question 17

Question:

Factorise this expression completely:
Oxy? + 12x%y

Solution:

=3xy ( 3y +4x)
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Exercise D, Question 18

Question:
Factorise this expression completely:

6ak — 2ab?

Solution:
=2akt(3-h)
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Algebra and functions
Exercise D, Question 19

Question:
Factorise this expression completely:

5x2 — 25xy

Solution:
=bx(x—-5y)
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Algebra and functions
Exercise D, Question 20

Question:

Factorise this expression completely:
12x2y + 8xy?

Solution:

=4xy (3x+2y)
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Exercise D, Question 21

Question:
Factorise this expression completely:

15y — 20yZ2

Solution:
=5y (3-42)
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Exercise D, Question 22

Question:
Factorise this expression completely:

12x2 - 30

Solution:
=6(2x¢-5)
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Algebra and functions
Exercise D, Question 23

Question:
Factorise this expression completely:

xy? = X%y

Solution:

=xy(y-x)
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Exercise D, Question 24

Question:
Factorise this expression completely:

12y2 — 4yx

Solution:

=4y (3y-x)
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Algebra and functions
Exercise E, Question 1

Question:
Factorise:
X2 + 4x
Solution:
=x(x+4)
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Algebra and functions
Exercise E, Question 2

Question:
Factorise:

2x2 + 6x

Solution:
=2x(x+3)
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Algebra and functions
Exercise E, Question 3

Question:
Factorise:

X2+ 11x + 24

Solution:
=x2+8x+3x+ 24
=x(x+8) +3(x+8)
= (x+8) (x+3)
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Algebra and functions
Exercise E, Question 4

Question:
Factorise:

X2+ 8x + 12

Solution:

=x2+ 2x+6x + 12
=xX(x+2) +6(x+2)
= (x+2) (x+6)
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Algebra and functions
Exercise E, Question 5

Question:

Factorise:

X2+ 3x — 4C

Solution:
=x2+8x—5x - 40
=x(x+8) -5(x+8)
= (x+8) (x-5)
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Algebra and functions
Exercise E, Question 6

Question:
Factorise:

X2 — 8x + 12

Solution:
=x2-2x-6x+12
=x(x-2) -6(x-2)
=(x—-2) (x-6)
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Exercise E, Question 7

Question:
Factorise:

X2+ BX + 6

Solution:
=x2+3x+2x+ 6
=x(x+3) +2(x+3)
= (x+3) (x+2)
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Algebra and functions
Exercise E, Question 8

Question:

Factorise:

x2—2x-24

Solution:

=x2 - 6X + 4x - 24
=x(x-6) +4(x-6)
= (x=6) (x+4)
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Algebra and functions
Exercise E, Question 9

Question:

Factorise:

x2 - 3x - 10

Solution:
=x2-5x+2x-10
=x(x-5) +2(x-5)
= (x=-5) (x+2)
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Algebra and functions
Exercise E, Question 10

Question:

Factorise:

X2 +x - 20

Solution:

=x2 = 4x + 5x - 20
=x(x-4) +5(x-4)
= (x=4) (x+5)
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Algebra and functions
Exercise E, Question 11

Question:
Factorise:

2x2 + 5x + 2

Solution:

=22+ X+ 4X + 2
=x(2x+1) +2(X+1)
= (2x+1) (x+2)
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Exercise E, Question 12

Question:

Factorise:

3x2+10x — 8

Solution:
=32 - 2x+12x -8
=x(3x-2) +4(X-2)
=(3-2) (x+4)
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Algebra and functions
Exercise E, Question 13

Question:
Factorise:

5x2 — 16x + 3

Solution:
=52 - 15 -x+3
=5x(x-3) - (x-3)
= (x-3) (5x-1)
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Exercise E, Question 14

Question:
Factorise:
6x2-8x -8
Solution:

=6x%— 1+ 4x - 8
=6X(x—-2) +4(x-2)
= (x—-2) (6x+4) =2(x-2) (3x+2)
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Algebra and functions
Exercise E, Question 15

Question:

Factorise:

2x2+ 7x — 15

Solution:
=2+ 10x - 3x - 15
=2X(x+5) -3 (x+5)
= (x+5) (2x-3)
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Algebra and functions
Exercise E, Question 16

Question:
Factorise:

2x4 + 14x2 + 24

Solution:

=2y2+ 14y + 24

=2y2+6y+8y+24

=2y(y+3) +8(y+3)

=(y+3) (y+8)

= (x2+3) (2¢¢+8) =2(x2+3) (X2+4)
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Exercise E, Question 17

Question:
Factorise:
X2 -4

Solution:

=x2- 22
= (x+2) (x-2)
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Exercise E, Question 18

Question:
Factorise:

X2 — 48

Solution:

=x2- 72
= (x+7) (x=-7)
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Exercise E, Question 19

Question:
Factorise:

4x2 - 25

Solution:

= () 2-%9
= (2x+5) (2x-5)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level
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Exercise E, Question 20

Question:
Factorise:
9x2 — 25y2
Solution:

= (3x) - (5y) 2
= (3x+5y) (3x-5y)
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Exercise E, Question 21

Question:
Factorise:

36x2 - 4

Solution:

(9¢-1)
(3x) 2-1]

4
4
4(3x+1) (3x-1)
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Exercise E, Question 22

Question:
Factorise:
2x2 - 50

Solution:

2 (x2-25)
2 (x2-52)
2(x+5) (x-5)
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Exercise E, Question 23

Question:
Factorise:

6x2 — 10x + 4

Solution:

[Xx(x=-1) -2(x-1) ]

2

2(3x2 X -2x+2)
2

2(x=-1) (3x-2)
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Exercise E, Question 24

Question:
Factorise:
15x% + 42x - 9
Solution:

3(5¢@+14x-3)

3 (5% -x+15x-3)
3[x(5%-1) +3(x-1)]
3(5%—-1) (x+3)
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Exercise F, Question 1

Question:
Factorise:
Simplify:
(@)x3+x~2
(b) x® =+ x’

3

5
(C)x2 xx2

N | w

(d (%)

w ;o

) (3)
(f) 3x0-5 x 4x~ 05

1
6

2
(9) X 3 + 3x

2 2

(h)5ds + x5

(i) 3x* x 2x = °
Solution:

@ =3 7
=x5

(b) =X~ 7
:X_2

3 5
(€) =x2* 7

=xt

lw

(d) =x
=3

N

w |;

(e) =x3%

=8

(f) =12x05+ -05
=120
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=12

I~

[ARIN

(@) =X

= 3X

N |~

2z 2
(h) =55 =5
=b5bx

() =6+ =5

=6x"1
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Algebra and functions
Exercise F, Question 2

Question:
Factorise:

Evaluate:

€) 25%

1

(b) 812

1

(c) 273

(d)4-?

1

()9 2
f (-5) 3

(2,
(g)KL‘)

1

(h) 12964

(e
(I)\116j2

Solution:

(@) =25
= +5

(b) = V81
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(@) =1

(h) =4[1296
= +6

_ (N27)2
(J) - (3\]@)2
(3)2

=2

NloOo
7~ TN\
o |lo

o |lo
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(3512) 2
) (m) 2

(8) 2
TN

64

49
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Algebra and functions
Exercise G, Question 1

Question:
Simplify:
\ 28

Solution:

=V4x N7
=27
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Edexcel Modular Mathematics for AS and A-Level

Algebra and functions
Exercise G, Question 2

Question:
Simplify:
V72

Solution:

V8x V9
V2x Vax 9
V2x2x3
62
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Exercise G, Question 3

Question:
Simplify:
v 50

Solution:

= V25 x V2
=542
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Exercise G, Question 4

Question:
Simplify:
\ 32

Solution:

=J16x V2
=442
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Exercise G, Question 5

Question:
Simplify:
v 90

Solution:

=J9x 10
=310
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Algebra and functions
Exercise G, Question 6

Question:
Simplify:

V12
2

Solution:

N4ax 3
2

2x 3
2

V3
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Algebra and functions
Exercise G, Question 7

Question:
Simplify:

V27
3

Solution:

Vox V3
3

3x V3
3

V3
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Algebra and functions
Exercise G, Question 8

Question:
Simplify:
v 20+ V80
Solution:

V4aV5+ V16V5
2V5+445
6V5
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Algebra and functions
Exercise G, Question 9

Question:

Simplify:

V20C+ V18- N 72
Solution:

V100V2+ VOvV2-+V9v4y2
10VV2+3V2—GV2
72
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Algebra and functions
Exercise G, Question 10

Question:

Simplify:

V175 + V63 +2+ 28
Solution:

=2 x N7+ VIx V7+2xV4x 7
=5N7+3V7+4+7
=127

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Algebra and functions
Exercise G, Question 11

Question:
Simplify:
1V28-2V63+ V7
Solution:

VaN7-2V9N7+ V7
2V7-6V7+7
-347
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Algebra and functions
Exercise G, Question 12

Question:

Simplify:
\V80-2V20+3445
Solution:

= V16V5-2V4V5+3V9V5
=45-4V5+9+5
=9V5
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Algebra and functions
Exercise G, Question 13

Question:

Simplify:
3V80-2V20+5+45
Solution:

=3V16V5-2V4V5+5vY9+5
=12V5-4V5+15V5
=23V5
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Exercise G, Question 14

Question:

Simplify:

Solution:

V4av11
V11

=2
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Algebra and functions
Exercise G, Question 15

Question:

Simplify:
V12+3V48+ V75
Solution:

V4V3+3V16V3+ V25V3
2V3+12V3+543
19+ 3
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Exercise H, Question 1

Question:
Rationalise the denominator:
2
\5
Solution:

1x 5
~ J5x 45

s

5
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Exercise H, Question 2

Question:

Rationalise the denominator:

V11

Solution:

1x 11
V11 x V11

V11

11
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Exercise H, Question 3

Question:
Rationalise the denominator:
2
V2
Solution:

1x 2
V2x V2
N2
2
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Exercise H, Question 4

Question:

Rationalise the denominator:
s

V15
Solution:

V3x V15
V15 x V15

\[3 x 15

15
V45

15

|9 x5

15
Vox 5
15

3x V5
5

1
Js5
5
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Exercise H, Question 5

Question:

Rationalise the denominator:

Solution:

V12
V12 x V4

N |-
<|,
N
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Exercise H, Question 6

Question:
Rationalise the denominator:
s
' 80
Solution:

\5
V5 x V16

|-

LN LR
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Algebra and functions
Exercise H, Question 7

Question:
Rationalise the denominator:

V12
\ 156

Solution:

V12
V12 x 13

1
V13

1x V13
~ VJ13x V13

V13

13
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Algebra and functions
Exercise H, Question 8

Question:
Rationalise the denominator:
7
V63
Solution:

V7
N7x 9

1

\9
1
3
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Exercise H, Question 9

Question:
Rationalise the denominator:

1
1+ 3

Solution:

1x (1-+3)
(1++V3) (1-+3)

1-+3
T 1++VY3-+3-3
1-+3
=~ _, or
-1+ 3
2
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Algebra and functions
Exercise H, Question 10

Question:
Rationalise the denominator:

1
2+ 5

Solution:

1x (2-45)
(2+V5) (2-+5)

2-15
4-5

2- 45
-1
-2+ 15
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Algebra and functions
Exercise H, Question 11

Question:
Rationalise the denominator:

1
3-+7

Solution:

3+47
(3=-V7)(3++7)

3+ V7
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Algebra and functions
Exercise H, Question 12

Question:
Rationalise the denominator:

4
3-45

Solution:

4x (3+45)
(3-V5) (3+15)

12 +4V5
9-5
12+ 45
4

=3+ \5
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Algebra and functions
Exercise H, Question 13

Question:
Rationalise the denominator:

1
V5- 43

Solution:

B V5+ V3
T (N5-43) (V5+ V3)

N5+ +3
5-3
N5+ 43
2
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Algebra and functions
Exercise H, Question 14

Question:
Rationalise the denominator:

3-+2
4- 45

Solution:

(3-+V2) (4++5)
(4-+5) (4++5)

(3-+V2) (4++5)
16-5

(3-+V2) (4++5)
11
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Algebra and functions
Exercise H, Question 15

Question:
Rationalise the denominator:

5
2+ 5

Solution:

5x (2-15)
(2+V5) (2-+5)

5(2-15)
4-5
5(2-+5)
-1
5(V5-2)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Algebra and functions
Exercise H, Question 16

Question:
Rationalise the denominator:

5+v2
V8- 7

Solution:

5V2(V8+V7)
T (N8-AT7) (V8+VT7)

5({8x2+V2V7)
8-7

5(V16+ V14)
1

5(4+ V14)
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Algebra and functions
Exercise H, Question 17

Question:
Rationalise the denominator:

11
3+ V11

Solution:

11(3-+11)
(3+V11) (3-+11)

11(3-+11)
9-11
11(3-+11)
-2
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Algebra and functions
Exercise H, Question 18

Question:
Rationalise the denominator:

V3-+47
N3+ 47

Solution:

(¥3-V7) (¥3-47)
(V3+47) (V3-+7)

3-+v21-+V21+7

3-7
10-2v21

- -4
5-+21

-2

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Algebra and functions
Exercise H, Question 19

Question:
Rationalise the denominator:

V17 - V11
V17 + V11

Solution:

(V17-+11) (V17-+11)
(V17++V11) (V17-+11)

17 - V187 - V187 + 11
17 -11

28 — 2+ 187
6

14 - \ 187
3
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Algebra and functions
Exercise H, Question 20

Question:
Rationalise the denominator:

Va1 + 29
V41 - +29

Solution:

(V41+V29) (V41 ++29)
(V41-+29) (V41++v29)

41 + 2V 4129 + 29
41-29

70 + 241189
12

35 + 11189
6
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Algebra and functions
Exercise H, Question 21

Question:
Rationalise the denominator:

v2-+43
V3-+2

Solution:

(V2-+43) (V3++2)
T o(V3-+42) (V3+V2)

V6-3+2-16
3-2

—-1
1
=-1
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Algebra and functions
Exercisel, Question 1

Question:
Simplify:

@y* x y°

(b) 32 x 2x°

() (&%) 3+2¢
(d) 4b2 x 303 x b
Solution:

(a) =y3*%

=y

(b) =3 x2xx2*5
=6x’

(c) =&8x2*3+2x0
=648 + 2x°
:32X6—5

= 32X

(d) =4 x3xp2*3+4
=12b°
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Algebra and functions
Exercisel, Question 2

Question:

Expand the brackets:
@)3(y+4)

(b) 52 (3 — 5x + 2x?)

(©) 5 (2x+3) -2 (1-3)
(d)3x2(1+3x) —2x(3x-2)
Solution:

(a) =15+ 12

(b) =15¢ - 25¢ + 10x*

(c) =10 + 15 — 2x + 6x2
=16x2 + 13

(d) = 3%+ 9x3 - 6x2 + 4x
= 9x3 - 3x% + 4x
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Algebra and functions
Exercisel, Question 3

Question:
Factorise these expressions completely:
(a) 3 + 4x

(b) 42 + 10y

(€)X +xy +xy°

(d) 8xy? + 1Cx%y
Solution:

(@ =x(3x+4)
(b) =2y (2y+5)
(€) =x(x+y+y?)
(d) =2xy (4y +5x)
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Algebra and functions
Exercisel, Question 4

Question:

Factorise:

(@)x2+ 3 +2

(b) 32 + 6x
(c)x2 - 2x - 35
(d)2¢-x-3

() 52— 13x - 6

(f) 6 — 5x — x2

Solution:

(@) =X+ Xx+2x+2
=x(x+1) +2(x+1)
= (x+1) (x+2)

(b) =X (x+2)

(c) =x2-7x+5x—-35
=X(x=-7) +5(x=-7)
= (x=7) (x+5)

(d) =22 -3x+2x-3
=x(2x-3) + (%-3)
= (2x=-3) (x+1)
() =5+ 2x—15x - 6
=xX(5x+2) -3 (Xx+2)
= (5%+2) (x-3)
6+Xx—6x—x°

(=6+x) -x(6+x)
(

0
=(1-x) (6+x)
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Algebra and functions
Exercisel, Question 5

Question:
Simplify:

(@) %3 +3x~3

(b) (4

N | w
w [

A
)
(€)X~ 2x 2¢*

2
3

1
(d) 3 s + 6x
Solution:

(@) =33~ "3
=3x8
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Algebra and functions
Exercisel, Question 6

Question:

Evaluate:

[FREN)

(&)
(a)\”]

@(ﬁ)‘

Solution:
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Edexcel Modular Mathematics for AS and A-Level

Algebra and functions
Exercisel, Question 7

Question:

Simplify:
3
(@) Ves

(b) V20 +2+45- 80

Solution:

3

@ = Toxv7
3
- 347

1
=
\/

~N N

— (If you rationalise)
(b) =2V5+2x3V5-4+5
=445
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Algebra and functions
Exercisel, Question 8

Question:

Rationalise:

1
@73

1
(b) 721

3
© 32

N23-+37
(d) V23 + 437

Solution:

B 1x 3
@) = T3« V3

Js
3

B v2+1
(b) = (V2-1) (V2+1)

V2+1
2-1

v2+1

_ 3(V3+2)
(©) = (V3-2) (V3+2)

3V3+6
3-4

-3V3-6

B (V23-+37) (V23-+37)
(d) = (V23+437) (V23-1437)

23 -2V 23V37+37
23-37

60 - 2+ 851
-14
30 - V851
-7
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Quadratic Equations
Exercise A, Question 1

Question:

Draw a graph with the following equation, taking valueg fsbm - 4 to + 4. For each graph write down the equation
of the line of symmetry.

y=x2-3
Solution:
y=x%-3.
X -4 -33-2 -10 1 2 3 4
x*-316-39-34-31-30-31-34-39-316-3
y 13 6 1 -2 -3 =21 6 13
YA
14-
12-
10
8-
6-
4
2.
4 3 2\19 1/2 3 47
-2
4~

Equation of line of symmetry x = 0.
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise A, Question 2

Question:

Draw a graph with the following equation, taking valueg fsbm - 4 to + 4. For each graph write down the equation
of the line of symmetry.

y= X2 +5
Solution:

y=x2+5,

X -4 -33-2 -10 1 2 3 4
x> +516+59+54+51+50+51+54+59+516+5
y 21 14 9 6 5 6 9 14 21

VA
22
18-
14-

1
(1=
1
i
[
1
—
=
a
L
e
-y

Equation of line of symmetry x = 0.
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Quadratic Equations
Exercise A, Question 3

Question:

Draw a graph with the following equation, taking valueg fsbm - 4 to + 4. For each graph write down the equation
of the line of symmetry.

y= 2%

Solution:
1

y= 2%

X —-4-33-2-10123 4

) 1 1 1,541

2X8 42 2 > 022428

1 1 1 1

y 8 45 2 > 052458
1 2 3 47

Equation of line of symmetry x = 0.
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise A, Question 4

Question:

Draw a graph with the following equation, taking valueg fsbm - 4 to + 4. For each graph write down the equation
of the line of symmetry.

2

y= -x
Solution:

y=-x

X -4 -33-2-101 2 3 4
-2 -16 -9 -4-10-1-4-9 -16
y -16 -9 -4-10-1-4 -9 -16

=y

Equation of line of symmetry x = 0.
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise A, Question 5

Question:

Draw a graph with the following equation, taking valueg fsbm - 4 to + 4. For each graph write down the equation
of the line of symmetry.

y=(x-1)72
Solution:
y=x-1y
X -4 -33-2-101234
(x-1225 16 9 4 10149
y 25 16 9 4 10149
YA
28

Equation of line of symmetry x = 1.
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Quadratic Equations
Exercise A, Question 6

Question:

Draw a graph with the following equation, taking valuexwbm - 4to + 4. For each graph write down the equation of the line
of symmetry.

y=x2+3x+2

Solution:

y=xX2+ 3+ 2

X -4 - 33 -2 -1 0 1 2 3 4
XP+3x+216-12+29-9+24-6+21-3+20+0+21+3+24+6+29+9+216+12+2
y 6 2 0 0 2 6 12 20 30

VA

30- /:
<EEp)

1
Equation of line of symmetry is= - 17
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Quadratic Equations
Exercise A, Question 7

Question:

Draw a graph with the following equation, taking valueg fsbm - 4 to + 4. For each graph write down the equation of the line of
symmetry.

y=2x2+3x-5
Solution:
y=2%2+3x-5
X -4 - 33 -2 -1 0 1 2 3 4
2% +3x-532-12-518-9-58-6-52-3-50+0-52+3-58+6-518+9-532+12-5
y 15 4 -3 -6 -5 0 9 22 39
Ya
40- w

20
! /

N b4

3
Equation of line of symmetry is= — 7
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Quadratic Equations
Exercise A, Question 8

Question:

Draw a graph with the following equation, taking values fitbmn — 4 to + 4. For each graph write down the equation of the
line of symmetry.

y=x2+2x-6
Solution:
y=x2+2%-6
X -4 -33 -2 -1 0 1 2 3 4
X2 +2x-616-8-69-6-64-4-61-2-60+0-61+2-64+4-69+6-616+8-6
y 2 -3 -6 -7 -6 -3 2 9 18
YA
20~
15

1=

(%]
N
=Y

Equation of line of symmetry x = — 1.
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Quadratic Equations
Exercise A, Question 9

Question:

Draw a graph with the following equation, taking valueg fsbm - 4 to + 4. For each graph write down the equation
of the line of symmetry.

y=(2x+1) 2

Solution:

y=(x+ 1y

X -4 -33 -2 -1 O 1 2 3 4
2x+ 1 -8+1-6+1-4+1-2+10+12+14+16+18+1

(x+1) -7 -5 -3 -1 1 3 5 7 9
y=(2x+1P249 25 9 1 1 9 25 49 81

YA
80-

Equation of line of symmetry is= - 7.
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Quadratic Equations
Exercise B, Question 1

Question:

Solve the following equation:
X2 = 4x

Solution:

X2 —4x=0
x(x-4) =0
x=0orx-4=0
Sox=0orx=4
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise B, Question 2

Question:

Solve the following equation:
x2 = 25x

Solution:

X2 —25¢=0

x(x=-25) =0
x=0o0rx—-25=0
Sox=0o0rx=25
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise B, Question 3

Question:
Solve the following equation:
3x2 = 6x

Solution:

3x2-6x=0

X(x-2) =0
x=0orx-2=0
Sox=0orx=2
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise B, Question 4

Question:
Solve the following equation:

5x2 = 30x

Solution:

5x2 - 30x=0

5x(x-6) =0
x=0orx-6=0
Sox=0o0rx=6
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Quadratic Equations
Exercise B, Question 5

Question:

Solve the following equation:
X2+ 3x+2=0

Solution:

(x+1) (x+2) =0
x+1=0o0rx+2=0

Sox= —-lorx= -2
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Quadratic Equations
Exercise B, Question 6

Question:

Solve the following equation:
X2+5x+4=0

Solution:

(x+1) (x+4) =0
x+1=0o0rx+4=0

Sox= —-lorx= -4
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Quadratic Equations
Exercise B, Question 7

Question:

Solve the following equation:
X2+ 7x+10=0

Solution:

(x+2) (x+5) =0
x+2=0o0rx+5=0
x= —-2o0orx= -5
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Quadratic Equations
Exercise B, Question 8

Question:

Solve the following equation:
X2 -x-6=0

Solution:

(x=-3) (x+2) =0
x-3=0o0rx+2=0

Sox=3o0rx= -2
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise B, Question 9

Question:

Solve the following equation:
x2—8x+15=0

Solution:

(x-3) (x=-5) =0
x-3=0o0rx-5=0

Sox=3o0rx=5
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise B, Question 10

Question:

Solve the following equation:
x2=9x+20=0

Solution:

(x-4) (x=-5) =0
Xx-4=00rx-5=0

Sox=4o0rx=5
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise B, Question 11

Question:

Solve the following equation:
X2-Bx-6=0

Solution:

(x-6) (x+1) =0
Xx-6=00rx+1=0

Sox=6o0orx= -1
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise B, Question 12

Question:

Solve the following equation:
X2 -4x-12=0

Solution:

(x-6) (x+2) =0
Xx-6=00rx+2=0

Sox=60rx= -2
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Quadratic Equations
Exercise B, Question 13

Question:

Solve the following equation:
22+ 7x+3=0

Solution:

(2x+1) (x+3) =0
2Xx+1=0o0rx+3=0
2x= —-l1lorx= -3

1
Sox= - Sorx= -3
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Quadratic Equations
Exercise B, Question 14

Question:

Solve the following equation:
6x2-7x-3=0

Solution:

(3x+1) (x-3) =0

3X+1=00rx-3=0
1 3

Sox= - 3 0rxX= 7
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Quadratic Equations
Exercise B, Question 15

Question:

Solve the following equation:
6x2-5x-6=0

Solution:

(Xx+2) (x-3) =0

3x+2=00orx-3=0
2 3

Sox= - 3 0rxX= 7
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Quadratic Equations
Exercise B, Question 16

Question:

Solve the following equation:
4x%2 - 16x+15=0

Solution:

(2x-3) (-5) =0
2x-3=00rx-5=0

3 5
Sox = ,0rx= 7
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Quadratic Equations
Exercise B, Question 17

Question:

Solve the following equation:
3x2+5x=2

Solution:

32 +5x-2=0

(3x-1) (x+2) =0
3X-1=0orx+2=0

1
Sox = z0rx= -2
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Quadratic Equations
Exercise B, Question 18

Question:

Solve the following equation:
(2x-3) 2=9

Solution:

2x-3= %3
2Xx= +3+3
+3+3

X= 2

Sox=3o0rx=0
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Quadratic Equations
Exercise B, Question 19

Question:

Solve the following equation:
(x-7) 2=36

Solution:

X—-7= %6

X= x6+7

Sox=1o0rx=13
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise B, Question 20

Question:

Solve the following equation:
2x2=8

Solution:

X2 =4

X=x2

Sox=2o0orx= —2
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Quadratic Equations
Exercise B, Question 21

Question:
Solve the following equation:
3x2=5

Solution:

5
2__
X*= 3

5
- 3

X= + -

Sox =

ol el

3 3
gorx= -\ 3

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise B, Question 22

Question:

Solve the following equation:

(x-3) 2=13

Solution:

x-3=+ 13

=3+ 13

Sox=3+ V130rx=3- V13
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Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise B, Question 23

Question:

Solve the following equation:
(3x-1) 2=11

Solution:

3x-1=+ V11
=1+ V11
1+ V11

X= 3
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Quadratic Equations
Exercise B, Question 24

Question:

Solve the following equation:

5x2 - 10x2 = — 7+ X + X2
Solution:
-6x2-x+7=0

(1-x) (7+6x) =0
x=lor&= -7

;
Sox=lorx= — s
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Quadratic Equations
Exercise B, Question 25

Question:
Solve the following equation:

6x2 — 7 = 11x

Solution:

6x2-11x-7=0
(3x-7) (x+1) =0
X-7=0o0rX+1=0
1

;
Sox = J0rx= - 75
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Quadratic Equations
Exercise B, Question 26

Question:
Solve the following equation:

4x2 + 17x = 6x — 2%2

Solution:

6x2+ 11x=0

x(6x+11) =0

x=0or&+11=0
11

Sox=0orx= - 6
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Quadratic Equations
Exercise C, Question 1

Question:
Complete the square for the expression:

X2 + 4x

Solution:
= (x+2)2-4
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Quadratic Equations
Exercise C, Question 2

Question:
Complete the square for the expression:

X2 — 6x

Solution:
= (x-3)2-9
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Quadratic Equations
Exercise C, Question 3

Question:
Complete the square for the expression:

X2 — 16x

Solution:
= (x-8)2-64
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Exercise C, Question 4

Question:
Complete the square for the expression:

X2 + X

Solution:

_ [
\
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Quadratic Equations
Exercise C, Question 5

Question:
Complete the square for the expression:

X2 — 14x

Solution:
= (x=7) 2-49
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Quadratic Equations
Exercise C, Question 6

Question:
Complete the square for the expression:

2x2 + 16x

Solution:

=2 (X +8)

=2[ (x+4)2-16]
=2(x+4)2-32
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Quadratic Equations
Exercise C, Question 7

Question:
Complete the square for the expression:

3x2 — 24x

Solution:

=3 (x2-8)

=3[ (x-4)2-16]
=3(x-4) 2-48
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Quadratic Equations
Exercise C, Question 8

Question:
Complete the square for the expression:

2x2 — 4x

Solution:

=2 (x2-2x)
=2[(x-1)2-1]
=2(x-1)2-2
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Quadratic Equations
Exercise C, Question 9

Question:
Complete the square for the expression:

5x2 + 20x

Solution:

=5 (x2+4x)

=5[ (x+2)2-4]
=5(x+2) 2-20
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Exercise C, Question 10

Question:
Complete the square for the expression:

2x2 — 5x

Solution:

(o 5 )
")

[

ZLKX_
(
\

2

Ao

=2 X =

Y, =
)
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Quadratic Equations
Exercise C, Question 11

Question:
Complete the square for the expression:

3x2 + 9x

Solution:

=3 (x2+3X)
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Quadratic Equations
Exercise C, Question 12

Question:
Complete the square for the expression:

3x2 - x

Solution:

\
:3[ ( "
HGHEE
s (-t ) n

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Quadratic Equations
Exercise D, Question 1

Question:
Solve the quadratic equation by completing the square (remember to leave your answer in surd form):

X2 +6x+1=0

Solution:

X2 +6x= -1

(x+3)2-9=-1
(x+3)2=-1+9
(x+3)2=8

X+3=+8

x= -3+ 8

x= -3+ V2V4

XxX= —3+2V2

Sox= —-3+2V2o0rx= -3-2+v2
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Quadratic Equations
Exercise D, Question 2

Question:

Solve the quadratic equation by completing the square (remember to leave your answer in surd form):

X2+ 12x+3=0
Solution:

X2+ 1x= -3
(x+6)2-36= -3
(x+6)2=33
Xx+6=+ 33

x= -6+ 33

Sox= -6+ V330rx= -6- V33
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Quadratic Equations
Exercise D, Question 3

Question:
Solve the quadratic equation by completing the square (remember to leave your answer in surd form):

x2—-10x=5

Solution:

(x-5)2-25=5
(x-5)2=5+25
(x-5)2=30

x-5= + 30

x=54+ V30

Sox=5+ V30orx=5- 30
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Quadratic Equations
Exercise D, Question 4

Question:

Solve the quadratic equation by completing the square (remember to leave your answer in surd form):
X2+4x-2=0

Solution:

X2+ 4x =2

(x+2)2-4=2
(x+2)2=6

x+2= +6

Sox= -2+ V6orx= -2- V6
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Exercise D, Question 5

Question:

Solve the quadratic equation by completing the square (remember to leave your answer in surd form):
x2-3x-5=0

Solution:

x2-3x=5

V29
- 2
\/

+

N | w
1
+

N |w

29
2

3+ 129 3-+29
,  orxX= T

Sox =
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Quadratic Equations
Exercise D, Question 6

Question:
Solve the quadratic equation by completing the square (remember to leave your answer in surd form):

2x2 — 7 = 4x

Solution:
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Quadratic Equations
Exercise D, Question 7

Question:

Solve the quadratic equation by completing the square (remember to leave your answer in surd form):

4x2 - x =8

Solution:
1

2_ =y _

X 2 X=

|~
2
=
N
©

x
|
® |~
I+

1+ V129 1-+129
Sox = = T 5
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Exercise D, Question 8

Question:

Solve the quadratic equation by completing the square (remember to leave your answer in surd form):

1C=3x — x2

Solution:

x2-3x= - 10

[
y
[
y

No real roots as RHS is negat

2

N | w
E N 0}
1
|
'_\
o

2 _

N— N S

N | w
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Exercise D, Question 9

Question:

Solve the quadratic equation by completing the square (remember to leave your answer in surd form):
15-6x-2x2=0

Solution:

2x2 + 6x = 15
15
X2+ 3=

w
w
©

3
Sox:—;+_orx:———_
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Quadratic Equations
Exercise D, Question 10

Question:
Solve the quadratic equation by completing the square (remember to leave your answer in surd form):
5x2+8x—-2=0

Solution:

16
25

)
)
) 26
)

25

-4+ 26 -4-26
orx =

Sox =
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Quadratic Equations
Exercise E, Question 1

Question:
Solve the following quadratic equation by using the formula, giving the solution in surd form. Simplify your answer:
X¥+3x+1=0

Solution:

-3:{@-4(1) (1)

X= 2x1

-3+{9-4
2

-3+ 45

X =

-3+ 5 -3-45
,  orx= >

Thenx =
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Quadratic Equations
Exercise E, Question 2

Question:
Solve the following quadratic equation by using the formula, giving the solution in surd form. Simplify your answer:
X2-3x-2=0

Solution:

o (=3) £V (=3)2-4(1) (-2)
X= 2x1

+3i\19+8

3+ V17 3-+17
Thenx = T, orx= 2
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Quadratic Equations
Exercise E, Question 3

Question:
Solve the following quadratic equation by using the formula, giving the solution in surd form. Simplify your answer:

X2 +6x+6=0

Solution:

-6\ (6)2-4(1) (6)

X= 2x1
-6+\36-24
X= 2
-6+ V12
X= 2
-6+23
X= 2
x= -3+ 3

Thenx= -3+ V3o0orx= -3- V3
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Quadratic Equations
Exercise E, Question 4

Question:

Solve the following quadratic equation by using the formula, giving the solution in surd form. Simplify your answer:

x2-5x-2=0
Solution:
- (=5)#Y(-5)2-4(1) (-2)
X= 2x1

+5+\{25+8
X= T 5,
_ 5% V33
X= 2

5+ V33 5- 33

Thenx = T, orx= 2
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Quadratic Equations
Exercise E, Question 5

Question:
Solve the following quadratic equation by using the formula, giving the solution in surd form. Simplify your answer:

32 +10x-2=0

Solution:

-~10+{18-4(3) ( -2)
X= 2x3

-10+Y100 + 24
X= 6

-10+ V124
X= 6

-10+2V31
X= 6

-5+ 31 -5-+31

Thenx= — - orx= — L

3 3
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Quadratic Equations
Exercise E, Question 6

Question:

Solve the following quadratic equation by using the formula, giving the solution in surd form. Simplify your answer:

42 -4x-1=0
Solution:
() (—4)2-4(4) (-1)
X = 2x4
+4+\16 + 16
X= " g
_ 4= V32
X= 8
B 4442
X= 8
1+42 1-+2
Thenx = orx=
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Quadratic Equations
Exercise E, Question 7

Question:

Solve the following quadratic equation by using the formula, giving the solution in surd form. Simplify your answer:

7X2+9x+1=0
Solution:
—9x{P-4(7) (1)
X= 2x7
_ -9+\81-28
X= 14
B -9+ V53
X= 14
B -9+ 53 B -9-+53
Thenx = T4 orx= T
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Exercise E, Question 8

Question:

Solve the following quadratic equation by using the formula, giving the solution in surd form. Simplify your answer:

5x2+4x—-3=0
Solution:

-4:{2-4(5) (-3)
X= 2x5

-4+\16 + 60
X= 10

-4+ 76
X= 10

-4+2419
X= 10

-2+ 19 -2-+19

Thenx= — -  —orx= — -

5 5
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Quadratic Equations
Exercise E, Question 9

Question:

Solve the following quadratic equation by using the formula, giving the solution in surd form. Simplify your answer:

4x2 — Tx =2

Solution:

42-T7x-2=0
(=D (-7)2-4(4) (-2)
X= 2x4

+7i‘l49+32
8

7+ 481

1
Thenx=2orx= - 2
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Quadratic Equations
Exercise E, Question 10

Question:
Solve the following quadratic equation by using the formula, giving the solution in surd form. Simplify your answer:

112 +2x-7=0

Solution:

—2:\2-4(11) (-7)
X= 2x11

-2+\4+308
X= 22

-2+ 312
X= 22

-2+278
X= 22

-1+ +78
X= 11

-1+ 78 -1-+78

Thenx = T orx= T o
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Exercise F, Question 1

Question:

Sketch the graphs of the following equations:
(@y=x2+3x+2
(b)y=x2-3x+10
(c)y=x2+2x-15
(d)y=2C+7x+3
(e)y=2¢+x-3
(Hy=6x2-1%+ 10
(@y=3¢-2x-5
(h)y = 3x% - 13
(y= -x2+6x+7
()y=4-"7x-2x2
Solution:

(@a>0sographisa U shape.

b2=9,4ac =8

b? > 4ac, so there are two different roots of the equagien0.
Wheny = 0,

(x+2) (x+1) =0

x= —-2o0rx= -1

So crossing pointsare ( -2,0) and ( -1,0) .
Whenx=0,y=2,s0 (0, 2) isa crossing point.

VA

‘é (0. 2)

d

2.0 "1, o)

(b)a>0sographisa U shape.
b2 =9, 4ac = 40
b? < 4ac, so there are no real roots of the equajier.

So there are no crossing pointyat O.
Whenx = 0,y = 10, so crossing pointi(0,10) .
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VA

(0, 10)

A

(c)a>0sographisa U shape.
b2 =4, 4ac= - 60
b? > 4ac, so two different roots of = 0.

Wheny = 0,
0= (x+5) (x-3)
x= —-50rx=3

So crossing pointsare ( -=5,0) and (3,0) .
Whenx = 0,y = - 15, so crossing pointis (0, —15) .

b

(dya>0sographisa U shape.
b2 = 49, 4c = 24
b? > 4ac, so two different roots of = 0.
Wheny = 0,
0= (+1) (x+3)

1

X= - jorx= -3

1
So crossing points ar{ 3 9 and ( -3,0) .

Whenx = 0,y = 3, so crossing pointis (0, 3) .

»
(-3, 0) ©:3) -
N | 0) X
2
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(e)a>0sographisa U shape.
b2=1,4ac= - 24
b2 > 4ac, so two different roots of = 0.
Wheny = 0,
0= (x+3) (x-1)

3

X= - 2orle

Nl w

So crossing points ar{ , g and (1,0) .

Whenx =0,y = - 3, so crossing pointis (0, —3) .

Vi

(3. 0) (1,0)
x

(0, -3)

(Ha>0sographisa U shape.

b2 = 361, 4c = 240
b? > 4ac, so two different roots of = 0.

Wheny = 0,
0=(X-2) (-5)
2 5

X= 3OI'X= 2

coommmmnsof 3 o )
0 Crossing points ar 3 , ) af\ 2 ,

Whenx = 0,y = 10, so crossing pointis (0, 10) .

.ii._}l

(0, 10)

(2.10) (5.0 X

(g)a> sographisa U shape.
b?=4, 4ac= - 60
b? > 4ac, so two different roots of = 0.
Wheny = 0,
0=(X-5) (x+1)

5
x= jorx= -1
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)

5
So crossing points ar{ 3 (} and ( -1,0) .

Whenx =0,y = - 5, so crossing pointis (0, —=5) .

A

(-1, 0)

(0, -5)

(hya>0sographisa U shape.
b2 =169, 4c =0
b? > 4ac, so two different roots of = 0.
Wheny = 0,
0=x(3x-13)

13

x=0orx= 3

13
So crossing points are (0, 0) ar\CJI 3 })

Whenx = 0,y = 0, so crossing pointis (0,0) .

Ay

(0, 0) {|33, o) *

(la<0sographisa N  shape.
b? =36, c= - 28
b? > 4ac, so two different roots of = 0.

Wheny = 0,
0= (7-x) (1+x)
x=7o0rx= -1

So crossing pointsare (7,0) and ( -1,0) .
Whenx =0,y = 7, so crossing pointi(0,7) .

PhysicsAndMathsTutor.com
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1k

X0, 7)

(-1, 0) (7. 0)

() a<0sographisa N shape.
b?=49, &c= - 32
b? > 4ac, so two different roots of = 0.
Wheny = 0,
0= (1-%) (4+x)

1

X= S0rx= -4

)

1
So crossing points ar{ 2 (} and ( -4,0) .

Whenx = 0,y = 4, so crossing pointis (0,4) .

1k

(0, 4)
(-4, 0) (.. 0)

=y
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Quadratic Equations
Exercise F, Question 2

Question:

Find the values ck for whichx2 + kx + 4 = 0 has equal root

Solution:

X2 + kx + 4 = 0 has equal roots if
b? = 4ac

ie.

K=4x1x4=16 = k= +4
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Quadratic Equations
Exercise F, Question 3

Question:

Find the values ck for whichkx? + 8x + k = 0 has equal root

Solution:

ke + 8x + k = 0 has equal roots if
b? = 4ac
ie.
82=4 xk x k = 4k?
64
Sok®= ;=16 = k=4
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Exercise G, Question 1

Question:

Draw the graphs with the following equations, choosing appropriate valuesHor each graph write down the equa
of the line of symmetry.

(@Qy=x2+6x+5

(b)y=2x2-3x -4

Solution:

X -6 -5 -4 -3 -2 -10 1 2
X 36 25 16 9 4 1 0 1 4
(@ +6x -36 -30 -24 -18 -12 -60 +6 +12

+5 +5 +5 +5 +5 +5 +5+5 +5 +5
y 5 0 -3 -4 -30 5 12 21

VA
204
16
12+

—
P —
=y

x = — 3is line of symmetry.

X -2-10 1 2 3
2% 8 2 0 2 8 18
() -3x +6 +30 -3 -6 -9
-4 -4 -4-4-4-4-4
y 10 1 -4-5-25
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3
x = 7is line of symmetry.
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Quadratic Equations
Exercise G, Question 2

Question:

Solve the following equations:
(@)y*+3y+2=0

(b) 3%+ 1%x-10=0
()52 - 10x=4x + 3

(d) (2x-5) 2=7

Solution:

@ (y+1) (y+2) =0
y=-lory= -2

(b) (x-2) (x+5) =0
X = %orx= -5

()52 -14x-3=0
(5x+1) (x-3) =0
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Quadratic Equations
Exercise G, Question 3

Question:

Solve the following equations by:
(i) Completing the square.

(ii) Using the formula.
(@)x2+5x+2=0
(b)x2-4x-3=0
(c)52+3x-1=0

(d)3x2-5x =4

Solution:

(@) ()x2+5x= -2
(
\

(
\

2_§=_2
4

N o

X+
17

2 —_

X+ 4

)
J
)
J

-5:{2-4(1) (2)

(i) x = D)
-5+{25-8

X= "%
-5+ V17

X =

2

(b)(i) X2 - 4x = 3
(x-2)2-4=3

(x-2)2=7

x-2=+7

x=2x 7

.. - (-4)*V16-4(1) (-3)

(i) x = 2
+4i\|16+12

X = 2
4+\4ax7

X= - 5

2
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5 X+ X =1
)
[ (.3, = |
5|_ \X+ 10}2‘ 10| =1
(. 3), o 1
\X"’ 10)2_ 100 ~ 5
([ 3), =
\X"’ 10)2= 100
3 29
Xt 10=% 10
-3++29
X= 10
_3+{9=4(5) (=1)
() x= g
-3+ 429
X= 10
@) 3 (x2— gx) —4
[ (. 5, =]
G A
([ 5), z_a4
\X 6} %6 - 3
([ 5), =
\X 6} = 36
s_ . dm
X= 5 =% ¢
5+ 73
X= 6
S (-8) +\{BoA) (D)
(i) x = (5)+256 4(3) (-4)
+5+\25 + 48
X= T 5
5+ V73
X =
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Quadratic Equations
Exercise G, Question 4

Question:

Sketch graphs of the following equations:
(@Q)y=x2+5x+4

(b)yy=2x2+x-3

(€)y=6— 10« - 4%

(d)y = 15x — 2x2

Solution:

(@a>0so0 U shape

b2 = 25, 4ac = 16

b2 > 4ac, so two different roots of = 0.

y=0 = 0= (x+1) (x+4)

x= —-lorx= -4

Sox-axis crossing pointsare ( -1,0) and ( -4,0) .
x=0 = y=4 Soy-axis crossing pointis (0,4) .

J-‘ii

(0,
(-1, 0) j

(b)a>0So U shape

b2=1,4ac= - 24

b? > 4ac, so two different roots of = 0.

y=0 = 0= (X+3) (x-1)
3

3

(-4, ()

x= - 5orx=1

. . . 3
Sox-axis crossing points ar{ 3 a and (1,0) .
x=0 = y= - 3soy-axis crossing pointin (0, —3) .
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(0.-3)

(c)a<0So N shape

b2 =100, 4c = - 96

b? > 4ac, so two different roots of = 0.
y=0 = 0= (1-%X%) (6+2)

1
X= J0rx= -3

)

1
Sox-axis crossing points ar{ 2 (} and ( -3,

x=0 = y=6 soy-axis crossing pointis (0,6) .

A

M

(0. B)

(-3, 0) (. 0)

»
X

(da<0so N shape

b2 = 225, &c =0

b? > 4ac, so two different roots of = 0.
y=0 = 0=x(15-%)

1
x=00rx=7;

1
Sox-axis crossing points are (0, 0) ar{j 57 \}

x=0 = y=0 Soy-axis crossing pointis (0,0) .

VA

(0, 0)

(73.00\ *

PhysicsAndMathsTutor.com
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Quadratic Equations
Exercise G, Question 5

Question:

Given that for all values of:
W+ 1AX+5=p(x+q) 2+r
(a) Find the values gf, g andr.

