
Higher Mathematics

recurrence limits

1.[SQA] Two sequences are generated by the recurrence relations un+1 = aun + 10 and
vn+1 = a2vn + 16.

The two sequences approach the same limit as n→ ∞ .

Determine the value of a and evaluate the limit. 5

Part Marks Level Calc. Content Answer U1 OC4

4 C NC A13 a = 3
5 , L = 25 2000 P1 Q5

1 A/B NC A12

•1 ss: know how to find limit
•2 pd: process
•3 pd: process
•4 ic: interpret coeff. of un
•5 pd: process

•1 L = aL + 10 or L = a2L + 16 or
L = b

1−a

•2 L = 10
1−a or L = 16

1−a2

•3 10
1−a or

16
1−a2

•4 10a2 − 16a+ 6 = 0
•5 a = 3

5 and L = 25

2.[SQA] A sequence is defined by the recurrence relation un+1 = 0·3un + 5 with first term
u1 .

(a) Explain why this sequence has a limit as n tends to infinity. 1

(b) Find the exact value of this limit. 2

Part Marks Level Calc. Content Answer U1 OC4

(a) 1 C CN A12 1996 P1 Q11

(b) 2 C CN A13
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3.[SQA]

Part Marks Level Calc. Content Answer U1 OC4

(a) 1 C CR A12 1998 P1 Q8

(b) 2 C CR A13

(c) 2 A/B CR A14

4.[SQA] A man decides to plant a number of fast-growing trees as a boundary between
his property and the property of his next door neighbour. He has been warned,
however, by the local garden centre that, during any year, the trees are expected
to increase in height by 0·5 metres. In response to this warning he decides to trim
20% off the height of the trees at the start of any year.

(a) If he adopts the “20% pruning policy”, to what height will he expect the trees
to grow in the long run? 3

(b) His neighbour is concerned that the trees are growing at an alarming rate and
wants assurances that the trees will grow no taller than 2 metres. What is the
minimum percentage that the trees will need to be trimmed each year so as to
meet this condition. 3

Part Marks Level Calc. Content Answer U1 OC4

(a) 3 C CN A13, A14 2·5 metres 2002 P2 Q4

(b) 3 C CN A12, A13 trim 25%

•1 ic: interpret the decay factor
•2 ss: strategy for limit
•3 pd: process limit

•4 ss: reverse strategy for limit
•5 pd: process
•6 ic: interpret scale factor

•1 0·8 stated or implied
•2 e.g. l = 0·8l + 0·5 or l = 0·5

1−0·8

•3 −1 < 0·8 < 1 so l = 2·5 metres

•4 2 = 2m+ 0·5
•5 m = 0·75
•6 trim 25%
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5. (a) A sequence is defined by un+1 = − 12un with u0 = −16.

Write down the values of u1 and u2 . 1

(b) A second sequence is given by 4, 5, 7, 11, . . ..

It is generated by the recurrence relation vn+1 = pvn + q with v1 = 4.

Find the values of p and q . 3

(c) Either the sequence in (a) or the sequence in (b) has a limit.

(i) Calculate this limit.

(ii) Why does the other sequence not have a limit? 3

Part Marks Level Calc. Content Answer U1 OC4

(a) 1 C CN A11 u1 = 8, u2 = −4 2011 P2 Q3

(b) 3 C CN A11, A10 p = 2, q = −3

(c) 3 C CN A12, A13 (i) l = 0
(ii) outside −1 < p < 1

•1 pd: find terms of a sequence

•2 ic: interpret sequence
•3 ss: solve for one variable
•4 pd: state second variable

•5 ss: know how to find valid limit
•6 pd: calculate a valid limit only
•7 ic: state reason

•1 u1 = 8 and u2 = −4

•2 e.g. 4p+ q = 5 and 5p+ q = 7
•3 p = 2 or q = −3
•4 q = −3 or p = 2

•5 l = − 12 l or l =
0

1−(− 12 )

•6 l = 0
•7 outside interval −1 < p < 1
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6.[SQA]

Part Marks Level Calc. Content Answer U1 OC4

(a) 3 C CR A10 1993 P2 Q8

(b) 3 C CR A10

(c) 1 C CR A14

(d) 3 C CR A12, A13

(d) 1 A/B CR A12, A13
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7.[SQA]

Part Marks Level Calc. Content Answer U1 OC4

(a) 3 C CR A10 1998 P2 Q8

(b) 1 C CR A14

(c) 4 C CR A12, A13
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8.[SQA] Trees are sprayed weekly with the pesticide, KILLPEST, whose manufacturers
claim it will destroy 65% of all pests. Between the weekly sprayings it is estimated
that 500 new pests invade the trees.

A new pesticide, PESTKILL, comes onto the market. The manufacturers claim that
it will destroy 85% of existing pests but it is estimated that 650 new pests per week
will invade the trees.

Which pesticide will be more effective in the long term? 7

Part Marks Level Calc. Content Answer U1 OC4

7 C CR A14, A12, A13 PESTKILL 1995 P2 Q3
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9.[SQA]

Part Marks Level Calc. Content Answer U1 OC4

(a) 5 C CR A10, A13 1989 P2 Q6

(b) 1 C CR CGD
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10.[SQA] Two sequences are defined by the recurrence relations

un+1 = 0·2un + p, u0 = 1 and

vn+1 = 0·6vn + q, v0 = 1.

If both sequences have the same limit, express p in terms of q . 3

Part Marks Level Calc. Content Answer U1 OC4

3 A/B CN A13 p = 2q 1999 P1 Q18

11.[SQA] A sequence is defined by the recurrence relation un = 0·9un−1 + 2, u1 = 3.

(a) Calculate the value of u2 . 1

(b) What is the smallest value of n for which un > 10? 1

(c) Find the limit of this sequence as n→ ∞