(b) Solve the equatic3x2 + 12x + 5 = 0. [El

Solution:

(@) 3+ 12X +5=p (X2 +2gx+ 2) +r
32+ 12X+ 5=px2+ 2p0x + pgZ + r
Comparings? : p = 3®

Comparingx : 2pq = 120

Comparing constantspe? + r = 5@

Substitute® into @:
2x3q=12

q=2

Substitutep = 3 andg = 2 into ®:
3x22+r=5

12+r=5

r=-7

Sop=3,q=2,r= -7

(b) A2+ 1X%+5=0
> 3(x+2)2-7=0
=> 3(x+2)2=7

,
> (x+2)2%=3

-
> X+2= 115

_ I
Sox= -2+ 3
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Quadratic Equations
Exercise G, Question 6

Question:
Find, as surds, the roots of the equation

2(x+1) (x-4) - (x-2)2=0

Solution:

2(x2-3x-4) - (x®*-4x+4) =0
2% -6x-8-x2+4x-4=0
X2-2x-12=0

-(-2) :‘{4—4(1) (-12)

2

+2+ 52
X= 2

2+\{4x13
X= "5

2+2+13
X= 2
x=1+ 13
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Quadratic Equations
Exercise G, Question 7

Question:
Use algebratosoh (x-1) (x+2) =18. [E]

Solution:

X2 +x-2=18
x2+x-20=0
(x+5) (x-4) =0
Xx= —50rx=4
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Equations and inequalities
Exercise A, Question 1

Question:
Solve these simultaneous equations by elimination:

2X-y=6
4x + 3y = 22

Solution:

6x — 3y =18

Ix+ 3y =22

Add:

10x = 40

x=4

Substitute into 2 -y = 6:
8-y=6

y=2

So solutionisx =4,y =2

© Pearson Education Ltd 2C
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Equations and inequalities
Exercise A, Question 2

Question:
Solve these simultaneous equations by elimination:

7x+ 3y =16
2x + 9y =29

Solution:

21x + 9y = 48

2x+ 9y =129

Subtract:

19x =19

x=1

Substitute into X+ 3y = 16:
7+3y=16

y=9

y=3

So solutionisx =1,y =3
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Equations and inequalities
Exercise A, Question 3

Question:
Solve these simultaneous equations by elimination:

5x+ 2y =6
3x — 10y = 26

Solution:

25x + 10y = 30

3x— 10y =26

Add:

28x = 56

X=2

Substitute into 5+ 2y = 6:
10+ =6

2y= -

y= -

So solutionix =2,y = -2
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Equations and inequalities
Exercise A, Question 4

Question:
Solve these simultaneous equations by elimination:

2Xx-y=12
6x +2y =21

Solution:

Ax-2y=24
6x +2y =21
Add:
10x =45

1
x=47

Substitute into 2 -y = 12:
9-y=12

_y= 3

y= -3

L 1
So solution ix=47,y= -3
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Equations and inequalities
Exercise A, Question 5

Question:

Solve these simultaneous equations by elimination:

X-2y= -6
6x +3y =2
Solution:
6x—4y= —-12
6x + 3y =2
Subtract:
-7y= -14
y=2
Substitute into 8- 2y = - 6:
X-4= -6
x= -2

[AREN)

So solution ix = -
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Equations and inequalities
Exercise A, Question 6

Question:
Solve these simultaneous equations by elimination:

3x+ 8y =33
6x = 3 + 5y

Solution:

6x + 16y = 66

6x =3 + 5

6x + 16y = 66
6x—-5y=3

Subtract:

21y = 63

y=3

Substitute into 8+ 8y = 33:
3x + 24 =33

3x=9

x=3

So solutionisx =3,y =3
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Equations and inequalities
Exercise B, Question 1

Question:
Solve these simultaneous equations by substitution:

x+3y=11
4x -7y =6

Solution:

x=11-3

Substitute into¥ - 7y = 6:
4(11-3) -7y=6

44 -1 -7y=6

-19% = -38

y=2

Substitute intoc = 11 - 3y
x=11-6

x=5

So solution isx =5,y =2
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Equations and inequalities
Exercise B, Question 2

Question:
Solve these simultaneous equations by substitution:
4x — 3y = 40
2x+y=5
Solution:
y=5-X
Substitute into ¥ — 3y = 40:
-3 (5-%) =40
Ax - 15+ &x =40
10x =55
1
X=575
Substitute intoy =5 - 2
y=5-11
y= -6

L 1
So solution ix=57,y= -6
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Equations and inequalities
Exercise B, Question 3

Question:
Solve these simultaneous equations by substitution:

X-y

=7
1Cx + 3y =

-2
Solution:

—y=7-3%X

y=3-7

Substitute into 10+ 3y = - 2:
Ix+3(Xx-7) = -2
10k +9x—-21= -2

19% =19

x=1

Substitute intoy = 3x - 7:
y=3-7

y= -4

So solutionix=1,y= -4
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Equations and inequalities
Exercise B, Question 4

Question:
Solve these simultaneous equations by substitution:

2y=2x-3
y=x-1

Solution:

x=3y+1
Substitute into = 2x - 3:
2y=2(3y+1) -3
2y=6y+2-3
—4dy= -1
1
y=3
Substitute intoc = 3y + 1:

3
X = 4+1

3
x-14

oo s _1
So solution ix=17,y= 7
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Equations and inequalities
Exercise C, Question 1

Question:
Solve the simultaneous equations:

@x+y=11
xy = 30

(b) x+y=1
X+y2=1

(©)y=3x
2y? - xy=15

(dx+y=9
X2 -3xy+22=0

(e)3a+b=8
322+ b2 =28

H2u+v=7
uv==6

Solution:

(@y=11-x

Substitute intoxy = 30:
x(11-x) =30
11x - x2 = 30
0=x2-11x+ 30
0=(x-5) (x-6)
Xx=50rx=6

Substitute inty = 11 - x:
whenx=5,y=11-5=6
whenx=6,y=11-6=5
Solutions arx=5,y=6andx=6,y=5

(b)y=1-
Substitute into + y2 = 1:
¥+ (1-X) 2=1
X+ 1l-dx+4ax2=1
5x2 - 4x =0
x(5x-4) =0

4

x=0orx= 5

Substitute intoy = 1 — 2
whenx=0,y=1

4 8 3
whenx= 7,y=1- 7= - ¢

4 3
5 )

Solutions arx=0,y=1andx= 7,y= = 3

(c)y=3x
Substitute int2y? — xy = 15:
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2(3x)2-x(3x) =15

182 - 3x2 = 15
15x2 = 15
x2=1

x= —-1lorx=1

Substitute intgy = 3x:

whenx= -1,y= -3

whenx=1,y=3

Solutions arx= -1,y= -3 andx=1,y=3

(d)x=9 -y
Substitute into — 3xy + 2y = 0:
(9-y) - 3y(9-y)+2¥°=0
81-18/+y2 -2 +3y2+2y2=0
6y2 — 45/ + 81 =0
Divide by 3:
2y2 - 15+ 27=0
(2y-9) (y=-3) =0

9

y= jo0ry=3
Substitute intoc =9 —y:

9 9 9
wheny= 7,x=9- 7 =3
wheny=3,x=9-3=6

1 1
Solutions arx=4 7 ,y=4 7 andx=6,y = 3

(e)b=8-3&

Substitute into &8 + b2 = 28:
3a2+ (8-3a) 2=28
322+ 64 - 4& + 922 = 28
12a%2 - 48a+36 =0
Divide by 12:
a?-4a+3=0

(a-1) (a-3) =0
a=lora=3

Substitute intdo = 8 — 3a:
whena=1,b=8-3=5
whena=3,b=8-9= -1
Solutionsarea=1,b=5anda=3,b= -1

Hv=7-2

Substitute intauv = 6:

u(7-2u) =6

7u-202=6

0=202-7u+6

0= (2u-3) (u-2)
3

u= 2oru:2

Substitute intov = 7 — 2u:
3

whenu = 2,V=7-3=4

whenu=2,v=7-4=3

3
Solutions arel = 5. V= 4andu=2,v=3
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Equations and inequalities
Exercise C, Question 2

Question:

Find the coordinates of the points at which the line with equgtior — 4 intersects the curve with equation
2 — 92
ye = 2xc - 17.

Solution:

y=x-4

Substitute intg2 = 2x2 - 17:
(x-4)2=22-17

X2 - 8x+16 =2 - 17
0=x%+8x-33

0= (x+11) (x-3)

x= —-11lorx=3

Substitute intoy = x — 4:

whenx= -11,y= -11-4= -15
whenx=3,y=3-4= -1
Intersection points ( — 11, —-15) and (3, —-1)

© Pearson Education Ltd 2C
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Equations and inequalities
Exercise C, Question 3

Question:

Find the coordinates of the points at which the line with equatioBx — 1 intersects the curve with equation
2 -
y“—xy =15.

Solution:

y=3&-1
Substitute intg/2 — xy = 15:
(3x-1)2-x(3x-1)=15
o2 -6x+1-3x+x=15
6x2-5x—-14=0
(6x+7) (x=-2) =0

7

X= - 6orx:2

Substitute intoy = 3x — 1:
z 2L 9

whenx= - “y= - = -1= -7

whenx=2,y=6-1=5

([ 1

Intersection points:
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Equations and inequalities
Exercise C, Question 4

Question:

Solve the simultaneous equations:

@) x+2y=7
XX+y=8

(b) x+2y=7
X2 —4y2=8
Solution:
@y=7-X
y= 37-%

Substitute intoc + y = 8:

>, 1
X+ Z(7T-X=8

Multiply by 2:
22+ (7-3) =16
2% -3x-9=0
(2x+3) (x=-3) =0
X= - %orx=3

1[ \\
Substitute intgy = > K 7 - % )
ez - 3= (708} 22
whenx =3,y = % (7_9) —

1 3
Solutions ark= - 175, y=5 andx=3,y= -1

(b) x=7-2

Substitute into@ — 4y? = 8:

faf. )]
L2077 )]
s (T-2%) 2-42=8

Multiply by 4:

(7-2) 2-16/2=32
49 - 28y + 4y> - 16y> = 32
0=122+ 28y - 17

0= (6y+17) (2y-1)

2_a2=8
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17 1
y= - gory=73
Substitute intox = % ( 7-% ) :
Wheny:‘%,x=%(7+%) :%

1 1

wheny = 7,x= 3 (7—1) =3
_ 1 5 1
Solutions arxk =65 ,y= -2 andx=3,y= 3
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Equations and inequalities
Exercise C, Question 5

Question:
Solve the simultaneous equations, giving your answers in their simplest surd form:

(@)x-y=6
Xy =4

(b) 2+ 3y =13
X2 +y2 =178

Solution:

(@)x=6+y
Substitute intoty = 4:
y(6+y) =4
By +y-=4
y>+6y-4=0
a=1b=6,c= -4
—b £\ (b? - 4ac) -6+ (36+16) -6+ V52
y= 2a = 2 = 2

V52={(4%x13) =V4V13=2V13

-6+2413
y= ", =-3+713

Substitute intoc =6 +y:

wheny= -3- V13,x=6-3-V13=3-+13

wheny= -3+ V13,x=6-3+ Vy13=3+ 13

Solutions arec=3 - V13,y= -3 - Y13 andk=3+ V13,y= -3+ V13

(b) x=13-3
X = % (13—3_/)

Substitute into? + y2 = 78:

[ % (13—3y) }2+y2:78

1
2 (13-3) 2+y>=78

Multiply by 4:
(13-3) 2+4y2=312
169 — 78/ + 9y + 4y2 = 312
13y2 - 78y - 143 =0
Divide by 13:
y2-6y-11=0
a=1b=-6,c=-11
-b+\ (b?-4ac) 6x{(36+44) 6+ 80

y= 2a = 2 = 2

V8o={(16x5) =V16V5=4+5
6+4V5

y= —, =3%2V5

PhysicsAndMathsTutor.com
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AN
)

Y
Substitute intox = 3 K 13-3%

1
=1 — 1

1
wheny =3 -2V5,x= 3 13-9+6V5 =2+3V5

13 - 3(3 + 2V 5) 13-9-6V5 =2-3V5

1
wheny =3 +2V5,x= 3

=1 — 1

13 - 3(3 - 2V 5) }
.
]

L 1 1

Solutions arex=2-3vV5y=3+2vV5andx=2+3V5y=3-2+5
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Equations and inequalities
Exercise D, Question 1

Question:

Find the set of values affor which:
(a) x-3<5
(byx+4 > 39
(c)Bx-3>X%+7
d)5x+6 < -12-x
(e) 15 -x> 4
()21 - %> 8+ X

(9) 1 +x< 25+ X
(h7x-7<7-%
()5-05% = 1

() 5x+4>12 - 2x
Solution:

(@) x<5+3
2Xx< 8
X<4

(b)5x > 39-4
bx > 35
X > 7

(c)ex—-2x>7+3
4x> 10

1
><>22

d)y5x+x < -12-6

6x < -18
x < -3
(e) -x>4-15
-x>-11
x<11

(H21-8>K+ 2
13 > 5
5x < 13

3
x<25
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(gpx—-3x<25-1
-2x<24
x> —12

(h) X+ 7x<7+7
14x < 14
x<1

()5x+2x>12-4
7x>8

1
x>17
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Equations and inequalities
Exercise D, Question 2

Question:

Find the set of values affor which:
@2(xx-3) > 0
(0)8(1-x) >x-1
©3(x+7) < 8-x
@d2(x-3) - (x+12) <0
(e)1+11(2x) <10 (x-4)
MH2(x-5) = 3(4-x)
(9) 1% -3 (x-3) <45
(x-2(5+x) <11

(Y x(x-4) > xX2+2
(xB-x = 3B+x-x2
Solution:

@x-6 > 0

2X > 6

x > 3

(b)8 -&>x-1
8+ 1>x+ 8X
9 > X

1>x

x<1

(c)Xx+21 < 8-x
X+x < 8-21
4 < -13

1
X < =37

(dy2x-6-x-12<0
2X—X<6+ 12
X< 18

(e)1+22-1kx<10x-40
1+22+40<1@+ 11x
63 < 2

3<X

X>3

fH2x-10 > 12-3x
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2X+3x > 12+10
5x > 22

2
X = 473

(9) 1% - 3x+9<45
12x-3x<45-9
9x < 36

X<4

(hyx-10-4«<11
x—4x <11+ 10
-3x<21

x> =7

() x—4x > x2+2
X2-x2—4x > 2
-4 > 2
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Equations and inequalities
Exercise D, Question 3

Question:

Find the set of values affor which:

@3(x-2) >x-4and &+ 12 > X+ 17
(b)2x-5<x-1and 7 (x+1) >23 -X
(c)x-3>2and3 k+2) <12 +x
(d)15-x<2(11-x) and5(&-1) >1%+19
(e)3x+8 < 20and2(3x-7) > x+6
Solution:

@X-6>x-4
X-x>-4+6
2X> 2
x>1

Ax+ 12 > X+ 17
4x —2x> 17 - 12
2x>5

1
x>22

6 -5 4 3 -2 -1 0 1 2 3 4 5

k L ﬂ'\ -

1
So the required set of valuesxis 2 7

(b)y2x-x< -1+5
X<4

7(x+1) >23-x
X+ 7>23-Xx
X+ Xx>23-7
8x > 16

X>2

6 -5 4 3 2 -1 0 1 2 3 4 5 6

O

0o

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1

So the required set of values is X< 4

(c)2x>2+3
2x>5

1
x>22

3(x+2) <12 +x
X+6<12 +x
3X-x<12-6
2X< 6

X<3

6 5 -4 -3

-2

-1

o -

A

1
So the required set of values iS2 x< 3

(d) 15 -x< 22 - X
-X+2x<22-15
X<7

5(3x-1) >1X%+19
15x - 5> 1X+ 19
15x - 12x>19 + 5
3x>24

X>8

L

There are no values satisfying both inequalities.

e)Xx < 20-8
x < 12

x < 4

2(X-7) = x+6
6x—-14 > x+6
6x-x > 6+14
5x > 20

PhysicsAndMathsTutor.com
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Equations and inequalities
Exercise E, Question 1

Question:

Find the set of values affor which:
(@)x2-11x+24<0
(b) 12 -x-x2>0
(c)x2-3x-10>0
(d)x2+ 7x+12>0
(e)7+1X-2¢>0
()10 +x - 22 <0
(g) 42 -8x+3<0
(h) -2+ &-3x2<0
()x2-9<0

() 6x2+ 11x - 10> 0
(k) X2 —5x >0

() 22 + 3x < 0

Solution:

(@)x2-11x+24=0
(x-3) (x-8) =0
x=3,x=8

Sketch ofy = x2 — 11x + 24:

‘}-'.Il.

3\_/8 %

PhysicsAndMathsTutor.com
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x2—11x+ 24 <0when3 «< 8

(b)12-x-x2=0

0=x2+x-12
0= (x+4) (x-3)
XxX= —4,x=3

Sketch ofy = 12 —-x — x2

Ya

N
=y

12-x-x2>0when —4<<3

(©)x2-3x-10=0
(x+2) (x=-5) =0
x=-2,x=5

Sketch ofy = x2 — 3x - 10:

Vi

Hy

N

x2—3x-10>0whemx< —2o0rx>5

(d)x2+7x+12=0
(x+4) (x+3) =0
x= —-4,x= -3

Sketch oly = x2 + 7x + 12:

PhysicsAndMathsTutor.com
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-N__"3

X2+ 7x+ 12> 0whenx< -4 orx> -3

(e)7+1x-2x2=0

22 -1x-7=0

(2x+1) (x-7) =0
1

X= - 2,x:7

Sketch ofy = 7 + 13 — 2x%

-

Vi

/3 \

1
7 + 13x - 2x2 > 0 when -5 X<7

H10+x-2x2=0

22 -x-10=0

(2x-5) (x+2) =0
1

x=2§,x= -2

Sketch oly = 1C + x — 2xZ

PhysicsAndMathsTutor.com
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Ya

2 1\ =X
/ 25\

1
10 +x — 2x2 < 0 whenx < -2o0rx>275

(@) 42 -8x+3=0

(2x-1) (%x-3) =0
1 1

x=5,x=175

Sketch ofy = 4x%2 - 8x + 3:

Ya

-y

N |-

1
4% - 8x+3<0when, <x<1

(hy —2+%&-32=0

3 -7x+2=0

(3x-1) (x-2) =0
1

X = E,X:Z

Sketcholy = — 2+ 7x — 3x%

PhysicsAndMathsTutor.com
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5
1 2 X
1
-2+ %-3x?<0whenx< Zorx>2
)x2-9=0
(x+3) (x=-3) =0
x= —-3,x=3
Sketch ofy = x2 - 9:
Ya
-3 3 x

x2-9<0when -3 «x«<3

() 62+ 11x-10=0

(3x-2) (x+5) =0
2
3!
Sketch oly = 6x2 + 11x — 10:

1
X = x-—22

PhysicsAndMathsTutor.com
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=y

—2

%

b |—

1 2
6x2 + 11x — 10 > 0 wherx < -250rx> 3

(k) x2-5x=0
x(x=-5) =0
x=0,x=5

Sketch ofy = x2 - 5x:

Vi

-

x2 - B5x>0whenx< 0orx>5

(2x2+3x=0
x(2x+3) =0

1
x=0,x= —1;

Sketch oly = 2x2 + 3x:

PhysicsAndMathsTutor.com
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b=

1
2x2 + 3x<0when - 1, <x<0
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Equations and inequalities
Exercise E, Question 2

Question:

Find the set of values affor which:
(@)x2 <10 - X

(b) 11 <x2 + 10

©x(3-2) >1

(d)x(x+11) <3(1-x2)
Solution:

(@)x2 =10 - X
x2+3x-10=0

(x+5) (x=-2) =0

XxX= -5x=2
x¥<10-X=x2+3x-10<0

Sketch ofy = x2 + 3x — 10:

=y

_

x2+3x-10<0when -5 «<2

(b) 11 =x2 + 10

x2=1

x=-1,x=1

11<x2+10 => 0<x¥+10-11 = x2-1>0

Sketch oly = x2 - 1:

PhysicsAndMathsTutor.com
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x2-1>0whemx< —1lorx>1

©x(3-X%) =1

X-22¢=1

0=22-3x+1

0= (x-1) (x-1)
1

XxX= 7, x=1

2
x(3-2%)>1 = -2¢+3x-1>0 = 2%2-3%+1<0
Sketch ofy = 2x2 — 3x + 1:

Ya

bd|—

1
2x* - 3x+1<0when, <«<1

(d)x(x+11) =3(1-x2)
X%+ 11x =3 - 3¢
X¥+3x%+11x-3=0
42+ 11x-3=0
(4x-1) (x+3) =0
1
4!
x(x+11) <3(1-x2) = 4x%+11x-3<0
Sketch oly = 4x2 + 11x - 3:

X = XxX= -3

PhysicsAndMathsTutor.com
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:,ui.

rFf-In—-\
=y

1
4%+ 11x - 3 <O when -3 «x<
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Equations and inequalities
Exercise E, Question 3

Question:

Find the set of values affor which:
(@x2-7x+10<0and8+5< 17

(b)) -x-6>0and 10 - 2<5
(©)4&2-3x-1<0and4 k+2) <15- (x+7)
(d)2¢-x-1<0and 14 <8-2
(e)x2-x-12>0and 8+ 17 >2

(Hx2-2x-3<0andx?-3x+2>0

Solution:

(@)x2-7x+10=0
(x-2) (x=-5) =0
x=2,x=5

Sketch ofy = x2 - 7x + 10:

YA

U A

X2 —7x+ 10 < 0 when 2 « < 5.

3X+5<17
3x<17-5
3x<12
x<4

-4 -3 -2 -1 0 1 2 3 4 5 6 7

< O

PhysicsAndMathsTutor.com
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Intersection is 2 « < 4.

(b)yx2-x-6=0
(x+2) (x=-3) =0
x=-2,x=3

Sketch ofy = x2 — x — 6:

YA

x2—x-6>0wherx< —2orx>3

10 - %<5
-2x<5-10
-2x< -5
1
x>22

=Y

Intersection ix > 3.

(€)42%-3x-1=0

(4x+1) (x-1) =0
1
41

Sketch oly = 4x2 - 3x - 1:

X= - x=1

PhysicsAndMathsTutor.com
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_}"ll

_IN R
4
1
4x2 - 3x-1<Owhen -7 «<1
4(x+2) <15- (x+7)
4x+8<15-x-7
4x +8< 8 —-X
Ix+x<8-8
5x<0
x<0
=3 =2 =1 0
O
< O

1
Intersectionis -7, < 0

(d)2¢-x-1=0
(2x+1) (x-1) =0
1

X= - 2,x=1

Sketch ofy = 2x2 — x — 1:

PhysicsAndMathsTutor.com
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VA

BNIZ R

Z

1
2x%2 — x— 1 < 0 when -5 «x<1

14<X-2
14+2< %X
3x> 16

1
x>53

(9]
Vo

No intersectior
There are no values affor which both inequalities are true.

(e)x¥-x-12=0
(x+3) (x—-4) =0
x= —-3,x=4

Sketch oly = x2 — x — 12

PhysicsAndMathsTutor.com
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x2—x-12>0whemx< —3orx>4

X+17>2

x>2-17

x> - 15

x> -5

6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

< 0 o—>
O >

Intersectionis —5«x< —3,x> 4.

Hx2-2x-3=0
(x+1) (x-3) =0
x=-1,x=3

Sketch ofy = x2 - 2x — 3:

Ya

=y

N3

x2—2x-3<0when —1<x«<3

X2-3x+2=0
(x-1) (x=-2) =0
x=1,x=2

Sketch oly = x2 — 3x + 2

PhysicsAndMathsTutor.com
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Vi

F o

=y

N2

x2—3x+2>0whemx<1orx>?2

6 -5 -4 -3 -2z =1 0 1 2 3 4 3 6
o O
< O O >

Intersectionis—1<x<1,2<x<3.
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Equations and inequalities
Exercise E, Question 4

Question:
(a) Find the range of values lofor which the equation? — kx + (k+ 3) =0 has no real roots.

(b) Find the range of values p for which the roots of the equatipx? + px — 2 = 0 are rea

Solution:

(@a=1,b= -k c=k+3

b2 - 4ac < 0 for no real roots, so
K-4(k+3) <0
k2-4k-12<0

(k-6) (k+2) <0
-2<k<6

(h)a=p,b=p,c= -2
b? - 4ac < 0 for no real roots, so
p2+8p<0

p(p+8) <0
-8<p<0

© Pearson Education Ltd 2C
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Equations and inequalities
Exercise F, Question 1

Question:

Solve the simultaneous equations:

X+2y=3

x2 - 4y2= - 33 [E]

Solution:

Xx=3-2%

Substitute into@ - 4y2 = - 33:

(3-2y) 2-4y= -33
9-12y+4y?-4y?= - 33
-12y=-33-9
-1y = -42

1
y=33
Substitute intoc = 3 - 2:
x=3-7=-4

1
So solution isx= - 4,y=37

© Pearson Education Ltd 2C
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Edexcel Modular Mathematics for AS and A-Level

Equations and inequalities
Exercise F, Question 2

Question:

Show that the elimination offrom the simultaneous equations:

x—-2y=1

3xy-y?=8

produces the equation

5y2+3y-8=0.

Solve this quadratic equation and hence find the (x, y) for which the simultaneous equations are satisfi [E]

Solution:

x=1+2%
Substitute into 8 — y- = 8:
3y(1+2)-y*=8
y+6y°-y>=8
5y2+3y-8=0
(S5y+8) (y-1) =0
y= - %oryzl
Substitute intoc = 1 + 2:

8 16 11
wheny= - T, x=1- 7 = -

wheny=1,x=1+2=3

(

1
Solutions are\ -z -

ot w

© Pearson Education Ltd 2C
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Edexcel Modular Mathematics for AS and A-Level

Equations and inequalities
Exercise F, Question 3

Question:
(a) Given that 3= 9 ~ 1, show thak = 2y — 2.

(b) Solve the simultaneous equations:
X=2y-2
x2=y2+7 [E]

Solution:

(@9=%s03= (32)y 1 = F=32(y-1)
Equate powerx=2 (y-1) = x=2y-2

(b)x=2y-2

Substitute into@ = y2 + 7:
(y-2)2=y"+7

A2 -8y + 4=y +7

42 -y -8y+4-7=0

3y?-8y-3=0
(3y+1) (y-3) =0
1

y= - 30ry=3
Substitute intoc = 2y — 2:

1 2 2
wheny= - 7 ,x= - 3 -2= -27
wheny=3,x=6-2=4

2 1

Solutions arx= -27,y= - jandx=4,y=3

© Pearson Education Ltd 2C
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Equations and inequalities
Exercise F, Question 4

Question:
Solve the simultaneous equations:

X+2y=3
x2 -2y + 4y? =18 [E]

Solution:

Xx=3-2%

Substitute into@ — 2y + 4y? = 18:
(3-2y) 2-2y+42=18
9-12y+4y2 -2y +4y2=18
8y2-14/+9-18=0

8y?-14/-9=0
(4y-9) (y+1) =0
k) 1
y= zory= - 73
Substitute intoc = 3 - 2:
9 9 3
wheny= 7, x=3- 75 = -7
1
wheny= - 7,x=3+1=4

N |-

1 1
Solutions arx= - 175, y=2 andx=4,y= -

© Pearson Education Ltd 2C
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Equations and inequalities
Exercise F, Question 5

Question:

(a) Solve the inequalityx3- 8 > x + 13.

(b) Solve the inequalitx? - 5x — 14> 0. [E]
Solution:

(@) X-x>13+8
2x>21

1
x>10§

(b)x2-5x—-14=0
(x+2) (x=-7) =0
XxX= -20rx=7

Sketch ofy = x2 — 5x — 14:

Ya

=y

N7

X2 —5x—14>0whenx< —2o0rx>7
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Equations and inequalities
Exercise F, Question 6

Question:

Find the set of values x for which (x-1) (x—-4) <2(x-4) . [E]

Solution:

X2 —-5x+4<2X-8
X2 —Bx—-2x+4+8<0
X2 —7x+12<0

X2-Tx+12=0

(x-3) (x-4) =0
x=3o0rx=4

Sketch ofy = x2 — 7x + 12:

Ya

IN__"4 x

X2 —7x+12<0when3 < x< 4.
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PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1
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Equations and inequalities
Exercise F, Question 7

Question:

(a) Use algebra to solvex(-1) (x+2) =18.

(b) Hence, or otherwise, find the set of valuex for which (x - 1) (x+2) >18. [El
Solution:

(@)x2+x-2=18

X¥+x-20=0

x+5)X-4)=0

X= —-5o0rx=4

b)x-1)(x+2)>18 = x2+x-20>0

Sketch ofy = x2 + x — 20:

VA

I
wn
1Y
=Yy

x2+x—-20>0whenx< -5o0rx>4
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Equations and inequalities
Exercise F, Question 8

Question:

Find the set of values affor which:
@ &x-7<Xx+3

(b) 2¢-11x+5<0

(c) bothéx — 7 < 2x + 3and2x2 — 11x + 5< 0. [El

Solution:

(@) x—-2x<3+7
4x < 10

1
x<22

(b) 222 -11x+5=0

(2x-1) (x=-5) =0
1

X= 50rx=>5

Sketch ofy = 2x2 — 11x + 5:

YA

1
2

1
2% - 11x+ 5 <0 when, <«<5

()
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1

1
Intersection is; X<273.
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Equations and inequalities
Exercise F, Question 9

Question:

Find the values ck for whichkx? + 8x + 5 = 0 has real root

Solution:

a=kb=8,c=5
- b+\[b?- dac
X= 2a

bZ-4ac > O for real roots. So
82-4kx5 > 0

64-2k > O

64 > 20k

64

20 =

gl |~

k < 3
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Edexcel Modular Mathematics for AS and A-Level

Equations and inequalities
Exercise F, Question 10

Question:

Find algebraically the set of valuesx for which (2x-3) (x+2) >3(x-2) . [E]

Solution:

22+Xx-6>X-6

2 +Xx-3x-6+6>0
22 -2x>0
2xX(x=-1) >0

Solve the equation:
2xX(x-1) =0
x=0orx=1

Sketch ofy = 2x2 — 2x:

_}"Jt

o=
=y

2x2 - 2x >0whenx < 0orx > 1
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Edexcel Modular Mathematics for AS and A-Level

Equations and inequalities
Exercise F, Question 11

Question:
(a) Find, as surds, the roots of the equatiox2 () (x-4) - (x-2) 2=0.

(b) Hence find the set of valuesx for which2 (x+1) (x-4) - (x-2) 2>0. [El

Solution:

(@)2(x2-3x-4) - (X¥-4x+4) =0
22 -6x-8-xX2+4x-4=0
XX-2x-12=0
a=1b=-2,c= -12

-b+\ (b?-4ac)

X = 7 :
2+\{(-2)2+48 2+ V52
X= 2 = 2

V52=+4+413=2v13
x=1+V13o0rx=1- V13

b)2(x+1) (x-4) - (x-2)2>0 = x2-2%-12>0
Sketch ofy = x2 - 2x — 12:

ij

1—@\

x2—2x—12>0whenx<1- v13orx>1+ 13
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Equations and inequalities
Exercise F, Question 12

Question:
(a) Use algebra to find the set of valuex &dr whichx (x-5) >36.

(b) Using your answer to part (a), find the set of valuey for whichy? (y2-5) > 36.

Solution:

(a)x% - 5x > 36

X2 -5x-36>0

Solve the equation:
x2-5x-36=0
(x+4) (x-9) =0
x= —-40rx=9

Sketch ofy = x2 — 5x — 36:

.}”"

=y

x? - 5x - 36 >0wherx< —40rx>9
(b) Eithery? < — 4 ory?> 9

y2 < - 4 is not possible. No values.
y¥>9 = y>3o0ry< -3

© Pearson Education Ltd 2C
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Equations and inequalities
Exercise F, Question 13

Question:

The specification for a rectangular car park states that the lemgtis to be 5 m more than the breadth. The perime
the car park is to be greater than 32 m.

(a) Form a linear inequality ix
The area of the car park is to be less than £04m

(b) Form a quadratic inequality i

(c) By solving your inequalities, determine the set of possible valux. [E]

Solution:

(a) Length isx metres, breadth is X—5) metres.
Perimeterisc+x+ (x—=5) + (x-5) = (4 -10) metres
So & -10> 32

(b) Areaisx (x—-5) n?.
Sox(x—-5) <104

(c) Linear:
4x - 10 > 32
4x > 32 + 10
4x > 42

1
x>10§

Quadratic:

x2 - 5x < 104

x2 - 5x-104 <0

Solve the equation:
x2-5x-104 =0

(x+8) (x-13) =0
x= —8orx=13

Sketch ofy = x2 - 5x — 104:

j.".li.

=y

N A

X2 —5x — 104 < 0when - 8< x < 13

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1

8 -6 -4 -2 0 2 4 6

O

8

10
o

12 14 16 18 20

1
Intersection is 102' x < 13.
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Sketching curves
Exercise A, Question 1

Question:

Sketch the following curves and indicate clearly the points of intersection with the axes:
@y=x-3)x-2)x+1)
(b)y=(Xx-1)x+2)x+ 3)
©y=x+1)x+2)(x+3)
(dy=x+21)1-xx+3)
(e)y=(Xx-2)x-3)(4-X
() y=x(x-2)x+1)
@y=x(x+1)x-1)
(hy=x(x+1)(1-X
()y=(x-2)2x-1)(2+1)
() y=x@2x-1)(x+3)
Solution:

@y=0 > x=-1,2,3
x=0 = y=6

X— 0,y — ©

X— — 0,y—> — ©

}-'Jln

AN
/1 2

(b)y=0 = x=1, -2, -3
x=0 = y=-6

X— 0,y — ©

X— — 0,y —> — ©

=Y

o

PhysicsAndMathsTutor.com
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yﬂu

=y

(c)y=0 = x=-1, -2, -3
x=0 = y=6

X— ©,Yy— ®©

X— — ©0o,y—> — ©

=Y

(dy=0 = x=-1,1, -3

fHly=0 = x=0, -1,2
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X— 0,y — ©
X— — 0,y—> — ©

VA

/1/B 2

(ggy=0 = x=0,-1,1

X— 0,y — ©

=Y

X— — 0,y—> — ©

A

=Y

1 O\

(hhy=0 = x=0, -1,1

X— ©0,y—> — ©
X— — ©o,y—> ©
VA
»
-1 0 1 X
, E
Hy=0 = x=2,37, -3

x=0 = y=2
X— 0,y — ©
X— — ©0o,y—> — ©

L\"l—
=
N<J/

oy

1
(y=0 = x=0,3, -3

X— 0,y — ©
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X— — 0,y—> — ©

YA
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Sketching curves
Exercise A, Question 2

Question:

Sketch the curves with the following equations:
@y=(x+1P(x-1)
(b)y = (x +2)(x - 1
(©)y=(2-X)(x+ 1)
(dy=(x-2)(x+ 1y
(€)y =x*(x+2)
(fy=(x- 1P
@y=(2-%%3+X
(hy=(x- 13 -%)
i) y=x2-x

() y=x(x-2)
Solution:

@y=0 = x= -1 (twice), 1
x=0 = y=-1

Turning pointat (-1, 0).

X— 0,y — ©

X— — 0,y—> — ©

(b)y=0 = x= -2,1 (twice)
x=0 = y=2

Turning point at (1, 0).

X— 0,y — ©

X— — 0,y —> — ©

PhysicsAndMathsTutor.com
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VA

=y

()y=0 = x=2, -1 (twice)
x=0 => y=2
Turning pointat (-1, 0).

X— ©0,y—> — ©
X— — 0,y— ©
VA
/R
T >
1 X

(dy=0 = x=2, -1 (twice)
x=0 = y=-2

Turning pointat (-1, 0).

X— ©,y— ©

X— — 0,y—> — ©

VA

(e)y=0 = x=0 (twice), -2
Turning point at (0, 0).

X— ©,Yy— ©

X— — ©0o,y—> — ©

VA

/\

0

-y

PhysicsAndMathsTutor.com
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fHy=0 = x=0,1 (twice)
Turning point at (1, 0).

X— ©,y— ©

X— — ©0o,y—> — ©

VA

=Y

o

(@y=0 = x=1(twice), -3
x=0 = y=3

Turning point at (1, 0).

X— 0,y — ©

X— — 0,y—> — ©

.}’Jh

(h)y=0 = x=1(twice), 3
x=0 = y=3

Turning point at (1, 0).

X— ©0,y—> — ©

X— — 0,y— ©

)y=0 = x=0 (twice), 2
Turning point at (0, 0).

X— ©0,y—> — ©

X— — 0,y — ©

PhysicsAndMathsTutor.com
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VA

N

0

2\ X

()y=0 = x=0 (twice), 2
Turning point at (0, 0).

X— 0,y
X— — ©

VA

—
,y—»—oo

o

=y

N2
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Sketching curves
Exercise A, Question 3

Question:

Factorise the following equations and then sketch the curves:
(@)y=x3+x2-2x

(b)y = x3 + 5x2 + 4x

(©)y=x3+ 2 +x

(d)y=3x+ 22 - x3
(e)y=x>-x

(Hy=x-x

(@)y = 12¢ - 3
(hyy=x3-x2-2x

(i) y=x3- 9

() y=x3-9x

Solution:
(@)y=x3+x2-2x=x(x2+x-2)
Soy=x(x+2)(x - 1)

y=0 = x=0,1, -2

X— ©,Yy— ®©

X— — ©0o,y—> — ©
Va
/f_hh"\ -
e — | [
2 U ¥

(b)y = x3 + 5x2 + 4x = X(x2 + 5x + 4)
Soy=x(x+ 4)(x + 1)

y=0 = x=0, -4, -1

X— ©,y— ©

X— — 0,y —> — ©

PhysicsAndMathsTutor.com
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VA

s
d
=y

(€ y=x3+ 22 +x=x(x2+2x+1)
Soy = x(x + 1)

y=0 = x=0, -1 (twice)
Turning pointat (-1, 0).

X— ©,Yy— ©

X— — ©0o,y—> — ©

VA

i
=
=Y

(d)y=3+2¢-x3=x(3+2X%-x)
Soy=x3B -X)(1+x)

y=0 = x=0,3, -1

X— 0,y—> — ©

X— — ©0,y—> ©

_Lﬂn

(e)y=x3-x2=x3x-1)
y=0 = x=0 (twice), 1
Turning point at (0, 0).
X— ©,Yy— ©

X— — 0,y—> — ©

PhysicsAndMathsTutor.com
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VA

/Mi

(0y=x=x=x(1-)
Soy=x1 -x)(1+x)
y=0 = x=0,1, -1

X— ©0,y—> — ©
X— — ©0,y— ©
1k

_'\ho”"‘l\ X

(9)y = 123 - 3x = 3x(4x2 - 1)
Soy = 3x(2x — 1)(2 + 1)

1 1
y=0 = x=0,3, -3
X— 0,y — ©
X— — 0,y—> — ©
A
0
1 1 X

Ny=x3-x2-2x=x(x2-x-2)
Soy=x(x+1) (x-2)

y=0 = x=0,-1,2

X— 0,y — ©

X— — 0,y—> — ©

PhysicsAndMathsTutor.com
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A

=
==Y

Hy=x-9x=x(x2-9)
Soy=x(x-3) (x+3)
y=0 = x=0,3, -3
X— 0,y — ©

X— — 0,y—> — ©

VA

3 D\ /3 ¥

()y=x-9¢=x(x-9)
y=0 = x=0 (twice), 9
Turning point at (0,0).
X— ©,y— ©

X— — 0o,y—> — ©

A

ava
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Sketching curves
Exercise B, Question 1

Question:

Sketch the following curves and show their positions relative to the gurve:
(@y=(x-28

(b)y=(2-%°

(©y=(x-1)

(d)y=(x+2)

@y=-(x+2?

Solution:

(@dy=0 = x=2,s0 curve crossesaxis at (2, 0)
x=0 = y= -8, socurve crossgsaxis at (0, - 8)

VA

Curve is a translation of + 2 indirection of the curvg = x°.

(b)y=0 = x=2,s0 curve crossesaxis at (2, 0)
x=0 = y=8, socurve crossgsaxis at (0, 8)
y=(2-x3= - (x-2)3 so shape is likg = - x3

VA

PhysicsAndMathsTutor.com
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This is a horizontal translation of + 2 of the cupe — x3.

(c)y=0 = x=1,so curve crossesaxis at (1, 0)
x=0 = y= -1, s0curvecrossgsaxisat (0, —1)
y = (x — 1)3is a horizontal translation of + 1 pf= x3.

(dy=0 = x= -2,so0curve crossesaxis at (- 2, 0)
x=0 = y=8,s0curve crossgsaxis at (0, 8)

y = (x + 2)% is same shape gs= x3 but translated horizontally by - 2.

X
(e)y=0 = x= —2,so0curve crossasaxisat (-2, 0)
x=0 = y= -8, s0curve crossgsaxis at (0, - 8)
y= — (x+ 2)3is a reflection inx-axis ofy = — (x + 2)3.
YA
X

© Pearson Education Ltd 2C
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Sketching curves
Exercise B, Question 2

Question:

Sketch the following and indicate the coordinates of the points where the curves cross the axes:
@y = (x+3)

(b)y=(x-3)°

©y=(@1-%°

@y= - (x- 2P
@y= - (x- 5)°

Solution:

(@y=0 = x= -3, so0curvecrossasaxisat (-3, 0)
x=0 = y=27,s0 curve crossgsaxis at (0, 27)
y = (x + 3)3is a translation of — 3 ir-direction ofy = x3.

VA

=y

(b)y=0 = x=3, s0 curve crossesaxis at (3, 0)
x=0 = y= —27,socurve crossgsaxis at (0, — 27)
y = (x — 3)3is a horizontal translation  + 3 of y = x3.

PhysicsAndMathsTutor.com
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=y

(c)y=0 = x=1, so curve crossesaxis at (1, 0)
x=0 = y=1,so0curve crossgsaxis at (0, 1)
y = (1 - x)3is a horizontal translation gf= — x3.

VA

[—

Horizontal translation + 1 of = — x3.

(dy=0 = x=2,s0curve crossesaxis at (2, 0)
x=0 = y=8,s0curve crossgsaxis at (0, 8)

y= — (x— 2)%is a translation ( + 2 ir-direction) ofy = — x°.
VA
8
X
2 _
1 . 1
(e)y=0 = x= 7, socurve crossesaxis at (; , 0)

PhysicsAndMathsTutor.com
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1 . 1
x=0 = y= 3, socurvecrossgsaxisat (0,7 )
1. ) . 1
y= - (x- 3)%is a horizontal translation (% ) gf= -3
A
1
BN -
1 X
2
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Sketching curves
Exercise C, Question 1

Question:

Sketch on the same diagram
2 il

y= Landy= 7

Solution:

4 2
Forx>0,7 > 7 (since 4 >2)

4 H . 1 E H 3 I
So 7 is‘ontop’ of~ in 1st quadrant and ‘below’ in 3rd quadrant

VA

© Pearson Education Ltd 2C
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Sketching curves
Exercise C, Question 2

Question:
Sketch on the same diagram

2 2
y= Jandy= - 7

Solution:

2
y= 3 >0forx>0

2
y= -, <0forx>0

YA

© Pearson Education Ltd 2C
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Sketching curves
Exercise C, Question 3

Question:

Sketch on the same diagram

il 2
y= - Jandy= - 7
Solution:
1
Graphs are likg = - 7-and so exist in 2nd and 4th quadrants.
2 2
Forx< 0, - <> 3

4 H . ’ 3 H ‘ I
So - L is‘ontop’ of — 7" in 2nd quadrant and ‘below’ in 4th quadrant.

YA

© Pearson Education Ltd 2C
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Sketching curves
Exercise C, Question 4

Question:

Sketch on the same diagram
3 8

y= Landy= 7

Solution:

8 _3
Forx>0,x >

8 3
Soy = is‘ontop’ ofy = T"in 1st quadrant and ‘below’ in 3rd quadrant.

© Pearson Education Ltd 2C
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Sketching curves
Exercise C, Question 5

Question:

Sketch on the same diagram

3 8

y= - Jandy= - 7
Solution:

8 2
Forx<0, - 7 > - 7

8 . 3. .
Soy= - [is‘ontop’ ofy= - T7in 2nd quadrant and ‘below’ in 4th quadrant.
A

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 1

Question:

In each case:

(i) sketch the two curves on the same axes
(ii) state the number of points of intersection

(iii) write down a suitable equation which would give #heoordinates of these points. (You are not required to solve
this equation.)

@y =x%y=x(x*-1)

3
(b)y=x(x+2),y= -
©y=x%y=(x+1)(x- 17

2

(dy=x1-x,y= -
1
(e)y=x(x-4),y=

Oy=xx-4)y= -

@y=x(x-4),y=(x-2?
(My=-y=- 5
y=-x3y=x

(y= -3 y= -x(x+2)
Solution:

(a) (i) y = X2 is standard
y=x(@-1)=x(x—-1)x+ 1)
y=0 = x=0,1, -1
X— ©,Yy— ©

X— — ©0o,y—> — ©

PhysicsAndMathsTutor.com
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y=x(x%-1)

(i) y = X2 cutsy = x(x2 — 1) in 3 places.

(iii) Solutions given by = x(x2 - 1)

(b) (Hy=x(x+2)isa U -shaped curve

y=0 = x=0, -2

3. 1
y= - [islkey= - =

Vh

(ii) Curves cross at only 1 point.
. 3
(iii) Equation: - 7= =x(x + 2)

(c) (i) y = X2 is standard
y=(x+ 1) - 1)°

y=0 = x= -1,1 (twice)
Turning point at (1, 0)

X— o,y— + o©

X— — ©0o,y—> — ©

PhysicsAndMathsTutor.com
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2 VA The cubic curve will be

. 3 steeper than the quadratic
3 } and 50 a crossing ocours
here

y=x+1)x-1)%2

y=x

=Y

(i) 3 points of intersection
(iii) Equation:x2 = (x + 1)(x — 1)?

(@) () y=x¥1-x
y=0 = x=0 (twice), 1
Turning point at (0, 0)

X— ©0,y—> — ©
X— — ©0,y— ©

2 1
y= - Lislikey= - “"andin 2nd and 4th quadrants

VA

(i) 2 points of intersection
(iii) Equation: - = =x(1 -X)
(e)(l)y=x(x-4)isa U -shaped curve

y=0 = x=0,4

1
y = 7 is standard

PhysicsAndMathsTutor.com
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A

y =:rf_1r - 4)

(i) 1 point of intersection
o1
(iii) Equation: 3~ =x(x — 4)

P y=x(x-4)isa U -shaped curve
y=0 = x=0,4

1
y = - s standard and in 2nd and 4th quadrants
Atx=2,

1. 1
y= - ;givesy= - 3
y=x(x—-4)givesy=2(-2)= -4

1
Soy = - cutsy = x(x — 4) in 4th quadrant.
VA

(ii) 3 points of intersection
.1
(iii) Equation: = = =x(x - 4)

(@ ()y=x(x-4)isa U -shaped curve
y=0 = x=0,4

y = (x — 2)3is a translation ¢ + 2 in thex-direction ofy = x3.

PhysicsAndMathsTutor.com
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A

v =..T|[.;T - 4)

(i) 1 point of intersection
(i) x(x - 4) = (x - 2)°

(h) () y= - x3is standard
2 1
y= - Lislikey= - T"andin 2nd and 4th quadrants.

VA

<« y=-X
(i) 2 points of intersection
2 . 2
(i) —x3= - Torxd=

(i) () y= - x3is standard
y = X2 is standard

»A

(i) 2 points of intersectic

PhysicsAndMathsTutor.com
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[At (0,0) the curves actually touch. They intersect in the second quadrant.]

(i) X2 = -x3

() () y= - x3is standard
y= —-x(x+2)is N shaped
y=0 = x=0, -2

=y

i

-

(i) 3 points of intersection
(i) —x3= —x(x+2) orx3=x(x +2)

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 2

Question:
(a) On the same axes sketch the curves given=by?(x — 4) andy = x(4 - X).

(b) Find the coordinates of the points of intersec

Solution:

@y =x*(x-4)

y=0 = x=0 (twice), 4
Turning point at (0, 0)
y=x(4-x)is N shaped
y=0 = x=0,4

VA
y =x2(x - 4)
0 .
yv=x(4-x)

(b)x(4 = X) = x3(x — 4)
> 0=xX3(x-4)-x(4-%
Factorise: 0 x(x — 4)(x + 1)
So intersections at=0, - 1,4
So points are [usiny =x(4 - x)] (0,0); (-1, -5); (4,0

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 3

Question:
(a) On the same axes sketch the curves given=by(2x + 5) andy = x(1 + x)2

(b) Find the coordinates of the points of intersec

Solution:

(@y=x(2x+5)is U shaped
5

y=0 = x=0, -3

y =x(1 +x)?

y=0 = x=0, -1 (twice)

Turning pointat (-1, 0)

X— ©,Yy— ©

X— — 0,y—> — ©

=Y

y=x(2x + 5)

(b) x(1 +X)% = x(2x + 5)
> X[X¥+2+1-(%+5)] =0
> xx-4)=0
=> X(x-2)x+2)=0
= x=0,2, -2
So points are [usiny = x(2x + 5)]: (0,0) ; (2,18); (-2, - 2)

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 4

Question:
(a) On the same axes sketch the curves given=bgx — 1)3 andy = (x — 1)(1 +X).

(b) Find the coordinates of the points of intersec

Solution:

(@)y = (x - 1)%is likey = x3 with crossing points at (1, 0) and (0, — 1)
y=(x-1)(@+x)isa U -shaped curve.
y=0 = x=1, -1

A

(b) Intersect wherx(— 1) = (x — 1)(x + 1)
e, x-1P8-(x-1)(x+1)=0
> (x-1)[x¥-2+1-(xx+1)] =0
> (x-1)K2-3x=0
> (xX-1x-3x=0
= x=0,1,3
So intersections {0, —1); (4,0); (3, 8)

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 5

Question:

27

(a) On the same axes sketch the curves givgn=y? andy = -

(b) Find the coordinates of the point of intersec

Solution:

27 1
(@y= - Tislikey= - T"andin 2nd and 4th quadrants.

y = X2 is standard

y=x°
"""" »
X
27
y=-%
27
(b) - 5 =3
> -27=x3
> X= -
Lo 2z
Substitute iy= - - = y=9

So intersection ¢( - 3, 9)

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 6

Question:
(a) On the same axes sketch the curves given=by? — 2x andy = x(x — 2)(x — 3).

(b) Find the coordinates of the point of intersec

Solution:

@y =x(x-2)(x~-3)
y=0 = x=0,2,3
y=x2-2x=x(x-2)is U shaped
y=0 = x=0,2

y=x(r -2} (- 3)

(b) x(x = 2) =x(x — 2)(x — 3)

=> 0=x(x-2)x-3-1)

=> 0=x(x—-2)x-4)

= Xx=0,2,4
Substitute iy=x(x-2) = y=0,0,8
So intersections 0, 0); (2, 0); (4, 8)

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 7

Question:
2
(a) On the same axes sketch the curves given=by?(x — 3) andy = -

(b) Explain how your sketch shows that there are only two solutions to the ex3(x - 3) = 2.

Solution:

(@)y =x*x - 3)
y=0 = x=0 (twice), 3
Turning point at (0, 0)

2 1
y= Yislikey=

(b) Curves only cross at two points. So two solutions to
2
< =Xx-3)

2=x3(x-23)

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 8

Question:
(a) On the same axes sketch the curves given=bgx + 1)3 andy = 3x(x — 1).
(b) Explain how your sketch shows that there is only one solution to the eox® + 6x + 1 = 0.

Solution:

(@)y = (x + 1)%is likey = x3and crosses at (- 1, 0) and (0, 1).
y=3(x-1)is U shaped
y=0 = x=0,1

1
—
—
“y

y=(x+1)°

(b) Curves only cross once. So only one solution to
(x+ 1) =3x(x - 1)

X+ AT +X+1= 3T - K

x3+6x+1=0

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 9

Question:
1
(a) On the same axes sketch the curves givgnby,"andy = — x(x — 172

(b) Explain how your sketch shows that there are no solutions to the ecl + x3(x — 1)2 = 0.

Solution:

@y= - x(x- 1)
y=0 = x=0,1 (twice)
Turning point at (1, 0)

X— ©0,y—> — ©
X— — ©o,y— ©

y=-x(x- 1)

(b) Curves do not cross, so no solutions to
1
= = —X(x- 1)

1= —x¥x - 1)
1+x(x-1)2=0

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 10

Question:
(a) On the same axes sketch the curves given=by — 4x2 andy = x(x — 2)2.

(b) State, with a reason, the number of solutions to the equ + 4x — 1 = 0.

Solution:

@)y = x(x - 2

y=0 = x=0,2 (twice)

Turning point at (2 , 0)

X— ©,y— ©

X— — ©0o,y—> — ©

y=1-42=(1-2)(1+2)is N shaped
1

y=0 = x= Py 5

.-r"' s ey

(b) Curves cross once. So one solution to
1-42=xx-2)32

1- 42 =x(X% - 4x + 4)

1- 43 =x3 - 42+ 4x

0=x3+4x-1

© Pearson Education Ltd 2C
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Sketching curves
Exercise D, Question 11

Question:
(a) On the same axes sketch the cyrvex® — 3x2 - 4x and the lingy = 6x.

(b) Find the coordinates of the points of intersec

Solution:

(@)y=x3-3% - 4x=x(x2-3x-4)
Soy=x(x—-4)(x+ 1)

y=0 = x=0,-1,4

X— 0,y — ©

X— — 0,y—> — ©

y = 6xis a straight line through (0, 0)

y=x-3x%- dx

(b) x3 — 3x2 — 4x = 6x
> x-3Z2-1x=0

=> Xx(X-3x-10)=0
=> X(x-5x+2)=0
= x=0,5 -2
So (usingy = 6x) the points of intersection ar(0, 0); (5,30); (-2, - 12
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Sketching curves
Exercise D, Question 12

Question:
(a) On the same axes sketch the cyrve(x2 — 1)(x — 2) and the ling/ = 14x + 2.

(b) Find the coordinates of the points of intersec

Solution:
@y=(-1)x-2)=x-1)x+1)x-2)
y=0 = x=1, -1,2

x=0 => y=2

X— 0,y — ©
X— — 0,y—> — ©

1
y = 14x + 2 is a straight line passing through (0, 2) and -, 0).

A

Ay=14x+2

y= (x2-1)(x- 2)

=y

(b) Intersection when M+ 2 = (x2 — 1)(x — 2)
= 1X+2=x3-2C-x+2

> 0=x3-2¢-15
= 0=x(x%-2x-15)
= 0=x(x-5)x+3)
= x=0,5 -3
So (usingy = 14x + 2) the points of intersection a0, 2); (5, 72); (-3, —40)
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Sketching curves
Exercise D, Question 13

Question:
(a) On the same axes sketch the curves with equatieris — 2)(x + 2)2 andy = — x2 - 8.

(b) Find the coordinates of the points of intersec

Solution:

@y = (x-2)(x+ 2§

y=0 = x= -2 (twice), 2

x=0 = y=-8

Turning pointat (- 2, 0)

X— 0,y — ©

X— — 0,y—> — ©

y= —x2-8is N shaped with a maximum at (0, — 8)

VA

(b) Intersections when x2 - 8 = (x + 2)4(x — 2)
=> -xX-8=(+4x+4)(x-2)
- -8=x3+ 42+ 4x-2% -8 -8
0 =x3+ 3x% - 4x
0 =x(x®+ 3x - 4)
O0=x(x+4)x-1)
= x=0,1, -4
So (usingy = - x2 - 8) points of intersection ar(0, - 8); (1, - 9); (-4, - 24)

A R
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Sketching curves
Exercise E, Question 1

Question:
Apply the following transformations to the curves with equatioad(x) where:
(i) f(x) =2

(ii) f(x) = 3
(iii) f(x) = Xi

In each case state the coordinates of points where the curves cross the axes and in (iii) state the equations of any
asymptotes.

(@) f(x + 2)
(b) f(x) + 2
(c) f(x-1)
(d) f(x) - 1
(e) f(x) - 3
() f(x - 3)
Solution:
(a) f(x + 2) is a horizontal translation of - 2.

()y=x>—y=(x+2F

VA

-2 ¥

([y=x3>y=(x+2)3
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VA

Asymptotesx = — 2 andy =0
(b) f(X) + 2 is a vertical translation of + 2.
()y=x*—>y=x+2

VA

(iy=xC->y=x3+2

.}’Ji.

ST X

[y

1 L
(iyy= T —y=, +2
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VA

Asymptotesx = 0 andy = 2
(c) f(x — 1) is a horizontal translation of + 1.

()y=x>—>y=(x-1¢

YA

(i) y =43 —y = (x- 1)

A

\

Asymptotesx =1,y =0
(d) f(x) — 1 is a vertical translation of - 1.
()y=x—-y=x*-1
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VA

-1
(iy=xC->y=x3-1

VA

Asymptotesx =0,y= -1
(e) f(x) — 3 is a vertical translation of — 3.
()y=x*—>y=x*-3

r1,»'.“.

X

-

(iy=x3—->y=x3-3
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Asymptotesx =0,y= - 3
(f) f(x — 3) is a horizontal translation of + 3.

()y=x2—>y=(x-3)

(i) y=x*—y=(x-3)

W v:h

-27,

1
(iyy= T —=y= 1 _3
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Asymptotesx =3,y =0
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Sketching curves
Exercise E, Question 2

Question:
(a) Sketch the curve= f(x) where fk) = (x — 1)(x + 2).
(b) On separate diagrams sketch the graphs pi(if(x + 2) (ii) y = f(X) + 2.

(c) Find the equations of the curwes f(x + 2) andy = f(X) + 2, in terms ok, and use these equations to find the
coordinates of the points where your graphs in part (b) croy-axis

Solution:

@f)=0 = x=1, -2

VA v =)

\_|/,

é\ﬁ?xﬁ

(b)(i) f(x + 2) is a horizontal translation of - 2.

VA
y="flx+2)

“Y

(i) f(x) + 2 is a vertical translation of + 2

VA
y="If@x)+2
>
~o X
1
Since axis of symmetry off]is atx = - 7, the same axis of symmetry applies t9 2. Since one root is at= 0,

the other must be symmetricxat - 1.

(c)y=f(x+2)isy=(x+1)(x+4).Sox=0 = y=4
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y=f(x) +2isy=x2+x=x(x+1).Sox=0 = y=0
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Sketching curves
Exercise E, Question 3

Question:
(a) Sketch the graph gf= f(x) where f&) = x3(1 - ).
(b) Sketch the curve with equatigr= f(x + 1).

(c) By finding the equation*(+ 1) in terms ok, find the coordinates of the point in part (b) where the curve crosses the
y-axis
Solution:

@y =x*(1 - x)
y=0 = x=0 (twice), 1
Turning point at (0, 0)

X— ©0,y—> — ©
X— — ©0,Yy—> ©
_}-'.lh

(b) f(x + 1) is a horizontal translation of - 1.

VA
T 0 X
v="Ilx+1)

©fx+1)=(x+1P[1-(x+1)] = - (x+ 1)
Soy=0 = x=0,i.e.curve passes through (0, 0).
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Sketching curves
Exercise E, Question 4

Question:
(a) Sketch the graph gf= f(X) where f&) = x(x — 2)2.
(b) Sketch the curves with equations f(x) + 2 andy = f(x + 2).

(c) Find the coordinates of the points where the grajy = f(x + 2) crosses the axt

Solution:

@)y = x(x - 2

y=0 = x=0,2 (twice)
Turning point at (2 , 0)
X— ©,Yy— ©

X— — ©0o,y—> — ©

VA y=fx)

=y

T
0

(b)

i
™o
=
(R
-y

v="fx+2)

(c)f(x + 2) =0 at points wher(x +2) [ (x +2) - 2] 2=0

PhysicsAndMathsTutor.com
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> (X+2)®?%=0
= x=0andx= -2
So graph crosses axe<(0,0); (-2, Q).
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Sketching curves
Exercise E, Question 5

Question:
(a) Sketch the graph gf= f(x) where fk) = x(x — 4).
(b) Sketch the curves with equations f(x + 2) andy = f(x) + 4.

(c) Find the equations of the curves in part (b) in termsaofd hence find the coordinates of the points where the ¢
cross the axe

Solution:

(@y=x(x-4)is U shaped and passes though (0, 0) and (4, 0).

h y =)

=Y

0 A

(b) f(x + 2) is a horizontal translation of - 2.
YA

4

- v=1fx+2)

f(x) + 4 is a vertical translation « + 4.
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y=1x)+4

4—\
-2 2
-]

=y

©fx+2)=x+2)[(x+2)-4] =x+2)(x-2)

y=0 = x=-2,2

f(X) +4=x(x—4)+4=x2-4x+4=(x-272

y=0 = x=2

The minimum point oty = f(x) is whenx = 2 (by symmetry) and then f(2) = - 4.
Soy = f(x + 2) crosseg-axisat (0, - 4)

andy = f(x) + 4 touchex-axis at(2 , 0).
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Sketching curves
Exercise F, Question 1

Question:
Apply the following transformations to the curves with equatioad(x) where:
(i) f(x) =2

(ii) f(x) = 3
(iii) f(x) = Xi

In each case show botkf@nd the transformation on the same diagram.
(a) f(29)

(b) f( =)
1
(©) (2%
(d) f(4x)
1
(€) f(3%)

(f) 2f(x)
(@) -

(h) 4f(x)
1
(i) 21(x)
1
() 2%
Solution:
(a) f(2x) means multipli-coordinates by;' .

() y=x2—>y=(2¥)2 = 4x2

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1

(i) y=x*—y=(2¢9°=8c

VAo (;2 x)

() ()y=>* —y=(-x?=%

VA

() y=r—y=(-x2= -

YA

\ )

fl-x)
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1 1 1
(iyy= 7 —y="",=-%
VA
e
| .

...... X

.

f(=x)

Iy
f(5x)

(i) y=x>y=(5%3= 5

(d) @)y =x2 -y = (4x)% = 16x?

PhysicsAndMathsTutor.com

Page3 of 8



Heinemann Solutionbank: Core Maths 1

A f (;1:«7]

r:,'n.“_x]

X
(i) y=x® > y = (4x)3 = 643

VA

. 1 x3
[i)y=x3>y=(7%3= &

PhysicsAndMathsTutor.com
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M y=x2—>y=22
va 2fl)
‘u

e

X

(iy=x—->y=23

YA i)
.'Ii'rf

=

2((x)

1
(i) y = ;—>y:2>< T X
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R
' »
X

I
‘\ )

@@Oy=xX—y=-x

VA F Lff}

£(x)

(i)y=x*—>y=-x

VA

-f{x)
1
(i)y= 7 —y=-7%
J .:III"‘HI]
_______ R

(h) ()y =22 —y=4

3
E:}, f (x)
Af(x) x
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(iy=x3—>y=4x3

VA

j ,-""Il“{.:rl
A
|II‘-I x
%—M{x}

) ﬂ 1__ fx)

OO y=x—>y= 3

X
L)

1
(iy=x3—>y= 3%

AL
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(i) y=r—y= 3%

vk 1)
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Sketching curves
Exercise F, Question 2

Question:
(a) Sketch the curve with equatigr f(x) where f§) = x2 - 4.

(b) Sketch the graphs y = f(4x), y = 3f(x), y = f( — x) andy = — f(x).

Solution:

(a)y=x2-4=(x-2)(x+2)andis U shaped
y=0 = x=2, -2

VA y=fx)

. 1 .
(b) f(4x) is a stretch X, horizontally

VA v =1{(4x)
_I-
1 1 4
2 2
-4

3f(x) is a stretch x3 vertically

VA
»=3f)

-12

f( - x) is a reflection iry-axis

PhysicsAndMathsTutor.com
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YA

N

-

- f(x) is a reflection irx-axis

4| y=-1x)
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Sketching curves
Exercise F, Question 3

Question:

(a) Sketch the curve with equatigrr f(X) where &) = (x — 2)(x + 2)x.
1
(b) Sketch the graphs gf= f( 5 x), y = f(2x) andy = - f(x).

Solution:

@y =(x-2)x+2)x
y=0 = x=2,-2,0
X— ©,y— ®©

X— — 0,y—> — ©

W y=1)

i

[ 0 \-/2 ."['r

1
(b) f( 3X) is a stretch x 2 horizontally

VA

N /=
fu\\_{/& X

f(2x) is a stretch x7  horizontally
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W =12

f 0 \Ji x

- f(x) is a reflection ik-axis

VA

0/ N\

-2 2

=Y

y=-tx)
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Sketching curves
Exercise F, Question 4

Question:
(a) Sketch the curve with equatigr f(x) where f§) = x2(x — 3).

(b) Sketch the curves with equaticy = f(2x), y = - f(x) andy = f( — x).

Solution:

@)y =x*(x-3)
y=0 = x=0 (twice), 3
Turning point at (0, 0)

X— 0,y — ©

X— — 0,y—> — ©
J"‘.‘h rb':f{x}
0 ot

\/3 X

1
(b) f(2x) is a stretch x7 horizontally

My =1f(2x)

- f(x) is a reflection ik-axis

A

AW

() g\ X

y =-tkx)
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f( - X) is a reflection iry-axis

A
A
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Sketching curves
Exercise F, Question 5

Question:

(a) Sketch the curve with equatipr f(X) where &) = (x — 2)(x — 1)(X + 2).

1
(b) Sketch the curves with equations f(2x) and (3 X).

Solution:

@y=Kx-2)x-1)x+2)
y=0 = x=2,1, -2
x=0 = y=4

X— ©,Yy— ©

X— — 0,y—> — ©

1
(b) f(2x) is a stretch x7 horizontally

ya y=1{(2x)

A

! 1 X

1
f( 3X) is a stretch x 2 horizontally
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r1,»'.“.

/\‘1 y= f{éﬂ'}
\M..._...ﬂ >

L4 2 4 X
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Sketching curves
Exercise G, Question 1

Question:

The following diagram shows a sketch of the curve with equatiof(x). The pointsA(0, 2),B(1, 0),C(4, 4) andD(6,
0) lie on the curve.

y A

Sketch the following graphs and give the coordinates of the paiBsC andD after each transformation:
(a) fx + 1)

(b) f() - 4

(c) f(x + 4)

(d) f(2)

() 3f()

1
() f( 2%

1
(9) 2

(h)f(-x)
Solution:

(a)f(x + 1) is a translation ¢ — 1 horizontally
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A(-1,2),B(0,0);C(3,4)D'(5,0)

(b) f(X) — 4 is a vertical translation of - 4.

A'(0, -2);B(1, —4);C(4,0);D'(6, —-4)

(c) f(x + 4) is a translation of - 4 horizontally.

VA
(0, 4)

(4, 2)
@0

(-3, 0) \ X

A(-4,2);B(-3,0)C'(0,4);D'(2,0)

1
(d) f(2x) is a stretch of, horizontally.

(0, 2)

(. 0)
A0, 2);B( % ,0);C(2,4);D'(3,0)

(e) 3f(x) is a stretch of 3 verticall
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(4, 12)

(6. 0)

o | X

A'(0, 6);B(1, 0);C'(4, 12);D'(6, 0)

1
(f) f( %) is a stretch of 2 horizontally.

rl’-l

(8, 4)
©.2) /\
‘ 2. 0) (12, )\ X

A'(0, 2);B(2, 0);C(8, 4);D(12, 0)
1 1
(9) 5 f(x) is a stretch of, vertically.

.-.v‘

(4, 2)
(0, 1) ,c\/x\[ﬁ. 0)

(1. 0) \ x

A0, 1);B(1,0);C'(4, 2);D'(6, 0)

(h) f( = x) is a reflection is thg-axis.

(4,4 7

A'(0,2);B(-1,0);C(-4,4);D(-6,0)
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Sketching curves
Exercise G, Question 2

Question:

The curvey = f(X) passes through the origin and has horizontal asymptot and vertical asymptote= 1, as shown
in the diagram.

VA

Sketch the following graphs and give the equations of any asymptotes and, for all graphs except (a), give coordinates of
intersections with the axes after each transformation.

(a) fx) + 2
(b) f(x + 1)
(c) 2f(x)

(d) f(x) - 2

(e) ()

1
() f( 2%

1
(9) 2

(h) - f(x)
Solution:

(a)f(x) + 2is a translation c + 2 in a vertical directiot
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................................

Asymptotesx = 1,y = 4. Intersections: (0 , 2) and ( 0), where 0 <a < 1.

._.
=y

(b) f(x + 1) is a horizontal translation of — 1.

»

Asymptotesx = 0,y = 2. Intersections: (-1, 0)

(c) 2f(x) is a stretch of 2 in a vertical direction.

Asymptotesx = 1,y = 4. Intersections: (0, 0)

d)f(x) - 2is a

PhysicsAn

vertical translation « — 2.

dMathsTutor.com

Page2 of 4



Heinemann Solutionbank: Core Maths 1

VA

Y

N

W

Asymptotesx = 1,y = 0. Intersections: (0, - 2)

(e) f(24) is a str

VA

1
etch otz‘ in a horizontal direction.

=Y

1
Asymptotesx = 7,y = 2. Intersections: (0 , 0)

1
(f) f( 3 ) is a stretch of 2 in a horizontal direction.

A

Asymptotesx = 2,y = 2. Intersections: (0, 0)

1 1
(9) 7 f(x) is a stretch of, in a vertical direction.
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A

Y S P

Asymptotesx = 1,y = 1. Intesections: (0, 0)

(h) - f(x) is a reflection in the-axis.

A

i

Asymptotesx = 1,y = - 2. Intersections(0 , Q)
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Sketching curves
Exercise G, Question 3

Question:

The curve with equation = f(x) passes through the poi®t6- 4, - 6),B(-2, 0),C(0, - 3) andD(4, 0) as shown
in the diagram.

=y

Sketch the following and give the coordinates of the p@dinE C andD after each transformation.
(@) fx-2)

(b) f(x) + 6

(c) (2

(d) f(x + 4)

(e) fx) + 3

(f) 3f(x)

1
(9) 3

1
(h) (%)

(i) -3

0) f(-%
Solution:

(a)f(x — 2) is a horizontal translation 1 + 2.
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VA

(-2, -6)

A(-2, -6);B(0,0);C'(2, —3);D'(6,0)

(b) f(X) + 6 is a vertical translation of + 6.

g2
(-2, 6)

A(-4,0);B(-2,6),C(0,3);D'(4,6)

1
(c) f(2¥) is a horizontal stretch of

VA

(-2, -6)

A(-2, -6);B(-1,0);C(0, -3);D'(2,0)

(d) f(x + 4) is a horizontal translation of — 4.

VA
. /.
0 X
(-4, -3)
(-8, -6)

A(-8, -6);B(-6,0),C(-4, —-3);D(0,0)
(e)f(x) + 3is a vertical translation ¢ + 3.
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Y
(-2, 3)

(-4, -3)

A(-4, -3);B(-2,3);C(0,0);D'(4,3)

(f) 3f(x) is a vertical stretch of 3.

A

-2
4
9
(-4, -

ey

18)
A(-4, -18)B(-2,0),C(0, -9);D(4,0)

1 1
(9) 3 f(X) is a vertical stretch of .

A
2

RN

(-4, -2)

»
¥

b

A(-4, -2);B(-2,0)C(0, -1);D'4,0)

1
(h) f( 3 %) is a horizontal stretch of 4.

-8 / .
16 x
3
(-16, -6)
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A(-16, -6);B(-8,0);C(0, —-3);D'(16, 0)

(i) —f(x) is a reflection in the-axis.

A
(-4, 6)

3 f”#_H““\\

A'(-4,6);B(-2,0)C'(0,3);D'(4,0)

() f( — x) is a reflection in thg-axis.

N

(4, -6)

=y

A'(4, -6);B(2,0);C(0, —-3);D'(-4,0)
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PhysicsAndMathsTutor.com

Paged of 4



Heinemann Solutionbank: Core Maths 1 Pagel of 4

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sketching curves
Exercise G, Question 4

Question:

A sketch of the curvg = f(X) is shown in the diagram. The curve has vertical asymptete- 2 and a horizontal
asymptote with equation= 0. The curve crosses theaxis at (0 , 1).

Vh

1 \.\

(a) Sketch, on separate diagrams, the graphs of:

(i) 2f(x)

(i) f(2x)

(iii) f(x = 2)

(iv)f(x -1

W) f(=%)

(vi) —f(x)

In each case state the equations of any asymptotes and, if possible, points where the curve cuts the axes.
(b) Suggest a possible equationf(x).

Solution:

(a) (i) 2f(x) is a vertical stretch of
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Asymptotesx = — 2,y = 0. Intersections: (0, 2)

1
(ii) f(2x) is a horizontal stretch of

Va

=y

Asymptotesx = — 1,y = 0. Intersections: (0, 1)

(i) f(x — 2) is a translation of + 2 in thedirection.

VA

Asymptotesx = 0,y = 0. No intersections with axes.

(iv) f(x) — 1is a translation ¢ — 1 in they-direction
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VA

Asymptotesx = - 2,y = — 1. Intersections: (0, 0)

(v) f( = x) is a reflection in thg-axis.

Vi

Asymptotesx = 2,y = 0. Intersections: (0, 1)

(vi) —f(x) is a reflection in the-axis.

VA

L J

Asymptotesx = — 2,y = 0. Intersections: (0, - 1)

k
(b) The shape of the curve is lige= 7, k> 0.

X !

x = — 2 asymptote suggests denominator is zero when- 2, so denominator s+ 2.
Also, f(0) = 1 means 2 required on numerator.

2
9= %2
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Sketching curves
Exercise H, Question 1

Question:
(a) On the same axes sketch the graplysof3(x — 2) andy = 2x — x2.

(b) By solving a suitable equation find the points of intersection of the two g

Solution:

@y =x(x-2)

y=0 = x=0 (twice), 2
Turning point at (0, 0).
X— 0,y — ©

X— — 0,y—> — ©

y=2-x2=x(2-x)is N shaped
y=0 = x=0,2

y=x(x-2)

|
i‘_" ¢
et
L

y=2x-x°

(b) X3(x — 2) =x(2 - X)
> X(x-2)-x2-x=0
=> Xx-2)x+1)=0
> x=0,2, -1

Usingy = X(2 - x) the points of intersection are:
(0,0;(2,0:(-1, -3

© Pearson Education Ltd 2C
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Sketching curves
Exercise H, Question 2

Question:
6
(a) On the same axes sketch the curves with equatieng yand y= 1 +x.

(b) The curves intersect at the pointad B Find the coordinates of #nd B
(c) The curve C with equationyx2 + px + g, where p and q are integers, passes throughdB Find the values of p and q.

(d) Add C to your sketc

Solution:

6 1
(@ y= ;is like y= ;and y=1 +xis a straight line.

(b)xE =1+X

6 =X+ X2
0=x2+x-6
0=x+3)Xx-2)
x=2, -3
SoAis(-3, —-2);Bis(2,3)

U

(c) Substitute the points @nd Binto y= X2 + px +
A > -2=9-3p+q®
B = 3=4+2p+q®
®-@: -5=5-5p
> p=2
> q= -5

(d)y=x2+2x-5=(x+12-6 = minimumat(-1, - 6)
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Sketching curves
Exercise H, Question 3

Question:

The diagram shows a sketch of the curwef(x). The pointB(0 , 0) lies on the curve and the poi(8 , 4) is a
maximum point. The ling = 2 is an asymptote.

A (3, 4)

e i

Sketch the following and in each case give the coordinates of the new positfoasdB and state the equation of the
asymptote:

(a) ()

1
(b) ()

(€) f(x) - 2
(d) f(x + 3)
(e) f(x — 3)

M) +1
Solution:

1
(a) f(24) is a horizontal stretch of

M AC
y=2
/ .,.
B0, m/u X

3
A(5 ,4);B(0, 0). Asymptotey = 2.
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1 1
(b) 3 f(¥) is a vertical stretch of .

VA

A3, 2)

y=1

/ B0, 0) X

A'(3, 2);B(0, 0). Asymptotey = 1.

(c) f(x) — 2 is a vertical translation of — 2.

VA

A3, 2)

=V

B0, -2)

A3, 2);B(0, - 2). Asymptotey = 0.

(d) f(x + 3) is a horizontal translation of — 3.

A'(0, 4);B'( - 3, 0). Asymptotey = 2.

(e) f(x — 3) is a horizontal translation of + 3.

1A

A6, 4)

=y

/‘B’{E. 0)

A'(6, 4);B'(3, 0). Asymptotey = 2.

(f) f(x) + 1 is a vertical translation ¢ + 1.
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A'(3,5); B0, 1). Asymptotey = 3.
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Sketching curves
Exercise H, Question 4

Question:

The diagram shows the curve with equatjon5 + 2x — x2 and the line with equation= 2. The curve and the line
intersect at the points andB.

VA

yv=5+2x-2a°
Find thex-coordinates oA andB. [El

Solution:

2=5+X%-x

X¥-2x-3=0

x-3)x+1)=0

x=-13
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Sketching curves
Exercise H, Question 5

Question:

The curve with equation = f(xX) meets the coordinate axes at the points (- 1, 0), (4, 0) and (0, 3), as shown in the
diagram.

(-1, 0)

Using a separate diagram for each, sketch the curve with equation

(@y="f(x-1)

(b)y= —1(x)

On each sketch, write in the coordinates of the points at which the curve meets the coordinlE]

Solution:

(a) f(x — 1) is a translation of + 1 in thedirection.

VA
y=f(x-1)

(0, 0) X

(b) - f(x) is a reflection in thx-axis
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\ (4.0/
{—I.Dl\
(0, -3)
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Sketching curves
Exercise H, Question 6

Question:

The figure shows a sketch of the curve with equatierf(x).

1k

In separate diagrams show, for — &% x < 2, sketches of the curves with equation:

@y=f(-x

(b)y= -1(x)

Mark on each sketch ttx-coordinate of any point, or points, where a curve touches or crossx-axis. [E]

Solution:

(a) f( = x) is a reflection in the-pxis.

(b) - f(X) is a reflection in the-axis.

A

0 [

e

v =-f{x)
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Sketching curves
Exercise H, Question 7

Question:

The diagram shows the graph of the quadratic function f. The graph meeiaxiseat (1 , 0) and (3, 0) and the
minimum pointis (2, — 1).

f'::.‘f] -

=y

(a) Find the equation of the graph in the form f(x).
(b) On separate axes, sketch the graphs of

(i) y=1(x+2)

(i) y = f(2%)

(c) On each graph write in the coordinates of the points at which the graph meetxithand write in the coordinates
of the minimum point[E]

Solution:

(a) Lety = a(x - p)(x — q)

Since (1, 0) and (3, 0) are on the curve thenl,q=3
Soy=a(x—- 1)(x - 3)

Using(2, -1) == -1=al)(-1) = a=1

Soy=(Xx-1)(x-3)=x2-4x+3
(b) () f(x + 2) = (x + 1)(x — 1), or translation of — 2 in thedirection.
VA
Lo\ /0.0 X
(0, -1)

(i) f(2x) = (2x — 1)(2x — 3), or horizontal stretch G%
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Coordinate geometry in the (x, y) plane
Exercise A, Question 1

Question:

Work out the gradients of these lines:

(@y= -2+5
(b)y= -x+7
(©y=4+3X
1
dy= 3x-2
2
(e)y= - 3X
5 2
My= 3x+ 3

(g9 -4 +5=0
(h) 1c- 5y +1=0
() -x+2y-4=0
() -3x+6y+7=0
(K)4x+2y-9=0

Hhox+6y+2=0

Solution:
(a) Gradient = -2
(b) Gradient = -1
(c) Gradient =3

: 1
(d) Gradient =7

: 2
(e) Gradient = -7

. s
(f) Gradient =7

(99 -4 +5=0
2x + 5 =4y

PhysicsAndMathsTutor.com
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1
Gradient = 3

(h) 1 - 5y + 1= 0
10x + 1 = 5y
Sy=10x+ 1

10 1

y= gxt g

1
y:2x+ 5

Gradient =2

(i) —x+2y-4=0
2y—4=x
2y=x+4

1
y= 7x+2

1
Gradient = 2

() —3x+6y+7=0
By +7 =3
6y =3x -7

3
y= §X-—

1
y= ,X-—

z
6
7
6

. 1
Gradient = 2

(K) 4x + 2y -9 =0

2y-9= -
2y= —4x+9
4 9
y= - X+ 5
9
y= -2+ 5
Gradient = -2
Hh9x+6y+2=0
By +2= — X
By= —9x-2
2 2
Y=76X" 56
3 1
Y=7 232X 3
. 3
Gradient = -7
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Coordinate geometry in the (x, y) plane
Exercise A, Question 2

Question:

These lines intercept theaxis at (0 ,¢) . Work out the value af in each case.

(@y= -x+4
(b)y=2x-5

1 2
©y= 3x- 3
(dy= -3

6 7
(e)y= 7x+ 3
Hy=2-7%

(g9 X-4+8=0
(h)4x-5/-10=0
() —2x+y-9=0
() 7x+4y+12=0
K\ 7x-2y+3=0

() =5x+4y+2=0

Solution:
ac=4
(b)c= -5
2
(C)C: -3
(dy= -3
y= -3+0
c=0
7
(e)c= 3
MHy=2-"7%
y= —-7x+2
c=2

(g993x—-4y+8=0
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3x+8=4dy
dy=3x+8

y:

Alw N

y:
c=2

(h)4x-5/-10=0

Ix-10=%
Sy =4x-10
4 10

Y= 5X7 5

c= -2

(i) —2x+y-9=0
y—-9=2X
y=2x+9

c=9

() 7x+4y+12=0

dy+12= - K
y= —-T7x—-12
I 12
Y= 74Xy
;
y= - 7x-3
c=-3
(K)7x-2y+3=0
X+3=2%
2y=7x+3
I 3
Y= oX+ 5
3
c= 3

() -5x+4y+2=0
dy + 2 = X
4y =5x -2

ENE RN

Y= 4X-

ol
N |-

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Page2 of 2



Heinemann Solutionbank: Core Maths 1 Pagel of 3

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Coordinate geometry in the (x, y) plane
Exercise A, Question 3

Question:

Write these lines in the foriex + by + ¢ = 0.

@y=4x+3
(b)y=3x-2
(c)y= —-6x+7
4
(dy= 5x-6
5
()y= 3x+2
.
My= 3x
4
@y=2x- 7
2
(y= -3+ 3
) 2
()y= -6x- 3
) 1 1
y= - 3x+ 3
2 5
Ky= 3x+ 3%

3 1
(hy= sx+ 3

Solution:

(@)y=4x+3

0=4+3-y
4x+3-y=0
4x-y+3=0

b)y=3x-
= 3X

X
X

wwo=
1o
TRETI
cox ™

-2
2-y
y—2
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(c)y= —-6x+7
6x+y=7
6x+y-7=0

4
(d)y= 5x-6

Multiply each term by 5:
Sy =4x - 30
0=4-30-%

4 -30-5=0
4x-5-30=0

5
(e)y= 3x+2

Multiply each term by 3:
y=5+6
0=%+6-3%
5x+6-3y=0
Ex-3y+6=0

,
MHy= 3x

Multiply each term by 3:
3y =7x

0=7-3y

x—-3y=0

4
@y=2x- 7

Multiply each term by 7:
Ty=14x -4
0=14&-4-7
14x-4-7H=0
14x-7y-4=0

(hy= -3+ 2

Multiply each term by 9:
gy= -2 +2

27x+ 9y =2

27x+ 9%y -2=0

(y= -6x- 73
Multiply each term by 3:
y= -1& -2
18 +3y= -2
18& +3y+2=0

. 1 1
y=-3x+ 3

Multiply each term by 6 (6 is divisible by both 3 and 2):
By= —2x+3

2Xx+6y=3

2Xx+6y-3=0

2.2
(K)y= 3x+ 3

Multiply each term by 6 (6 is divisible by both 3 and 6):
6y =4x +5
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0=4x+5-6y
x+5-6y=0
Ix-6y+5=0

3
hy= 3x+ 3

Multiply each term by 10 (10 is divisible by both 5 and 2):

10y=6x+5

O0=6&+5-10
6x+5-10/=0
6x—-10y+5=0
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Coordinate geometry in the (x, y) plane
Exercise A, Question 4

Question:
A line is parallel to the liny = 5x + 8 and its intercept on thy-axis is (0, 3) . Write down the equation of the il

Solution:

The line is parallel ty = 5x + 8, som = 5.
The line intercepts thgaxisat (0, 3) ,sc=3.
Usingy = mx + ¢, the equation of the liney = 5x + 3.
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Coordinate geometry in the (x, y) plane
Exercise A, Question 5

Question:

2
Aline is parallel to the ling = - —x+ 1 and its intercept on theaxisis (0, —4) . Work out the equation of the

line. Write your answer in the forax + by + ¢ = 0, wherea, b andc are integer:

Solution:

2
The line is parallel ty = - Tx+1,som= -

oI

The line intercepts theaxisat (0, —4) ,so= -4,
Usingy = mx + ¢, the equation of the line is

2
y= - 35x-4

Multiply each term by 5:
Sy= -2-20
2x+5y= -20
2x+5y+20=0

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Coordinate geometry in the (x, y) plane
Exercise A, Question 6

Question:

A line is parallel to the linex3+ 6y + 11 = 0 and its intercept on tyeaxis is (0, 7 ) . Write down the equation of the
line.

Solution:
3x+6y+11=0
By +11= - X
6y= —-3x-11
3 u
Y=~ 6X7 5
1 u
Y= 7 X7 5
o 1 11 1
The line is parallel ty = - 5x- =, som= - 7

The line intercepts thgaxisat (0,7) ,sc=7.

1
Usingy = mx + ¢, the equation of the line js= - 7x+7
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Coordinate geometry in the (x, y) plane
Exercise A, Question 7

Question:

A line is parallel to the linex2- 3y — 1 = 0 and it passes through the point (0, 0) . Write down the equation of the
line.

Solution:

2x-3y-1=0
2X-1=3
y=2x-1

2 1
Y= 33X~ 3

2 1 2
The line is parallel ty = 7x - 3,som= 7.

The intercept on thg-axisis (0,0) ,se=0.
Usingy = mx + C:

2
y= 3x+0

y= 3X
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Coordinate geometry in the (x, y) plane
Exercise A, Question 8

Question:

The liney = 6x — 18 meets the&-axis at the poinP. Work out the coordinates P.

Solution:

y=6x-18

Substitutey = 0:

6x—-18=0

6x =18

x=3

The line meets thx-axis atP (3,0) .
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Coordinate geometry in the (x, y) plane
Exercise A, Question 9

Question:
The line3x + 2y — 5 = 0 meets the-axis at the poinR. Work out the coordinates R.

Solution:

X+2y-5=0
Substitutey = 0:
3x+2(0) -5=0
3x-5=0
3x=5

5

X:3

w ;o

o).

The line meets the-axis atR (
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Coordinate geometry in the (x, y) plane
Exercise A, Question 10

Question:

The line X — 4y + 20 = 0 meets thg-axis at the poinf and thex-axis at the poinB. Work out the coordinates of the
pointsA andB.

Solution:

bx -4y +20=0

Substitutex = 0:

5(0) -4+20=0

-4y+20=0

20 =4

4y =20

y=5

The line meets thg-axisatA(0,5) .
Substitutey = 0:

5x-4(0) +20=0

5x+20=0
5x = - 20
x= -4

The line meets thx-axisatB( —-4,0) .
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Coordinate geometry in the (x, y) plane
Exercise B, Question 1

Question:

Work out the gradient of the line joining these pairs of points:
(@ (4,2),(6,3)

(b) (-1,3),(5,4)

© (-4,5),(1,2)

d (2, -3),(6,5)

) (-3.4).,(7,-6)

) (-12,3),(-2,8)

(@ (-2,-4),(10,2)

() (1
(1 1) (1 02)
\4 2) \2 3)

() (-24,96),(0,0)

K) (1.3, -22), (88, —47)
0 (0,%) , (1,0)

(m) (2, -2b) , (™, 2b)

() (p.p?) . (q.¢?)
Solution:

@ (x,y;) =(4.,2), (%.y,) = (6,3)
2% 3-2 1

X=X ~ 6-47 2

(b) (x.y;) =(-1,3),(%.Y,) =(5,4)
Y27 Y1 4-3 1
Xy = X1 = 5-(-1) 6
©) (x,y;) =(-4.,5), (%.¥,) =(1,2)
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Y27 Y1 2-5

X=X 1= (-4) "

3
5

d) (x;,y,) =(2, =3), (%,¥,) =(6,5)
Y27 Y1 5-(-3) 8

x2—xl= 6-2 =Z=2

€ (X, y;) =(-3,4), (%,Y¥,) =(7, -6)
Y27 Y1 -6-4 10

x2—xl= 7—(—3):_E=_1

(f) (X]_!y]_) = ( _1213) ’ (X21y2) = ( _218)
27N 8-3 5 5 1

X=X, -2-(-12) T -2+12° 10 _ 2

@) (x.y,) = (-2, -4), (%.,y,) = (10,2)
Y27 Y1 2-(-4) 6

%%, 10-(-2) 12~ 2

(oY (2 V(Y (2,
AT A R R G R Y
%=:_2:i:8

o )
(i) kxyylj

ENR e
N |-
N—
VR
N—
VR
N |-
w N
N—

2_1 1
"y, 3 2 6 5
Xp= X 11 - 1 -3
2 4 4

) (x.y,) =(-24,96), &.Y,) = (0,0)
Y27 0-9.6 -96

X=X, 0-(-24) " 24 ~

K (x,y;) = (13, -22), K,Y,) = (88, —4.7)
Y27 Y1 -47-(-22) -25 1

X=Xy 8.8-13 - 75 3

) (x;.y1) = (0.8), (X%,Y,) = (10a,0)

Y27 Y1 0-5a - 5a -5

1
= )

X,=% ~ 10a-0 T 10a 10

(M) (x.y;) = (3b, =2b) , (%,Y,) = (7b,2b)
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Y2"¥1  2b- (-2b)  4b
Xp= X 7b- 3b )

=1
() (%) = (P.P?) . (%,Y,) = (d,0?)

2% @-p®  (d4-p) (q+p) .
=X T a-p " a-p —are
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Coordinate geometry in the (x, y) plane
Exercise B, Question 2

Question:

The line joining (3, —5) to (6, a) has gradient 4. Work out the valuea.

Solution:

(XlaY1) = (31 _5) ) (szyz) = (6,a)

Yo~ Y1
Xz_xlz
a- (-5)
S0 g_3 =4
a+h
= ; -4
= a+5=12
> a=7
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Coordinate geometry in the (x, y) plane
Exercise B, Question 3

Question:
The line joining (5,b) to (8, 3) has gradien — 3. Work out the value cb.

Solution:

(X1.y1) = (5.,b), (%,y,) = (8,3)
3-b

g-5 - ~3
3-b

3 -3
3-b=-9
b=12
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Coordinate geometry in the (x, y) plane
Exercise B, Question 4

Question:
3
The line joining (c,4) to (7,6) hasgradierf . Work out the value.of

Solution:

(x,y1) = (c,4), (%,Y,) = (7,6)

6-4 3
7-¢c ~ 4
2 3
7-¢c ~ 4
o2l )

2 c

\ )
8=3(7-c)
8=21-
-13= -%

-13_ B 1
c= "5 =47
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Coordinate geometry in the (x, y) plane
Exercise B, Question 5

Question:
1
The line joining ( =1,B) to (1,4) hasgradient <, . Work out the valuelof

Solution:

(X, %1) =(-1,D), (%,¥) =(1,4)
4-2b 1
1-(-1) =~ 4

4-2b
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Coordinate geometry in the (x, y) plane
Exercise B, Question 6

Question:
The line joining ( —3, —2) to (2e,5) has gradient 2. Work out the valuee.

Solution:

(x.¥1) = (-3, -2), (%.Y,) = (2,5)

5-(-2)
2e- (-3) —
7 f—
2e+3_2
7=2(2+3)
7=4+6
de=1
1
e= 7

4
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Coordinate geometry in the (x, y) plane
Exercise B, Question 7

Question:
The line joining (7,2) to (f, 3f) has gradient 4. Work out the valuef.

Solution:

(%, y1) = (7,2), (%Y%) = (f,3f)
3t-2

-7 =4

F-2=4(f-7)

3f-2=4-28

-2=f-28

28 -2 =f

f=2€
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Coordinate geometry in the (x, y) plane
Exercise B, Question 8

Question:

The line joining (3, —4) to ( —g, 2g) has gradien — 3. Work out the value cg.
Solution:

(XlaY1) = (31 _4) ) (szyz) = ( _9129)
2g- (-4)
_g_3

29+4
-g-3~ -3
2g+4=-3(-9-3)
29g+4=3g+9
4=g+9

g= -5
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Coordinate geometry in the (x, y) plane
Exercise B, Question 9

Question:

Show that the pointd (2,3) ,B(4,4) ,C(10, 7) can be joined by a straight line. (Hint: Find the gradient o
lines joining the pointsi A andB andii A andC.)

Solution:

4-3 1
The gradient of ABis, —, =3

) . 7-3 4 1
The gradientof AC sy, =5 =
The gradients are equal so the points can be joined by a straic
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Coordinate geometry in the (x, y) plane
Exercise B, Question 10

Question:
Show that the point ( - 2a,5a) , (0,4a) , (6a,a) are collinear (i.e. on the same straight li

Solution:

The gradient of the line joining ( —2&a) and (0, 4) is

_4a-% a1

0-(-2a) ~ 2 ~— 2

The gradient of the line joining ( —2&a) and (&, a) is
a-—5a _ —4a _ -4 -1

6a- (-2a) -~ 8 ~ 8 ~ 2

The gradients are equal so the points can be joined by a straight line (i.e. they are ¢
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Coordinate geometry in the (x, y) plane
Exercise C, Question 1

Question:

Find the equation of the line with gradienthat passes through the poink,(, y, ) when:

(@m=2and (X, ,Y;) (2,5)

(p)m=3and (x;,Yy;) (-2,1)

()m= -1land (X, ,y;) = (3, —6)

dm=-4and (x,,y,) = (-2, -3)

(e)m= %and X,y;) = (-4,10)

Hm= - %and x,y;) =(-6,-1)

(@m=2and (x;,y;) = (a,2a)

(hym= - %and *X,Y¥1) = (—2b,3b)

Solution:

(a)y_Y1=m(X_X1)
y-5=2(x-2)
y-5=%-4
y=2x+1

(b)y—y1=m(x—x1)
y-1=3[x-(-2)]
y-1=3(x+2)
y-1=X%+6
y=3+7

©y-y,=m(x-x)
y-(-6)=-1(x-3)
y+6=-x+3
y=-x-3

(d)y—yl:m(x—xl)
y-(-3)=-4[x-(-2)]
y+3=-4(x+2)
y+3=-4&-8

y= —-4x-11

€)y-y;=m(x-x)
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et ()]
y—10=%(x+4)

1
y= 5x+12

(f)y—yl:m(x—xl)

(Y el (T
S U B R Y A
y+1:—§(x+6}
y+1=—£x—4
y:—éx—S
@y-y;=m(x=x)
y-2a=2(x-a)
y—-2a=2x-2a
y=2X
(hy-y;=m(x-x)
et (2) ]
y—3b=—%(x+2b)

1
y-3b= - 35x-b

1
y= - 3x-b+3b

1
y= - 3x+2b
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Coordinate geometry in the (x, y) plane
Exercise C, Question 2

Question:

The liney = 4x — 8 meets the-axis at the poinfA. Find the equation of the line with gradient 3 that passes through the
pointA.

Solution:

y=4x-8

Substitutey = 0:

4-8=0

4x =8

X=2

SoA has coordinates (2,0) .
y—y1=m(x—x1)
y-0=3(x-2)

y=3x-6

The equation of the liney = 3x — 6.
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Coordinate geometry in the (x, y) plane
Exercise C, Question 3

Question:

The liney = — 2x + 8 meets thg-axis at the poinB. Find the equation of the line with gradient 2 that passes through
the pointB.

Solution:

y= —-2x+8

Substitutex = 0:

y=-2(0) +8

y=38

SoB has coordinates (0,8) .

y—y1=m(x—x1)
y-8=2(x-0)

y—-8=2X

y=2x+8

The equation of the liney = 2x + 8.
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Coordinate geometry in the (x, y) plane
Exercise C, Question 4

Question:

1 2
The liney = 5 x + 6 meets tha-axis at the poin€. Find the equation of the line with gradient  that passes through the

point C. Write your answer in the foriax + by + ¢ = 0, wherea, b andc are integer:

Solution:

1
y= 3;x+6

Substitutey = 0:

1
2x+6:O

1
2X= ~

x= —-12
SoC has coordinates ( —-12,0) .

y—yl:m(x—xl)

2

rori [ () ]
y= % (x+12}

2
y= 3x+8
Multiply each term by 3:
y=2x+24
0=X%+24-%
2Xx-3y+24=0

The equation of the line 2x — 3y + 24 = 0.
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Coordinate geometry in the (x, y) plane
Exercise C, Question 5

Question:

1
The liney = 7 x + 2 meets thg-axis at the poinB. The pointC has coordinates ( -5, 3) . Find the gradient of the
line joining the pointB andC.

Solution:

1
y= ,x+2

Substitutex = 0:
y= % ( 0 } +2

y=2

SoB has coordinates (0,2) .
2% 3-2 1 1
%-%X ~ -5-0_ -5 5

1
The gradient of the line joining andCis - ¢ .
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Coordinate geometry in the (x, y) plane
Exercise C, Question 6

Question:

2
The linesy = xandy = 2x - 5 intersect at the poi#t. Find the equation of the line with gradieht that passes through

the pointA. (Hint: Solvey = x andy = 2x — 5 simultaneously

Solution:

Substitutey = x:
X=2x-5
0=x-5
X=5

y=X

Substitutex = 5:

y=5

The coordinates ohare (5,5) .

y—y1=m(x—x1)

2 ()

y-5=7% \x—5)
2
y-5=357x-2
2
y= 5ox+3

2
The equation of the line is= Tx + 3.
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Coordinate geometry in the (x, y) plane
Exercise C, Question 7

Question:

2
The linesy = 4x — 10 andy = x — 1 intersect at the poifit Find the equation of the line with gradient 3-  that passes

through the poinT. Write your answer in the foriax + by + ¢ = 0, wherea, b andc are integer:

Solution:
Substitutey = x — 1:
x—-1=4x-10
-1=3%-10
9=3%x

x=3

y=x-1
Substitutex = 3:
y=3-1=2

The coordinates of are (3,2) .

2
3X+y-4=0

2x+3y-12=0
The equation of the line 2x + 3y — 12 =0.
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Coordinate geometry in the (x, y) plane
Exercise C, Question 8

Question:

2
The linep has gradient; and passes through the point (6, —12) . Theliag gradient — 1 and passes through the

point (5,5) . The ling meets thg-axis atA and the lineg meets the-axis atB. Work out the gradient of the line
joining the point<A andB.

Solution:

The equation of is

y - \_12/ —%(X—GJ

The equation ofj is
y-5=-1(x-5)

y-5= -x+5

y= -x+10

For the coordinates & substitutex = 0 into
y= %x—lG

y= % (O ) - 16

y= -16

Coordinates ar& (0, —16)

For the coordinates & substitutey = O into

y= -x+10
0= -x+10
x=10

Coordinates arB (10, 0)

Gradient ofAB is
Y27 Y1 -16-0 - 16 8

=% ~  0-10 ~ -10 5

8
The gradient of the line joining andB is 7 .
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Coordinate geometry in the (x, y) plane
Exercise C, Question 9

Question:

3
The liney = — 2x + 6 meets the-axis at the poinP. The liney = 7 x — 4 meets thg-axis at the poinQ. Find the

equation of the line joining the poirP andQ. (Hint: First work out the gradient of the line joining the poP andQ.)

Solution:

y= —-2X+6

Substitutey = 0:

0= -X%+6

2X=6

x=3

P has coordinates (3,0) .

3
y= 3;x-4

Substitutex = O:

. (o) _,
U

y= -4

Q has coordinates (0, —4)

Gradient ofPQ is
Y2"%1  0-(-4) 4

Xp= Xy 3-0 3
Equation ofPQ is
y—ylzm(x—xl)
Substitute (3,0) :

w s

y-0=

y= 3x-4
4
The equation of the line throughandQisy = 7x - 4.
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Coordinate geometry in the (x, y) plane
Exercise C, Question 10

Question:

2 2
The line y= 3x - 5 meets the-gxis at the point MThe line y= - 7x+ 7 meets the-axis at the point NFind the equatio

of the line joining the pointM andN. Write your answer in the foriax + by + ¢ = 0, wherea, b andc are integer:

Solution:

y=3x-5
Substitute y= 0:
3x-5=0
3Xx=5

X:3

)

M has coordinatesK g , 0)

2 2

y= - 3X+ 3

Substitute x 0:

2 ) 2 _2

y:_skoj*'s‘s

I

N has (:oordinates,k 03 )

Gradient of MNis

Y27 Y1 3

X=X 5

Equation of MNs
y—ylzm(x—xl)

f o)

Substitute

A~/

2 s
T
2 2
y= - 5X+ 3
Multiply each term by 15:
15y= - 6x+ 10
6x+ 15y= 10

6x+ 15y - 10=0
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Coordinate geometry in the (x, y) plane
Exercise D, Question 1

Question:

Find the equation of the line that passes through these pairs of points:
@@ (2,4) and (3,8)

(b) (0,2) and (3,5)

() (-2,0)and (2,8)

) (5, -3) and (7,5)

) (3, -1) and (7,3)

) (-4, -1)and (6,4)

(@9 (-1,-5)and (-3,3)

(hy (-4, -1) and ( -3, -9)

(o2 (2oa)
(|)\3,5)and\3,5j

oz (roe)
0)\—4,7)and\4,7}
Solution:

@ (x.y;) =(2,4), (%.y,) =(3,8)

Y-y X=Xy

2oV T %X
y—-4 X-2

8-4_ 3-2
-4 2

y X~

4 1

y-4
T, =X-2

Multiply each side by 4:

(b) (x;.y1) = (0.2), (%.¥,) = (3.,5)
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Y-y X=X

Y2mY1 T XX

y-2 _ x-0

5-2 7 3-0

y-2 X

3 T 3

Multiply each side by 3:
y-2 X

3 x 3 =3 x 3

y—2=X

y=Xx+2

(C) (leyl)z(_zao)1(X21y2):(218)
YohoooXta

y2—yl:X2—X1

y-0 _x-(-2)

8-0" 2-(-2)

y _ x+2

8~ 4

Multiply each side by 8:

y X+ 2
8xg:8x 2
y=2(x+2)
y=2x+4

d (x;.y1) = (5, =3), (%.¥,) =(7,5)

y—yl X—Xl

Yo"V T %X
y-(-3) x-5

5-(-3) ~ 7-5

y+3 x-5

8 2

Multiply each side by 8:
y+3 x-5
g —8X 7

8 x
y+3=4(x-5)

y+3=4x-20
y=4x-23

€ (x,y;) = (3, -1), (%.¥%) =(7.3)

Iho XA
yz_ylz X=X
y-(-1) x-3
3-(-1) — 7-3
y+l_ x-3

4 T 4
Multiply each side by 4:
y+1=x-3
y=x-4

0 (x.v1) = (=4, =1), (%.%) = (6,4)
o xn

Y27 Y1 XX
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y-(-1) x- (-4)

4-(-1) = 6-(-4)

5 10

Multiply each side by 10:
2(y+1) =x+4
2y+2=x+4

2y=x+2

Divide each term by 2:

1
y= 3x+1

@ (x.y1) = (-1, -5), (%,¥,) =(-3,3)

Y-y X=Xy

2oV T %X
y-(=-5) x-(-1)
3-(-5)  -3-(-1)
y+5 x+1

8 - -2

Multiply each side by 8:
8
y+5= -4 (x+1) (Note: —, = —4)

y+5= -&-4
y= —4-9

() (x.y1) =(-4,-1), (%,¥,) =(-3,-9)

y—yl X—Xl

Y2m¥1 T %X

y-(-1)  x-(-4)
-9-(-1) T -3-(-4)
y+1 X+4

-8 = 1

Multiply each side by - 8:
y+1l=-8(x+4)
y+l= -&-32

y= —-8-33

= y il X21y2 =
y—yl X—Xl
2oV T %X
2 1
_ £ x— =
y 5 3
4.2 2 1
5 5 3 3

PhysicsAndMathsTutor.com
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s 2 __ (. 1) 5
5 3

5
Sy-1=X*-1
5
2y =X
Sy = 6x

6
y= 5x

N
7
BN
~l>||
w
~N -
N—
~N|w
N—

Ko

NS
N—

1
7~ TN

EN I

( 3)
_ = e (= 2
y 4
3 1 1 3
-- = --(-=)
7 7 4 4
1 +

_ = vt 2
Y3

2 1

7

2
Multiply each side by, :

1_2( . 3)
y_7‘7\X+4}
12 3
Y- 7= Xty
2 3 1
y= X+t 3
2 5

y= 72X+
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Coordinate geometry in the (x, y) plane
Exercise D, Question 2

Question:

The line that passes through the points (2, -5) and ( -7, 4) meeatatieat the poinP. Work out the
coordinates of the poilP.

Solution:

9 -9
Multiply each side by 9:

9
y+5=-1(x-2) (Note —g5 = - 1)

y+5= -x+2

y=-x-3

Substitutey = 0:

0= -x-3

x= -3

So the line meets ttx-axisatP ( = 3,0) .
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Coordinate geometry in the (x, y) plane
Exercise D, Question 3

Question:

The line that passes through the points ( -3, -5) and (4, 9) megtatieat the poinG. Work out the
coordinates of the poilG.

Solution:

14 -7

Multiply each side by 14:
y+5=2(x+3)

y+5=X%+6

y=2x+1

Substitutex = 0:

y=2(0) +1=1

The coordinates <(Gare (0,1) .
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Coordinate geometry in the (x, y) plane
Exercise D, Question 4

Question:

A\ S

1
The line that passes through the poirﬁs 3

coordinates of the poilJ.

Solution:
y—yl X—Xl
Y271 T %X
y-27
— x-3
4-23 -1=-3
y-27
- x-3
1
= 1
12 a1

2

Multiply top and bottom of each fraction by 2:
2y-5 _ 2x—-6

3 -9
Multiply each side by 9:
9
3(2y-5) =-1(%-6) (Notee —g = - 1)
6y-15= - X+6

By= —2x+21
2 2
y= - 6X+ 6
1 7
y:—3x+ 2

Substitutex = 0O:

2

w |+~
N |~

y= -

()
27

The coordinates aof are 0,

——
N |~
N—
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Coordinate geometry in the (x, y) plane
Exercise D, Question 5

Question:

The liney = 2x — 10 meets th&-axis at the poinA. The liney = — 2x + 4 meets thg-axis at the poinB. Find the
equation of the line joining the poirA andB. (Hint: First work out the coordinates of the poiA andB.)

Solution:

y=2x-10

Substitutey = 0:

2x-10=0

2x=10

x=5

The coordinates ohare (5,0) .

y= —-2&+4

Substitutex = 0:

y=-2(0) +4=4

The coordinates @ are (0,4) .

Equation ofAB:

Y-y, X=X
Y2m V1 T XX
y-0 Xx-5
4-0" 0-5
Yy x-5
4~ -5

Multiply each side by 4:

xesy e ) e
° \

y=4 5 :__5\)(_5} =

4
X+ 4,

The equation of the line is= - ¢
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Coordinate geometry in the (x, y) plane
Exercise D, Question 6

Question:

The liney = 4x + 5 meets thg-axis at the poin€. The liney = - 3x — 15 meets th&-axis at the poinD. Find the
equation of the line joining the poinsandD. Write your answer in the forax + by + ¢ = 0, wherea, b andc are
integers

Solution:

y=4x+5

Substitutex = 0:

y=4(0) +5=5

The coordinates d are (0,5) .

y= -3%-15
Substitutey = 0:
0=-%-15
3x= -15
x= -5

The coordinates dd are ( = 5,0) .

Equation ofCD:

Y-y X=X

Y27 Y1 X=X

y-5 x-0

0-5 -5-0

y=-5 _x

-5 -5
Multiply each side by - 5:
y—-5=x
-5=x-y
O=x-y+5
The equation of the linex -y +5=0.
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Coordinate geometry in the (x, y) plane
Exercise D, Question 7

Question:

The linesy = x — 5 andy = 3x — 13 intersect at the poi® The pointT has coordinates ( — 4, 2) . Find the equation
of the line that passes through the poS andT.

Solution:

y=3x-13
y=x-5
SoX-13=x-5

=> 3X=x+8

> XxX=8

> x=4
whenx=4,y=4-5= -1
The coordinates ddare (4, - 1) .
Equation ofST:

Y=y X=X
Y271 XX
y-(-1) x-4

2-(-1) - -4-4

y+1 xX—4

3 7 -8

Multiply each side by 3:
(x-4)
-8

y+]_:3><

y+r1= -

3
y= - gx+
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Coordinate geometry in the (x, y) plane
Exercise D, Question 8

Question:

The linesy = — 2x+ 1 andy = x + 7 intersect at the poiit The pointM has coordinates ( — 3, 1) . Find the
equation of the line that passes through the pL andM.

Solution:

y=x+7

y= -2&+1

Sox+7=-X+1

> X+7=1

= 3= -6

> X= -2

whenx= -2,y=( -2) +7=5
The coordinates dfare ( -2,5) .
Equation ofLM:

y—yl X—Xl
Y2m¥1 T %X
y-5 x=(-2)
1-57 -3-(-2)
y-5 X+ 2

-4 7 -1

Multiply each side by - 4:
-4
y-5=4(x+2) (Note —] =4)

y-5=4x+8
y=4x + 13
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Coordinate geometry in the (x, y) plane
Exercise D, Question 9

Question:

The vertices of the triangle AB@ve coordinates A3 ,5) ,B( -2,0) and 4, - 1) . Find the equations of the sides of
the triangle

Solution:

(1) Equation of AB
(X]_nyl) =(3,5), (Xz-yz) =(-2,0)

y—yl X—Xl

Y2m¥1 T XX

y-5 _x-3

0-5~ -2-3

y-5  x-3

-5~ -5
Multiply each side by - 5:
y-5=x-3

y=x+2

(2) Equation of AC
(leyl):(315)a(eryZ):(4v_l)
Y=Y X=X

Y27 %1 XX

y-5 X-3
-1-57 4-3
y-5 X-3
-6~ 1

Multiply each side by - 6:
y-5=-6(x-3)
y—-5= —-6x+18

y= —6x+23

(3) Equation of BC
(X]_nyl) =(-2,0), (Xz-yz) =(4,-1)

Yhooo Xt
Y27V T XX
y-0 X-(-2)
-1-0" 4-(-2)
Yy x*2
-1~ 6
Multiply each side by - 1:
(x+2)
y= -1 6
s )
YT
1 1
Y=~ X7 3
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Coordinate geometry in the (x, y) plane
Exercise D, Question 10

Question:

The lineV passes through the points ( - 5,3) and (7, —3) and th&\ipasses through the points (2, —4)
and (4, 2) . The linesvV andW intersect at the poitA. Work out the coordinates of the poA.

Solution:

(1) The equation o¥:
(XlaY1) = ( _5,3) ) (szyz) = (71 _3)

y_yl X—Xl
2oV T %X
y-3 X= (-5)
-3-37 7-(-5)
y-3 X+5

-6 12

Multiply each side by - 6:

i ) -6

y-3= -3 kx+5 ) (Note: /5 = - 3)
i3
y=3= - 32X~ 3
i .1
y:—2x+2

(2) The equation o#v:

(x.y1) = (2, -4), (%.Y,) = (4,2)
YohoooXta

Y271 XX

y- (-4) X—2

2o (4) = 4-2

Multiply each side by 6:
6
y+4=3(x-2) (Note 5 =3)

y+4=%-6
y=3x-10

Solving simultaneously:
1 1

y:—EX+ 2

y=3x-10
_ 1 1

SoS<—10——2x+ 2

1 1
= 2X—ZLO—2
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> 7x=21

> Xx=3
Whenx=3,y=3(3) -10=9-10= -1
The lines intersect A (3, - 1) .
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Coordinate geometry in the (x, y) plane
Exercise E, Question 1

Question:
Work out if these pairs of lines are parallel, perpendicular or neither:

@y=4x+2
1

y= - ,x=-7
2

(b)y= 3x-1

2
y=3x-11

1
(©y= 5x+9
y=5+9

(dy= -3x+2
1
y= 3x-7

(9y=5x-3
5Xx-y+4=0

(hySx-y-1=0

1
y= - gX

3
Hy= - 3x+8
2x-3y-9=0

()4x-5y+1=0
8x—-1y-2=0

(K)3x+2y-12=0
2X+3y-6=0

h5x-y+2=0
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2x+10y-4=0

Solution:

1
(a) The gradients of the lines are 4 and;,—

1

4x -, =-1

The lines arger pendicular.

2 2
(b) The gradients of the lines age  ahd , i.e. they have the same gradient.

The lines argaralldl.

1
(c) The gradients of the lines afe  and 5.

1
5><5:1

The lines araeither perpendicular nor parallel.

1
(d) The gradients of the lines are — 3 ahd

1
—3)(3:—1

The lines arger pendicular.

3 5
(e) The gradients of the lines are  and3-

3 3
5 - 3=-1

The lines arger pendicular.

5 5
(f) The gradients of the lines are  and , i.e. they have the same gradient.

The lines argaralldl.

(g) The gradient of = 5x — 3 is 5.
bx-y+4=0

5x+4 =y

y=5+4

The gradient of 56—y + 4 =0is 5.
The lines have the same gradient.
The lines argaralldl.

(hy>x-y-1=0

5x-1=y

y=5%-1

The gradient of 5—y—-1=01is 5.
1

1
The gradientof = - ¢Xxis - 7.

ale-
1
|
|_\

The product of the gradients is 5 x

So the lines arper pendicular.

3 3
(i) The gradientofy = - x+8is - 7.

2x-3y-9=0
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2
The gradient of 2-3y-9=01is73 .

Nl w
1

|

|_\

2
The product of the gradientsTs
So the lines arper pendicular.
()4x-5y+1=0

Ix+1="5

S5y=4x+1

4

y= gx+

1
5 5

4

The gradient of¥- 5y +1=01is7g .

8x—-1y-2=0

8x—-2=10

10y=8x-2

Y= 10X" 10

y= 5X -
. . 4

The gradientof 8- 10y -2 =01is7 .

The lines have the same gradient, theyparallel.

(K)3x+2y-12=0

X +2y=12
2y= -3X+12
3
y= - 3x+6

3
The gradient of 8+ 2y - 12=0is -7

2x+3y-6=0

2x+3y=6

y= -2x+6
2

y= - 3x+2

2
The gradient of 2+ 3y -6 =01is - 3

The product of the gradient is

3 2

- px-3=1

So the lines armeither parallel nor perpendicular.

(5x-y+2=0
bx+ 2=y
y=5x+2
The gradient of 56—y + 2 =0is 5.
2x+1y-4=0
2x+1loy=4
loy= -2x+4
2 4

Y=~ 10Xt 1o
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2

1 2
5Xt 5

y= -

1
The gradient of 2+ 10y -4 =01is - 7 .
The product of the gradients is
1
5x - 5= -

So the lines arper pendicular.
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Coordinate geometry in the (x, y) plane
Exercise E, Question 2

Question:

Find an equation of the line that passes through the (6, —2) and is perpendicular to the liy = 3x + 5.
Solution:

The gradient o = 3x + 5 is 3.

The gradient of a line perpendiculante 3x + 5is - é

y—y1=m(x—x1)

U I O N
y- -2 =-3 | X—-6
. ) U )
y+2=—§x+2
1
y= - 3x
The equation of the line is= - Zx.
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Coordinate geometry in the (x, y) plane
Exercise E, Question 3

Question:

Find an equation of the line that passes through the point ( -2, 7) and is parallel toyhe4ie 1. Write your
answer in the forrax + by + ¢ = 0.

Solution:

The gradient of a line parallel yo= 4x + 1 is 4.
y—y1=m(x—x1)

y-7=4[x-(-2)]

y-7=4(x+2)

y—-7=4+8

y=4x+ 15

0=4x+15-y

Ix-y+15=0

The equation of the line 4x —y + 15=0.
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Coordinate geometry in the (x, y) plane
Exercise E, Question 4

Question:

Find an equation of the line:

. ) 13 \
(a) parallel to the ling = — 2x - 5, passing throughk < 32 ]
(b) parallel to the lin&x — 2y — 1 = 0, passing through (0,0) .
(c) perpendicular to the line= x — 4, passing through ( -1, -2) .
(d) perpendicular to the lir2x + y — 9 = 0, passing throug (4, —-6) .
Solution:

(a) The gradient of a line parallely= —2x-5is - 2.
y—yl:m(x—xl)

s_ b ()]
YTRETET T2 ]
y—gz—z(x+%)

3
y- 5= -x-1

L
y= -2+ 2

(b)x-2y-1=0
x—-1=2%
2y=x-1

1 1

Y= 2X7 3
1
The gradientok -2y - 1=0is7 .

y—y1=m(x—x1)

N |-

y-0= (x—o)

y= X

(c) The gradient of = x — 4 is 1.
1
The gradient of a line perpendiculanyte x — 4is = 7 = - 1.
y—yl:m(x—xl)
y-(-2)=-1[x-(-1)]

y+2=-1(x+1)
y+2=-x-1
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y=-x-3

d2x+y-9=0

2x+y=9

y= —-2&%+9

The gradient of 2+ y-9=0is - 2.

1
The gradient of a line perpendicular toy -9 =0is - —, =

N |~

y—yl:m(x—xl)
- [ -

N—
N |-

7~ TN\
7

y+6= % (x—4)
y+6=7x-2

1
y= 3x-8
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Coordinate geometry in the (x, y) plane
Exercise E, Question 5

Question:
Find an equation of the line:
(a) parallel to the ling = 3x + 6, passing through ( - 2,5) .
(b) perpendicular to the line= 3x + 6, passing through ( - 2,5) .
(c) parallel to the linexd— 6y + 7 = 0, passing through (3,4) .
(d) perpendicular to the lirdx — 6y + 7 = 0, passing throug (3,4) .
Solution:
(a) The gradient of a line parallelya= 3x + 6 is 3.
y—y1=m(x—x1)
y=-5=3[x-(-2)]
y-5=3(x+2)
y-5=%+6
y=3+11
1
(b) The gradient of a line perpendiculaiyte 3x + 6is - 7 .

y—y1=m(x—x1)

o o]
YTEETI T LT
y—5:—%(x+2)
y—5=—§x—§

(c)a4x-6y+7=0
4x +7 =6y
6y =4x+7
4 7
Y= 6X* s

2

2 7
y= 353X+ 5%

2
The gradient of a line parallel toxc4 6y + 7=0is7 .

y—y1=m(x—x1)
2 ()

y-4=73 \x—3)

_ 2
y-4=73x-2
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2
y= 3x+2

2
(d) The gradient of the linex4- 6y + 7 = 0 is7 [see part (c)].

3
. . . P 1 _ _ 32
The gradient of a line perpendicular to46y + 7 =0is - — -3 -

[AREN)

N

y-4= - ox+ 3
3,
Y= 7 Xt 5
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Coordinate geometry in the (x, y) plane
Exercise E, Question 6

Question:

2
Find an equation of the line that passes through the point (5, —5) and is perpendicular tojthe jmer 5. Write

your answer in the forrax + by + ¢ = 0, wherea, b andc are integer.

Solution:

N | w

2
The gradient of a line perpendiculante ;x + 5is —

wlmlp

Multiply each term by 2:

2y+10= -3 (x—-5)

2y+10= -X+15

3X+2y+10=15

X+2y-5=0

The equation of the line 3x + 2y - 5= 0.
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Coordinate geometry in the (x, y) plane
Exercise E, Question 7

Question:

4
Find an equation of the line that passes through the point ( -2, - 3) and is perpendicular toythedingx + 5.

Write your answer in the foriax + by + ¢ = 0, wherea, b andc are integer:

Solution:

4
The gradient of a line perpendiculantes — Z7x+5is - ==

ENIEN}

~ A~

y—ylzm(x—xl)
s

y+3= % (x+2)

ENNIEN

[ VT
LU )

Multiply each term by 4:
dy+12=7(x+2)

4y + 12 =K + 14

y=7x+2

0=7™+2-4

X—4+2=0

The equation of the line 7x — 4y + 2 = 0.
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Coordinate geometry in the (x, y) plane
Exercise E, Question 8

Question:

The liner passes through the points (1,4) and (6, 8) and the [lsses through the points (5, —3) and
(20, 9) . Show that the liner ands are paralle

Solution:

The gradient of is
Y271 8-4

4
X-%x ~ 6-1 5

The gradient o§ is
Y27 Y1 9- (-3) 12 4

Xp= X 20-5 ~ 15 T 5

The gradients are equal, so the linesparallel.
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Coordinate geometry in the (x, y) plane
Exercise E, Question 9

Question:

The linel passes through the points (-3,0) and (3, —2) and the lpasses through the points (1, 8) and
( —=1,2) .Show that the linel andn are perpendicule

Solution:

The gradient of is
y2_yl_ -2-0 2
X%-x _ 3-(-3) " 6

The gradient of is

Y27 Y1 2-8 -6
- = - = —_ :3

Xy = Xq -1-1 -2

The product of the gradients is
1

-3 x3=-1

So the lines arper pendicular.
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Coordinate geometry in the (x, y) plane
Exercise E, Question 10

Question:

Pagel of 1

The vertices of a quadrilateral ABGizs coordinates A -1,5) ,B(7,1) ,C(5, -3) ,D( -3,1) . Show that

the quadrilateral is a rectan¢

Solution:

Ya
A(—1, 5)

D(—-3, 1)

B(7, 1)

C(3; —3)

(1) The gradient of Als

Y"1 5-1 4 1
X=%  -1-77 -8~ 2
(2) The gradient of D@s

Y2=% -3-1 4 1
X=X _ 5-(-3) 8 2

The gradient of ABs the same as the gradient3#£, so the lines are parallel.

(3) The gradient of Alis

Y27 Y1 3 5-1 : 4 4
=% ~ —1-(-3) 7 -1+3 7 2_2
(4) The gradient of BGs

Th o -8-1 -4

=% ~ 5-7 7 —2_2

The gradient of ADs the same as the gradient of,BO the lines are parallel.
The line ADis perpendicular to the line Ais
1
2x — E = -
S0ABCD is a rectangl
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Coordinate geometry in the (x, y) plane
Exercise F, Question 1

Question:

The pointsA andB have coordinates ( —4,6) and (2, 8) respectively. Agiredrawn througlB perpendicular
to AB to meet thg-axis at the poinC.

(a) Find an equation of the lipe

(b) Determine the coordinatesC. [E]

Solution:

(a) The gradient oAB is
Y2™% 8-6 2

1
X=X 2= (-4) 6 3

The gradient of a line perpendicularAB is

The equation op is
y—yl:m(x—xl)
y-8=-3(x-2)
y-8= -X%+6
y= -3+14

(b) Substitutex = 0:
y=-3(0) +14=14
The coordinates cCare (0, 14) .
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Coordinate geometry in the (x, y) plane
Exercise F, Question 2

Question:

The linel has equation®-y -1 = 0.
The linem passes through the poilat( 0 , 4 ) and is perpendicular to the lihe

(a) Find an equation ah and show that the linésandm intersect at the poilR (2, 3) .
The linen passes through the poBt 3, 0) and is parallel to the lima.

(b) Find an equation (n and hence find the coordinates of the pQ where the linel andn intersect. [E]

Solution:

@x-y-1=0

2X-1=y

y=2x-1

The gradientof2-y—-1=0is 2.

1
The gradient of a line perpendicular to2y -1 =0is - 3

The equation of the linm is
y—y1=m(x—x1)

()
y-4= - 7X
1
y= - 7x+4
1
TofindPsolvey= — 7x+4and -y -1 =0 simultaneously.
Substitute:

5x =10
X=2

. . l
Substitutex = 2 intoy = - 7x+ 4t

i)

y= -3 \2) +4=-1+4=3

The lines intersect & (2, 3) , as required.

: : : 1
(b) A line parallel to the linen has gradient —
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The equation of the lineis
y—yl:m(x—xl)

i )

y-0= -7 kx—Sj

1 3

y= " X+ 5

1 3
TofindQsolve X-y-1=0andy= - 7x+ 7simultaneously.

Substitute:

(i

2X — —;x+%\\ -1=0
\ J

[y

3
2X + oX= ;—120

3 3
2X— 3 =0
3 3
2X= 5
x=1
] . 1 3
Substitutex = Lintoy = - Zx+ 3
1[ \\ 3 1 3
y:_2\1) +2:—2+2:1

The lines intersect Q (1,1) .
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Coordinate geometry in the (x, y) plane
Exercise F, Question 3

Question:

1
The lineL, has gradient; and passes through the go{n2 , 2 ) . The line, has gradient - 1 and passes through the
pointB (4, 8) . The lined.; andL, intersect at the poird@.

(a) Find an equation fdr; and an equation fdr,.

(b) Determine the coordinatesC. [E]

Solution:

(a) The equation df, is
y—y1=m(x—x1)
()
X=2
)

2
7

~N e

[y

y-2=7x-
1 12
y= 7x+ 5
The equation ok, is
y—yl:m(x—xl)
y-8=-1(x-4)
y-8= -x+4

y= —-x+12

=

1 12
(b) Solvey = Zx+ —andy = - x+ 12 simultaneously.

Substitute:

i, 0w
-X+12 = ZX+

8 1
12—7x+ 7
2 _ 8
107—7x

2

10—

-

X = 8 =9

7

Substitutex = 9 intoy = - x + 12:
y=-9+12=3
The lines intersectiC(9,3) .
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Coordinate geometry in the (x, y) plane
Exercise F, Question 4

Question:
5
The straight line passing through the pént2 , 1) and the poim@ (k, 11) has gradient =

(a) Find the equation of the line in termsxaindy only.

(b) Determine the value k. [EI

Solution:

@m= - ., (x.y,) = (2.1)

The equation of the line is
y—y1=m(x—x1)

s ( )

y-1=-7, \x—2)

> 5
y-1=- 17X+ 7%
5 .u
Y= Xt s
. , 5 11
(b) Substitute &, 11) intoy= - Tox+
__5 .u
11= - Jk+ 7
u_ s
11- 5 = - ;3K
9 >
6 = = 12K
Multiply each side by 12:
110 = - X
k= -22
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Coordinate geometry in the (x, y) plane

Exercise F, Question 5

Question:

(a) Find an equation of the linevhich passes through the point§ A, 0) and B(5,6) .
The line mwith equation 2% 3y = 15 meets ht the point C

(b) Determine the coordinates of the pcC. [E]

Solution:

(a) The equation ofik
Y=y X=X

Y279 X=X

6~ 4
Multiply each side by 6:

(x-1)
y=6",

N | w
BN

y:

y= ZX_

3 3
(b) Solve 2x+ 3y=15and y= 7 x - 7 simultaneously.

Substitute:
(3. 3 _
8. 8 _
2X + SX = 2—15
B9
5 X— 2—15
3 3
2 X=
13x= 39
x=3
. . 3
Substitute x= 3intoy= 7x- 3:
s(.) 3_9 3
= =02 T2 <

TE Y T

The coordinates cCare (3,3) .
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Coordinate geometry in the (x, y) plane
Exercise F, Question 6

Question:
The lineL passes through the poit§ 1,3 ) andB( - 19, -19) .

Find an equation cL in the formax + by + ¢ = 0, wherea, b andc are integers [E]

Solution:

(x,y,) = (1,3), (%,Y,) = (-19, -19)
The equation of is

I Xt

yz_ylz X=X

y-3 x-1

-19-3~ -19-1

y-3 x-1

-2~ -20

Multiply each side by - 22:
—22 [ 3

y-3= 20 \x—l )
u )

y-3= 7, \X_lj

Multiply each term by 10:
1oy-30=11(x-1)
1oy-30=1x-11

10y =11x+ 19

0=11x- 10y + 19

The equation oL is11x — 1Cy + 19=0.
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Coordinate geometry in the (x, y) plane
Exercise F, Question 7

Question:

The straight lind, passes through the poitsandB with coordinates (2,2) and (6, 0) respectively.

(a) Find an equation ¢f.
1
The straight lind, passes through the poidtwith coordinates ( — 9, 0) and has gradignt

(b) Find an equation df. [E]
Solution:

(a) The equation df is

y—yl X—Xl
2oV T %X
y-2 X-2
0-2~ 6-2
y-2 X=2
-2 = 4

Multiply each side by - 2:

1 2 1
y-2=-73 (x—z ) (Note: = 7 = = 3)
1
y-2=-75x+1
1
y= - 3x+3

(b) The equation df, is
y—yl:m(x—xl)

Y R
ORI
y:%\“g)
y= i+
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Coordinate geometry in the (x, y) plane
Exercise F, Question 8

Question:

The straight lind, passes through the poitsandB with coordinates (0, —2) and (6, 7) respectively.

(a) Find the equation of in the formy = mx + c.
The straight lind,, with equatiorx + y = 8 cuts they-axis at the poin€. The lined,; andl, intersect at the poird.

(b) Calculate the coordinates of the pdint

(c) Calculate the area A ACD. [El

Solution:

(a) The equation df is

Y-y X=X
Y2m¥1 T %X
y-(-2) x-0
7-(-2) T 6-0
y+2 X

9 T 6

y+2= o X
_ 3

y+2= 73X
3

y= 5Xx-2

3
(b) Solvex +y =8 andy = 7 x - 2 simultaneously.

Substitute:
(3. )

X+ TX—2 =8
L)

3
X + ;x—2:8
5
Ex—2=8

5
§x=10

5x = 20

x=4

Substitutex = 4 intox + y = 8:

(4) +y=8

y=4

The coordinates dd are (4,4) .

(c) x + y = 8 cuts thegy-axis wherx = 0.
Substitutex = 0:
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=8

o<

+
he coordinates a are (0, 8)
c=10

o> O
Nl
-

Area =75 x 10 x4 =20

_}m
C(0, 8)
7 D(4, 4)
0 x
A0, —2)
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Coordinate geometry in the (x, y) plane
Exercise F, Question 9

Question:

The pointsA andB have coordinates (2, 16) and (12, —4) respectively. A straight lip@sses through andB.

(a) Find an equation fdy in the formax + by = c.

1
The linel, passes through the poidtwith coordinates ( -1, 1) and has gradignt

(b) Find an equation fdy, [E]
Solution:

(a) The equation df is

Y-y X=Xy
2oV T %X
y-16 X-2

—4-16 " 12-2

y-16 X-2

-20 T 10

Multiply each side by - 20:

20
y-16= -2(x-2) (Notee - 75 = —2)

y-16= -X+4
y= -2+20
2x+y=20

(b) The equation df, is
y—y1=m(x—x1)

IS I A B
TREE LT U
y—1=%(x+1)
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Coordinate geometry in the (x, y) plane
Exercise F, Question 10

Question:

The points A -1, -2) ,B(7,2) and k, 4) , where Ks a constant, are the vertices 6f ABC. Angle ABCis a right
angle.

(a) Find the gradient of AB
(b) Calculate the value of k

(c) Find a[n iequation of the straight line passing throughd®BC Give your answer in the form axby + ¢ = 0, where a, b and are
integers. lE

Solution:

(a) The gradient of A
Y27 Y1 2-(-2) 4

=% ~ 7-(-1) 7 8 2

(b) The gradient of BGs

Multiply each side by k-7) :
2=-2(k-7)

2= -2k+14

-12= -2k

k=6

(c) The equation of the line passing througaril Cis
Y=Y X=X

Y2™ % X%

y-2 X=7
4-27 6-7
y-2 x=7
2 7 -1

Multiply each side by 2:
2
y-2=-2(x-7) Notee —7 = -2

y—-2= -2x+14
y= —-2x+16
2x+y=16
2x+y-16=0
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Coordinate geometry in the (x, y) plane
Exercise F, Question 11

Question:

The straight liné passes througA (1,3V3) andB(2+ V3,3+4V3) .

(a) Calculate the gradient b§iving your answer as a surd in its simplest form.

(b) Give the equation dfin the formy = mx + ¢, where constants andc are surds given in their simplest form.
(c) Show thal meets thex-axis at the poinC( —-2,0) . [El

Solution:

(a) The gradient dfis
Y271 (3+4V3) -3V3 3+43

X=X (2+V3) -1 ~ 1++3

Rationalise the denominator:
3+43 1-+3 3-3V3++V3-3 -23
1+v3 X 1-+v3 ~ 1-3 = 2

=43

(b) The equation dfis
y—yl:m(x—xl)
y-3V3=+Y3(x-1)
y-3V3=1+3- 13
y= V3 +243

(c) Substitutey = 0:

0=+V3x+2V3

V3x= -2+3
-2V3

X= "y =~

The coordinates cCare ( —-2,0) .
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Coordinate geometry in the (x, y) plane
Exercise F, Question 12

Question:

(a) Find an equation of the straight line passing through the points with coordinates ( —1,5) and (4, giviiZg)
your answer in the forrax + by + ¢ = 0, whereg, b andc are integers.
The line crosses theaxis at the poinf and they-axis at the poinB, andO is the origin.

(b) Find the area ¢ A OAB. [E]

Solution:

(a) The equation of the line is

y_yl X—Xl
2oV T %X
y-5 Xx- (-1)
-2-57 4-(-1)
y-5 x+1

-7 - 5

Multiply each side by - 35:
-35 -35
5(y-5)=-7(x+1) Note —, =5and— = -7)

By-25= -K&-7
X+5by—-25= -7
7x+5y—-18=0

(b) For the coordinates éf substitutey = 0:
7x+5(0) -18=0
7x-18=0
7x =18
18

X=7

(18 )

The coordinates oA are K = ,Oj

For the coordinates & substitutex = 0:
7(0) +5%-18=0
by-18=0
by=18
18
y= "5

18 )

The coordinates db are \ 0,73 }

The area of A OAB is
1 18 18 162
2% 7% 5 % 35
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Coordinate geometry in the (x, y) plane
Exercise F, Question 13

Question:

The points Aand Bhave coordinates K, 1) and (8, 2k- 1) respectively, whereik a constant. Given that the gradient ofis\B
1
3

(a) Show that k= 2.

(b) Find an equation for the line throuA andB. [E]

Solution:

(a) The gradient of A
Y27 Y1 1

Xy = Xg 3

(k-1)-1 1

8-k =3
%k-1-1 1
8-k 3

2%k-2

8-k
Multiply each side by (8 k) :

if 3

2k_2:3k8_k)

w |-

Multiply each term by 3:
6k-6=8-k
7Tk-6=8

Tk=14

k=2

(b) k=2
So Aand Bhave coordinates (2,1) and (8,3) .
The equation of the line is

Y-y, X=X
270 T %X
y-1  x-2
3-1~ 8-2
y-1  x-2

2 = 6

()
77

2
3

w |-

y-1=35x-
1 1
Y= 33X+ 3
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Coordinate geometry in the (x, y) plane
Exercise F, Question 14

Question:

The straight lind, has equationy+ x = 0.
The straight ling, has equatiog = 2x — 3.

(a) On the same axes, sketch the graphsanidl,. Show clearly the coordinates of all points at which the graphs meet

the coordinate axes.
The linesl; andl, intersect at the poim.

(b) Calculate, as exact fractions, the coordinates of

(c) Find an equation of the line througtwhich is perpendicular tq. Give your answer in the forax + by + ¢ = 0,
wherea, b andc are integers [E]

Solution:

(a) (1) Rearrangey4+ x = 0 into the formy = mx + c:
4y = —-X
1

y:—4X

1
I, has gradient -, and it meets the coordinate axes at (0,0) .

(2)1, has gradient 2 and it meets thaxisat (0, -3) .
|, meets the-axis whery = 0.
Substitutey = 0:

0=2%-3

2x=3
3

X= 73

|, meets the-axis at

Y

(0, )

(o, —:i]/

(b) Solve 4 + x = 0 andy = 2x — 3 simultaneously.

Substitute:
4(2x-3) +x=0
8 -12+x=0
9x-12=0

9% =12
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. 4.
Substitutex = Jintoy = 2x - 3:

(2 8 1

y:2k3) -3=3 -3= -3

[CREN
w |~

1)
-2

The coordinates oA are (

1
(c) The gradient of; is - 7 .

1

The gradient of a line perpendiculardjds - —— =4.

ENE e

The equation of the line is
y—yl=m(x—x1)
(1)
)
1 16
y+ 5:4)(— ?

=4

17

y=4x- 7
Multiply each term by 3:

y=1 - 17

0=1%-3y- 17

The equation of the line 12x - 3y - 17 =0.
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Coordinate geometry in the (x, y) plane
Exercise F, Question 15

Question:
The pointsA andB have coordinates (4,6) and (12, 2) respectively.

The straight lind, passes through andB.

(a) Find an equation fdy in the formax + by + ¢ = 0, wherea, b andc are integers.
The straight lind,, passes through the origin and has gradient - 4.

(b) Write down an equation fab.
The linesl; andl, intersect at the poir@.

(c) Find the coordinates C. [E]

Solution:

(a) The equation df is

Y-y X=X
2oV %X
y-6 X—4

2-6 12-4

y—-6 xX—4

-4 8

Multiply each side by 8:
8
-2(y-6) =x-4Note: —, = - 2)

-2y+12=x-4

-2y+16=x

16 =x+2y

O0=x+2y-16

The equation of the line is+ 2y — 16 =0

(b) The equation df, is
y-—yl=rn(x-—x1)
y-0=-4(x-0)
y= —4X

(c) Solvey = — 4x andx + 2y = 16 simultaneously.
Substitute:

x+2( -4x) =16

x—8x=16

- 7x=16

16

-7

. 16
Substitutex = - Ziny = - 4x:
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el -¥) -8

The coordinates of are ( -7

~l2

)
J
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Sequences and series
Exercise A, Question 1

Question:
Work out the next three terms of the following sequence. State the rule to find the next term:

4,9, 14, 18,

Solution:

4 9 14 19 24 29 34
+! +! 4 +! +5 +:

“Add 5 to previous ter”
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Sequences and series
Exercise A, Question 2

Question:

Work out the next three terms of the following sequence. State the rule to find the next term:

2, —2,2, -2,
Solution:
2 -2 2 -2 2 -2 2

“Multiply previous term by - 1"
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Sequences and series
Exercise A, Question 3

Question:
Work out the next three terms of the following sequence. State the rule to find the next term:
3G, 27, 24, 21,

Solution:

30 27 24

NN

-3 -3

21 18 15 12

“Subtract 3 from previous te”
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Sequences and series
Exercise A, Question 4

Question:
Work out the next three terms of the following sequence. State the rule to find the next term:
2,6, 18, 54,

Solution:

162 486 1458

“Multiply previous term by ”
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Sequences and series
Exercise A, Question 5

Question:

Work out the next three terms of the following sequence. State the rule to find the next term:
1
4 -2,1, -3,

Solution:

NI—'
.r.l—-
:II—'
-'-\l_'

NI
NI
t\-‘ll
NI

1
“Multiply previous term by =7 ” (or “divide by - 27)
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Sequences and series
Exercise A, Question 6

Question:
Work out the next three terms of the following sequence. State the rule to find the next term:

1,2,5, 14,

Solution:

1 2 5 14 41 122 365
x3-1 %x3-1 x3-1 =x3-1 %x3-1 x3-1

“Multiply previous term by 3 then subtra¢”
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Sequences and series
Exercise A, Question 7

Question:
Work out the next three terms of the following sequence. State the rule to find the next term:
1,1,23,5,

Solution:

l 1 2 3 5 8 13 21

1—/’ L*IPS:/H-H—/

“Add together the two previous ter”
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Sequences and series
Exercise A, Question 8

Question:

Work out the next three terms of the following sequence. State the rule to find the next term:

|_\
w N
g |lw
:I|J>

Solution:

2 3 4 5 &

1’3’5’7’9’11’13

“Add 1 to previous numerator, 2 to previous denomir’
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Sequences and series
Exercise A, Question 9

Question:

Work out the next three terms of the following sequence. State the rule to find the next term:

4,3, 2.5, 2.25 2.12¢,

Solution:

w'ww@lwuipﬁ 2.015625
\__9__../

“Divide previous term by 2 then ad”
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Sequences and series
Exercise A, Question 10

Question:

Work out the next three terms of the following sequence. State the rule to find the next term:

0, 3,8, 15,

Solution:

0 3 8 15 24 35 48
+3 +5 +7 +4 +11 +13

“Add consecutive odd numbers to previous ”
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Sequences and series
Exercise B, Question 1

Question:

Find the U, U,, U; and U, of the following sequences, where:
@U,=3n+2

(b) U, =10 - 3n

()U,=n?+5

(U = (n-3) 2

©U=(-2)"
OU,= 777
©@U,= (-1) " 705

(hU,=(n-2)3

Solution:
(@U=3x1+2=5U=3x2+2=8,y=3x3+2=11,,=3x10+2=32
(b)U;=10-3x1=7,y=10-3%x2=4,y=10-3%x3=1,,=10-3x10= - 20
(c)U;=12+5=6,U,=22+5=9,U,=F+5=14,U,= 107+ 5= 105

(U= (1-3)2=4,U,= (2-3)2=1,U,= (3-3)2=0,Up,= (10-3)2=49
@uU=(-2)t=-2U=(-2)2%2=4U;=(-2)3= -8,U,= ( -2)°=1024

2 3 10 10 5

1 1 2_1 3 10
NU= 1 2=53 L= 525552 B 55575 U™ 10427 2756

@Ui= (1) 1752 5.0= ("1 255242562 (1) 552 - 5= (-1

10 10 5

10+2- 12~ 6

(U= (1-2)3=(-1)3=-1,U,=(2-2)3%=0,U;= (3-2)3=1,U,= (10-2)3=83=512
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Sequences and series
Exercise B, Question 2

Question:

Find the value oh for whichU_ has the given value:
(@)U, =2n-4,U, =24

(b)U,= (n-4) 2 U, =25

(c)U,=n?-9,U, =112

2n+1 19

n-3'Yn= T

(dU,=

(e)U,=n?+5n-6,U =60
(U, =n>-4n+11,U =56
(@U,=n?+4n-5U =91

n

,
U,= 5

n+4'>n 9

(MU= (-1)"

n+3

()U,= 5 .,U,=13.4

3

n
()U,= 5 +3,U,=28

Solution:

@24=2-4
28="2nn (+4)
14 =n (+2)
n=14

(b)25= (n-4) 2

+5= (n-4) (V)

9, -1=n (+4)

n=9 (it must be positive)

(c)112=n?-9
121=n® ( +9)
+11=n (V)
n=11

19 2n+1
A% = 3

1¢(n-3) =6(2n+1)

(cross multiply)
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1M-57=1n+6 (-12)
m-57=6 ( +57)
=63

n=9

(e)60=n2+5n-6 ( —60)
0=n?+5n-66 (factorise)
0= (n+11) (n-6)
n=-11,6

n==6

(H56=n-4n+11 ( -56)
0=n?-4n-45  (factorise)
0=(n-9) (n+5)

9 -5

9

n
n

(9991=n?+4n-5 ( -91)
0=n’+4n-96  (factorise)

0=(n+12) (n-8)
n=-12,8
n==8

7 n
My =(-173
n must be even
7 n

9 = n+4
7(n+4) =9
n+28=0
28="™n
n=14

n+3

()13.4= — (x 5)

67=n+3 ( -3)
64=n> (34)
n=4

3

)28= % +3  (-3)

r.|3
25= "7 (x5)

125=n (3V)
n=>5
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Sequences and series
Exercise B, Question 3

Question:
Prove that the (12+ 1) th term of the sequentk, = n? - 1is a multiple of 4.

Solution:

(2n+1)2-1
(2n+1) (Zn+1) -1
A2 +4n+1-1
=4n? + 4n
=4n(n+1)
=4xn(n+1)
= multiple of 4 because it 4 x whole numbe

(2n+1) thterm
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Sequences and series
Exercise B, Question 4

Question:
Prove that the terms of the sequeblge= n? - 10n + 27 are all positive. For what value mfs U, smallest?
Solution:

U,=n?-10n+27= (n-5)2-25+27= (n-5) 2+2
(n-5) 2is always positive (or zero) because it is a square.
U, = 0+2

Smallest value of), is 2.

(It occurs whern = 5.)
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Sequences and series
Exercise B, Question 5

Question:

A sequence is generated according to the fortdyla an + b, wherea andb are constants. Given thdt = 14 and
Ug = 38, find the values af andb.

Solution:

U,=an+b

whenn=3,U;=14 = 14=3%+bD

whenn=5U,=38 = 38=5+b®

@-0:24=z=2a = a=12

substitutea=12inD:14=3x12+ = 14=36+b = b= -22
S U =12n-22

(check: whem = 3,U, = 12 x 3 - 22 = 36 - 22 = 1¥)
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Sequences and series
Exercise B, Question 6

Question:

A sequence is generated according to the fortdyjla an? + bn + ¢, wherea, b andc are constants. B, =4,U,=10
andU, = 18, find the values d, b andc.

Solution:

U,=an?+bn+c

whenn=1,U =4 = 4=ax12+bxl+c = 4d=a+b+c
whenn=2,U,=10 = 10=ax2+bx2+c = 10=4+2b+c
whenn=3,U,=18 = 18=ax3+bx3+c = 18=%B+3b+cC
we need to solve simultaneously

a+b+c=40

4a+2b+c=10@

9a+3b+c=183

@-®:3a+b=6®@

®-@:5a+b=80

®-@:2a=2 = a=1

Substitutea=1in@:3+b=6 = b=3
Substitutea=1,b=3inM:1+3+c=4 = c=0

S U, =1n?+3n+0=n?+3n
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Exercise B, Question 7

Question:

A sequence is generated from the formula= pn® + g, wherep andq are constants. Given thdt = 6 andU; = 19,
find the values of the constarp andq.

Solution:

U,=pn+q

whenn=1,U;=6 = 6=px13+q = 6=p+q
whenn=3,U,=19 = 19=px3F+q = 19=2Ph+q
Solve simultaneously:

p+q:6®

27p+q=19@

@-0:26p=13 = p:%

. 1. 1 1
substitutep = E|n®:5+q:6 = =53

1 11 nd+11

1a,el 1s, 1
LU,=5n°+575 or ;n°+ o oor T,
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Question:

Find the first four terms of the following recurrence relationships:
@U,,,=U,+3,U, =1

(©)U,,,=U,-5U;=9

©U,,,=2U,,U; =3

dU,,,=20,+1,U; =2

Un
@U,,,= 5 U; =10

MU,,,=(U,) 2-1,U,=2
@DUp. =20, +U,U;=3,U,=5
Solution:

@U,,,;=VY,+3,U,=1
n=1 = U,=U,+3=1+3=4
n=2 = Uy;=U,+3=4+3=7
n=3 = U,=U,+3=7+3=10

Termsare 1, 4, 7, 10, ...

MU, ,,;=U,-5U,=9

n=1 = U,=U,-5=9-5=4
n=2 = U;=U,-5=4-5= -1
n=3 = U,=U,-5=-1-5= -6

Termsare 9,4, -1, —6, ...

U,,;,=2U,U;=3

n=1 = U,=2U;=2x3=6

n=2 = U;=2U,=2x6=12
n=3 = U,=2U;=2x12=24
Terms are 3, 6, 12, 24, ...

(dU,,;=20,+1,U,=2

n=1 = U,=2U;+1=2x2+1=5

n=2 = U;=2U,+1=2x5+1=11
n=3 = U,=2U;+1=2x11+1=23
Terms are2, 5, 11, 23, ...
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Ug 10

n=1 = U,=, =7 =5
he

n=2 = Ug= - =;=25
Ys _ 25

n=3 = U,= 5 =7, =125

Terms are 10, 5, 2.5, 1.25, ...

MU,,,=(U,) 2-1,U,=2

n=1 = U,=(U;)2%2-1=2-1=4-1=3
n=2 = U;=(U,)2%2-1=3%-1=9-1=38
n=3 = U,=(U;)2-1=8-1=64-1=63

Terms are 2, 3, 8, 63, ...

@DUp. =20, +U,U;=3,U,=5
n=1 = U;=2U,+U,=2x5+3=13
n=2 = U,=2U;+U,=2x13+5=31
Terms are3, 5, 13, 31, ...
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Exercise C, Question 2

Question:

Suggest possible recurrence relationships for the following sequences (remember to state the first term):
(& 3,5,7,9,

(b) 20, 17, 14, 11,
(©)1,2,4,8,

(d) 100, 25, 6.25, 1.5625,
(e)1, -1,1, -1,1,
3,7, 15, 31,

(90,1, 2,5, 26,

(h) 26, 14, 8, 5, 3.5,
(i1,1,2,3,5,8, 13,

() 4, 10, 18, 38, 74,

Solution:
3 > ] 9...
@ t2 +2 +2

U,,,=U,+2,U =3
20 17 14 11 ..

0 3 -3 -3

U,,,=U,-3,U,=20

1 2 4 8 ...

© X2 X2 X2

l'Jn+1:2xun’U1:1
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100 25 6.25 1.5625 ...

Uy .= (-1) xU U =1

3 7 15 L o

AN

® X2+1 X2+1 x2+1
U,,,=2U,+1,U =3
2 5 26 ..
\_}_/\9_,/\59,_./\__9_./

(g)ﬂzu 12+1 2241 52+1

Uprr= (Uy) 2+:I"UlzO

14 35.
(h) +2 + 2 42+
U +2

Upyr= 72 U;=26

Ly Ly 2, 3, - 8, 13,
(i) 1+1 2+1 3+ 2 543 845
U,,,=U +U,U;=1U,=1

4, 10, 18, 38, 74,

0 2x4+10 Z2x10+18 2x18+ 38
U,,,=U ,, +2U, U =4U,=10

n+2
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Exercise C, Question 3

Question:

By writing down the first four terms or otherwise, find the recurrence formula that defines the following sequences:
@UuU,=2n-1

(b)U,=3n+2

U,=n+2

(@du,=

(e)u,=n?
HU,=(-1)"
Solution:
(@)U, =2n - 1. Substitutingh = 1, 2, 3 and 4 gives
=1 U =3 Uy=5 Ug=7
._2 ...2 _;.2
Recurrence formulaid, , , =U, +2,U; = 1.
(b) U, = 3n + 2. Substitutingh = 1, 2, 3 and 4 gives

=5 Up=8 Uy=11 Uy=14
+3 +3 +3
Recurrence formulaid, ,; =U_ +3,U; =5.

(c) U, =n+ 2. Substitutingr = 1, 2, 3 and 4 gives

Uy=3 Us =4 Uy=35 Ug=06

+1 +1 +1

Recurrence formulaid, ,, =U, +1,U; = 3.

n+1
2

(du,= . Substitutingh = 1, 2, 3 and 4 gives
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1
Recurrence formulaig,, , =U + 5,U; = 1.

(e)U,, = n?. Substitutingr = 1, 2, 3 and 4 gives

=1 U:z=4 Us=9 Us=16

sy Ny Ny

+3 +5 +7
=2X1+1 =2x2+1 =2x3+1

Uy, =U +2n+1,U, =1,

(f)U,= ( - 1) "n. Substitutingr = 1, 2, 3 and 4 gives

Uy=-1 U =2 Uy =-—3
+3 -5 +7
=2x1+1 ==(2X2+1) =2xXx3+1

Uy,,=U,- (1) "(2n+1) ,U; =1
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Exercise C, Question 4

Question:

A sequence of terms _ { is definedn > 1 by the recurrence relatids), , , = kU, + 2, wherekis a constant.
Given thatU, = 3:

(a) Find an expression in termskofor U,
(b) Hence find an expression fak,.
Given thatU, = 42:

(c) Find possible values k.

Solution:

Uy, = KU, +2

(@) Substituten=1 = U,=kU; +2
AsU;=3 = U,=3k+2

(b) Substituter=2 = Uy =kU, + 2
AsU,=3k+2 = U;=k(3k+2) +2
> Ug=3k2+2k+2

(c) We are givetJ,; = 42
=> 3K+2k+2=42 ( -42)

> 3A+2k-40=0
> (3-10) (k+4) =0

> k= 7, -4

10
Possible values dq‘are? , — 4.
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Exercise C, Question 5

Question:

A sequence of terms |, { is definedk > 1 by the recurrence relatids) , , = U, , ; — pU,, wherep is a constant.
Given thatU, = 2 andU,, = 4:

(a) Find an expression in termspfor U,.
(b) Hence find an expression in termspdor U,
Given also thatJ,, is twice the value of);:

(c) Find the value cp.

Solution:

(a)Uk+2= Uk+1 B pUk
Letk =1, thenU; = U, - pU;
SubstituteU, =2,U, =4:U;=4-px2 = U;=4-2

(b) Uy, o= Uy, —PUy
Letk =2, thenU, = U; - pU,
SubstituteU, = 4,U;=4-200U,= (4-2p) - px4=4-D-4p=4-6

(c) We are toldJ,, is twiceU,, so
U,=2xU,
4-6p=2(4-2)
4-6p=8-4p

_4:2)

_2:p

Hencep = - 2.
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Exercise D, Question 1

Question:

Which of the following sequences are arithmetic?
(@) 3,5,7,09, 11,

(b) 10,7,4, 1,

(€)Y 2, 3y, 4y,

(d) 1, 4, 9, 16, 25,

(e) 16, 8,4, 2,1,

1 -1,1, -1,1,

@Y. ¥4 y° ¥4

(U,,,=U_+2,U, =3

n+1
MHVU,,,=3U,-2,U =4
(J) Un+1: (Un) 2'U1:2

KU,=n(n+1)

(hU =2n+3
Solution:
(@)

3 S / 9 11
i
+2 +2 +2 +2

Arithmetic ( +2)
(b)
10 7 4 1

Arithmetic ( - 3)

(©)
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y 2y 3y 4y

NN NN

+y +y +y
Arithmetic ( +y)
(d)
1 4 9 16

o N N

+3 +35 +7
Not arithmeti
(e)
8

16 4 2 1

Not arithmeti

U]

1 -1 1 -1 1
A NN NN NN
® =1 =1 ® =1 ® =1

Not arithmeti

(9
y y? y3 yd

\ L WL

xy xy Xy

Not arithmeti

(MU, ,,=U_+2
3 5 7 9 11
+2 +2 +2 +2

Arithmetic ( +2)

HV,,,=3U,-2
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4 10 28

\}/\9_/

X3 -2 X3-2
Not arithmeti

(J) Un+1= (Un) 21U1:2
2,4, 16, 256
Not arithmeti

KU,=n(n+1)
2,6,12,20

Not arithmeti

(U =2n+3

S 7 9 11

o N

+2 +2 +2
Arithmetic ( +2)
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Exercise D, Question 2

Question:

Find the 10th andth terms in the following arithmetic progressions:
(@)5,7,9,11,

(b) 5, 8, 11, 14,

(c) 24, 21, 18, 15,

d) -1,3,7, 11,

(e)x, 2x, 3x, 4x,

(Ha,a+da+2da+3d,

Solution:

(a)

5 7 0 11

N N N
+2 +2 +2

10thterm =5+9x2=5+18 =23
nthterm =5+ (n-1) x2=5+2-2=n+3

(b)
) 8 11 14

o N Ny

+3 +3 +3

10thterm=5+9x 3 =5+ 27 =32
nthterm=5+ (n-1) x3=5+37-3=3n+2

(c)
24 21 18 15

N ANNA N

—3 —3 —

10thterm =24 +9x -3=24-27= -3
nthterm =24+ n-1) x -3=24-3+3=27-3

(d)
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—1 3 7 11

+4 +4 +4

10thterm= - 1+9%x4= -1+36=35
nthterm= -1+ (n-1) x4= -1+4h-4=4n-5

(e)

x 2x 3x 4x

+x +x TX

10th term =x + 9 x x = 10x
nthterm =x+ (n—-1)x=nx

(f)

a a+d a+2d a + 3d

10th term =a + 9d
nthterm=a+ (n-1)d
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Exercise D, Question 3

Question:

An investor puts £4000 in an account. Every month thereafter she deposits another £200. How much money in total will
she have invested at the stariathe 10th month ankd themth month? (Note that at the start of the 6th month she will
have made only 5 deposits£200.’

Solution:

(a) Initial amount = £ 4000 (start of month 1)
Start of month2 = £ (4000 + 200 )
Start of month3 = £ (4000 +200+200) = £ (4000 + 2 x 200)

Start of month 10 = £ (4000+ 9 x200) = £ (4000 +1800) = £ 5800

(b) Start ofmth month

£ [4000 + (m—-1) x200]
£ (4000 + 20én - 200)

£ (380C+ 20Cm)
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Question:

Calculate the number of terms in the following arithmetic sequences:

(@3,7,11, .. , 83,87

(b)5,8,11, .. , 119, 122

(c) 90, 88,86, .. , 16,14

(d)4,9,14, ... , 224,229

(ex 35 .. , 3%

(fa,a+d, a+2d, .. , a+ (n-1)d
Solution:

@3 7 11 ... B3 87
number of jumps :T_ =21

therefore number of terms =21 + 1 = 22.

(b) 5 8 11 ... 119 122

) 122-5
number of jumps =" =39

therefore number of terms = 40

(©) 90 88 86 ... 16 14

90 - 14

number of jumps == =38

therefore number of terms = 39

(d) 4 9 14 ... 224 229
+5 +5 +5
229 -4
number of jumps == =45

therefore number of tern = 46
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©)y 3x 5x ... 35x

N Ny

+2x +2x

35x— x

number of jumps == — =17

number of terms = 18

M ¢ a+d a+2d ... a+(n—1)d

o Ny

+d +d

. a+ (n-1)d-a (n-1)d
number of jumps = p = p =n-1

number of term: = n
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Exercise E, Question 1

Question:

Findi the 20th andli thenth terms of the following arithmetic series:
()2 +6+10+14 +18

(b)4+6+8+10+ 12+

()80 + 77 + 74+ 71 +

(d)1+3+5+7+9+

()30 +27 +24 +21 +

H2+5+8+11+

(@p+3p+5p+7p+
(h)5x+x+ ( —=3x) + ( —7x) +
Solution:

(@2+6+10+14+18

a=2,d=4

(i) 20thterm =a+ 19d =2+ 19 x 4 =78

(i) nthterm=a+ (n-1)d=2+ (n-1) x4=AM-2

(b)4+6+8+10+12

a=4,d=2

(i) 20thterm =a+ 19d =4 + 19 x 2 =42

(i) nthterm=a+ (n-1)d=4+ (n-1) x2=h+2

()80 +77+74+71+

a=80,d= -3

(i) 20th term =a + 19d =80 + 19 x -3 =23

(i) nthterm=a+ (n-1)d=80+ (n-1) x -3=83-3&

(d1+3+5+7+9

a=1,d=2

(i) 20thterm =a+ 19d =1+ 19 x 2 =39

(i) nthterm=a+ (n-1)d=1+ (n-1) x2=xA-1

()30 +27 +24 + 21

a=30,d= -3

(i) 20thterm =a+19d=30+19x -3 = -27

(i) nthterm =a+ (n-1)d=30+ (n-1) x —3=33-3

H2+5+8+11

a=2,d=3

(i) 20th term =a+19d=2+ 19 x 3 =59

(i) nthterm =a+ (n-1)d=2+ (n-1) x3=Hh-1

(@p+3p+5p+7p
a=p,d=2p
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(i) 20th term =a+19d=p+ 19 x 2 =3P
(i) nthterm =a+ (n-1)d=p+ (n-1) x2p=2pn—-p=(2n-1)p

(h) Xx+x+ (=3x) + ( —7x)
a=5x,d= —4x

(i) 20th term =a+19d=5x+ 19 x — &= - 71X
(i) thterm=a+ (n-1)d=5%+ (n—-1) x —4x=9% —-4nx= (9-4n)x
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Exercise E, Question 2

Question:

Find the number of terms in the following arithmetic series:

(Q5+9+13+17+ .. +121
(b)1+125+15+175 .. +8

() -4+ -1+2+5 .. +89
(dy70+61+52+43 ... + ( —200)
()100+95+90+ ... + ( —1000)
) x+3x+5x ... +15%

Solution:

(Q5+9+13+17+ .. +121

nthterm =a+ (n-1)d
121=5+ (n—-1) x4
116 = (n-1) x4
29=(n-1)

30=n

n = 30 (30 terms)

(b)1+125+15+175+ ... +8
nthterm =a+ (n-1)d

8=1+ (n-1) x0.25

7=(n-1) x0.25

28= (n-1)

29 =n

n =29 (29 terms)

(c) -4+ -1+2+5+ .. +89
nthterm =a+ (n-1)d
89=-4+ (n-1) x3

93= (n-1) x3

31=(n-1)

32=n

n = 32 (32 terms)

(d70+61+52+43+ ... + ( —200)
nthterm =a+ (n-1)d

-200=70+ (n-1) x -9
-270=(n-1) x -9

+30= (n-1)

31=n

n =31 (31 terms)

(e)100+95+90+ ... + ( —1000)
nthterm =a+ (n-1)d
-1000=100+ @-1) x -5
-1100= (n-1) x -5

+22C= (n-1)

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1

221 =n
n =221 (221 terms)

) x+3x+5x+ ... +15%
nthterm =a+ (n-1)d
15k =x+ (n—-1) x X
15 = (n-1) x X

76= (n-1)

77=n

n=77 (77 terms
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Exercise E, Question 3

Question:
The first term of an arithmetic series is 14. If the fourth term is 32, find the common diff

Solution:

Let the common difference lok
4th term =a + 3d = 14 + 3 (first term = 14)
we are told the 4th term is 32
> 14+3=32
= 3d=18
=> d=6
Common difference is
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Exercise E, Question 4

Question:

Given that the 3rd term of an arithmetic series is 30 and the 10th term isaQafivaldl.
Hence find which term is the first one to become negi

Solution:

Leta = first term andd = common difference in the arithmetic series.
If3rdterm =30 = a+2d=30D

If10thterm =9 = a+9d=9®

@-®:7d= -21 = d= -3

Substituted = - 3 into equatiorD:

a+2x -3=30 => a=36

nth termin series =36 +f{-1) x —-3=36-A+3=39-R
whenn = 13,nthterm =39 -39=0

whenn = 14,nthterm =39-42= -3
The 14th term is the first to be negat
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Exercise E, Question 5

Question:

In an arithmetic series the 20th term is 14 and the 40th te — 6. Find the 10th terr

Solution:

Leta = first term in the series artl= common difference in the series.
20th term in series is 14= a+ 1ad = 14D

40th term in seriesis - 6= a+3ad= - 6@

Equation® - ®:20d= -20 = d= -1

Substituted = - 1 into equatiorD:

a+19x -1=14 = a=33

10thterm =a+9d=33+9x -1=33-9=24
The 10th term in the series is
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Exercise E, Question 6

Question:

The first three terms of an arithmetic series &, 20 and x. Find the value ox and hence the values of the three te

Solution:

5x, 20, ¥, .

Term2 — Terml = Term3 — Term2

20 - %x=3x-20

40 = &

5=x

Substitutingx = 5 into the expressions gives
5x5,20,3x5

25, 20, 15

1st, 2nd, 3rd ter
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Exercise E, Question 7

Question:

For which values ox would the expressic — 8, X2 and17x form the first three terms of an arithmetic sel

Solution:

- 8,%2, 17
Term2 — Terml = Term3 — Term2
- (-8) =1K%-x2
X2+ 8=17%- X2
2% -17x+8=0
(2x-1) (x-8) =0
1

=~ 48

X:'|'2

1
Values ofx are + Sor+8

Check:
1

X = 7gives terms

x = 8 gives terms

-8 64 136

A i

+72 +72
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Question:

Find the sums of the following series:

@3+7+11+14+ .. (20terms)
(b)2+6+10+14+ ... (15terms)
(c)30+27+24+21+ ... (40terms)

(d5+1+ -3+ -7+ ... (14terms)

(e)5+7+9+ .. +75

fHa+7+10+ .. +01

(9)34+29+24+19+ ... + —111

(h) (x+1) + (2x+1) + (3Xx+1) + ... + (2Ix+1)
Solution:

@3+7+11+14+ .. (for 20 terms)

Substitutea = 3,d = 4 andn = 20 into

L3N R (R I B )

S = 3 |_2a+ kn—1)o| IBE \6+19><4) =10 x 82 = 820

(b)2+6+10+14+ ... (for 15terms)
Substitutea = 2,d = 4 andn = 15 into
n
[ ( Yol s ) s
=7, 2+ n-1 d = |, 4+14x4 = x60=450
RN I G R B ) T
(c)30+27+24+21+ ... (for40terms)
Substitutea = 30,d = - 3 andn = 40 into
n [ ( Yol _wf )
=7, 2a+ n-1 d = - 60+39x -3 =20x -57= -1140
R I Gl A B )
(d5+1+ -3+ -7+ ... (for 14 terms)
Substitutea = 5,d = - 4 andn = 14 into

(P I et )

Sn=n;[2a+ kn—ljd J =5 \10+13x—4) =7x —42= —294

(e)5+7+9+ ... +75

Herea=5,d=2 andL = 75.

UseL =a+ (n-1)dto find the number of ternts
75=5+ (n-1) x2

70= (n-1) x2

35=n-1

n = 36 (36 terms

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Page2 of 2

Substitutea = 5,d = 2,n = 36 andL = 75 into

LIS - )

=3 ka+Lj =7 K5+75j =18 x 80 = 1440

Ha+7+10+ ... +091

Herea=4,d =3 andL = 91.

UseL =a+ (n-1)dto find the number of ternts
91=4+ (n-1) x3

87=(n-1) x3

29= (n-1)

n = 30 (30 terms)

Substitutea = 4,d = 3,L = 91 andn = 30 into

Sn:n;(a+L> :%(4+91> =15 x 95 = 1425
(0)34+29+24+19+ .. + -111

Herea=34,d= -5andL = - 111.

UseL =a+ (n-1)dto find the number of ternts
-111=34+ (n-1) x -5

-145= (n-1) x -5

29=(n-1)

30=n(30 terms)

Substitutea=34,d= - 5,L = - 111 anch = 30 into

o Yol )
2\

Sn=2ka+Lj= 34+—111} =15x -77= —-1155

(h)y (x+1) + (X+1) + (X+1) + ... + (2Kx+1)
Herea=x+ 1,d =xandL = 21x + 1.

UseL =a+ (n-1)dto find the number of ternts
2Ix+1=x+1+ (n-1) xx

20x= (n-1) xx

20= (n-1)

21 =n (21 terms)

Substitutea=x+ 1,d = x, L = 2Ix + 1 andn = 21 into

nf oo oaf Yooz ()

%: > Ka+L] =5 kx+1+2]x+1) =5 X K22(+2j =21( 1x+1

N—
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Exercise F, Question 2

Question:

Find how many terms of the following series are needed to make the given sum:

(@5+8+11+14+ .. =670
(b)3+8+13+18+ .. =1575
(c)64+62+60+ .. =0
(d)34+30+26+22+ ... =112
Solution:
(@5+8+11+14+ .. =670
Substitutea = 5,d = 3, §, = 670 into
n
[ ( A
=5, 2a+ n-1 ,d
R N R R
n
[ A
670 = 7 10 + n-1 x 3
2 L \ )
n
( )
670 = h+7
N )

1340 =n(3n+7)

0 =3n%+ 7n - 1340

0=(n-20) (n+67)
67

n=20or — 3

Number of terms is ¢

(bh)3+8+13+18+ ... =1575
Substitutea = 3,d = 5, §, = 1575 into
n [ ( A
=~ 2a+ -1 !d
PR
1575:%[ 6+ (n—l) xs}
1575:%(5”1)

3150 =n(5n+1)
0 =512 +n-3150
0= (51+126) (n-25)

126
n= - 5,25

Number of terms is -

(C)64+62+6C+ .. =0
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Substitutea=64,d= - 2 andSn =0 into

n-1

§= 2| 2
|

128 +

3
H

(
\
(
-

N|3

|_
L
n

(L
0= 7 \
0=n(65-n)

n=0or65

Number of terms is ¢

o)

(d)34+30+26+22+ .. =112
Substitutea = 34,d = — 4 andS, = 112 into

ISR
STz AT )Y
68+( )

_n
112 =5 n-1

)
)

x—4}

112=" | 72-4

r
L
(
\
112=n(36 - )

2n2-36n+112=0

-181+56=0
(n-4) (n-14) =0
n=4orl4

Number of terms is 4 or .

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Page2 of 2



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sequences and series
Exercise F, Question 3

Question:

Find the sum of the first 50 even numb

Solution:

2+4+6+8+ -

50 terms

This is an arithmetic series with= 2,d = 2 andn = 50.

n [ 1

Use§, = 3 |_251+(n—1)d J
50
SoS = 5 (4+49x2) =25x102 =2550
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Question:

Carol starts a new job on a salary of £20000. She is given an annual wage rise of £500 at the end of every year until she
reaches her maximum salary of £25000. Find the total amount she earns (assuming no other rises),

(a) in the first 10 years and

(b) over 15 year

Solution:
Total salary

20000 + 20500 4+ 21000 4+ 21500+ ...
- Year 1 Year 2 Year 3 Year 4

Ist increment 2nd increment 3rd increment

Carol will reach her maximum salary after
25000 — 20000

500 = 10 increments

This will be after 11 years.

(a) Total amount after 10 years

= 20000 + 20500 + 21000 +

.4

NS
 — 1
+
>
|
'—\
N—
o
L 1

This is an arithmetic series wigh= 20000,d = 500 anch = 10. Use§, =

w0 [ )

> k40000+9><500j

5 x 44500
£ 222 500

(b) From year 11 to year 15 she will continue to earn £ 25 000.
Total in this time =5 x 25000 = £ 125000.

Total amount in the first 15 years is

£222 500+ £12500(= £ 347 50C
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Question:

Find the sum of the multiples of 3 less than 100. Hence or otherwise find the sum of the numbers less than 10(
not multiples of &

Solution:

Sum of multiples of 3 less than 100
= 3 4+ 6 4+ 9 + 12 ... 4+ 96 + 99

"

99 - 3
This is an arithmetic series with= 3,d = 3 andn = 5 *t1=33terms.

UseS,= 5 [2a+ (n-1)d]

s [ (e y) o

> |_2><3+ \33_1] XBJ

33

= 5 (6 +96)

=33x51

= 1683

Sum of numbers less than 100 that are not multiples of 3
=1+2+4+5+7+8+10+11+ .. +97+98
=(1+2+3+ ... +97+98+99) - (3+6+ ... 96+99)

9 o (ger ) oy ]

’ |_2+ K99—1) le - 1683

99

~ x 100 - 1683

4950 - 1683
3261
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Exercise F, Question 6

Question:
James decides to save some money during the@esk-holiday. He saves 1p on the first day, 2p on the second, 3p
third and so on. How much will he have at the end of the holiday (42 days)? If he carried on, how long would it

he has save£100"

Solution:

Amount saved by James

= 1 + 2 + 3 + .. 42

This is an arithmetic series with= 1,d = 1,n = 42 andL = 42.

UseS§, = n; (a+L }

To save £100 we need

1 + 2 + 3 +

[ ]
.

= 10000

Sum to » terms

() ]

2x1+ n-1 x 1 = 10000
\ )

i
L

n [ )

— . n+1 | =10000

2\ J

n(n+1) = 20000

n2 + n - 20000 = 0

—1+{(1)2-4x1x ( -20000)

n=140.9 or -141.9
It takes James 141 days to s£100
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Question:

The first term of an arithmetic series is 4. The sum to 20 terms is — 15. Find, in any order, the common difference and
the 20th tern

Solution:

Let common difference d.
Substitutea = 4,n = 20, andS,, = — 15 into

ol (]
STz AT )Y
—15=§[8+(20—1)d}

~-15=10(8+14)

-15=8+19
1ad= -95
d=-05

The common difference is — 0.5.

Usenthterm =a+ (n-1)dto find

20thterm =a+ 19d=4+19x -05=4-95= -55
2Cth term i« — 5.E.
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Exercise F, Question 8

Question:

The sum of the first three numbers of an arithmetic series is 12. If the 20th term is — 32, find the first term and the
common differenc:

Solution:

Let the first term ba and the common difference
Sum of first three terms is 12, so

a+ (a+d) + (a+2d) =12

3a+3d=12

a+d=40

20th term is — 32, so

a+19d= - 320

Equation® - equation®:

18d= - 36

d= -2

Substituted = - 2 into equatior@:

a+ —-2=4

a=6

Therefore, first term is 6 and common differenc — 2.
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Exercise F, Question 9

Question:
Show that the sum of the firsn natural numbersin (2n+1) .
Solution:

Sum required
=1 + 2 + 3 + .. 2n

"

Arithmetic series witta = 1,d = 1 andn = 2n.

Use%=n;[2a+ (n—l)d}

=2n (n+1)
>
=n(2n+1)
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Exercise F, Question 10

Question:
Prove that the sum of the fiin odd numbers inZ
Solution:

Required sum
1 + 3 + 5 + 7 +

1 erms

This is an arithmetic series with=1,d = 2 andn = n.

Use%=%[2a+ (n—l)d}

(), ]

2x1+ kn_lj ><2J
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Question:

Rewrite the following sums usingribation:

@4+7+10+ ... +31
(b)2+5+8+11+ ... +89
(c)40+36+32+ ... +0

(d) The multiples of 6 less than 1

Solution:

@4+7+10+ ... +31

Here a= 4 and d= 3,

nthterm=4+ (n-1) x3=3n+1
4isthe 1stterm (3 x1+1)
3listhe 10thterm (3 x10+1)

10
Hence series isX (3r 1).
r=1

(b)y2+5+8+11+ .. +89
Here a= 2 and d= 3,

nthterm=2+ (n-1) x3=3n-1
2isthe 1stterm (3 x1-1)

89 isthe 30thterm (3 x30-1)

30
Hence series isX (3f 1).
r=1
(c)40+36+32+ ... +0

Here a= 40 and &= - 4,

nthterm =40+ (n-1) x —4=44-4n
40 isthe 1stterm (44 -4x1)

Oisthe 11thterm (44 -4 x11)

11
Hence series isY (44 - Yr
r=1

(d) Multiples of 6 lessthan 100 =6+ 12+ 18+ ... +96
6 is the 1st multiple
96 is the 16th multiple

16
Hence series isY, 6r
r=1
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Exercise G, Question 2

Question:

Calculate the following:

5

(a)<semantics>» 3r</semantics>
r=1
10

(b) <semantics>)"  (4r - 1) </semantics>
r=1
20

(c) <semantics> )" (5r - 2) </semantics>
r=1
5

(d) <semantics>) r (r+ 1) </semantics>
r=0

Solution:
5

(a)<semantics>»  3r=3+6+ ... +15/semantics>
r=1

Arithmetic series witth=3,d=3,n=5,L =15

UseS§, = n; (a+L )

10

(b)<semantics>) (4 —-1) =3+7+ 11+ .. +3%/semantics>
r=1

Arithmetic series witla = 3,d =4,n=10,L = 39

UseS, = n; (a+L )

w0 )

= S 1 3+39
2\ )
= 5x 42
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=210

20

(c) <semantics> )" (5r-2) = (5x1-2) + (5x2-2) + (5x3-2) + ... + (5x20-2)
r=1

</semantics>

=3+8+13+ ... +98
Arithmetic series witta = 3,d =5,n=20,L =98

Use§, = n; (a+L )

_nf )

3+098
2
\ )
=10x 101
=1010
5
(d)<semantics>)"  r (r+1) </semantics3s not an arithmetic series, so simply add the terms
r=0
5
<semantics>) r(r+1) =0+2+6+ 12+ 20 + 36/semantics>
r=0
=70

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sequences and series
Exercise G, Question 3

Question:

n
For what value oh does X (5 + 3) first exceed 10007?
r=1

Solution:

n

Y (6r+3)
r=1
= (5x1+3)+ (5%x2+3) + (5x3+3)+ .. + (5R+3)
=8 + 13 + 18 + ... 4+ 5S5n+3

-

Arithmetic series witta = 8,d = 5 andn = n.

Use§, = n; [ 2a+(n-1)d }
= [ 16+(n—1)><5}

n

= S (5n+11)

If sum exceeds 1000 then

n )

. \5n+11) > 1000

n(5n+11) >2000
5n2 + 11n — 2000 > 0
Solve equality B2 + 11n — 2000 = 0
-11+Y (11)2-4x5x - 2000 - 11+ 200.30

n= 2% 5 = o =1893o0r -21.13

The sum has to be bigger than 1000
=> n=19
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Question:
n
For what value ohwould X (100 - 4) = 0?
r=1
Solution:
n
Y (100 - 4)
r=1
= (100-4x1) + (100-4x2) + (100-4x3) + .. + (100+A¥
= 96 + 92 + 88 + .. + (100 - 4n)
Arithmetic series witta = 96,d = — 4 andn = n.
Use the sum formul§, = n; [ 2a+(n-1)d }

n [ 1

2 | 192 + fi— 1) x —4J

~ (196 - 4)

n(98 — )
we require the sum to be zero, so

98
n(98-n) =0 = n=0o0r7

Hence the value inis 49
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Exercise H, Question 1

Question:

Therth term in a sequence?2 + 3r. Find the first three terms of the seque

Solution:

Substitutr =1in2+3=2+3x1=5
1stterm =5

Substitutr =2iN2+3=2+3x2=2+6=8
2nd term =8

Substitute =3iN2+3=2+3x3=2+9=11
3rd term =11
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Exercise H, Question 2

Question:

Therth term in a sequence (r +3) (r —4) . Find the value or for the term that has the value

Solution:

rthterm= (r+3) (r—-4)

whenrth term = 78

78=(r+3) (r—-4)

78 =r2-1r - 12

0=r2-1r-90

0= (r-10) (r+9)

r=10, -9

r must be 10.

[Check: Substitute = 10in (r+3) (r-4)

> (10+3) (10-4) =13x6=7%]
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Question:

A sequence is formed from an inductive relationship:
U,,;=2U,+5

Given thatU, = 2, find the first four terms of the sequence.
Solution:

U,,1=2U,+5

Substituten=1 = U,=2U;+5
U =2 = U,=2x2+5=9

Substituten=2 = Uz=2U,+5
U,=9 = Uz;=2x9+5=23
Substituten=3 = U,=2U;+5
U;=23 > U,=2x23+5=51

The first four terms of the sequence are 2, 9, 23 ar

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Core Maths 1 Pagel of 2

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sequences and series
Exercise H, Question 4

Question:

Find a rule that describes the following sequences:
(a) 5, 11, 17, 23,

(b) 3,6, 9, 12,

(©)1,3,9,27,

(d) 10,5,0, -5,

(e)1,4,09,16,

(H1,1.2, 1.44, 1728

Which of the above are arithmetic sequences?

For the ones that are, state the valuea andd.

Solution:
2 11 17 23 ...
(a) \_>_/\__>__/
“Add 6 to the previous term.”
3 6 9 Lz ...
® 5 /Ny
+3 +3 +3

“Add 3 to the previous term.”

1 3 9 27 ...
(c) N N N
=3 %3 =3
“Multiply the previous term by 3.”

3 .

10 5 0 -
5 5 5

“Subtract 5 from the previous term.”

1 4 9 16 ...
+3 +35 +7
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“Add consecutive odd numbers to each term.” or “They are the square numbers.”

2 1.44 1.728 ...

1 1
(f) \?5/\9/\?5/
1. 1.

%1.2
“Multiply the previous term by 1.2.”
The arithmetic sequences are (a) where5,d = 6, (b) wherea = 3,d = 3,
(d) wherea=10,d= - 5.
Alternatively you could give thnth terms of the series as 6n — 1 (b)3n (¢)3" 1 (d) 15 - 5n (e)n? () 1.2~ 1
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Exercise H, Question 5

Question:

For the arithmetic series5+ 9+ 13 + 17 + ..
Find a the 20th term, anb the sum of the first 20 tern

Solution:
5 9 13 17 ...

The above sequence is arithmetic véth 5 andd = 4.

(@) Asnthterm=a+ (n-1)d
20thterm=a+ (20-1)d=a+ 1
Substitutea=5,d=4 = 20thterm=5+19x4=5+76=81

ae (aa o
( )

d}=10\a+19d)

n
(b) As sumtantermsS, = 5

F
]
L )
)

So= 5 L2a+ \20—1

Substitutea=5,d=4 = S,=10(2x5+19x4) =10x (10+76) =10 x 86 = 860
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Exercise H, Question 6

Question:

(a) Prove that the sum of the firsterms in an arithmetic series is

ol ()
2| 2T )9

wherea = first term andd = common difference.

S=

(b) Use this to find the sum of the first 100 natural num

Solution:

(a@s=a+ (a+d) + (a+2d) + ... [a+ (n-2)d] +[a+ (n-1)d]

Turning series around:

S=Ja+ (n-1)d] + [a+ (n-2)d] + .. (a+d) +a

Adding the two sums:

2S=[2a+ (n-1)d] + [2a+ (nh=-1)d] + .. [2a+ (n-1)d] + [2a+ (n-1)d]

There aremlotsof [2a+ (n—-1)d] :
2S=nx [2a+ (n-1)d]

| PSR
(+78= 5 | @+ (-1 jd

(b) The first 100 natural numbers are 1,2,3, ... 100.
Weneedtofin=1+2+3+ ... 99+ 100.
This series is arithmetic with=1,d = 1,n = 100.

n [

UsingS= 5 | 2a+ n-1 \\ —‘ witha=1,d =1 andn = 100 gives
il A
)
Y

( 100 )

100 -1 Xl—‘ = 2+99x1
\ |

} =50 x 101 = 5050
© Pearson Education Ltd 2C

S= 1T[2><1+

N

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Sequences and series
Exercise H, Question 7

Question:
n
Find the least value affor which X (4 - 3) > 2000.
r=1
Solution:
n
Y (4r-3)=(4x1-3)+(@4x2-3)+(@4x3-3)..(4n-3)
r=1

= 1 + 5§+ 9 + ... + 4n-3

W

Arithmetic series witta = 1,d =

4,
oo I D
Using§, = 3 |_2a+(n 1)d JW|tha—1,d—4g|ves
} =S @+m-4)= S (&-2)=n@n-1)

Sn:n?[Zx1+(n—1)x4

Solve§1 = 2000:
n(2n-1) =2000
2n? - n = 2000

2n?-n-2000 =0
1:\11—4><2>< - 2000

2x2

n= =31.87or —31.37

n must be positive, so= 31.87.
If the sum has to be greater than 2000 in = 32.
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Question:

A salesman is paid commission of £10 per week for each life insurance policy that he has sold. Each week he sells one
new policy so that he is paid £10 commission in the first week, £20 commission in the second week, £30 commission in
the third week and so on.

(a) Find his total commission in the first year of 52 weeks.

(b) In the second year the commission increases to £11 per week on new policies sold, although it remains at £10 per
week for policies sold in the first year. He continues to sell one policy per week. Show that he is paid £542 in the second
week of his second year.

(c) Find the total commission paid to him in the second y[E]

Solution:

(a) Total commission

= 10 + 20 + 30 + ... + 520

i

Arithmetic series witta = 10,d = 10,n = 52.
s2 [

2 |
26 (20+51x10)
26 (20 +510)

26 x 530
£ 13780

2x10+(52—1)x10} using, = [ 2a+ (n - 1)d }

(b) Commission = policies for year 1 + policies for 2nd week of year 2 =520 + 22 = £ 542

(c) Total commission for year 2
= Commission for year 1 policies + Commission for year 2 policies
=520x52+ (11+22+33+ ... 52x11)

I 1

Uses, = “;: ] 22+ (n - 1)d Jwithnz52,az11,d:11

% | 1

;L 2><11+(52—1)><11J

£27040 + 26 x (22 +51 x 11)
£27 040 + £ 15 158
£42 19¢

27040 +
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Question:

The sum of the first two terms of an arithmetic series is 47.
The thirtieth term of this series is — 62. Find:

(a) The first term of the series and the common difference.

(b) The sum of the first 60 terms of the seri [E]

Solution:

Leta = first term andd = common difference.
Sum of the first two terms = 47

=> a+a+d=47
= Z2a+d=47

30th term = - 62
Usingnth term =a+ (n-1)d

= a+29%d= -62(Note:a+ 12d is a common error here)
Our two simultaneous equations are
2a+d =470

a+29d= -62Q

2a+58d= -1243 ( @ x 2)

57d= -171 (® - ®)

d= -3( +57)

Substituted = - 3into®:2a-3=47 = 2a=50 = a=25

Therefore, (a) first term = 25 and common difference = - 3

(b) usingS, = [ 2a+ (n—l ) d }

SBO=%[2a+ (60—1)d—‘=30(a+59d)
Substitutinga = 25,d = - 3 gives
Sc=30(2x25+59x%x -3) =30(50-177) =30x —-127= - 3810
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Question:
(a) Find the sum of the integers which are divisible by 3 and lie between 1 and 400.

(b) Hence, or otherwise, find the sum of the integers, from 1 to 400 inclusive, whnot divisible by 3. [E]

Solution:

(a) Sum of integers divisible by 3 which lie between 1 and 400
=3+6+9+12+ ... +399

This is an arithmetic series with= 3,d = 3 andL = 399.
UsingL=a+ (n-1)d

399=3+ (n-1) x3

399=3+3%-3

399 =

n=133

Therefore, there are 133 of these integers up to 400.

Vs )

o f 133
=7 arl ) =7 34999 ) =77 x402=26 733

(b) Sum of integers not divisible by 3
=1+2+4+5+7+8+10+11.... 400

= (1 +2 +3+4 ...+39 + 400 - 3+6 +9+ ... + 399)
Arithmetic series witha = 1,d = 1, L = 400, n = 400 From part (a). This equals 26733
sn =490 (1 + 400)
= 200 > 401
= BO200

= 80200 - 26733
= 5346,
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Question:

A polygon has 10 sides. The lengths of the sides, starting with the smallest, form an arithmetic series. The perimeter of
the polygon is 675 cm and the length of the longest side is twice that of the shortest side. Find, for this series:

(a) The common difference.

(b) The first term.[E]

Solution:

If we let the smallest side lagthe other sides would kze+ d, a + 21, ... . The longest side would ber 9d.
If perimeter = 675, then
a+ (a+d) + (a+2d) + ... + (a+9d) =675

ol (o ),

> |_ 2a + \ 10-1 ) J =675 (Sum to 10 terms of an arithmetic series)

5(2a+9d) =675 ( +5)
2a+9d =135
The longest side is double the shortest side
=> a+9d=2xa (-a)
= 0Od=a
The simultaneous equations we need to solve are
2a+ 9d = 1350
9d=a®@
Substitute @ = a into O:
2a+a=135
3a=135
a=45
Substitute back int€®:
9d =45
d=5
Therefore (a) the common difference = 5 and (b) the first term
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Question:

Pagel of 1

A sequence of terms Y { is defined forn > 1, by the recurrence relatids), , , = 2kU, , ; + 15U, wherek is a

constant. Given thal, = 1 andU, = - 2:

(a) Find an expression, in termskpfor U,,.

(b) Hence find an expression, in termskofor U,,.

(c) Given also tha, = - 38, find the possible values kf [El

Solution:

Uy, p=2kU, ,, + 15U

n

(a) Replacing by 1 gives

U, = 2kU, + 15U,

We knowU, = 1 andU, = - 2, therefore
Ugj=2kx -2+15x1

Us= —-4k+15

(b) Replacingn by 2 gives

U, = 2kU,; + 150,

We knowU,, = - 2 andU,; = - 4k + 15, therefore
Uy=2k( -4k+15) +15x -2

U,= - 8Kk2+30k-30

(c) We are told that), = — 38, therefore
-8k?+30k-30= -38 ( +38)
-82+3k+8=0 (+ -2)

4k2 - 15 - 4 = 0 (factorise)
(4k+1) (k-4) =0

1
k= - 7.4

1
Possible values dfare - 204
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Question:

Prospectors are drilling for oil. The cost of drilling to a depth of 50 m is £500. To drill a further 50 m costs £640 and, hence, the total
cost of drilling to a depth of 100 m is £1140. Each subsequent extra depth of 50 m costs £140 more to drill than the previous 50 m.
(a) Show that the cost of drilling to a depth of 500 m is £11300.

(b) The total sum of money available for drillincE76000. Find, to the earnest 50 m, the greatest depth that can be ([E]

Solution:

(a) Cost of drilling to 500 m
= 500 + 640 + T80 +

11

1st 2nd ard
Sm S50m S0m

There would be 10 terms because there are 10 lots of 50 m in 500 m.
Arithmetic series with & 500, d= 140 and r= 10.

Using§:%{2a+ (n—l)d}
o[ ( ) 1

= = 2 x 500 + 10-1 x 140
2 L \ ) |

=5 (1000 +9 x140)

=5 x 2260

= £11300

(b) This time we are given$76 000. The first term will still be 500 and d remains 140.

ol (]

Use S= 3 I_ 2a+ K } d with S= 76000, a= 500, d= 140 and solve for n.

1

76000=n; 2><500+(n—1 ><140J

n
76000 = 5

|

I )

L )

I (o )
1000 + 140, n-1

L )

76000 =n[500+70 (n-1) ]

76000 =n ( 500 + 70n- 70)

76000 =n ( 70n+ 430 ) (multiply out)

76000 = 70A+ 430n ( +10)

7600 = 7/ + 43
0="7r + 43n- 7600

-43+Y(43)2-4x7x (-7600) -bx\b?-4ac
n= > %7 (using™ ;.

n=30.02, ( —36.16)

only accept the positive answer.

There are 30 terms (to the nearest term).

So the greatest depth that can be drille3C x 5C = 1500 m (to the nearest 50
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Question:

Prove that the sum of the firsn multiples of 4 idn (2n+ 1) . [E]

Solution:
Sum= 4 + 8§ + 12 + ... + 8n
1st 2nd 3rd Znth

This is an arithmetic series with= 4,d = 4 andn = 2n.

Using§, = n; [ 2a + (n—l)d }

?2
Sin = 22 [2%4 4 (20 -T) x4
,Z[ (2 —1)»4]

(8+81-4)
(8n+4)
x4(2n+1)
n(2n+1)

A3 S S
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Question:

A sequence of numbers Y, { is defined, forn > 1, by the recurrence relatidy), , ; = kU, — 4, wherekis a
constant. Given that, = 2:

(a) Find expressions, in termsloffor U, andU,,

(b) Given also thatl, = 26, use algebra to find the possible valuels [El
Solution:

(@) Replacinqwith1 = U,=kU, -4

U, =2 = U,=2%-4

Replacingnwith2 = U;=kU, -4

Uy,=2k-4 = Uz=k(2k-4) -4 = U;=2-4k-4

(b) SubstituteJ,, = 26

=> 2k?-4k-4=26
2k2-4k-30=0( +2)
k2 - 2k — 15 = 0 (factorise)
(k-5) (k+3) =0
k=5, -3

U R
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Question:

Each year, for 40 years, Anne will pay money into a savings scheme. In the first year she pays in £500. Her payments then increase
by £50 ech year, so that she pays in £550 in the second year, £600 in the third year, and so on.

(a) Find the amount that Anne will pay in the 40th year.
(b) Find the total amount that Anne will pay in over the 40 years.

(c) Over the same 40 years, Brian will also pay money into the savings scheme. In the first year he pays in £890 and his payments
t[he]n increase by £d each year. Given that Brian and Anne will pay in exactly the same amount over the 40 years, find the value of d.
E

Solution:
(a) Btyear = £500

2"dyear = £550= £ (500 +1 x50)
3dyear = £600= £ (500 + 2 x 50)

40" year = £500 + 39 x 50 = £ 2450

(b) Total amount paid in

=  £500 + £550 + £600 + ... + £2450

v

This is an arithmetic series with=a500, d= 50, L= 2450 and rr 40.

(o)
ka+L)
20 [ )
\

~ | 500 + 2450 )

N |3

20 x 2950
£ 59000

(c) Brian's amount

290 4+ (890 +d) + (890 + 2d) +

4[]'].:ears
Use%z%{2a+ (n—ljd}Withn:40,a:890andd.
:%[2x890+(40—1)d}

=20 (1780 + 399

Use the fact that

Brian's savings = Anne's savings
20 (1780 + 399 =59000 ( +20)
1780 + 39d= 2950 ( -1780)
39d=1170 ( +39)

d=30
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Question:
The fifth term of an arithmetic series is 14 and the sum of the first three terms of the series is — 3.
(a) Use algebra to show that the first term of the series is — 6 and calculate the common difference of the series.

(b) Given that thinth term of the series is greater than 282, find the least possible vin. [E]

Solution:

(8) Usenthterm =a+ (n-1)d:
Sthtermis14 = a+4d=14

Use 1stterm =, 2nd term =a + d, 3rd term =a + 2d:
sum of 1st three terms = - 3

=> a+a+d+a+2d= -3
= 3a+3d=-3 ( +3)
=> a+d=-1
Our simultaneous equations are
a+4d =140
a+d= -1@
®-@:3d=15 ( +3)
d=5
Common difference =5

Substituted = 5 back in®:
a+5= -1

a= -6

Firstterm = -6

(b) nth term must be greater than 282
= a+ (n-1)d>282
= -6+5(n-1)>282 ( +6)
= 5(n-1) >288 ( +5)
= (n-1)>576 ( +1)

n> 58.6

.. least value oh = 59
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Question:

The fourth term of an arithmetic series ks ®herek is a constant, and the sum of the first six terms of the series is
7k + 9.

(a) Show that the first term of the series is %= 8

(b) Find an expression for the common difference of the series in tekms of
Given that the seventh term of the series is 12, calculate:

(c) The value ok.

(d) The sum of the first 20 terms of the seri [E]

Solution:

(a) We knownth term =a+ (n-1)d
dthtermis& = a+ (4-1)d=3k = a+3d=3k

()]

Weknow%=n;[2a+ \n_ljdj

Sum to 6 terms isk7+ 9, therefore

s (), ]

2L2a+ k6—1j =7k+9

3(2a+5d) =7k+9
ba+15d=7k+9
The simultaneous equations are

a+ 3d = 3k®

6a + 15d = 7k + 9@

® x 5: 52+ 15d = 153

@-03:1a= -8&+9 = a=9-&
Firsttermis 9 - B

(b) Substituting this i§D gives

9-8k+ 3d=3k
3d=11%k-9
11k -9

3

11k-9
Common difference iS5

(c) If the 7th term is 12, then
a+6d=12
Substitute values & andd:

(s )

—8k+9+6><k ol 12

~8k+9+2(1k-9) =12
~8k+9+2%-18=12
14k - 9= 12

PhysicsAndMathsTutor.com
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14k =21
21

k= 1, =15

(d) Calculate values a&f andd first:
a=9-&=9-8x15=9-12= -3
1k-9  11x15-9 165-9 75

3 3 3 3

a2 (ma )]

=25

10(2a+19d)

10(2x -3+19x%x25)
10( -6+475)
10 x 41.5

=415

Sum to 20 terms is 41
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Exercise A, Question 1

Question:

F is the point with co-ordinates (3, 9) on the curve with equation?.

(a) Find the gradients of the chords joining the pBita the points with coordinates:
(i) (4,16)

(i) (3.5,12.25)

(i) (3.1,9.61)

(iv) (3.01,9.0601)

(v) (3+h, (3+h) ?)

(b) What do you deduce about the gradient of the tangentatthe (3,9) 7

Solution:

_ _ 16-9 7
a (i) Gradient =7, —5 =7 =7

12.25-9 3.25

(i) Gradient = 75-—5 =75 =65
. _%61-9 061
(iii) Gradient = 57 _5 =77 =6.1

9.0601 -9 0.0601
3.01-3 ~ 001

(iv) Gradient =

. (3+h) 2-9 9+6h+h2-9 6h + h? h (6+h)
(v) Gradient =~ 377,y 5 = h = h = h =6+h

(b) The gradient at the poi ( 3, 9) is the value 06 + h ash becomes very small, i.e. the gradient
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Exercise A, Question 2

Question:

G is the point with coordinates (4, 16 ) on the curve with equation2.

(a) Find the gradients of the chords joining the pGind the points with coordinates:
(i) (5.25)

(i) (4.5,20.25)

(i) (4.1,16.81)

(iv) (4.01,16.0801)

(v) (4+h, (4+h) ?)

(b) What do you deduce about the gradient of the tangent at the (4, 16) 7

Solution:

. ) _25-16 9
(a) () Gradient =—-—,~ =7 =9
. . _ 2025-16 425
(i) Gradient = —,-—,~ =75 =85
i _le81-16 081
(iii) Gradient = =, —,~ =77 =81

16.0801 - 16 0.0801
401-4 - 0.01

(iv) Gradient = =8.01

. (4+h) 2-16 16 + 8h+ h2 - 16 8h+h? h (8+h)
(v) Gradient ==, —4, = h = h = h =8+h

(b) Whenh is small the gradient of the chord is close to the gradient of the tangent, ani &lése to the value 8.
So the gradient of the tangent (4, 16) is 8.
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Question:
Find the derived function, given thakfequals:

X/

Solution:

f(x) = x’
fr(x)=7x8
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Exercise B, Question 2

Question:
Find the derived function, given thakfequals:

X8

Solution:

f(x) = x8
f'(x)=8x’
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Exercise B, Question 3

Question:
Find the derived function, given thakfequals:

x4

Solution:

f(x) = x4
f'(x)=4x3
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Exercise B, Question 4

Question:

Find the derived function, given thakfequals:

w |~

X

Solution:

f(x) = xé

1 1 1 2
freg=3xs 1= 3x 3
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Exercise B, Question 5

Question:

Find the derived function, given thakfequals:

EN e

X

Solution:

f(x) = x%

1 1 1 3
frog= 7xe 1= 7x" =«
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Exercise B, Question 6

Question:
Find the derived function, given thakfequals:

3\[x

Solution:

1
f(x) =3\ x=x3
! l l—l l
fr®= 3x37 "= 3X

2
3
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Exercise B, Question 7

Question:
Find the derived function, given thakfequals:

X—S

Solution:

f(x) =x~3
frx)= -3x~3-1= —-3x~4
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Exercise B, Question 8

Question:
Find the derived function, given thakfequals:

x—4

Solution:

f(x) =x~4
fr(x)= —4x" 4" 1= —4ax=>°
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Exercise B, Question 9

Question:

Find the derived function, given thakfequals:
1
X2

Solution:

-1 _,-2
f(x) = 2 X

fr(x)= —2x"2-1= —-2x=3
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Exercise B, Question 10

Question:

Find the derived function, given thakfequals:

1

¥

Solution:

f(x)= = =x"5
(& v

f'(x)= -5x %" 1= —-5x~6
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Exercise B, Question 11

Question:

Find the derived function, given thakfequals:

1

3(x
Solution:
l i
f(xX) = — =x" 3
(& =
1 1 1 4
froo=-3x" 371= - x 3
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Exercise B, Question 12

Question:

Find the derived function, given thakfequals:

1
v x
Solution:
1 1
f()= 7 =X 2
1.2 1.2
fr®)=-3x" 277= - 7x7 2

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Differentiation
Exercise B, Question 13

Question:

Find the derived function, given thakfequals:

%%

Solution:

f(x)= % =x2"4=x"2
fre)=-2x"2"1= —2x=3
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Exercise B, Question 14

Question:
Find the derived function, given thakfequals:

L
X2

Solution:

[%s

fx)= 2 =x3"2=x1

fro=1xt-1=1x0=1
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Exercise B, Question 15

Question:

Find the derived function, given thakfequals:

% %6

Solution:

X6
fx)= 5 =x073=x3

fr(x)=3x2
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Exercise B, Question 16

Question:

Find the derived function, given thakfequals:
x3 x x8

Solution:

f(X) =x3x xB=x3+6=x9
f'(x)=9x8
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Exercise B, Question 17

Question:

Find the derived function, given thakfequals:
X2 x x3

Solution:

f(X) =x2xx3=x2+3=x5
f'(x)=5x
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Exercise B, Question 18

Question:
Find the derived function, given thakfequals:

X X X2

Solution:

f() =xxx2=xt*2=x3
f'(x)=3x2
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Exercise C, Question 1

Question:
—2
Find .~ wheny equals:
(@) 22 - 6x+3
1
(b) gxz + 12

(c) 42 -6

(d) &2+ 7x + 12
(€)5 + 4x — 5x2
Solution:

(@)y=2x2-6x+3
d
—=2() -6(1)+0=%-6

1
(b)y= 5x*+ 1

dy 1
= = S(2X) + 12(1) =x + 12

dx

(C)y=4x2-6
dy
= 4(2) - 0 = &

(d)y=8x%+ 7x + 12
d
=8 +7+0=16+7

(e)y=5 + 4x - 5x2
dy
o =0+ 4(1) -5 =4 - 1k
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Differentiation
Exercise C, Question 2

Question:

Find the gradient of the curve whose equation is
(a)y = 3x% at the point (2,12)

(b)y = x2 + 4x at the point (1,5)

(c)y=2x2 - x - 1 at the point (2,5)
1, 3 ,
(d)y= 7x*+ Sxatthepoint (1,2)

(e)y =3 - x2at the point (1,2)

(Hy=4-2x2atthepoin ( -1,2)

Solution:

(@)y = 3%
dy
dx

Atthe point (2,12) x=2.

= 6X

. : . _ dy .
Substitutex = 2 into the gradient expressiq) % ® give

gradient =6 x 2 =12.

(b)y = X2 + 4x

dy

i = Xt4

Atthe point (1,5) x=1.

d
Substitute(=1intoﬁ = X + 4 to give
gradient =2x1+4=6
(Cy=2¢-x-1
d
wx = x-1
Atthe point (2,5) x=2.

d
Substitute(:Zintoﬁ =& - 1to give

gradient =4x2-1=7

1 3
(dy= 3%+ 5X

dy 3
dx =X+ 2

Atthepoint (1,2) ,x=1
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. o dy 3.
Substitutex = 1into = =x+ 7to give

. _ 3 1
gradient =1+7 =2

(€)y=3-x

dy

dx

At (1,2) ,x=1.

. . dy :
Substitutex = 1into = = - Xto give
gradient = —-2x1= -2
Hy=4-2¢

dy
dx

At (-1,2) x= -1.

= —4X

. .Gy .
Substitutex = - 1linto = = - &to give

gradient= —-4x —-1= +4
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Differentiation
Exercise C, Question 3

Question:

Find they-coordinate and the value of the gradient at the point Pxagtdordinate 1 on the curve with equation
y=3+2x-x2

Solution:

y=3+X-x?

Whenx=1,y=3+2-1

= y=4whenx=1
Differentiate to give

4y _
o =0+2-X

R A
Whenx = 1, w —2-2

d

Sy _
= i =0whemx=1

Therefore, they-coordinate is 4 and the gradient is 0 whenx-coordinate is 1 on the given cur

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Differentiation
Exercise C, Question 4

Question:

Find the coordinates of the point on the curve with equy = x2 + 5x — 4 where the gradient is

Solution:

y=x2+5x—-4
dy _
dx_2X+5

d
Put =3
ThenX+5=3

> XxX=-2

> x=-1
Substitutex = — 1 intoy = x2 + 5x — 4:

y=(-12+5(-1)-4=1-5-4= -8
Therefore. ( — 1, —8) is the point where the gradient i
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Differentiation
Exercise C, Question 5

Question:

Find the gradients of the cury = x2 — 5x + 10 at the point:A andB where the curve meets the liy = 4.

Solution:

The curvey = x2 - 5x + 10 meets the ling = 4 when
x2-5x+10=4

X2-5x+6=0

(x-3) (x=-2) =0

x=30rx=2

The gradient function for the curve is given by

4y _
o = 2X—5

_, ¥ _
whenx = 3, x —2%x3-5=1

d

Yy _
whenx = 2, i =2x2-5=-1

Sothe gradientsa-l1andl1a (2,4) and (3, 4) respectively
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Differentiation
Exercise C, Question 6

Question:

Find the gradients of the cury = 2x2 at the point:<C andD where the curve meets the liy = x + 3.

Solution:

The curvey = 2x2 meets the ling = x + 3 when
2%=x+3

2%2-x-3=0

(2x-3) (x+1) =0

x=150r -1

d
The gradient of the curve is given by the equaﬁ%n X=4

The gradient at the point whexee —1is4x - 1= -4,
The gradient at the point whexe= 1.5is 4 x 1.5 = 6.
So the gradienti—-4at ( —1,2) andis6a(1.5,4.t) .
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Differentiation
Exercise D, Question 1

Question:
Use standard results to differentiate:

(@x*+x-1
(b) 3% 2

1

()X~ 2
Solution:

(@ fx)=x*+x"1
frx)=4a3+ (- 1)x" 2

(b) () = 5x~2

0= 5(-2) 3= -x73

I+~

C©)fx)=2x" 2
([ 1) .2 3
frx)=2 -2 xl2=-x"2
L2
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Differentiation
Exercise D, Question 2

Question:

Find the gradient of the curve with equation f(x) at the poinfA where:
(@) fx) =x3—3x+2andAisat ( —1,4)

(b)f(x) =3x2+2x~landAisat (2, 13)

Solution:

(@) fx) =x3—3x+ 2

f'(x)=32¢-3

At (-1,4) x= -1.

Substitutex= — 1tofindf' (-1)=3(-1f-3=0
Therefore, gradient = 0.

(b) f(X) = 3x2 + 2x 1
fr()=6x+2(-1x 2=6x-2x"2
At (2,13) x=2.

2 1
f'(2=6(2)-202)y2?=12- 7, =113

1
Therefore, gradient =13
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Differentiation
Exercise D, Question 3

Question:
Find the point or points on the curve with equatfonf(x), where the gradient is zero:
(a) f(x) = x% — 5x

(b) f(X) = x3 — %2 + 24x — 20

(c)f(x)=x§ -6x+1

(d)f(x) = x~ 1+ 4x

Solution:

(a) f(x) = x2 — Bx
f'"x)=2x-5
When gradient is zero, f(x) = 0.
= X-5=0
=> x=25
Asy = f(X), y = f(2.5) whenx = 2.5.
=> y=(25f-52.5)= -6.25
Therefore, (2.5, —6.25) is the point on the curve where the gradient is zero.

(b) f(X) = x3 — 92 + 24x — 20
fr(x)=3x%— 18+ 24

When gradient is zero, f(x) = 0.

=> 3I-1&+24=0

> 30x2-6x+8)=0

= 3(x-4)(x-2)=0

= X=4o0rx=2
Asy=f(X),y=f(4) whenx=4.

> y=48-9x4£+24x4-20= -4
Alsoy=f(2) whenx = 2.

> y=28-9x2+24x2-20=0.
Therefore,at (4, —4) andat (2, 0) the gradient is zero.

(c)f(x):xg -6x+1

3 1
f'x=3x2-6

When gradient is zero, f(x) = 0.

3 1

= EXZ_G:O
1

> X2z=4

> x=16

Asy=f(x),y=f(16) whenx = 16€.
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3
> y=162-6x16+1= -31
Therefore, at (16, — 31) the gradientis zero.

(d) f(x) =x~ 1+ 4x

fr)=-1x"2+4

For zero gradient, f(x) = 0.
> -x"2+4=0

Whenx=—%,y=f (—%) = —%) _1+4( —%) = -2-2= -4
(2 (2 | -
Therefore, K 5 .4 andk =, , —4) are points on the curve where the gradient is zero.
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Differentiation
Exercise E, Question 1

Question:
Use standard results to differentiate:

(a) 2+ x
3
(b) 2z
1
(©) o
1
(d) 3x3x - 2)

(e)% +x

1

M 3Ax+ 5

2x+ 3
(9)

32 -6

(h)

23+ 3x
(i) v x

M Xx(X2-x+2)

(K) 3x2 (X2 + 2x)
(1)
* )

() (3x - 2) 1 & +

Solution:
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(b)y= = =2
X

dy _ _
o =3(-2x 3= —6x73

1
@y= — = 3x7°

@ 1 _ _
dx — 3(_3)X 4= - X 4

(d)y= %x3(x—2): éx“— §x3

dy
dx

4 2 4
= 3x3- 3 x3¢= 73 -2¢

1
(e)y = 33 +Vx=2x"3+x2

X

dy 1 1
== _ _ -4 = =
dx ~ 6x + 2 X 2
1 = 1
My=Ax+ 5 =x3+ 3x
dy 1 2
o = 3% 0T Xt
_2x#3 22 3 1
@Qy= ", =Lt =2+X
dy
2L _f_a -2
o =0~ X
_ ﬁ 6 -1
(hy= "% =% - X =X-6x
dy
= _ -2
x =3 *6x
23 + 3x 1 1

(|)y: Ix =£+3_X:2(22+3X2

1 1

X5 X3
dy =
o =oxtz + 15"

(j)y=x(x2—x+2) =3 - x2 + 2x

d
L 32 2x+2

dx=

(K)y=3x2(x2+2x) =3x*+6x3
d
o =123+ 18¢
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1 \ 2
y=@x-2)4x+ ¢ ) =12@-8+3- _ =12@-8+3-2x"!

dy
= _ _ -2
dx—24x 8 + X
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Differentiation
Exercise E, Question 2

Question:
Find the gradient of the curve with equation §(x) at the poinA where:

@fx)=x(x+1) andAsat (0,0)

(b) f(x) = Zx—;GandAisat (3,0)
1 . ( 1
(©)f(9 = —, andAis at k 712

(d) f(x) = 3x - izand Aisat (2,5)

Solution:

(@) f) = x(x + 1) =x2 + x
fr(x)=2x+1

At (0,0) ,x=0.

Therefore, gradient =f(0) =1

- X-6_ X _ 6 _2 o o1 a2
D) fg= === = = = = =5 6= 1-6x
frix)= —2x"2+12x° 8

At (3,0) ,x=3.

. P 12 2 12 2
Therefore, gradient ='f(3) = - S+ = =-5+t5% 7
3

1 1
©f)= 7, =x" 2

1 3
fre= - 5x°

(1
At K;,2),x: 2
1 1 1 3 1

Therefore, gradient ='f (Z) =-3 (Z) T2= - xB= -4

(d) f(x) = 3x- iz = 3x- 4x~ 2
X

f'(x)=3+8x3
At (2,5) ,x=2.

8
Therefore, gradient =f(2)=3+8(2) 3=3+ 5 =4
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Differentiation
Exercise F, Question 1

Question:
- A2
Find - and o2 whely equals:

12x2 + 3x + 8

Solution:

y=12C +3x+8

4y _

o = 24x+3
Py

oz =24
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Differentiation
Exercise F, Question 2

Question:

dy by .
Find - and o2 whely equals:

3
15x+6 +

X

Solution:

3
y=1x+6+ o =15 +6+ X!
dy

Y e _a-2

o = 15— X

e AP
@
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Differentiation
Exercise F, Question 3

Question:

dy by .
Find - and o2 whely equals:

9vx- 2

Solution:
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Differentiation
Exercise F, Question 4

Question:

dy by .
Find - and o2 whely equals:

(5x+4) (3x-2)

Solution:

y=(5x+4)(3x-2) =15+ 2x -8
dy
o = 30+ 2
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Differentiation
Exercise F, Question 5

Question:

dy by .
Find - and o2 whely equals:

3x+ 8
X2
Solution:
3
= X8 X 8 o= & 2=3l4gx 2
X2 X2 X2 X
dy
=L _ _ay-2_ -3
o = — 3X 72— 16x
d%y

G2 S exT A
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Differentiation
Exercise G, Question 1

Question:
T
Find 5 wheref = t2 - 3t

Solution:

0=12- 3t
4 _
G =2t-3
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Differentiation
Exercise G, Question 2

Question:
dA
d

Find ] whereA=2nr

Solution:

A=2nr
oA _
ar =27
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Differentiation
Exercise G, Question 3

Question:

12

dr
Find at wherer = :

Solution:
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Differentiation
Exercise G, Question 4

Question:
. dv
Find e wherev = 9.8 + 6

Solution:

v=98+6

av _
o =98
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Differentiation
Exercise G, Question 5

Question:

5
whereR=r + T

. OR
Find o

Solution:
5
R=r+ r_:r+5r‘1

— —1-pg-2
o —1-9
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Differentiation
Exercise G, Question 6

Question:
. dx
Find 5 wherex = 3 - 12 + 4t2

Solution:

X=3- 12 + 4t2
dx

G =0-12+8

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Differentiation
Exercise G, Question 7

Question:
. dA
Find " whereA = x (10 —x)

Solution:

A=x(10 -x) = 10x — x2
da
=10 - X
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Differentiation
Exercise H, Question 1

Question:
Find the equation of the tangent to the curve:

(@)y = x2 - 7x + 10 at the point (2,0)

)

1 1

(b)y=x+ ;atthepoint( 2,2
\ )
(c)y = 4 x at the point (9,12)
2x-1 .
(d)y= — atthe point (1,1)
(e)y=2x3+ 6x+ 10 at the point ( - 1,2)
Hy=x2+ _—27atthepoint (1, -6)
X

Solution:

(@)y=x2-7x+ 10

dy

o = X7

At (2,0) ,x=2,gradient =2x2-7= —-3.
Therefore, equation of tangent is
y-0=-3(x-2)

y= —-3x+6

y+3x-6=0

1
(b)y=x+ 7 =x+x71

dy
=L _ 1 _y-2
dx—l X

(1)

3
_ : _q1_=~-2_ =
At \Z’ZZJ X =2, gradient =1-2= 7.

Therefore, equation of tangent is

1_3
y_22 = 4(X_2)

3 1 1
y= 7x-175 +27
3
y= ,x+1
¢y -3x-4=0
1
(c)y=4~x=4x2
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1
2 = 7

At (9,12) x=9,gradient =2x9
Therefore, equation of tangent is

2
y-12=5&-9)

y= 2X-6+12

N wN

y= 3x+6

3y-2x-18=0

2x-1 2_x 1 1
(dy= " =5 - % =2-x

dy

= _ -2

x =0 +X

At (1,1) ,x=1,gradient =T2=1.
Therefore, equation of tangent is
y-1=1x (x-1)

y=X

(e)y = 23 + 6x + 10

dy
—_ 2
i =6Xx°+ 6

At (-1,2) x= —-1,gradient =6 ( -1 +6=12.

Therefore, equation of tangent is
y-2=12[x- (-1) ]
y-2=1X+ 12

y=1+ 14

Hy=x2- L =x2-7x"2
X2

dy

9 _ -3

G = X+ 14

At (1, —-6) ,x=1,gradient =2 + 14 = 16.
Therefore, equation of tangent is
y-(-6)=16(x-1)

y+6=16<- 16

y =16x — 22
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Differentiation
Exercise H, Question 2

Question:
Find the equation of the normal to the curves:

(a)y = x2 - 5x at the point (6, 6)
8
(b)y=x?~- — atthe point (4,12)

Solution:

(@)y = x2 - 5x

dy

x = 2X-=5

At (6,6) ,x=6, gradientofcurveis2x6-5=7.

Therefore, gradient of normal is =
The equation of the normal is

1
y-6= - 7&-6)

7y—-42= -x+6
7y+x-48=0

8 1
(b)y=x2- 7, =x-8x" 2

w

dy 3
ax =X+ AXT 2

3
2

: . 4_ ¥
At (4,12) x=4,gradientofcurveis2x4+4(4) 2 =8+ 3 =

2

Therefore, gradient of normal is 7

The equation of the normal is
2
y-12= - 5 &-4)

17y -204= -X%+8
17y +2x-212=0
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Differentiation
Exercise H, Question 3

Question:

Find the coordinates of the point where the tangent to the gurvé + 1 at the point (2,5) meets the normal to the
same curve at the poi (1,2) .

Solution:

y:x2+1

dy
% = 2X

dy
At (2,5) x=2,3 =4

The tangentat (2,5) has gradient 4.

Its equation is

y-5=4(x-2)

y=4x - 30O

The curve has gradient 2 at the point (1,2) .

1
The normal is perpendicular to the curve. Its gradient is -

The equation of the normal is
1
y-2= - 3&-1)
1 1
y= - 5x+25,@

Solve Equation@ and® to find where the tangent and the normal meet.
Equation@ - Equation@:

_ .1 1
0—42x—52

Therefore, the tangentat (2,5) meetsthe normalat (1,2

I~
o
s
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Differentiation
Exercise H, Question 4

Question:

Find the equations of the normals to the cyrwex + x3 at the points (0,0) and (1,2) , and find the coordinates
of the point where these normals m

Solution:

y=x+ X3
d
dx ~ 1+3¢
At (0,0) the curve has gradient 1 + 3%91.
1
The gradient of the normalat (0,0) isT = -1

The equation of the normalat (0,0) is

y-0=-1(x-0)

y= -x®

At (1,2) the curve has gradient 1 + 3%=14.
1

The gradient of the normal at (1,2) is 7

The equation of the normalat (1,2) is

1

y-2=-,k-1)

4y-8= -x+1

y+x-9= 0@

Solve Equation@ and® to find where the normals meet.

Substitutey = - x into Equation®:
-4x+x=9 = x= -3andy= +3.
Therefore, the normals meet ( -3, 3) .
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Differentiation
Exercise H, Question 5

Question:

For f(x) = 12 — 4 + 2%, find an equation of the tangent and normal at the point where- 1 on the curve with
equationy = f(x). [EI

Solution:

y =12 - &+ 232
dy
o =0 -4+ &
- Y -
whenx= -1, = -4-4= -8

The gradient of the curve is — 8 wher - 1.

Asy = f(x), whenx = -1

y=f(-1)=12+4+2=18

The tangentat ( — 1, 18) has gradient - 8. So its equation is
y-18= -8k + 1)

y-18= -&-8

y=10 - &

-1 1
Thenormalat ( -1,18) hasgradien ZF . Soits equation is

1 A

y-18= 3 \x+1)

8y - 144 =x + 1
8y - x— 14£=0
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Differentiation
Exercisel, Question 1

Question:

A curve is given by the equatign= 3x2 + 3 + iz , Wherex > 0.
X
At the pointsA, B andC on the curvex =1, 2 and 3 respectively.

Find the gradients A, B andC. [E]

Solution:

y=3x2+3+ iz =32 +3+x72
X

o S X-2xT3=6x- =
X3

dy 2
Whenle,dx = 6x1-= =4
13
4y 2 _ 2 _.3
Whenx = 2, - —6><2—;—12—8 =1L,
A 2 _ 2 _ .3
Whenx = 3, —6><3—§—18—27 =17

3 25
The gradients at points B andC are 4, 11, and 17, , respectively.
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Differentiation
Exercisel, Question 2

Question:
1
Taking f() = 3 x* — 42 + 25, find the values of for which f' (x) = 0. [E]

Solution:

1
f(x) = ;x* - 42+ 25

F7 (%) =@ - 8x
When f’ (x) = 0,
x3-8x=0
x(x2-8) =0
x=0o0rx2=8
x=0or +V8
x=0or +2+2
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Differentiation
Exercisel, Question 3

Question:

A curve is drawn with equation= 3 + 5x + x2 — x3. Find the coordinates of the two points on the curve where the
gradient of the curve is zerlE

Solution:

y=3+5+x-x3

dy
== _ — 2
dX—5+2x 3x

dy
put 5 =0. Then

5+X-3x¥=0
(5-3) (1+x) =0
5

Xx= —lorx= 3
Substitute to obtain
y=3-5+1- ( —1)3whenx= -1, i.e.
y=0whenx= -1

and
I O T A T P
YIS ) L) T

25
y=3+ 3 + 5 - =927when<=

5

3whenx= 7, i.e.

)
)

2 1
So the points have coordinates ( —1,0) aEd 31 5 9}
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Differentiation
Exercisel, Question 4

Question:

Calculate thex-coordinates of the points on the curve with equey = 7x2 — x3 at which the gradient is equal to [El

Solution:

y=72-x3

dy
== _ )
% = 14x — 3x

dy .
Put x = 16, i.e.

14x - 3x2 = 16

32 -14x+16=0

(3x-8) (x-2) =0
8

X = 3orx:2

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Differentiation
Exercisel, Question 5

Question:

Find thex-coordinates of the two points on the curve with equatien - 11x + 1 where the gradient is 1. Find the
corresponding-coordinateslE]

Solution:

y=x-11x+1
dy
o =X -11

d
As gradient s 1, puﬁ =1, then

3x-11=1

3x2=12

X2 =4

X=x2

Substitute these values inte= x3 - 11x + 1:
y=28-11x2+1= -13whex =2 and
y=(-2@-11(-2)+1=15whex= -2

The gradient is 1 at the poir (2, —13) and ( -2, 15) .
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Differentiation
Exercisel, Question 6

Question:
9
The function fis defined byXf = x+ 77,x € £ x# 0.

(@) Find f' (x).

(b) Solvef ' (x) = 0. [El

Solution:

9
@ f) =x+ T =x+9x"1

frg=1-%x"2=1- 2
X2

(b) When f' (x) = 0,

1- 2 =0
X

X2

x2=9

X= +3
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Differentiation
Exercisel, Question 7

Question:

Given that

N | w
<&

x>0,

d
find the value ok and the value qfwhenﬁ =0lEl

Solution:

3 48 3
y:x2+7:x2+48(_l
dy 3 =
o = oXz — 4?2

N |w
N |-
N
3

1

Multiply both sides by?:
3,-
oX°2 =48

1

x22 =32

2
5

x=(32)
x=4

3

3 8
Substitute to giveg =4 2 + 47 =8+12=20
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Differentiation
Exercisel, Question 8

Question:
Given that

1
2

N [~

y=3x2 —4x~ 2,x>0,

—
find o, . [El
Solution:

1 1

y=3x2 —-4x" 2
dy 3 1
= 2
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Differentiation
Exercisel, Question 9

Question:

1
A curve has equation= 12x 2 — x

3
2

3

dy L
(@) Show that, = =5Xx" 2(4 —X)

(b) Find the coordinates of the point on the curve where the gradient i[El

Solution:

d
(b) The gradient is zero Wheﬁ' =0:
3 1
5X" 2(4-x=0
xX=4

1 3
Substitute intay = 12x 2 — x 2to obtain

y=12x2-2=16
The gradient is zero at the point with coordini (4, 16) .
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Differentiation
Exercisel, Question 10

Question:

(3

(a) Expand , x
\

A
_1]\)(

(b) A h ti 2 1\ ( Tt > 0. Find =
curve has equation= sz— ) \x 2 ),x . Find .

(c) Use your answer 1b to calculate the gradient of the curve at the point wx = 4. [E]

Solution:

3 1 3 1
(a) (x?—l) (x‘5+1) =x4+Xx2-X"2-1

32 1
(b)y=x+x2-x"2-1
dy 1 1 3
&=1+ 2X2+ X7 2

.Y 3 1 1 _ i 1
(c)Whenx=4, " =1+ 7 x2+7 ><_3 =1+3+, =4,

45
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Differentiation
Exercisel, Question 11

Question:
Differentiate with respect te:

X2 + 2

23+ Vx+ [E]

X2
Solution:

X2 + 2x

Lety =23+ Vx+ 2

e,
> y=23+xz2+ L+ =
X2 X2

1
> y=2C+x2+1+X°1

dy 1
o =6+ DX

1
= 2
dx

1
- -2 _—ay2 -
2X = 6X° + 24 x

><N|,\_,
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Differentiation
Exercisel, Question 12

Question:

The volume cn, of a tin of radius cm is given by the formul = n (40r - r2-r3) . Find the positive value of

dv
for which ™~ =0, and find the value ®fwhich corresponds to this valuero'[El

Solution:

V=m (40r -r2-r3)
dv

o =40m —2mr-3nr?

&
Put 5~ =0, then

n (40-2-3r2) =0
(4+r) (10-3) =0
10

r= 30r—4

10
Asr is positiver = 7.

Substitute into the given expression Yor

(10 100 1000 ) _ 2300
V=“\40X3_9_27):277t
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Differentiation
Exercisel, Question 13

Question:

The total surface area of a cylindsam? with a fixed volume of 1000 cubic cm is given by the formAila 2 © x? +

2000
¢ » Wherex cm is the radius. Show that when the rate of change of the area with respect to the radiue’is zero,

— . [E]
Solution:

2000
A=2mx2+ —— =2mx*+200" !

dA
o S4mx-200 2=4xx- 220
2

X
dA

When' =~ =0,
2000
4nx= 29
X2
2000 500
x3: = -
47 T
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Differentiation
Exercisel, Question 14

Question:

The curve with equatiop= ax? + bx + ¢ passes through the point (1, 2) . The gradient of the curve is zero at the
point (2, 1) . Find the values ca, b andc. [E]

Solution:

The point (1, 2) lies on the curve with equatjon axZ + bx + c.
Therefore, substitute= 1,y = 2 into the equation to give

2=a+b+c®

The point (2, 1) also lies on the curve.
Therefore, substitute= 2,y = 1 to give

1=4a+2b+c®
Eliminatec by subtracting Equatio® - Equation®:

-1=3+b®

. . . . . dy
The gradient of the curve is zero at (2, 1) so substitet@ into the expression fof = = 0.

Asy=ax?+bx+c
dy
i = 2aX+Db

At (2.1)
0 =4a+b®

Solve Equation$d and@® by subtracting® - ®:
l1=a

Substitutea = 1 into Equatior@ to giveb= - 4.

Then substituta andb into Equation@ to givec = 5.
Thereforea=1,b= -4,c=5.
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Differentiation
Exercisel, Question 15

Question:

A curveC has equatioy = x3 — 5x2 + 5x + 2.
. dy .
(@) Find "~ in terms oX.

(b) The pointd andQ lie onC. The gradient o€ at bothP andQ is 2. Thex-coordinate oP is 3.
(i) Find thex-coordinate ofQ.
(ii) Find an equation for the tangent@aat P, giving your answer in the forpm= mx + ¢, wherem andc are constants.

(i) If [thi]s tangent intersects the coordinate axes at the pRiatgdS, find the length oRS giving your answer as a
surd.lE

Solution:

y =x3 = 5x2 + 5x + 2

d
(@) o =3@-10x+5

d
(b) Given that the gradient is g)y; =2

33X -10x+5=2

3 -10x+3=0

(3x-1) (x-3) =0
1

X = gorS

1
() At P,x = 3. Therefore, a®, x = 7.

(i) At the pointP, x=3,y=33-5x ¥ +5x3+2=27-45+15+2= -1
The gradient of the curve is 2.

The equation of the tangentRis

y-(-1)=2(x-3)

y+1=%-6

y=2x-17

(i) This tangent meets the axes when 0 and whery = 0.

1
Whenx=0,y= —7.Wheny=0,x=37.

)

1
The tangent meets the axesat (0, - 7) %d 5 3 } 0
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Ya
. |

S(33,0)

0 x

R{{}i o ?} }

)

. ! , ,_[= 7 7
The distancds = \32_0] +[0-(-7)12=\" +49= 3 1+4:2\/5.
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Differentiation
Exercisel, Question 16

Question:

8
Find an equation of the tangent and the normal at the point wheeon the curve with equatign= 7 - x + 3x2,

x> 0. [El

Solution:
8
y= ; —x+3=8x"1-x+3x

dy
e R e B R

dx
X

_, 8 _
whenx—2,dx =-7-1+12=9

8
Atx=2y= 5 -2+3x2=14
So the equation of the tangent through the point (2, 14 ) with gradient 9 is

y—-14=9k-2)
y=9x-18 + 14
y=9%-4

The gradient of the normal is % , as the normal is at right angles to the tangent.
So the equation of the normal is

y-14= - 5 &-2)

Oy + x = 12¢
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Differentiation
Exercisel, Question 17

Question:
The normals to the curvey2 3x3 — 7x2 + 4x, at the point®© (0,0) andA (1, 0) , meet at the poii.
(a) Find the coordinates bF

(b) Calculate the area of trian¢OAN. [E]

Solution:

(@) 2 = 33 — Tx2 + 4x
3 7
y= 53— 5%+ 2

dy 9
=L _ 2 2_
x = 2X X+ 2

At (0,0) ,x=0, gradientofcurveis0-0+2 =2,

1
The gradient of the normal at (0,0) is 7
1
The equation of the normal at (0, 0)yis - X

9 1
At (1,0) ,x=1,gradientofcurveiy -7+2= 35

The gradient of the normalat (1,0) is 2.
The equation of the normalat (1,0)yis2(x—-1) .
1

The normals meet whgn=2x - 2 andy = - 7 x
_ 1
2Xx-2= - 37X
i_
25x=2

h.ol _ 4
x-2722—5

N |-

2
Substitute intgy = 2x - 2 to obtainy = - 7 and check iy = -

( 2 )

N has coordinatesK g - }

(b)
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Ya
‘- b----- »A -
oN  * / :
h
4 =2

1
The area of A OAN = 7 base x height
base b) =1
2
heightf) = 3

Area = x 1 x

N |-
GRS
(R
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I ntegration
Exercise A, Question 1

Question:
i . ady
Find an expression fgrwhen '~ is:

X5
Solution:

dy

— b
ax — X

%8

y= 6+C
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I ntegration
Exercise A, Question 2

Question:
i . ady
Find an expression fgrwhen '~ is:

104

Solution:

dy
dx

=104

5

X
y=1073 +c
y=23+c¢
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I ntegration
Exercise A, Question 3

Question:
i . ady
Find an expression fgrwhen '~ is:

3x2

Solution:

dy
=L _ a2
dx—3x

X3

y=373 +c
y:x3+c
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I ntegration
Exercise A, Question 4

Question:
i . ady
Find an expression fgrwhen '~ is:

—x-2
Solution:

dy
dx

y=x"1l+cor
1
y= ; +C
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I ntegration
Exercise A, Question 5

Question:

i . dy .
Find an expression fgrwhen '~ is:

_4X—3

Solution:

dy

=L _ _ -3

ax = 4x
X—2

y=-47_, +c

y=2x"2+cor

2
y= < +c
X2
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I ntegration
Exercise A, Question 6

Question:

i . dy .
Find an expression fgrwhen '~ is:

RN

Solution:
dy 2
dx =Xs3
5
X3
y= —+c¢
5
3
3 5
y= Ex3 +C
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I ntegration
Exercise A, Question 7

Question:

i . dy .
Find an expression fgrwhen '~ is:

N |-

Solution:

N | w |N|w

w |oo
N | w

y:
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I ntegration
Exercise A, Question 8

Question:

i . dy
Find an expression fgrwhen '~ is:
- 2X6
Solution:

dy
== 6
ix 2X

y= -27 +cC

2

y= - 7x'+c
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I ntegration
Exercise A, Question 9

Question:
i . ady
Find an expression fgrwhen '~ is:

3x°

Solution:

dy
==L _ a5
dx—3x

y=37 +cC

1
y= 3x¢+c
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I ntegration

Exercise A, Question 10

Question:

i . dy .
Find an expression fgrwhen '~ is:

3x 4

Solution:
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I ntegration
Exercise A, Question 11

Question:
i . ady
Find an expression fgrwhen '~ is:

1
T2

X

Solution:
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I ntegration

Exercise A, Question 12

Question:

i . dy .
Find an expression fgrwhen '~ is:

3
2

5x~
Solution:
gy 2
dx =5xT 2
1
. =
y=5 +C
_1
2
1
y= —-1X~ 2 +cor
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I ntegration
Exercise A, Question 13

Question:
i . ady
Find an expression fgrwhen '~ is:
3
—2X™ 2

Solution:
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I ntegration
Exercise A, Question 14

Question:

i . dy .
Find an expression fgrwhen '~ is:

w |~

Solution:
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I ntegration
Exercise A, Question 15

Question:
i . ady
Find an expression fgrwhen '~ is:

36x11

Solution:

dy
= _ 11
o = 36%

x12

y=367, +cC
y=3x¥2+c
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Exercise A, Question 16

Question:

i . dy .
Find an expression fgrwhen '~ is:

- 14x 8
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Exercise A, Question 17

Question:

i . dy .
Find an expression fgrwhen '~ is:

2
3

-3~
Solution:
dy 2
dx — 3
1
s
y= -3— +cC
1
3
1
y = -0Oxs3 +¢C
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I ntegration

Exercise A, Question 18

Question:

i . dy .
Find an expression fgrwhen '~ is:

-5

Solution:
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I ntegration
Exercise A, Question 19

Question:
i . ady
Find an expression fgrwhen '~ is:

6X

Solution:

dy
X = 6X

X2
y=67 +c

y=3x+c
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I ntegration
Exercise A, Question 20

Question:
i . ady
Find an expression fgrwhen '~ is:

2%~ 0.4

Solution:

— =2y~ 04

dx=
e
y=27, *C

20
y= 5xX08+c¢

10
y= 3xX%6+¢
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I ntegration
Exercise B, Question 1

Question:
i dy . . o
Findy when' "~ is given by the following expressions. In each case simplify your answer:

1
2

(@) & — x~ 2+ 6x

5

(b) 15@ + 6x~3-3x~ 2

1
2

3
©)x3- Sx7 2 —6x~2

2
3 —x_2

(d) 43 + x~
1
e)4-1x"4+2x" 2

(f) 5x§ -10x*+x~3

4 Lt
(@) - 3x7 3 -3 +&
3
(hy54-x~ 2 —1%~5
Solution:

dy 1
(8) g =& - X" 2+6x2

y=2¢+x 1+4x2 +c

5

d 2
(b) o = 15¢ + 6x~3- 3" 2

3
x3 x~2 X~ 5
y=157353 +6—_, -3 5 +C
T2
3
y=5x3-3x"2+2x" 2 +¢
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1
y=x*+3x3s +x 1+c

1

dy S
(€)3 =4-1x"4+2x 2

1
x~3 X5
y=4x-12""5 +2— +cC
1

2

1
y=4x+4x"3+4x2 +c

dy 2
(f) g =5%x3 — 10 +x~3

dy 4 2
4xX" 3 X2
y=-3 -X+87, +c
1
T3
1
y=4x" 3 =X+ 42+
dy 3
(h) g =5¢-x" 2 —1x%"°
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1
X2 X~ 5 x4
y:55— ) —12_4 +C
T2
1
y=x0+2x~ 2 +3x 4+c
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I ntegration
Exercise B, Question 2

Question:
Find f(x) when f(x) is given by the following expressions. In each case simplify your answer;

3 3
(a8 1x+ Tx~ 2

2 +5

z
6

1
(b) 6 +6x~ "= Tx~

1 1 1
(€) 3x7 2 = X

(d) 10¢ + 8x~ 3

1
3

w ;o

(e) X~ s +4x

EN T
N |-

() 9x% + 4x 3+

1
(@)X +x"2+x>2

I~

(h) — 23— 2x + 2x

N

Solution:
3 3
(@) f(x) =1x+ 7x~ 2 +5
1
23X
((9=127 +;—— +5+c
T2
1
f(x) =6x2—3x~ 2 +5x+¢C

z
6

1
(b) f(x) = 6x° + 6x " = X~

8 x~ 6 1x'é
((=6% +6 5 - = e
1
6
1
f(x)=x8-x"6+x" s +c
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N |-
N |-
|

N |w

N |-

(c) f'(x) = 7x - X
1 1
1 X 1 X
)= 53— - ;—— +c
1 21
2 2
1 1
f(x) =x2 +x~ 2 +¢C

(d) f(x) = 10x + 8x~ 3
X2 x~2
f() =105 +8—, +cC

f(x) =5x2 - 4x"2+c

5

1
3 +4X” 3

(e) f(x) = 2x~

2 2

X X~
f) =2 — +4—> +c
2 _2
3 3

2

f(x) = 3x 3 — 6x~

2
3 +C

1
)= +4x" 3+ 7x™ 2

x3 x~2 1 X
f=973 +47—, +7

|N|l—‘

+C

N |-

1

1
=33 _9w-24 =y
f(x) =3 -2x"“+ F7x2 +c

1
(@) () =x*+x~2+x2

3
X x~ 1 X5
f)= 3+ —{ + +cC

1
f)= 3x3-x"1+ Jxz +c

1
2

(h) () = — 2x~3 = 2x + 2x

3

x~ 2 X2 X3
fx)=-2"—-, -25 +2— +c

3

2

4 3
=2 24 —
f(x) = x X“+ 3TX2+cC
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I ntegration
Exercise C, Question 1

Question:
Find the following integral:

I (3 +2x) dx

Solution:

I (@ +2x) dx

® 2
:4+22+C

1
Zx4+x2+c
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I ntegration
Exercise C, Question 2

Question:

Find the following integral:
[ (2x=2+3) dx

Solution:

J (2x=2+3) dx
X—l

=27_] +X+c

= -2"1+3x+c

© Pearson Education Ltd 2C
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I ntegration
Exercise C, Question 3

Question:
Find the following integral:
(o2 o)
[ | Bx2-3% | dx
\ )
Solution:
ol g
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I ntegration
Exercise C, Question 4

Question:

Find the following integral:

I( 1 1 \m

2X2 = 2Xx~ 2 + 4
\ )

Solution:
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I ntegration
Exercise C, Question 5

Question:

Find the following integral:
[ (4x3-3x"%+r)dx

Solution:

J (3 -3x"%+r1)dx
x4 x~3

=47, —-3_5 +rx+c

=x*+x"3+rx+c
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I ntegration
Exercise C, Question 6

Question:
Find the following integral:

[ (3t2-t"2)dt

Solution:

[ (3t2-t=2)dt
t3 t~1
=33 - -1 ¢

:t3+t_1+c
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I ntegration
Exercise C, Question 7

Question:

Find the following integral:
il

3
22-3t" 2+1 | o
\ )

Solution:

N W

1
t t™ 5
=273 -3 +t+c
_1
2
2 1
= 5t3+6t‘ 2 +t+cC
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I ntegration
Exercise C, Question 8

Question:

Find the following integral:

( + ‘l+x‘§\
e )

dx

N

Solution:

(s e
/ *)

\X+X_

nN
+
x

e
x
N |-
x

N
I\)|H|

1 1
EX2+2XZ
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I ntegration
Exercise C, Question 9

Question:
Find the following integral:

| (px*+2t+3x~2)dx

Solution:

| (p+2t+3x~2)dx
X2 x~1
=p5 +t2Ax+3 ", +cC

p
gx5+2tx—3x‘1+c
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I ntegration
Exercise C, Question 10

Question:
Find the following integral:

[ (pt+c2+px®)dt

Solution:

pt3 + 7 + p) ot

J( 3 2 x3)d
4

=p +qt+pt+c
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I ntegration
Exercise D, Question 1

Question:
Find the following integrals:
(@) | (2x+ 3)x%dx

(22 +3)
) ] = o o

(c) | (2x+3) 2dx
d [ (x+3) (x-1)
(e) ] (2x+3) Vxdx

Solution:

(@) | (2x+ 3)x%dx
= [ (23 +3x?) dx
X x3

=27, +375 +c
1
= ;xt+x3+c

(22 +3)
)] — 5

X2

(22 3
= | 7 +%jdx
=] (2+372)dx

X—l
=2X+37_] +cC

=2x-3X"1+c
3
or =2 - X tc

(c) | (2x+3) 2dx
= [ (HP+1%+9) dX

X X2

=475 +125 +X+c
4
= 33+ 62+ 9 +cC

d) ] (2x+3) (x-1)d
=] (2@ +x-3)d
:2% + X; -X+c
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2 1
- =SB4 =y2_
= X7+ 5X 3X+c

(e) ] (2x+3) Vx dx

1
2X + 3 ) X 2 dx
3X

(2 1)
:I 2X 2 + 2 dx
\ )

5 3
:2X_2 +3X_2 +C
3 3
2 2

or = %ﬁ+2‘{?’+c
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I ntegration
Exercise D, Question 2

Question:
Find | f(x)dx when f() is given by the following:

(@) (x+2)?
® (x+ . ) 2
(© (Vx+2)?2
(d) Vx(x+2)

((x+2 )
(e)\ )

) (%X+2\/x)

Solution:
(@) ] (x+2) 2dx
=] (®+4ax+4) K

1 4

— =3, =2
—3x+2x+4x+c

1
= 3+ 20 +4x+c

1
= 33+ 2x-x"1+c

1 1
or = 33+~ +¢

(€ ] (Vx+2) 2x
= [ (x+4Vx+4)dx

PhysicsAndMathsTutor.com
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12 X 2
:EX +4 — +4+cC
3

2

12 8§ 3
= EX+ Exz +4x +C

(d) [ Vx(x+2)dx

= (x§+2x%)dx

5 3
X5 X5
= — +2 — +¢C
3 3
2 2
5 4 3
= T”X2 + §X2+C

or = éﬁ"’ %W+C

1)

= X +2x‘2jdx

3 1

X2 X2
= —+2— +cC

3 1

2 2

2 3 1
= EXZ +4x 2 +¢C

2
or = J1x¢+4Vx+c

(f) | (%uw)dx
)
Y

1
2

dx

[ (x‘i

+ 2X

N | w

X

+
(@]

1

X2
= — + 2

1

2

N|w|

PhysicsAndMathsTutor.com

Page2 of 3



Heinemann Solutionbank: Core Maths 1 Page3 of 3

N |-

3
2

w s

=2X 2 +

X2 +cC

4
or =2V x+ §W+c
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Edexcel Modular Mathematics for AS and A-Level

I ntegration
Exercise D, Question 3

Question:

Find the following integrals:

@) | (3\/x+x—12)05<
(b) | (%+3x2)dx
(3 4\

(c) | \xs+;jdx
(2+x \

(d) J L +3)d<

e (X+3) (x-1)d

(f) (%+3xxlx}dx

(@ I (x-3) 2dx

(2x+1) 2

() B

0 I (34_ \/x:6x3)dx

) ] Vx( Vx+3) 2dx

Solution:
( L)
@] | 3Vx+ = | o
\ 2 )
(.2 )
=] | 3&z+x72 | dx
\ J
:3£+%+C
3
2
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3
=2x2 -x"l+c

1
or :2{;3— X tc

(-t iae )
:I 2X_2+3X2 dx
\ )

1

=22 4 §x3+c
1
2

=4x2 +x3+¢C

or =4Vx+x3+c

or = X

(d | L 3) o
= [ (2x3+x72+3)dx
x~2 x~1

=2 o, t +X+cC
= -x"?2-x"1+3x+c

1 l
or=-—=-"_"+X+cC
X2 X

(e ] (+3) (x-1)d

=] (x®-x2+3x-3)dx

1 1 3
_ta_ 2 20
= X = 53+ X -3x+c

f | (%+3xxlx)dx
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6
or =4Vx+ 7x2Vx+c

(@) ] (x-3) 2x
=] (x®-6x+9)dx
6

1
_ =3_ =22
= 3X 2x+9x+c

1
3 -3 +9x+c

(2x+1) 2

DN

() I

N -

1
=3x+2X2 +23+¢C
or =3x+2Vx+23+c

G) ] Vx( Vx+3) 2dx
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1 1
ot
=[xz, x+6x2+9 | X
\ )
[ 2 )
= X2 +6x+9x2 | dx
\ )
5 3
-2y §x2+9x—2 +c
> 3
2 2

2 5 3
= X2 +32+6Xx2 +C

or = E1$+3x2+6ﬁ+c
5
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I ntegration
Exercise E, Question 1

Question:

d
Find the equation of the curve with the givgi1 that passes through the given point:
dy .
(8) g« = 3@+ 2¢ point (2,10)

d
(b) 5 =4+ 2 +3;point (1,4)

X

d 1
(c)ﬁ =V x+ %% point (4,11)
d 3 .
(d) 3 = Vx —xpoint (4,0)

(e)g—i = (x+2) %point (1,7)

X2+ 3

dy x+#3
() & = vx »point (0,1)
Solution:

dy
(a) 5 =3¢+ 2

3 2
> y= 323+ Sx@+c

Soy=x3+x2+¢c

x=2,y=10 = 10=8+4+c
Soc= -2

So equation iy = x3 + x2 - 2

dy
(b) g =43+ 33 +3
X
4 2
> y= xX*- Sx"Z2+3x+c

Soy=x*-x"2+3x+c
x=1,y=4 = 4=1-1+3+cC
Soc=1

So equation ig=x*-x"2+3x+1

dy 1
(©) g = Vx+ 7%

PhysicsAndMathsTutor.com
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3
X3 138
= y:_+43+C
3
2
2.2 14
Soy= 3xz2+ [OX*+cC

2 1
x=4y=11 = 11=7 x2+ [ x#+c

3 32 _1
Soc= 3 -3 =3
L 22 1.1
So equationig = 37X 2 + ToX°+ 3
dy 3
(d)dx = yx X
1
X5 1
> y=3— -7x+c

2

1
Soy=6Vx- ;X+c

[y

x=4y=0 = 0=6x2-7 x16+c
Soc= -4

o 1
So equation iy =6 Vx~- x> -4

dy
(@) g = (X+2)2=x2+4x+4
1
> y= 3x3+2C¢+4x+c
1
x=1y=7 = 7=§+2+4+c
2
Soczg

o 1 2
So equation iy = )3+ 2¢ + 4x+ 3

dy X +3 3 1
() g = Tp =X+
5 1
X2 X2
> y= — +3— +cC
5 1
2 2

4
i

2 5 1
Soy= gx2 +6x2+c

2
x=0,y=1 = 1=737 x0+6x0+C
Soc=1

5

. ) 2 1
So equation of curve is= Tx 2 +6x 2

+1
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I ntegration
Exercise E, Question 2

Question:

The curveC, with equatiory = f(x), passes through the point (1,2 ) affg)f= 23 - iz Find the equation @ in
X
the formy = f(x).

Solution:

f(x) = 233 - izzz@—x-Z

x~1 1 1

2
Sof(x)= ;x*- 7 +c= Lxt+ L +c

Butf(1) =2

1
So2=3; +1+4

1
= c=3
1 1 1
Sofe)= Sxt+ L+ 3
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Edexcel Modular Mathematics for AS and A-Level

I ntegration
Exercise E, Question 3

Question:

; ; i dy Vx+3
The gradient of a particular curve is given ly =

X

find an equation of the cun

Solution:
dy 3
ax = UX+8 _ - % 432
X X2
1
R
> y= +3_1 +cC
1
2
S 2 3
Soy= -2~ 2 =-3""+c= - - tcC
x=9,y=0 = 0=-73 -3 +C

2
So equationig=1- 7 -

© Pearson Education Ltd 2C
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I ntegration
Exercise E, Question 4

Question:

A set of curves, that each pass through the origin, have equationéx), y = f,(x), y = f5(x)... where g'(x) =f,_,(
and f,(x) = X2

(a) Find £(), f5().
(b) Suggest an expression fad.
Solution:

(@) £,09 = £,0 =

1
Sofy(x) = 33 +c

The curve passes through (0, 0)$6®) =0 = c¢=0.
1
So f,(x) = §x3
1
(0 = 33
1
f4x) = 7,x* + ¢, butc = 0 since §(0) = 0.

1
Sofy(x) = 5%

x3

x*
(b)) = 3. 600 = 3%

So power ok isn + 1 for f (x), denominator is 3 x 4 x ... up to+ 1:

Xn+1

fn(X): 3x4x5x..x (n+1)

© Pearson Education Ltd 2C
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I ntegration
Exercise E, Question 5

Question:

A set of curves, with equatiolys= f,(x), y = f,(x), y = f5(X) ... all pass through the point (0, 1) and they are related
by the property f(x) = f, _ ;(X) and f(x) = 1.

Find £,(x), f3(X), f,(X).
Solution:

f,(0=f,()=1
=> f,=x+c
Butf,(0) =1 = 1=0+c = c=1
Sof(x) =x+1
fa00 =f,(0 =x+1
1o
=> fy0) = Fx+x+c

Butf;(0) =1 = 1=0+c = c=1

1
Sof(x) = Fx+x+1

1
f,(0) =f30 = 5x2+x+1

1

3, 1.2
=> ()= gxX°+ Tx+x+c

Butf,(0) =1 = 1=0+c = c=1

1 1
Sof() = g+ X +x+1
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I ntegration
Exercise F, Question 1

Question:
Find:

@@ (x+1) (x-5)d

(b) | (x§+x-§)dx.

Solution:

@@ (x+1) (2x-5)d
=] (22-3x-5)dx
X3 X2

=273 -3, —X+c

(2 1)
(b) | \xs+x 3jdx

4 2

x3 X3
= —+ — +cC

4 2

3 3

3 2 3 2
:4X3+2X3+C
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I ntegration
Exercise F, Question 2

Question:

The gradient of a curve is given bj = x2 — 3x — 32 Given that the curve passes through the point (1, 1) , find
X

the equation of the curve in the foy = f(x).

Solution:

f(x) =x2 - 3x - 32 =x2-3x-2x"2

X

X3 X2 x~1
Sof(x)= 5 -35 —2_; +cC

1, 3, 2
Sof)= 3x°— 7x°+ L +c

Butf(l) =

1
Soc = 6

w |-

3
1= - 5 +2+c=1

o |+~

o 1, 3, 2
So the equation ig= 7Xx° - 7x°+ 7+
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I ntegration
Exercise F, Question 3

Question:
Find

(@) ] (8x3-6x2+5)dx

( )

(b) [ | 5x+2 xfdx.
\ )

Solution:

(@) ] (83 -6x2+5)dx

x4 x3
=87, 675 +X+c

=24 -23+5x+¢C

(

A
(b) [ | 5x+2 | xzdx
\ )

3 1

s 1)

BX 2 + 2X 2 dx
)
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I ntegration
Exercise F, Question 4

Question:

. (x+1) (2x=3) .
Giveny = % find [ ydx.
Solution:

(x+1) (2x-3)

- v x
) Voo

y= \2x—x—3)x‘2

32 1 1
y=2x2 —-X2 —=3Xx~ 2

3 1 1

Jydx= | (ZXE—XE—BX_E)dx

5 3 1

X X X
:2_2—_2—3_2 +C

3 3 1

2 2 2

4 5 2 3 1
:—xz—§x2—6xz+c
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I ntegration
Exercise F, Question 5

Question:
d
Given thatf = & - 2t + 1 and thak = 2 whent = 1, find the value ok whent = 2.

Solution:

dx

R CEl S|
3 2

> x=373 -2, +t+c

Sox=t3-t2+t+c
But whent = 1,x = 2.
So2=1-1+1+

> c¢=1
Sox=t3-t2+t+1
Whent=2,x=8-4+2+1
Sox=7
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I ntegration
Exercise F, Question 6

Question:

1

Giveny =3x 2 + 2x~

1
2

, x>0, find [ ydx.

Solution:
(.1 1)
[ydx= | \3xz+2x‘2jdx
3 1
X X
=32 +2-2% 4¢
3 1
2 2
3 1
=2X2 +4x2 +cC
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I ntegration
Exercise F, Question 7

Question:

d
Given thatf = (+1) 2and thak = 0 whent = 2, find the value ok whent = 3.

Solution:

dx
o = (t+1)2=t2+2t+1

t3 2
= X= g+2; +t+cC

Butx = 0 whent = 2.

8
So0=73 +4+2+
= Cc= -
1 26
— =342 _ =
Sox = 3t+t+t 3
27 26
Whent:3,x:?+9+3—?

13
Sox—123or3
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I ntegration
Exercise F, Question 8

Question:

1 1
Giventhaty 2 =x 3 + 3:

2 1
(a) Show thay = x s + Ax 3 + B, whereA andB are constants to be found.

(b) Hence finc | ydx.[E]

Solution:

1
2 =

@y

Soy = (x
(
\

Soy=x§+6x§+9
(A=6,B=9)
(2 2 )
)

(b) Jydx= | \x5+6x5+9 o

+9X+C
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I ntegration
Exercise F, Question 9

Question:

1
2

1
Given thaty = 3x 2 — 4x~

(o).
\x>0j.

LAy
(@) Find .

(b) Find | ydx.[EI

Solution:

N -

1
y=3x2 —4x~

@ 3 %
(a)dx:ZX 2

d 3
SOdx 2X
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I ntegration
Exercise F, Question 10

Question:
Find | (x%—4) (x‘%—l)dx.[E]
Solution:

(2 ) 2 )
) 2 -4 T2-1 (04
U )
( oo )
=] | 1-&" 2-x2+4 | &
\ )
=] (5—4x‘§—x§)dx
=5x—4£—£+c
1 3
2 2

1 2 3
=5Xx—-82 - 3x2+¢c
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Exercise 1, Question 1

Question:

1
(a) Write down the value of 16. (1)

3
(b) Hence find the value of 16. (2)

Solution:
1
(@) 162 = V16 =4

(o)

3
(b) 162 = L 162 ,3=43=64
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Exercise 1, Question 2

Question:

Find | (6x2+ Vx)dx. (4)

Solution:
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Exercise 1, Question 3

Question:

A sequencey, a,, a;, ... &, is defined by
a=2a,,,=2a,- 1

(a) Write down the value @, and the value dd;. (2)

5
(b) Calculate > a. (2)
r=1

Solution:

(@a,=2,-1=4-1=3
y=2,-1=6-1=5

(b)a4:2a3—1:10—1=9

a;=29,-1=18-1=17

5

3 aT:a1+a2+a3+a4+a5:2+3+5+9+17:36
r=1
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Question:

(a) Express (5+V2) 2in the forma + b V 2, wherea andb are integers. (3)
(b) Hence, or otherwise, simpli (5+ V2) 2- (5- V2) 2.(2)
Solution:

(@ (5+V2)2=(5++V2) (5+V2) =25+10V2+2=27+10V2
(b) (5-V2)2=(5-+2) (5-+V2)=25-10V2+2=27-10V2

(5+V2)2-(5-+2)?2

= (27+10V2) - (27-10V2)
=27+10V2-27+10V2
=202
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Question:

Solve the simultaneous equations:
XxX—-3y=6
3xy + x=24(7)

Solution:

X—-3y=6
X=6+3y
Substitute into 8y + x = 24:
y(6+3y) + (6+3) =24
18y + 9y? + 6 + 3y = 24
92 +2ly-18=0
Divide by 3:
y2+7y-6=0
(3y-2) (y+3) =0

2
y= 3.y= -3
Substitute intox = 6 + 3y:

2
y=3 = Xx=6+2=8
y=-3 = x=6-9= -3

2

x= -3,y= -3o0rx=8,y= 73
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Question:

The pointsA andB have coordinates ( —=3,8) and (5, 4) respectively.
The straight lind, passes through andB.

(a) Find an equation fdy, giving your answer in the forax + by + ¢ = 0, wherea, b andc are integers. (4)
(b) Another straight ling, is perpendicular th and passes through the origin. Find an equatioh,.f¢2)

(c) The lined; andl, intersect at the poirR. Use algebra to find the coordinated?o{3)

Solution:

Y27 Y1 4-8

(a) Gradient of, = ,-x ~ 5-(-3) -

Equation forl,:
y—y1=m(x—x1)

N |~
RN
7

1 5
y-4= - 3x+ 3
1 13
Sx+y- 5 =0
Xx+2y-13=0

(b) For perpendicular linegym, = -1

1
m = - 2,son12:2

Equation forl, isy = 2x

(c) Substitutey = 2xintox + 2y — 13 = 0:
X+4x-13=0
5x =13
3
X=27
1
y=2x=57¢

3
Coordinates oP are \ 2; , 5;
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Question:

On separate diagrams, sketch the curves with equations:

2
@y=3.-2 < x < 2x#0(Q2)

-4, -2 < x < 2,x#£0(3)

><|y\)

(b)y=

2
©y= o7, -2 < x < 2x#-1(3)

In each part, show clearly the coordinates of any point at which the curve mex-axis or they-axis

Solution:
(@)
Vi
I \
5 0 5 X

2
X

y:

(b) Translation of — 4 units parallel to theaxis.

=Y
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Curve crosses theaxis wherey = 0:
2

=-4=0
2

x:4
_1
X= 5

(c) Translation of — 1 unit parallel to theaxis.

y= Xx+1

The linex = — 1 is an asymptote.

Curve crosses theaxis wherex = 0:
2

Y= o+1°2
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Question:

In the year 2007, a car dealer sold 400 new cars. A model for future sales assumes that sales will ixcraespdyy
year for the next 10 years, so t/ ( 400 +x) cars are sold in 2008, (400 x P cars are sold in 2009, and so on.
Using this model witkx = 30, calculate:

(a) The number of cars sold in the year 2016. (2)

(b) The total number of cars sold over the 10 years from 2007 to 2016. (3)
The dealer wants to sell at least 6000 cars over the 10-year period.
Using the same model:

(c) Find the least value x required to achieve this target.

Solution:

(a)a=400,d=x=30
T,p=a+9d =400 + 270 = 670

670 cars sold in 2010

(b) S, = %n [2a+ (n—l ) d }
S0S,;=5[ (2x400) + (9x30) ] =5x1070=5350
5350 cars sold from 2001 to 2010

(c) S;y required to be at least 6000:

%n[2a+ (n—l)d}
5(800+%) > 6000
4000 + 4% > 6000

45 > 2000

v

6000

4
X = 447

To achieve the targex = 45.
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Question:

(a) Given that
X+4x+c= (x+a) 2+b
wherea, b andc are constants:

(i) Find the value o&. (1)

(ii) Find b in terms ofc. (2)
Given also that the equatio® + 4x + ¢ = 0 has unequal real roots:

(i) Find the range of possible values®f(2)
(b) Find the set of values affor which:

(i) 3x< 20 -x, (2)

(i) X2+ 4x - 21 > 0, (4)

(iii) both 3x < 20 — x andx? + 4x — 21> 0. (2)

Solution:

(@) ()x2+4x+c= (x+2)2-4+c= (x+2) 2+ (c-4)
Soa=2

(i) b=c-4

(i) For unequal real roots:
(x+2)2-4+c=0
(x+2)2=4-c
4-c>0

c<4

(b) (i) 3x < 20 —x
33X +x<20
4x < 20

Xx<5

(i) Solvex? + 4x - 21 = 0O:
(x+7) (x-3) =0
x=-7,x=3

Sketch oly = x2 + 4x — 21:
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J.'Jl
-7 3 o
X2+ 4x — 21 >0wherx< —70rx>3
©-10 -8 -6 -4 -2 0 2 4 6 8 10
< O
€«—o0 0 >

Both inequalties are true when
X< —70r3<x<5
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Question:

(3x-4)? _ Q
(a) Show that 2 may be written Bs+ 7~ + %whereP, Q andR are constants to be found. (3)
X

(3x-4) 2
(b) The curveC has equatioy = 2 , X # 0. Find the gradient of the tangentGat the point orC where
x=-2.(5
(c) Find the equation of the normal@aat the point o€ wherex = — 2, giving your answer in the form

ax + by + ¢ = 0, wherea, b andc are integers. (!

Solution:

(@) (X-4)2= (3-4) (X-4) =K% -24x+ 16
(3x-4)2 9x2 - 24x+ 16 24 16

X2 - X2 -

P=9,Q= -24,R=16

(b)y=9-24"1+16x2
dy
= _ -2_ -3
o = 24X 32
d 24 32
Wherex = —Z,ﬁ = 24 -3 =7, +5% =10
(-2)2  (-2)3
Gradient of the tangent is 10.

— + —— =9+12+4=25
( 2) (_2)2

(c) Wherex= -2,y=9 -

-1
Gradient of the normal ~Gradient of tangent- 10

The equation of the normalat ( —-2,25) is

al o (Y]
S N G I
Multiply by 10:
10y - 250 = -x -2
X+ 1Cy - 24€=0
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Question:

Factorise completely
(@) 28 - 132 - 7x
(b) 9% - 16

(c)x*+ 7x2 -8

Solution:

(a)

233 - 13¢ - Tx

=x (2@ -13x-7)
=x (28 +x-14x-7)

=x[x(2x+1) - 7(2x+1) ]
=x(2x+1) (x-7)

(b)

9% - 16

= (3x) -4

= (3x+4) (3x-4)

(c)

xX*+ 72 -8

=y’ +7y-8

=y’ -y+8y-8

=y(y-1) +8(y-1)

(y-1) (y+8)

= (®-1) (®+8)

= (x+1) (x-1)

(x2+8) squares,

© Pearson Education Ltd 2C
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X is a common factor
So takex outside the bracket.

For the quadraticac = - 14 and
1-14= -13=b
Factorise

This is a difference of two
squares ( 3x) 2 and £
Usex?-y?= (x+Yy) (x-y)

Lety= X2

ac= —-8and -1+8=+79
Factorise

Replacey by x2
x2 - 1 is a difference of two

sousex?—y?= (x+y) (x-Y)


http://www.kvisoft.com/pdf-merger/

Heinemann Solutionbank: Core Maths 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Algebraic fractions
Exercise A, Question 2

Question:

Find the value of

(a) 81%

(b) 814

3

(c) 814 .
Solution:
()

811/2

=81

=9

(b)
81

:(4
V81) 3
:33
=27

»lw

(©)

w

817 4 ~

then cube this

\|8_1:3 because 3 x3x3x3=81

1

g13/4

1
T 27
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2 =\a

1
Useam =Ma 0 a

aw=m(a") or (Wa) "

It is easier to find the fourth root,

1
-m- —
Usea™ M= —

Use the answer from part (b)



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1
Edexcel Modular Mathematics for AS and A-Level

Algebraic fractions
Exercise A, Question 3

Question:
1
(a) Write down the value of 8 .

2
3

(b) Find the value of 8

Solution:
(@)
1 1 1
83 Useam=m\|3, soa3=3\|3
— 38
= 3[8=2 because 2x2x2=8
(b)
8-
2
3
2 n
g’ = (3 First find 83 aF="'\I(a”) or
3 8)2 m\|_ n
("Na)

:22 =4
8~ 1 B 1
2 = 2 Usea™ M= —
3 83 a

_ 1

T4
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Exercise A, Question 4

Question:

4
(a) Find the value of 125 .

(b) Simplify 24% + 18x§ .
Solution:
(@)
4
1253

= (125)4

© Pearson Education Ltd 2C
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am = '\|(a”) or (Ma) "
It is easier to find the cube root,

then the fourth power
3125 = 5 because 5x5x5=125

UsedM+a"=gm" "
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Question:
(a) Express IWSO in the forra\|_5 , Wherea is an integer.

(b) Expres (4 —\|_5) 2 in the form b + c\|€, where b anc c are integer:

Solution:

(@)

80 =\16 x5 Use | (ab) =Yalb

=4{5 (a=4)

(b)

(4-5)?2 = (4-Y5) (4-I5)
=4(4-15) -[5(4-]5) Multiply the brackets.
=16-4{5-45+5 (5x{5=5
=21-8[5

(b=21 andc= -8)
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Question:

(a) Expand and simplify (4413) (4 F\13).

26
(b) Express 7 3 in the forma + b\|?3 , wherea and b are integers.

Solution:

(@)
(4+\3) (4-13)

=4(4-Y3) +{3(4-}3) Multiply the brackets.
=16 -4[{3+43-3 (3xy{3=3
=13
(b)
26 4-\3 To
4+\3 . \3 rationalise the denominator, multiply
top anc
bottom by 4 —|\_3
26 (4-13)
(4+Y3) (4-13)
_ 26 (4-13) Use the
13 answer from part (a)
=2(4-13) Divide by 13
=8-2(3

(a=8 andb= -2)
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Question:
(a) Express WS in the forra\|§ , Wherea is an integer.

(b) Expres (2 —\|_3) 2 in the form b + c\|§, where b anc c¢ are integers to be four

Solution:

(@)

108 =36 x {3 Use [ (ab) =Yalb

=6{3 (a=6)

(b)

(2-V3)2 = (2-y3) (2-[3)
=2(2-Y3) -{3(2-]3) Multiply the brackets
=4-2{3-2{3+3 (3xy3=3
=7-4{3

(b=7 andc= -4)
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Question:
(a) Express ( ﬁ? ¥ in the form a\|_7 , wherea is an integer.

(b) Express (8 +|T7 ) (3- E\ 7) inthe forio + c\|_7 , whereb and c are integers.

6+2{7 :
(c) Express S 7 in the fornd + e\|_7 , whered and e are integers.

Solution:

(@)

(2(7)3 =2{7x2[7x A7 Multiply the 2s.
=8 (V7 x{7x[7)
=8(7(7) V7 x{7=7

=56{7 (a=56)

(b)
(8+Y7) (3-2f7)

=8(3-2[7) +}7(3-4\7) (7 x2{7=2x7
=24-16f7+37-14
=10-13} 7

(b=10 andc= -13)

(c)
6+2{7 . 3t {7 To rationalise the
3-\7 3+\7 denominator, multiply

top and bottom

by 3+\7
(6+2{7) (3+}7)
(3-Y7) (3+{7)
_ 6(3+Y7) +2j7(3+\7)
— 3(3+f7) -f7(3+}7)
_1g+6f7+6h7+14
9+3[7-3[7-7
= 3“712‘_7:16+6F7 Divide by 2

(d=16 ande=6)
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Question:

Solve the equations
(@x2-x-72=0
(b) 2@+ 7x=0

(€)1Cx2+9x-9=0

Solution:
()
X2 —x—-72 =0

ey Factorise

i o Although

X+8=0,x-9= O'[he equation could be solved using the

o ) quadratic
Xx=-8,x=9 formula or ‘completing

the
square’, factorisation is quicker.
(b)
) Use

22 + 7x -0 the factor x.
X(2x+7) =0

i . Don't
Xx=0 y 2X+ 7 = Oforget thex = 0 solution.

7
Xx=0,x= - 3
(b)
] Use

22 + 7x =0 the factor x.
X(2x+7) =0

) ) Don't
x=0,2x+ 7= Oforget thex = 0 solution.

7
Xx=0,x= - 3
(©)
10X + 9x- 9 =0
(2x+3) (Bx=3) =0 Factorise

2Xx+3=0,%-3=0
3
2

o |lw

X= - y X =

© Pearson Education Ltd 2C
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Question:

Solve the equations, giving your answers to 3 significant figures
(@)x2+1x+17=0

(b)y22-5x-1=0

(c) (2x-3) 2=7

Solution:

(@)

PhysicsAndMathsTutor.com
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W2+ 10x+ 17 = 0 Since the question requires

answers to
w= b \ (b2 - 4ac) 3 significant figures, you know
B 2a that the

quadratic will not factorise.
a=1,b=10,c=17
- 10+ Y (100 - 68)

X = 5 Use the quadratic formula, quoting

the formula first.

-10+Yy32
2

- 10 +5.656 ...

=— Intermediate working should be to

at least 4 sig. figs.
_ —10+5.656 ...
=— .
- 10 - 5.656 ...
2

x= —-217 x= -7.83 Divide by 2, and round to 3 sig.

figs.
Alternative method:
X2 + 10x+ 17 =0

Subtract 17 to get LHS in the

2 - _
X“+ 10x 1 required form.
(x+5)2-25 = -17 Complete the square for® + 10x
(x+5) 2 = -17+25 Add 25 to both sides
(x+5) 2 =8
X+5 = +\8 Square root both sides.

= -5+\8 Subtract 5 from both sides.

X
x= -5+{8,x= -5-\8
x= —-217 x= -7.83

(b)
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22 -5x-1=0
= ~b+\ (b2 - 4ac)
2a

a=2,b=-5,c=-1

X - 5+Y(-5)2- (4x2x -1) Use the
4 quadratic formula, quoting
the
formula first.
_ 5+\[(25+8) _ 5+\33
- 4 T4
_ 5+5744.. 5-5744 ...
B 4 : 4
_ _ _ Divide by 4, anc
x=2.69,x= -0.186 round to 3 sig. figs.
(©)
(2x-3) 2 =7
% — 3 _— \|—7 The quickest

method is to take the

square root
of both sides.

Add 3 to botl
2X =37 sides.
_ 3+ {7 _
X= Ty X= Divide both
3-\7 sides by 2

x=2.82,x=0.177
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Question:

x2—8x—-29= (x+a) 2+b,
where a and b are constants.

(a) Find the value of a and the value of b.
(b) Hence, or otherwise, show that the roots of

X2 -8x-29=0
arec d\|§ , Wherec andd are integers to be fout

Solution:
(a)
Conplete the square
2 — _ 2 _
X" = 8X = (x=4) 7=16 g 2 gy
> = (x—-4)
Xc—8x-29 2_16 - 29
= (x-4)2-45

(a= -4 andb= -45)
(b)
X2 - 8x— 29 =0

Use

- 2 _ =

(x-4)“-45 0 the result from part (a)
(x—4)?2 =45
w4 S T Take

the square root of both sides.
X =4+ ‘ITS
45={9x[5=3 Use | (ab)
9 (afs
Roots are 4 + §\ 5
(c=4 andd=3)
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Question:

Given that
f(x) =x2-6x+18, x>0,

(a) express ) in the form (x—a) 2+ b, wherea andb are integers.

The curveC with equatiory = f ( x) , x>0, meets thg-axis atP and has a minimum point &
(b) Sketch the graph @, showing the coordinates BfandQ.

The liney = 41 meet< at the poinR.

(c) Find thex-coordinate oR, giving your answer in the forp + q\|_2 , Wherep andq are integer:

Solution:
(@)
f(x) =x? - 6x+ 18
2 — B = (x-3) 2_g P Complete the square
X2 - 6x+ 18 2 (g,x+_13é)
= (x-3) 249

(a=3 andb=9)

(b)

y= X2 — 6x+ 18

y= (x=3)2+9

Squaing a number cannot give a negative

(x-3) 220 result
The minimum value of k- 3) 2 is zero,

whenx=3.

So the minimum value o is 0 +9=9 ,

whenx=3.

Q is the point (3, 9)

The curve crosses thgaxis wherex =0 .
For x=0,y=18

P is the point (0, 18)

IU Fory:ax2+bx+|c, if
= y2 _ i
The graph off = x* - 6x+ 18 is a shape. a>0, the shape U
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FH

is not needed.

(©)

y = (x-3)2+9
_(y_na) 2

41 = (x=-3)“°+9 the equation of C.
(v _ 2y 2

32 = (x=3) both sides.

(x-3)2 =32
X—3 = +\32 root of both sides.

X :3i\|?2
32 =\16 x {2 = 4} 2 Al

X =3 4‘{_2
x-coordinate
of Ris 3+4
\2

The other
value 3 - 4|\_2 is less than O,

So not
needed

© Pearson Education Ltd 2C
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Use the information about P and
Q to sketch the curve
x>0, sothe partwherg<0

Put y =41 into

Subtract 9 from

Take the square

Use } (ab)
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Question:

Given that the equatickx? + 12x + k = 0, wherek is a positive constant, has equal roots, find the valk.

Solution:

Kx2 + 12x+ K =0

a=K. b=12 .c=K Write down the

values ofa, b and c

For equal rootsp? = 4ac for the quadratic
(or b?-4ac=0) equation.
122 =4 xK x K
4K? =144
K2 =36
K = +6
So K =6 The question says

that K is a positive constant.
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Exercise A, Question 14

Question:

Given that
X2+ 1x+36= (x+a) 2+b,
wherea andb are constants,

(a) find the value o& and the value db.
(b) Hence show that the equatio + 10x + 36 = 0 has no real roots.

The equationx? + 10x + k = 0 has equal roots.

(c) Find the value dk.

(d) For this value ok, sketch the graph gf= x2 + 10x + k, showing the coordinates of any points at which the graph
meets the coordinate ax

Solution:

()
X% + 10x+ 36
X2 + 10x = (x+5)2-25 Complete the square for? + 10x
x2+10x+36 = (x+5)2-25+36
= (x+5)2+11
a=5andb=11

(b)
X2 + 10x+ 36 =

(x+5) 2+ 11 -0 Hence’ implies that part (a) must be

(x+5) 2 = -1

A real number squared
cannot

be negative, .no real roots

(c)

X2+ 10x+ K = 0
a=1,b=10,c=K
For equal rootsp? = 4ac

102 =4 x 1 xK
4K =100
K =25

(d)
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The graph ofy = X2 + 10x+ 25 is aU

x=0: y=0+0+25=25

Meetsy-axisat (0, 25)

y=0: x%2+10x+25 =0

(x+5) (x+5) =0

X = -5

Meets x-axis at

(-5,0)
“!"
30

{E.ES}/
- 20
- 10
(-5, 0)
-12 -10 -8 -6 -4 =2
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find intersections with the

Page2 of 2
For y:ax2+bx+c, if
>0, the shape
Put x=0 to
y_

axis, andy = 0 to find
intersections

the x-axis.

The graph meets the-axis at just
one point, so it ‘touches’ tha&-axis

with
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Exercise A, Question 15

Question:
X2+ 2x+3= (x+a) 2+b.
(a) Find the values of the constaatandb.
(b) Sketch the graph gf= x2 + 2x + 3, indicating clearly the coordinates of any intersections with the coordinate axes.

(c) Find the value of the discriminantx#+ 2x + 3.
Explain how the sign of the discriminant relates to your sketch in part (b).

The equationx? + kx + 3 =0, wherek is a constant, has no real roots.

(d) Find the set of possible valuesk, giving your answer in surd for

Solution:
(a)
X2+ 2X + 3
Complete the square

2 - 2 _
X<+ 2X = (x+1) 1 for X2 + 2x
) = (x+1)
X“+2X+3 2_1+3

= (x+1)2+2
a=1andb=2
(b)

.U Fory=a+bx+c,

The graph off = x2 + 2x + 3is a shape

if a>0, the shape

x=0: y=0+0+3
Put x=0 to find

Meets y-axis at (0, 3) intersections with they-axis,

o, B andy =0 to find
y=0: Xx*+2+3 =0 intersections with thex-axis.
(x+1)2+2 =0

(x+1) 2 = -2

A real number squared cannot
be negative,.

no real roots, so no intersecti
with x-axis.
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The minimum value of K+ 1) 2 s

zero, whenx= -1, sothe
minimum point on the graph is at
Xx= -1
1 L
-5 —4 —'3 -2 -1 1 2 d
1L
2L
(c)
X2+ 2X + 3
a=1l,b=2,c=3
b? - 4a =22 -4x1x3 The
c N discriminant isb? — 4ac
= -8

Since the discriminant is negative
(b2-4ac<0) ,x2+2%+3=0
No

has no real roots, so the graph
9raph - eal roots: b2 < 4ac

does not cross thg-axis.

(d)

X2 +kx+3=0
a=1,b=k,c=3

For no real rootsp? < 4ac
K2 <12

K2-12<0

This is a quadratic inequality with

critical values —|_12 and| \ 12
F 3

(K+\12) (k-\12) <0 \ /

NPZ

K
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Critical values:

K=-\12 ,K =\12
-V12 <k <\12
(12=1ax{3= 47

( -2{3<K<2(3
{(ab) =Yalb

© Pearson Education Ltd 2C
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Exercise A, Question 16

Question:

Solve the simultaneous equations

Xx+y =2
X2 + 2y =12
Solution:
— 2y Rearrange
y the linear equation to get= ...
Substitute
2 _ =
X*+2(2-x) 12 into the quadratic equation
X2 + 4 — 2x =12
X2 - 2x+ 4 — 12 =0
X2 — 2x— 8 =0
- Solve
(x+2) (x-4) =0 for x using factorisation
X=—-2o0rx=4
X=-2: y=2- Substitute
(-2) =4 the x values back inty = 2 — x

X=4: y=2-4= -2
Solution: x= -2 ,y=4
andx=4,y= -2

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Algebraic fractions
Exercise A, Question 17

Question:

(a) By eliminatingy from the equations

y =Xx-4,

2X2 - )(y = 8 ]
show that

X2+ 4x - 8=0.

(b) Hence, or otherwise, solve the simultaneous equations

Pagel of 2

y =x-4,
2)(2 - Xy = 8 )
giving your answers in the fora + b\|_3 , Wherea andb are integer:
Solution:
(a)
2% - X -3 Substitutey = x — 4 into the quadratic
(x—4) equation.
28 -x2+4x =8
X2+ 4x -8 =0

(b)
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X2+ 4x -8 =

X2 + 4x = (x+2)2-4
(x+2)2-4-8 =0

(x+2) 2 =12

-4|><><
=
N
N
TR
=
N
X
_‘||+-E|
w
||-:|
N
N}
ol

X = -2+2(3
(a= -2 andb=2)
Using y =x-4,

= (-2x2(3)
y -4

= -6+2(3
Solution: x = -2+2(3
y = -6+2(3

© Pearson Education Ltd 2C
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factorisation

quadratic
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Solve the equation found in part
in the given answer suggests that
will not be possible, so use the

formula, or complete the square.

Complete the square for? + 4x

Use [ (ab) =Yalb
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Exercise A, Question 18

Question:

Solve the simultaneous equations

2x-y-5 =0
XX +xy-2=0
Solution:
— oy _ Rearrange
y=2x=5 the linear
equation to
gety= ...
Substitute
2 _ _ =
X“+x(2x-5) -2 0 into the quadratic equation.
X2 + 25 - 5x - 2 =0
3 — 5x— 2 =0
_ Solve
(3x+1) (x-2) =0 for x using factorisation
1
X= - 3 0rx =2
1
X= - —: = - .
3 Substitute
2 _g__ 4 the x values
3 B 3
e m e g A B — _ back
X=2:y=4-5=-1 into y=2x-5
Solution x = -
1 - _ u
30 Y7 3

andx=2, y= -1
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Exercise A, Question 19

Question:

Find the set of values affor which
@3(x+1) >5-%,

(b)y 22 -7x+3>0,

(c)bott 3(2x+1) >5-2x anc 2x2— 7x +3>0.

Solution:

(a)
3(2x+1) >5-2x

6x+ 3 >5 - 2x Multiply out
6Xx+2x+3>5 Add 2x to both sides.
8x> 2 Subtract 3 from both sides
x> o Divide both sides by 8
(b)
2% - Tx+ 3 =0
(2x-1) -0 Factorise to solve the
(x-3) ~ " quadratic equation.

Sketch the graph of
y:2>?T 7x+3. The

\ shape isu The sketch

does not need to be accurate.

[ %] B
<
=¥

22 - 7x+3>0 Wherethepart 2% - Tx+3>0 (y>0) for
X< % or x>3 of the graph above the-axis

(©)
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1
-
O X 4
- O0———# X < % x=3
1
Z < X<
1 Use a number line. The
=, x>
5 1 X 3
two sets of values (from part
(a)

and part (b)) overlap for

1 1
- < < - >
2 SX< 3 and x> 3
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Exercise A, Question 20

Question:

Find the set of values affor which
(@x(x-5) <-x?
(b)yx(3x+7) >20

Solution:

(a)
X(x-5) <7x-x2

X2 — 5x < 7 — X2

2x2 — 12x< 0
2x(x—-6) <0

2x(x—-6) =0
Xx=0,x=6

L'}

= ¥

Dk‘/ﬁ

2x2 — 12x< 0 where
0<x<6

(b)

x(3x+7) >20

32 + 7x> 20

32+ 7x-20>0
(3x-5) (x+4) >0
(3x=5) (x+4) =0

w o

X ,X= —4

PhysicsAndMathsTutor.com

Multiply out

Factorise using the common
factor 2x

Solve the quadratic equation
to find the critical values

Sketch the graph
y = 2% — 12X

2% - 12x<0 (y<0)
for the part of the graph below
the x-axis

Multiply out

Factorise
Solve the quadratic equation to

find the critical values
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Sketch the graph
y =3+ 7x~- 20

-

_4\//% :

32 + 7x~- 20 > 0 where 3+ 7x-20>0 (y>0)

X< —4 orx> 2 for the part of the graph

above thex-axis.
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Exercise A, Question 21

Question:

(a) Solve the simultaneous equations
y + 2 =5,

22 -3x-y =16.

(b) Hence, or otherwise, find the set of valueg fafr which
22 -3x-16>5-2x.

Solution:
(@)
y=5-x the linear equation
gety= ...
22 -3x- (5- ) =16
2x2 - 3x - 5 + X =16
2% - x-21 =0
(2x-7) (x+3) =0
1
x-3§ orx= -3
x=3
%. y=5-7= -2 the x-values back into
x=-3: y=5+6=11
Solution x = 3
1
2 Y= 72

andx= -3,y=11

(b)
The equations in (a) could be written as

y=5-2&andy=2x%-3x- 16 .

The solutions to & — 3x— 16 =5 - X

are thex solutions from (a). These are the
critical values for 22 - 3x - 16 > 5 — X.
Critical values

x=3% andx= - 3.

2%2 - 3x—-16>5 - X
(2*-3x-16 -5+ X%>0)
2% -x—-21>0

PhysicsAndMathsTutor.com

Rearrange
to

Substitute
into the quadratic equation.

Solve
for x using factorisation.

Substitute

y=5-2X
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Vi

Sketch the graph
y=2Z-x-21

[X]
| =
=Y

s

1
X< -3 o0rx>33 2% -x-21>0 (y>0) forthe

part of the graph above theaxis.
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Exercise A, Question 22

Question:

The equationx® + kx + (k+3) =0, wherek is a constant, has different real roots.

(a) Show thatk? — 4k — 12 > 0.

(b) Find the set of possible valuesk.

Solution:

(a)

X2 +ka+ (k+3) =0
a=1,b=k,c=k+3
b > 4ac
K2>4(k+3)

k2 > 4k + 12

k2 - 4k-12 >0

(b)
K2 — 4k — 12 =0

(k+2)
(k-6)
k=-2,k=6
Yi

equation.

=0

5 \Jﬁ "k

k2 — 4k— 12 > 0 where
k< -2 ork>6

© Pearson Education Ltd 2C
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of y=k%-4k - 12.

Write downa, b and ¢ for the equation

For different real rootsb2 > 4ac

Factorise to solve the quadre

Sketch the graph

The shape U The sketch does

not need to be accurate

k2 - 4k-12 >0 (y>0) forthe
part of the graph above theaxis.
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Exercise A, Question 23

Question:

Given that the equatickx? + 3kx + 2 = 0, wherek is a constant, has no real roots, find the set of possible valk.

Solution:

ke +3kx+2=0

) ~ _ Write
a=k,b=3k,c= 2down a, b and c for the equation.

b2 < 4ac
3k) 2<4xkx2 For
(3k) =<4 xkx2 1\ real roots)p? < dac.
ok? < 8k
k% - 8k<0
9k? — 8k =0
_ Factorise
k(9k~=8) =0 to solve the quadratic equation
8
k=0,k= S
Yi
Sketch the graph of
y= 9k%2 -8k . The shape is
. The sketch does not
> need to be accurate .
0 8 K
9
9k? — 8k < 0 where 9k? - 8k < 0 (y<0) forthe part
0<k< % of the graph below thd-axis.
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Exercise A, Question 24

Question:

The equation (B+5)x2+px+ 1=0, whergis a constant, has different real roots.
(a) Show thap? - 8p - 20 >0

(b) Find the set of possible valuespof

Giventhatp= -3,

(c) find the exact roots ( (2p+5) x2+ px+ 1 = 0.

Solution:

(@)
(2p+5)x%+px+1=0
a=2p+5,b=p,c=1 Write downa, b and ¢ for the equation.
b2 > 4ac
p?>4(2p+5) For different real rootsh? > 4ac
p2 > 8p+ 20
p?-8p-20>0

(b)
p? - 8p- 20 =0

(p+t2) -0 Factorise to solve the quadratic
(p-10) ~ ~ equation.

p=-2,p=10
FH

Sketch the graph of

y= p2 - 8p- 20 The shape

- isU . The sketch does
-2 10
\ J ? not need to be accurate

p2—8p—20>0 where p2—8p—20>0 (y>0) forthe part
p< -2 orp>10 of the graph above thp-axis

(©)
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Forp= -3
Substitutep = — 3 into
- 2 _ =
(-6+5)x"-3x+1 0 the equation.
-x2 - 3x+1 =0 Multiply by -1
The equation does not

2 _ =

X+ 3x-1 0 factorise,

_ _ _ S0 use the

a=1,b=3,c=-1 quadratics formula.

= ~b+\ (b2 - 4ac) Quote the

- 2a formula.

-3+{9+4
X= ————
2
_ 1, Exact roots
X=3 (-3% \|T3 ) are required.
13 cannot be

simplified.
x:%(—3+1T3) orx=
5 (-3-V13)
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Exercise A, Question 25

Question:
(a) Factorise completely® — 4x

(b) Sketch the curve with equatigre x3 — 4x , showing the coordinates of the points where the curve crosses the
axis.

(c) On a separate diagram, sketch the curve with equation
y=(x-1)3%-4(x-1)
showing the coordinates of the points where the curve crossx-axis

Solution:
(a)

X3 — 4AX X is a common factor

2 _ . .
=x (X% -4) (x<—=4) is adifference of
squares
=x(x+2)
(x=2)

(b)
Curve crossex-axis wherey = 0

x(x+2) (x-2) =0 Put y = 0 and solve forx
x=0,x=-2,x=2
Whenx=0,y=0 Put x = 0 to find where the

curve crosses
the y-axis.
Check what happens tp for

When x — o,y — o large

Whenx — -,y — —w positive and negative values
’ of x

PhysicsAndMathsTutor.com
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YA
y = % = 4x
24 0 2 X
Crosses at (0, 0)
Crossesaxis at (-2, 0), (2, 0).
(©)
y= X3 - 4x ( b )

y= (x-1)°3-4(x-1)
This is a translation of + 1 in the
direction.

Yi

|

-

[ ]
3

Crosse x-axisa ( -1,0), (1,0), (3,0)

© Pearson Education Ltd 2C
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Compare with the equation from part

X has been replaced by- 1.
f(x+a) isatranslation of

— a in the x-direction.

The shape is the same as in part (b).
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Exercise A, Question 26

Question:

k\l |
I .| L ____\.!:‘___ R >
AN\, ;
0 % i;//q X

P(3, -2)

The figure shows a sketch of the curve with equatierf ( x). The curve crosses theaxis at the points (2, 0) and (4,
0). The minimum point on the curveR$3, -2).

In separate diagrams, sketch the curve with equation
(@y=-f(x)
(b)y=f(2x)

On each diagram, give the coordinates of the points at which the curve crossazifh@and the coordinates of the
image ofP under the given transformatir

Solution:

(@)

- The transformation f( x)
multiplies the y-coordinates

by - 1. Thisturns the graph
upside-down.
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Crosses thec-axisat (2,0) , (4,0)
Image of P is (3,2)

(b)

f(2x) isastretch of%

in the x-direction. ( Multiply

. . 1
1\/2 X x-coordinates by 5 . )

Crosses thec-axisat (1,0) ,
(2,0)

. 1 y-coordinates are
Image of P is (15, -2) unchanged.

© Pearson Education Ltd 2C
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Exercise A, Question 27

Question:

\ I

\
\4.0)
O (1,0) \ X

The figure shows a sketch of the curve with equatierf ( x). The curve passes through the points (0, 3) and (4, 0)
and touches theaxis at the point (1, 0).

On separate diagrams, sketch the curve with equation

(@y=f(x+1)

(b)y = 2f (x)
(1)

©y=t | 3x
)

On each diagram, show clearly the coordinates of all the points where the curve meets

Solution:

(@)

f(x+1) isatranslation
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s ¥

Meets thex-axisat (0,0) , (3,0)
Meets they-axisat (0,0)

(b)

1 4\ rx

Meets thex-axisat (1,0) ,

(4,0)

unchanged.

Meets they-axisat (0,6)

()

PhysicsAndMathsTutor.com
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—1 in the x-direction.

2f (x) is a stretch of scale
factor 2 in they-direction
(Multiply y-coordinates by 2 )

x-coordinates are

1 .
f( EX) is a stretch of scale

1

factor 1. =2 inthe
( > )

x-direction. (Multiply

x-coordinates by 2)
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Meets thex-axisat (2,0) ,
(8,0)

Meets they-axisat (0, 3) unchanged y-coordinates are

© Pearson Education Ltd 2C
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Exercise A, Question 28

Question:

1
Given that f (x} =5, X#0,
(a) sketch the graph gf=f ( x) + 3 and state the equations of the asymptotes.

(b) Find the coordinates of the point why =f ( x) + 3 crosses a coordinate a:

Solution:

(@)

L '
You should know the shape
- this curve.
X
1
Y=
Y 'y
_________ Bl e f(x) +3 isatranslation of
\ + 3 in the y-direction.
\ i
W= % +3

y=3 isan

asymptote

x=0 isan The equation of the/-axis
asymptote isx=0

(b)

PhysicsAndMathsTutor.com
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The graph does not cross get If you usedx =0 you would
the y-axis ( see sketch in y= % + 3 but % is

(a) ) undefined ,
Crosses thex-axis wherey = 0 : or infinite.
<43 =0
X
1 - _3
X

1

X =-=Z (- 3 ,0)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1 Pagel of 2

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Algebraic fractions
Exercise A, Question 29

Question:

Giventhatf(x) = (X2 -6x) (x-2) + X,

(a) express ) in the formx (ax? + bx + ¢) , wherea, b andc are constants
(b) hence factorisexf completely

(c) sketch the graph v =f (x) , showing the coordinates of each point at which the graph meets tl

Solution:
(a)
Multipl
F(x) = (% =6x) (x=2) *+3Xqt the bracket Py
=x2(x—2) -6X(x—-2)
+ 3X
=x3 - 22 - 6 + 12x+ 3x
X isa
=x3 - 8¢ + 15x common factor
=x(x2-8x+15)
(a=1,b=-8,c=15)
(b)
X (X2 - 8x+15) Factorise the quadratic
f(x) =x(x-3) (x-5)
(©)
Curve meetsx-axis
wherey = 0.
x(x-3) (x-5) =0 Put y = 0 and solve forx
x=0,x=3,x=5
Whenx=0,y=0 Put x = 0 to find where the curve

crosses they-axis

When x — o , y — o | Check what happens tp for
arge

Whenx — — o,y — —w positive and negative values
' of x.
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Y

¥ =xX-3)x-5)

Meets x-axisat (0,0) , (3,0), (5,0)
Meetsy-axisat (0,0)

© Pearson Education Ltd 2C
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Exercise A, Question 30

Question:
(a) Sketch on the same diagram the graph=ok (x+2) (x-4) and the graph of= 3x—- x2, showing the coordinates of the points at which each graph meetsutie

(b) Find the exact coordinates of each of the intersection poiy = x (x+2) (x-4) andy=3x - x2.

Solution:

@

y=x(x+2) (x-4)

Curve meetsx-axis wherey = 0.
X(x+2) (x-4) =0
x=0,x=-2,x=4
Whenx=0,y=0

Put y =0 and solve forx .

Put x = 0 to find where the curve
crosses they-axis

When x — o,y — o
Whenx — —ow,y— —o Check what happens tp for large

positive and negative values &f.

y=3-x2
m Fory=ax+bx+c,
— 2y -2 ic -
The graph of y = 3x — x° is shape if a<0, the shapel_
Put y=0 and
-_— 2 =
X=X 0 solve for x .
x(3-x) =0
x=0,x=3
— _ Putx=10 to
Whenx=0,y=0 find where the curve
crosses

the y-axis.

L y=x(x+2)(x - 4)

-2 0 3 4 X
y=3x-x?

y=x(x+2) (x—-4) meetsthe
xaxisat (-2,0),(0,0), (4,0)
y = 3x - X2 meets thex-axis

at (0,0), (3,0)

(b)

X(x+2) (x-4) =3x - X2 To find where the graphs intersect,
X(x+2) (x=-4) =X(3-x) equate the two expressions for

to give an equation irx .

(x+2) (x-4) =3-x If you divide by x, remember that
One solution isx = 0 x =0 is a solution.

X2 -2x-8 =3-x

¥ -2x+x-8-3 =0

X2 —x—-11 =0 The equation does not factorise, so

a=1l,b=-1,c= -11

PhysicsAndMathsTutor.com
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X = bV (b7-dac) 1(2:\2_4“) Quote the formula
X _1#\{(-1)2- (4x1x -11)
B 2
= MT\JTS Exact values are required, not rounded
\45 =\9{5=3[5 decimals, so leave the answers in surd form.
X = 3 (1+3(5)
X = 2(1+3(5) orx= 3 (1-35)
x=0:y=0 The y-coordinates for the intersection
X = % (1+ 31_5 ) points are also needed.
3(1+3[5 2
y = U +2 5 _ u +j1_5) Usey=3x- X2, the simpler equation
(1+3(5)2=(1+3[5) (1+35)
=1(1+3[5) +35(1+3\5)
=1+3[5+35+45 \5x{5=5
=46 +6[5
_ 6(1+3[5) 46 + 6[5 .
y == - T Use a common denominator 4.
_ 6+18[5-46-4\5
- 4
= %ﬁr‘s = -10+35
1
x =3 (1-3f5)
- 3@-sls)
- 2
y (1-3(5)2
4
_ 6(1-3(5) 46-6[5 The working will be similar to
y - 4 4 that for
1+3Y5, soneed not be fully
repeated.

_ 6-18[5-46+4\5

\5
Intersection points are

(0,0), (5 (1+35), -10+§5)

_ -40-125 _

4

a -10-3

Finally, write down the coordinates of all the

points you have found. You can compare

these with your sketch, as a rough check.

and (5 (1-45), -10-§5)

© Pearson Education Ltd 2C
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Exercise A, Question 1

Question:
The lineL has equatioy =5 — 2x.

(a) Show that the point(B, —1) lies orlL.

(b) Find an equation of the line, perpendiculak tavhich passes throudh Give your answer in the forax + by + ¢ = 0, wherea, b andc are

integers

Solution:

(@)
For x=3,

y=5- (2x3) =5-6= -1

So (3, -1) liesonL.

(b)
y= —2x+5
Gradient ofL is - 2.

Perpendicular td_ ,

gradient is % (

1
EX—Z:—]_)

1
y- (-1) = 2 (x-3)
2y + 2 =x-3
0 =x-2y-5
X—-2y-5 =

(a=1,b=-2,c= -5)

© Pearson Education Ltd 2C
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Substitutex = 3
into the equation oL .
Give a conclusion.

Compare with

y =mx + ¢ to find
the gradientm

For a perpendicular

line, the gradient
. 1
is - —
m
Usey-y,=m
(x- X1 )

Multiply by 2

This is the required
form ax+by+c=0,
wherea, b and c
are integers.
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Exercise A, Question 2

Question:

The pointsA andB have coordinates (-2, 1) and (5, 2) respectively.

(a) Find, in its simplest surd form, the lengtB.

(b) Find an equation of the line througtandB, giving your answer in the forax + by + ¢ = 0, wherea, b andc are integers.
The line throughA andB meets thg-axis at the poin€.

(c) Find the coordinates C.

Solution:

@

A:(-2,1),B The distance between

(5,2)
AB =\ (5-(-2))2+ (2-1)2 two points is
2
Xo = X + -
() (% i [ (=) 2+ (yp-v)
( Pythagoras's
Theorem )
\[50 =\ (25%x2) =5\2 Use | (ab) =VYalb
AB =52
(b)
_ o 2-1  _ 1 . .
m= T o2 " 7 Find the gradient
of the line, using
27N
m= ——
XX
Usey-y, =m
- -1 (_ 1
y-1 =7 (x=(-2)) (x-x,)
1 2 .
y-1 = ox+ g Multiply by 7
-7 =X+2
0 =X-7y+9 This is the required
X—-7y+9 =0 form ax+by+c=0,
(a=1,b=-7,c=9) wherea, b and c
are integers.
(c)
x=0: Use x =0 to find
0-7y+9 =0 where the line meets
9 =7y the y-axis.

C is the point (0,17—2 )

© Pearson Education Ltd 2C
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Exercise A, Question 3

Question:
1
The line |, passes through the point (9, —4) and has gradignt

(a) Find an equation fdy in the formax + by + ¢ = 0, wherea, b andc are integers.
The linel, passes through the orighand has gradient —2. The lingsandl, intersect at the poirR.

(b) Calculate the coordinates Pf

Given thatl, crosses thg-axis at the poinC,

(c) calculate the exact areaAOCP.

Solution:
e
Usey-y, =m
—( - -1 1
y- (-4) = 3 (x-9) (x-x,)
1
y+4 =3 (x-9)
y+4 = %x -3 Multiply by 3
3y +12 =x-9
0 =x-3y-21
_ This is the
x—3y-21 =0 required
(a=1,b=-3,c=-21) form ax +by+c=0,
wherea,b andc
are integers.
(b) _
Equation ofl, 1y = - 2x The equation of a
straight line through
the origin
isy=mx.
;0 x-3y-21 =
x-3(-2x) -21 = Substitutey = - 2x
X+ 6x-21 =0 into the equation
X =21 of Iy
X =
y=-2x3= -6 Substitute back
into y= - 2x
Coordinates ofP :
(3, -6)
(c)
¥
1
Use a rough sketch to show
2 the given information
X
o]
h Be careful not to make any
) wrong assumptions. Here, for
//JCJ example, « OPC isnot 90°

PhysicsAndMathsTutor.com
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c

Where |; meets they-axis ,x = 0.

0-3y-21
3y

y
SoOC =7 andPN =3

Area of A OCP

© Pearson Education Ltd 2C

-21
-7

Use OC as the base and PN
as the perpendicular height

The distance ofP
from the y-axis is
the same as its
x-coordinate

> (base x height )

1
5 (7x3)

PhysicsAndMathsTutor.com

Put x =0 in the
equation ofl;
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Exercise A, Question 4

Question:

V A

-

A(1,7) B(20, 7)

P

C(p. q9)

The points AL, 7), 20, 7) and @, q) form the vertices of a triangle AB&s shown in the figure. The poin(d) 2) is the mid-point of AC
(a) Find the value of p and the value of g.

The line | which passes through &nd is perpendicular to AGtersects At E

(b) Find an equation for In the form ax+ by + ¢ = 0, where a, kand care integers.

(c) Find the exacx-coordinate oE.

Solution:

(@)
1+p X t%
( 2 ! ( 2

gy 7802 AT

is the mid-point
of the line from
(%x;,y,) to

l+p Equate thex-
2 coordinates

7+q Equate they-
2 coordinates

PhysicsAndMathsTutor.com
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Gradient of AC :
- 2-7_ -5
T o8-1" 7

AD) .
Gradient of | is
1
7
] =3
(=)
7
y-2 =5 (x-8)
So
(X=%1)
7x 56
y-2 =5 s
5y-10 =7x- 56
0 =7x—-5y- 46
7xX— 5y - 46 =

(a=7,b=-5,c= -46)

(c)
The equation of AB

isy=7

AtE

7X- (5x7) -46 =0

7x—35 - 46 =

X =81
-112

X —117

© Pearson Education Ltd 2C
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Use the points A
and D, with

Y27 %
)
X=X

to find the gradient
of AC (or

For a perpendicular

gradient
. 1
is - —
m
line | passes
throughD (8, 2)

use this point in
y-y,=m

by 5

in the
required form
ax+by+c=0,
wherea, b and c
are integers.

Substitutey = 7 into
of | to

E.

Page2 of 2

line, the

The

Multiply

This is

the equation

find the point
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Exercise A, Question 5

Question:

The straight line;lhas equation ¥ 3x - 6.

The straight line,lis perpendicular to land passes through the point (6, 2).

(a) Find an equation fog In the form y= mx + ¢, where mand care constants.

The lines | and |, intersect at the point.C

(b) Use algebra to find the coordinates of C

The lines | and |, cross the saxis at the point Aand B respectively.

(c) Calculate the exact area of trianABC.

Solution:

@
The gradient

Compare

of I;is 3. with y=mx +c.

So the gradient

. 1
ofI2|s -3

(b)

<
1

|

|
=
+
N

(3x3)
-6=3
The point
Cis

(3.3)

©

For a perpendicular

line, the gradient

. 1
is - —
m
Usey-y,=m
_ 1. L
3 (x-6) (x- xl)
- éx +2
- %x +4 This is the required
formy=mx+c.
Solve these
equations
simultaneously
Multiply
by 3 and
divide by 10

Substitute back

intoy=3x-6

PhysicsAndMathsTutor.com
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I

‘\\
C (3, 3)
Use a rough sketch to show
i the given information.
A B X
f?
Where |; meets thex-axis ,y=0: Puty=0 to find
0 =3x-6 where the lines
3x = meet thex-axis
X =2
Ais the point (2,0)
Where I2 meets thex-axis ,y =0 :
0 = - Ix+4
1
3 =4
X =12
B is the point (12,0)
c

Although «C is a right-angle, it is

easier to use AB as the base.
A - 10 = B
AB =10(12-2) The distance of C
The perpendicular height, using from the x-axis is
AB as the base, is 3 the same as its

y-coordinate.
Area of A ABC = % ( base x height )

1
=3 (10%x3)

=15

© Pearson Education Ltd 2C
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Exercise A, Question 6

Question:
The linel; has equationx— 4y — 5 = 0.

The linel, has equatiom + 2y — 3 = 0.

(a) Find the coordinates 8f the point of intersection &f andl,,.

The linel; crosses thg-axis at the poinkl and the lind, crosses thg-axis at the poinh.

(b) Find the area (AMNP.

Solution:
(a)
6x—4y-5 = (i)
X+2y—3 (i)
x =3-2y equation (ii)
6(3-2y) —4y-5 =0
18 - 12y-4y-5 =0
18-5 =12y+ 4y
16y =13
_ 13
y T 16
13 26
x=3-2( T =3 - T
3
X —15

P is the point (1§ :

13
16

(b)

PhysicsAndMathsTutor.com

Solve the equations
simultaneously

Find x in terms ofy from

Substitute into equation (i)

Substitute back intok = 3 - 2y
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Where I1 meets they- Put x =0 to find
axis, x=0 where the
lines meet they-
0-4y-5 =0 axis . N
4y = -5
5
y -T2

M is the point (0,_75 )

Where |, meets they-

axis, x=0:

0+2y-3 =0

2y =
3

y =3

N is the point (0,% )

Use a rough sketch to show the information

Use MN as the base anBQ as the
perpendicular height.

=Y

MN= S48 21 The distance oP from the y-axis is
2 4 4 the same as its

x-coordinate

3 11
PQ =157 %
Area = %
of AMNP pase x height )
1,1 m
2 4 8
_ 1z
64
57
=1 a

© Pearson Education Ltd 2C
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Exercise A, Question 7

Question:

The 5th term of an arithmetic series is 4 and the 15th term of the series is 39.
(a) Find the common difference of the series.

(b) Find the first term of the series.

(c) Find the sum of the first 15 terms of the se

Solution:

(@)
nM term =a+
(n-1)d

n=5: a+4d = (i) Substitute the given

n=15: a+ 14d =39 values into then!" term
' (i) formula.

Subtract (ii)-(i)
10d =35 Solve simultaneously.
d =3z

Common difference is 3
1

2

(b)
at+ (4x 3% ) =4 Substitute back into equation ().

a+14 =4
a = -10
First term is —10

(©)

PhysicsAndMathsTutor.com
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S, = %n(2a+ (n-1)
d)
_ _ _,1 Substitute the
n=15,a = 10,d—32 values
into the
sum formula.
= ~x15( -20+
2
Sis 1
(14><35) )
= 2 (-20+49)
= 2 x 29
1
—2175

© Pearson Education Ltd 2C
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Exercise A, Question 8

Question:

An athlete prepares for a race by completing a practice run on each of 11 consecutive days. On each day after the first day, he runs farther than
heran on the previous day. The lengths of his 11 practice runs form an arithmetic sequence with firktrtemad common differenaekm.

He runs 9 km on the ¥Mday, and he runs a total of 77 km over the 11 day period.

Find the value oa and the value cd.

Solution:

nth term =a + The
(n-1)d distance run on the 11th day is the
11th

n=11: a+10d=9 term of the arithmetic sequence.

S = ln(2a+ The

2 . .
(n-1)d) total distance run is the sum
=77 ,n=11: of
S“ the arithmetic series.
> x11(2a+10d) =77
1 _ Itis
> (2a+10d) =7 simpler to divide each
a+5d -7 side of

the equation by 11.

_ . Solve
a+ 10d =9 (i) simultaneously

a+ 5d =7 (i)
Subtract (i)-(ii):
5d =2

2
d =5

2 Substitute
a+ (10x ) =9 back
_ into

at+4 =9 equation (i).
a =5

© Pearson Education Ltd 2C
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Question:
The tth term of an arithmetic series is (2r — 5).
(a) Write down the first three terms of this series.

(b) State the value of the common difference.

n Yo
(c) Show that 3’ | 2r 5 | =n | n-4).

r=11\ )\
Solution:
@
r=1: 2 -5 = -3
r=2: 2-5 = -1
r=3: 2-5 =
First three termsare -3, -1,1
(b)
Common differenced = 2 The terms increase

by 2 each time
(Uk+1:Uk+2)
(c)
n n
(2r-5)
r=1 r=1
=5 (2r-5) isjust
-1 _ the

S” - 2n(2a+ (n-1)d) sum of the
— _ _ series
a= -3,d=2 to n terms
s, = on(-6+2(n-1))

Sn(-6+xn-2)

1

= En(2n—8)
1

= En2(n—4)

=n(n-4)

© Pearson Education Ltd 2C
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Exercise A, Question 10

Question:

Ahmed plans to save £250 in the year 2001, £300 in 2002, £350 in 2003, and so on until the year 2020. His planned
savings form an arithmetic sequence with common difference £50.

(a) Find the amount he plans to save in the year 2011.
(b) Calculate his total planned savings over the 20 year period from 2001 to 2020.

Ben also plans to save money over the same 20 year period. He AawelseEyear 2001 and his planned yearly savings
form an arithmetic sequence with common difference £60.

Given that Ben's total planned savings over the 20 year period are equal to Ahmed's total planned savings over the same
period,

(c) calculate the value A.

Solution:
(@)
=250 i
a (Year 2001) Write down the values
_ of a and d for the
d =50 arithmetic series
Taking 2001 as Year 1
(n=1) ,
2011 is Year 11
(n=11).
Year 11 savings:
_ =250+ (11-1) Use the term
a+ (n-1)d 50 formulaa+ (n-1)d
=250+ (10 x50)
=750

Year 11 savings : £ 750

(b)

PhysicsAndMathsTutor.com
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S = %n(2a+ (n-1)d) The total savings
Using n= 20, will be the sum of
= = x + the arithmetic

S, > x 20 (500 he arithmeti

0 series.
(19x50) )
=10 (500 +950)
=10 x 1450
= 14500

Total savings: £ 14

500

(©)

a =A (Year2001) Write down the values

d =60 of a and d for Ben's series.

So = % x20(2A+ (19x60) ) Use the sum formula.

So =10 (2A +1140)

= 20A + 11400

20A + 11400 = 14500 Equate Ahmed's

20A = 14500 - 11400 and Ben's total savings.

20A = 3100

A =155

© Pearson Education Ltd 2C
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Exercise A, Question 11

Question:

A sequencey, a,, a;,... is defined by

al :3,
8,41 =38,-5, n=1.

(a) Find the value dd, and the value .

5
(b) Calculate the value of 3 a .
r=1
Solution:
(@)
a1 =3a,- 5 Use the given
n=1: a, =33 -5 formula, with
a1=3, soa, =9-5 n=1andn=2
% =4
n:2:a3 :3a2—5
a2:4, soa; =12-5
3 =7

(b)

PhysicsAndMathsTutor.com
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5
DR =t tagtaytag
a=1
n=3:3, =3a3-5
a3=7, soa, =21-5
ay =16
n=4:ag =33, -5
a,=16, soa; =48-5
ag =43
5
> a =3+4+7+16+43
a=1
=73

© Pearson Education Ltd 2C
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This is not an arithmetic series.
The first three terms are 3, 4, 7.
The differences between

the terms are not the same.

You cannot use a standard formula,

so work out each separate term and

then add them together to find

the required sum.
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Exercise A, Question 12

Question:
A sequencey, a,, a;,... is defined by
al = k ,

a, 41 =39,*+9, n>1,
wherek is a positive integer.

(a) Write down an expression fay in terms ofk.

(b) Show thag,, = 9k + 20.

4
() () Find ) & interms ofk.
r=1
4
(i) Showthat » a is divisible by 10.
r=1
Solution:
(a)
a1 1 =33,+5 Use the given
n=1:a, =3a +5 formula withn=1
& =3k+5
(b)
n=2:a; =3a,+5
=3(3k+5) +5
=9%+15+5
a3 =9k + 20

(©)(0)

PhysicsAndMathsTutor.com
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4
> 8 Ty tataztay This is not an arithmetic series.
r=1

You cannot use a standard formula,
o)
=3(9%+20) +5 work out each separate term and
= 27k+ 65 then add them together

n:3:a4:3a3+5

4
=k+ (3k+5) + (%k+20) +

> 1aT (27k+ 65) to find the required sum.
r =

= 40k+ 90
(i)
4
> a =10(4k+9)
r=1
There is a factor 10, so Give a conclusion.

the sum is divisible by 10.

© Pearson Education Ltd 2C
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Exercise A, Question 13

Question:
A sequencey, a,, a;,... is defined by
a1 =28,- 3, n>1

(a) Show that; = 16k — 45

Given thata; = 19, find the value of

(b) k
6
© 2 &
r=1
Solution:
(@)
41 =2a,-3 Use the given formula
n=1: a2:2a1—3 with n=1,2,3 and 4.
=2k-3
n=2: a3:2a2—3
=2(2k-3) -3
=4k-6-3
=4k-9
n=3: a4:2a3—3
=2(4k-9) -3
=8k-18-3
=8k-21

n=4: ag :2a4—3
=2(8k-21) -3
= 16k—-42 -3

ag = 16k- 45

(b)
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a; =19,
so 16k-45 =19
16k =19 +45
16k =64
k =4
(©)
6
Y a = ta,tagtatagtag
r=1
This
is not an arithmetic series.
You
a; =k =4 cannot use a standard
formula,
=2k-13 _ SO work
% S out each separate term and
=4k-9 - then add
% ! them together
a, = 8k- 21 - to find
4 1 the required sum.
ag = 16k- 45 =19
From the original formula,
dg = 285~ 3 = (2x19) -3
=35
6
Y a=4+5+7+11+19+35
r=1
=81

© Pearson Education Ltd 2C
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Exercise A, Question 14

Question:
An arithmetic sequence has first tearand common differencg

(a) Prove that the sum of the firsterms of the series is

il ()]
2n|_2a+ \n_ljdj

Sean repays a loan over a perioah ofionths. His monthly repayments form an arithmetic sequence.

He repays £149 in the first month, £147 in the second month, £145 in the third month, and so on. He makes his final
repayment in theth month, where > 21.

(b) Find the amount Sean repays in the 21st month.
Over then months, he repays a total of £5000.

(c) Form an equation in, and show that your equation may be written as
n? - 1500 + 5000 = 0

(d) Solve the equation in part (c).

(e) State, with a reason, which of the solutions to the equation in part (c) is not a sensible solution to the repayment
problem

Solution:

(a)

S, =a+ (a+d) + (a+2d) + ... .. + (a+  You need to know this
(n=-1)d) proof . Make

Reversing the

sum:

S, = (a+ (n-1)d) + ... .. + (a+2d) +
(a+d) +a

sure that you understand it, and do

not miss out any of the steps.

Adding these o you add, each pair of terms

two :
25, (—n(_ZT;rd()n 1)d) + ... ... + (2a+
25, =n(2a+ (n-1)d) d:atddsuptoZ&(n—l)
and there aren pairs of
terms.
S = Zn(2a+ (n-1)d)

(b)

PhysicsAndMathsTutor.com
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a =149 ~ (First Write down the values of
month )
d - 5 a and d for the arithmetic
a series.
21st month:
a+ (n-1)d (:2104?( +_ 2) Use the term formula
=149 - 40 a+ (n-1)d
=109
He repays £ 109 in the 21st
month
(©)
= ln (2a+ (n-1) The total he repays will be the
= 2 sum of
d)
the arithmetic series.
= Sn(298-2
(n-1))
= -n(298-2n+2)
1
= 3n (300 - 2n)
1
= Enz (150 -n)
=n (150 —n)
n(150 -n) = 5000 EquateSn to 5000
150n - n? = 5000
n® - 150n+ 5000 = 0
(d)
(n=50) -0 Always
(n-100) - try to factorise the quadratic.
The

N =150 0rn=100,adratic formula would be

awkward
here with such large numbers.

(€)
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n =100 is not sensible .
For example, his repayment
in month 100 (h=100)

Check back in the

wouldbea+ (n-1)d context of

=149+ (99 x —2) he

=149 - 198
= —-49

A negative repayment is not

sensible .

© Pearson Education Ltd 2C
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the problem to see if

solution is sensible.
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Exercise A, Question 15

Question:

A sequence is given by
al =

8,41 =a’-ka,, n>1,

wherek is a constant.
(a) Show thas, = 6k? — 20k + 16
Given thata, = 2,

(b) find the possible values kf

For the larger of the possible valuespfind the value of

(©) &,
(d) ag
(e)ayq
Solution:
@
&1 =a” - ka,
n=1: a =a’-ka Use the given formula
=4 -2% with n=1 and 2.
n=2: a3:a22—ka2
= (4-2%)2-k(4-%)
=16 — 16 + 4k% — 4k + 2k?
ag = 6kZ - 20k + 16
(b)
a3=2:

6kZ — 20k + 16 = 2
6k? - 20k + 14 =0
3K -1k+7 =0

(3k=-7) _0
(k=-1) a factorise the quadratic rather
k =

7 than

3 Or k=1 using the quadratic formula.

PhysicsAndMathsTutor.com
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The largerk value is %
8 =4-%=4- (2% )
14 2
=43 573
(d)
—,2_ 7
%41 =8y T 34,
=3 —,2_ 1
n 3.3.4 _a3 333
But a, =2 is given, so
7
a, :22—(§x2)
14 -2
=433
n=4: - 2_1
L85 =a - oy
- ( Z2y2_ 1 =2
= () 2-(3%x5)
4 14 _ 18
= -+ — = —
9 9 9
3 =2
(e)
— _2 —
%2 -5 %72
-2
a4 :T’aszz
For even values
f _ 2
of n,a,= — . 5

© Pearson Education Ltd 2C
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Use the formula

with k =

, for n=3 and 4.

w I~

Notice that the

“oscillating” between

If nis even,a, =

If nis odd,an =2.
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Exercise A, Question 16

Question:
Given that
1
y=43-1+X2, x>0
find % )
Solution:
1
y =43 -1+ X7 Y -1
dx
dy _ 2 1 -4
dx = (4x3X7) + (2% 5X7 2)  he constant
zero.
& 5 .1
dx =1 +x 2 write down an
version of the answer first
make a mistake
simplifying).
(
Or:
d
=+ =12 +
dx
1
. 1 It
2 s not necessary to change your
Or:
d
L =122 +
dx
1
\x

© Pearson Education Ltd 2C
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Exercise A, Question 17

Question:

Given thaty = 2x2 - % X2 0,

I
(@) find 5 .

(b)find [y dx.

Solution:
(a)
5 Use
_ _ =2 1
y 2)(2 X3 X_n =X -n
=2¢-6x"3
dy For y=x",
o =(2x28) - (6x =3"%) & _ -1
dx
dy _ —4 Write down
dx = 4x+ 18x an unsimplified version
of the answe
first.
(Or:
d
o = Ax+ it
18 is not necessary to change
)

your answer
into this form.

(b)

PhysicsAndMathsTutor.com
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+1
[ (22-6x"3)dx Use [xdx= X~ +C

+1
S S C Do not forget to include the
~ 3 -2 constant

of integration, C.

= 2 13y 24¢C Write down an unsimplified
3 version
of the answer first
3
(Or: 2x? +
3 It is not necessary to change
2 +C)
X

your answer into this form.

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 18

Question:

Given thaty = 3x2 + 4{x , x > 0, find
dy
(@) 5 -

&
) 5z -

(c) [y dx.
Solution:
(@)
1
y = 3¢ + 4\x Use fx=x2

1
3¢+ 4x2
(3x2¢d) + (4x Fory=x",

dy
dx

X

N |-
N |-
Q
<
>
|
|_\

) = =

[y

dy Write down

dx =6X+2X~ 2 an

unsimplified
version

of the answer
first.

Or: 2

1
X5 It
)s not necessary to change

your answer
into one of these forms

(b)

PhysicsAndMathsTutor.com
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dy -1 Differentiate
dx = 6X+ 2X 2 again
&%y -1 =8
e =6+ (2x — X 2 )
-3
=6-X 2
(
Or:
d2y
—+ =6 -
dx2
1
) 3 It
2 )s not necessary to change your
Or:
oy
— =6 -
dx2
1
X
answer
into one of these forms.
X
3 1
2 =xtxxz =x\[x
(©)
l n _ Xn +1
[ (3@+4x3) dx Use [Xdx= —- +C Do
3
33 M .
=5t +C not forget to include the constant
( 2 )
of integration, C
3
=x3+4( % ) X2 +C Write down an unsimplified version
3
=3 + gx 2 +C of the answer first.
8 .
(Or: X3 + §X\|7< +C) It is not necessary to change your

answer into this form.

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 19

Question:
(i) Given thaty = 5x3 + 7x + 3, find

@5

d2y
®) 5o -

(o)
(i) Find | k1 3[x }dx.

2

x

Solution:

(i)
Yy =53+ 7x+3

@
For y=x"
dy 1
o = (5x3@) + (7x10) Y -1
dx
Differentiating the constant
3 gives zero.
%:15(2+7 Usex?=1
Differentiating Kx gives K .
(b)
% =152 + 7 Differentiate again
d2
— = (15x2d)
= 30x
(ii)

PhysicsAndMathsTutor.com
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J(1+30x- X—lz) dx

1
=] (1+32-x"2) dx
Do not forget to

include the

constant of
integration C.

(-1)

2 3 -
=x+ (3x EXZ) +x 1+C

3
=x+2x2 +x 1+C

(Or: x+2x\|7(+ X3+C)

© Pearson Education Ltd 2C
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1
Use fx=x72 and

1
— —y—nN
X X
Use | xdx =
xn+ 1
n+1
It is not necessary to
change
your answer into this
form.
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Algebraic fractions
Exercise A, Question 20

Question:

3
The curveC has equatioy = 4x + 3x 2 — 2x¢, x> 0.

. . dy
(a) Find an expression fory -

(b) Show that the poirR(4, 8) lies orC.

(c) Show that an equation of the normattat the poinP is
y=x+20.

The normal taC atP cuts thex-axis at the poin@.

(d) Find the lengtIPQ, giving your answer in a simplified surd fol

Solution:
(@)
y = 4x+ 3X
3
2 = 2@
1 — N
& = (4x10) + (3x 3x37) - Fory =x7,
dx 2 ﬂznxn—l
(2 x24) ox
d 1
™ =4+ Sx7 - 4x
(b)
For x=4,
3 2=y
y = (4x4) + (3x47) - X2 = XXX
1
(2x#) 2 =XV X

=16+ (3%x4x2) —-32
=16+24-32=8
SoP(4,8) lies
onC

()
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The value
For x=4, of dy
dx
dy 9 1
oy :4+(EX42) - (4x4)
9
=4+ ( 5 X 2) -16
=4+9-16= -3
The gradient The normal
of the normal is perpendicular to the
tangent, so
tPis = L 1
a 3 the gradient is -
Equation of
the normal :
-8 -1 iv-2
y =5 (x=4) (X=x;)
X 4
y-8 R
3y—24 =x-4
3y =x+20
(d)
y=0: 0=x+20
x=-20 the x-axis.
Q is the point
(-20,0)
PO =\ (4--20)2+
(8-0) 2 points is
= \IZ42 + 82 - >
(Yo-y;) 2

= V64 x V10
=8+ 10

© Pearson Education Ltd 2C
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is the gradient of

the tangent.

Usey-y,=m

Multiply by 3

Usey =0 tofind
where the normal cuts

The distance between t

\ (x=xp) 2+

To dmplify the surd,
find a factor which
IS an exact square

(here 64=8)
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Exercise A, Question 21

Question:

5-
The curveC has equationy = 42 + Tx ,X# 0. The pointP on C has x-coordinate 1.

(a) Show that the value O% & is 3.

(b) Find an equation of the tangent to C at P
This tangent meets theaxis at the point (K0).

(c) Find the value ck.

Solution:
(@
y =42 + S;X Divide 5 —x by x

=42 +5x 1-1 Fory=x”,j—i=nxn‘1
% = (4x2d) + (5x-1x"?) Differentiating the

constant - 1 gives zero

d _ -2
™ =8x- 5x
At P, x=1, so
dy - —2_ L _1_
™ = (8x1) - (5x172) 17%=5=17°1

=8-5=3
(b)
Atx=1,d—y=3 Thevalueofﬂ

dx dx
is the gradient of the
tangent
At x=1, y= (4x2) + 2=
y=4+4=8
Equation of the
tangent :
Usey-y,=m
-8 =3(x-1

y ( ) (x-%)
y =3x+5
(©)
y=0: O =3x+5 Usey=0 to find
3x = -5 where the tangent

5 .
X =-3 meets thex-axis

5

SoK = - 3

© Pearson Education Ltd 2C
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Exercise A, Question 22

Question:
1
The curveC has equationy = 3x3 - 4x2 + 8x + 3.

The pointP has coordinates (3, 0).

(a) Show thaP lies onC.

(b) Find the equation of the tangentQatP, giving your answer in the forpm= mx + ¢, wherem andc are constants.
Another pointQ also lies orC. The tangent t€ atQ is parallel to the tangent @atP.

(c) Find the coordinates Q.

Solution:

(a)

y = %x3—4x2+8x+3

At x=3,

y = (3xF) - (4xF) + (8x3) +3
=9-36+24+3
=0

SoP (3,0) liesonC

(b)

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 1

dy = (7x3%) - (4x24) +
dx ﬂ:nxn—l
(8x1¥0) dx
Differentiating the
constant 3 gives zero.
=x%-8x+8
At x =3,
d
™ =32~ (8x3) +8
=9-24+8= -7 tangent.
Equation of the
tangent :
-0 =-7(x-3
y ( ) (x-x%,)
y = —-7x+21
required formy = mx + ¢
(©)
dy - _
At Q, o = -7
parallel, they have the same
gradient.
X2 — 8x+ 8 =-7
X2 - 8x+ 15 =
(x-3) (x-5) =
XxX=3 orx=5 x =3 at the point P
For Q, x=5
y = (3x5) - (4xF) +
(8%x5) +3
125
= 5 —100+40+3 of C
1
= —155

Qisthe point (5, - 15
1
3)

© Pearson Education Ltd 2C
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Fory=x",

d
The value of %

is the gradient of the

Usey-y,=m

This is in the

If the tangents are

Substitutex =5

back into the equation
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Exercise A, Question 23

Question:

(2x+1) (x+4)
= T , x>0

N—

3 1

(a) Show that ) can be written in the forx 2 + Qx 2 + Rx ™

1
2

, Stating the values of the constaRt€) andR.

(b) Findf "' (x) .

(c) Show that the tangent to the curve with equatierf ( x ) at the point wherg = 1 is parallel to the line with
equation2y = 11x + 3.

Solution:
(a)
(2x+1) (x+4)
F(x) = v x
2
- W Divide each term by
X
1
2 , remembering
3 1 -1 -
=2x2 +9x2 +4x 2 . that XM + X" = x™ =1

P=2, Q=9, R=4

(b)
3 1 1 =1
' (x) = (2xox2) +(9%x2x 2 ) + (4x f' (x) isthe derivative off
-1 = (x)

22X

1 -1 -3
f' (x) =3x2 + %xT -2x2 so differentiate

()
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At x=1,
(3x17) + (2x17)
= X 2 + — X 2 — ' .
f! (1) 2 _ f (1) is the
-3 gradient
(2x12 )
of the tangent ak = 1
9 11
=3+ -2=7 1"=1 foranyn.
The line 2y =11x+ 3 is
_ 1 3 Compare
y TR with y=mx + ¢

The gradient is %

So the tangent to the curve
where

x =1 is parallel to this
line ,

since the gradients are
equal .

Give a conclusion ,

with a reason .

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 24

Question:
The curveC with equationy = f ( x) passes through the point (3, 5).

Given thaff ' (x) =x2+ 4x — 3, find f(x).

Solution:
: To find f(x)
— 2 _
F(x) X"+ 4x-3 from f' (x) , integrate .
Use | x"dx =
S -
f(x) =357t 3x+ C X l+C.
n+1
- X o2 34 C Do not forget to includ
3 the
constant of
integration C .
Whenx =3, f(x) The curve
=5, so passes
3
%+ (2xP) - through
3,5),
(3x3) +C=5 ( )
9+18-9+C =5 sof(3) =5.
C = -13
3
f(x) = Xg+2x2—3x—13

© Pearson Education Ltd 2C
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Exercise A, Question 25

Question:

The curve with equation=f ( x) passes through the point (1, 6). Given that

()

f' ‘ X | =3+@,x>0,
1
) X2
find f(x) and simplify your answe
Solution:
5x2 + 2 1
fr(x) =3+ 1 Divide 5¢ + 2 by x 2 ,
2
remembering that
XM = yN = ym-n
345 4 2% 5 Tofind f(x) from
f' (x) , integrate.
5 1
5x 5 x5 Use [ x"dx =
f(X) =3x+ 5 + 1 +C Xn+1+
(3) (3) n+1
2 5
=3x+ (5x ng) + (2%
, 1 Do not forget to include
IXz) +C
5 1 the constant of integration
=3X+2X2 +4x2 +C C.
Whenx=1,f(x) =6, so The curve passes

5
(3x1) +(2x12) + through (1,6) ,

(4><1§) +C=6

sof(1l) =6
3+2+4+C =6 1"=1 foranyn.
C = -3

5 1
f(x) =3x+2x2 +4x2 - 3

© Pearson Education Ltd 2C
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Exercise A, Question 26

Question:
For the curveC with equatiory = f ( x) ,

dy
= _ .3 _
o X F2X=T7

2
(a) Find ol

d
> 2 for all values ofx .

(b) Show that ; >

Given that the poir®(2, 4) lies orC,
(c) findy in terms ofx,

(d) find an equation for the normalC atP in the formax + by + ¢ = 0, wherea, b andc are integer.

Solution:
()
% =x3+2x-7 Differentiate to find
d?y . .
& =32+ 2 the second derivative
()
x2>0 for any (real)x . The square of a
So 3¥>0 real number
So 38 +2>2 cannot be negative .
2,
So Z—); > 2 for all values ofx . Give a conclusion .
X’
(¢
@ _
i =x3+2x-7
find y in terms

of x.

_ X 2@
y =7t 7x+C include

_ X2

=g o xC integration C.
Whenx=2,y=4, so Use the fact that

-2 _
4 B 4+22 (7x2) +C the curve.
4 =4+4-14+C
C = +10
y = é +x2 + 7x+ 10

(d)

PhysicsAndMathsTutor.com
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For x =2,
& The value of
o =28+ (2%x2) -7 &
dx
=8+4-7=5 is the gradient

of the tangent .

The gradient of

the normal The normal is

Lo-1 .
atPis — perpendicular to the tangent,

S 1
sothe gradient is _F

Equation of the

nomal :

-1 Usey-y,=m
y-4 =5 (x=2) (x=x)
y-4 == +§ Multiply by 5
5y - 20 = -X+2
X+5by-22=0 This is in the required form

ax+by+c=0, wherea,
b and c are integers .

© Pearson Education Ltd 2C
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Exercise A, Question 27

Question:

For the curveC with equation y=f ( x) ,
dy 1-x2

N—

. (12
Given thatC passes through the poth 2 3

(a) findy in terms ofx.

(b) find the coordinates of the point dat which % =0.

Solution:
(@
ﬂ _ 1-x2
dx T8
—x~4_x"2
x~3 x~1
= — - — +
y -3 -1 c
_ 3
= +x l+C
constant of integratiorC .
-1 1
= — + — +
y 33 X c
will make it easier
calculate values
the next stage .
When x =
1 _
2 Y=
2
3 SO
2 8
3 = -3 *t2+C
2 8 4
C =3t3- 2= 3
- =1,1_4
y T oad x 3

(b)

PhysicsAndMathsTutor.com
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Divide 1 -x? by x*

d
Integrate —- to

of x. Do not forge

Usex N

Use the fact that

1

12 lies on
2' 3

the curve .
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1-x2
v =0
to zero, its
1-x2 =0
X2 =1
x=1lorx=-1
-1 4
x=1:vy _T+1+§
y =2
1 4
x=-1:vy _5—1+§
_ 2
y T3
The points are
(1,2)

and (-1,%)

© Pearson Education Ltd 2C
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Exercise A, Question 28
Question:
The curveC with equatiory = f ( x ) passes through the point (5, 65).
Given thatf' (x) =6x2- 10x - 12,
(a) use integration to find f)x
(b) Hence show that fX) =x(2x+3) (x-4).
(c) SketctC, showing the coordinates of the points wtC crosses thx-axis
Solution:
(a)
1 _ 2 _ _
B(x) =6x" - 10¢- 12 find f(x) from
f' (x) , integrate
_ 8¢ _ 108
t(x) T3 2 1x+C not forget to
Whenx=5, y=65, so include the constant
of integrationC .
_ 6x125 10x25
65 -3 2 60+C the fact that
the curve passes
through (5, 65)
65 =250-125-60+C
C =65+ 125 + 60 - 250
C =0
f(x) = 2 - 5x% — 12

(b)
f(x) =x(2¢-5x-12)
f(x) =x(2x+3) (x—-4)

(©)
Curve meetsx-axis wherey = 0

x(2x+3) (x-4) =0 Puty=0 and

x:O,x:—g,x:4 solve for x

When x — o0,y — o Check what happens

Whenx - —w,y— —o to y for large
positive and negative
values ofx .

PhysicsAndMathsTutor.com
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YA

Crossesx-axis at (_73 ,0) , (0,0), (4,0)
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Algebraic fractions
Exercise A, Question 29

Question:

(e

4
The curveC has equationy = x? L Xx-6 ) + x>0

The points Pand Qlie on Cand have xoordinates 1 and 2 respectively.

(a) Show that the length of PR 170 .

(b) Show that the tangents toa€P and Qare parallel.

(c) Find an equation for the normalC atP, giving your answer in the foriax + by + ¢ = 0, wherea, b andc are integer:
Solution:

GV

y=x(x-6) + =

AtP, x=1,
y =1(1-6) +7 = -1
Pis (1, -1)
AtQ, x=2,
y =4(2-6) +2 = - 14
Qis (2, -14)
PQ :\](2_1)2+(—14—(—1))2 The distance between
=+ (12+ ( -13) 2) two points is
=\ (1+169) =170 \ (p=x) 2+ (y,-yy) 2
(b)
y =x3-6x%+4x 1
& =32 (6x2X ) + (4x-1x~2)
=3x% - 12— 4x~?
At x=1, Thevalueof%
% =3-12-4= -13 is the gradient ¢
the tangent.
At x=2,
& _ 2
™ = (3x4) - (12x2) - (4%x2°)
4
=12-24-,=-13
At P and also at Q the Give a conclusion

gradient is —13, so the
tangents are parallel (equal gradients).
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The gradient The normal

of the normals perpendicular to the

atPis - tangent, so

T 1 e gradient is ——

Equation of

the normal:

y- (-1) =5 (x-1) Usey-y, =m(x-%)

X 1 .

y+1 =53 1 Multiply by 13

13y + 13 =x-1 This is in the required form

x—-13y-14 =0 ax+by+c=0, wherea,
b and c are

integers.
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Algebraic fractions
Exercise A, Question 30

Question:

(a) Factorise completel? — 7x2 + 12x .

(b) Sketch the graph gf= x3 — 7x2 + 12x, showing the coordinates of the points at which the graph crossesuie
The graph of = x3 — 7x2 + 12x crosses the positiveaxis at the point& andB.

The tangents to the graph/AandB meet at the poir.

(c) Find the coordinates P.

Solution:

(@)

X3 — e + 12x X is a common factor
=X (X% = T7x+12)
=x(x-3) (x—-4)

(b)
Curve meetsx-axis wherey =0 .

X(x-3) (x-4) =0 Puty=0 and
x=0,x=3,x=4 solve for x .

When x — o,y — o Check what happens to
When X > -0,y — — o y for large

postive and negative values of
L

= ¥

D 3\/4

Crossesx-axisat (0,0), (3,0), (4,0)
(©)
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A and B are
(3,0)
and
(4,0)
dy _
™ = 3¢ - 14x+ 12
At x=3, dy
(A) value of o
& =27-42+12= -3
dx
At x=4
(B)
Y =48-56+12=4
dx
Tangent at A:
y-0 = -3(x-3)
y = -3x+9 (1)
Tangent at B:
y-0 =4 (x-4)
y =4x- 16 (i)
Subtract
(i) -
(i) :
0 =7x- 25
I
X 7
of the tangents
Substituting
back into (i):
75 12
y =TT 9T
P is the
. 25
point ( I
-12
=)
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The

of the tangent.

(x=%)

simultaneously to

intersection
point

Page2 of 2

is the gradient

Usey-y;,=m

Solve (i) and (ii

find the





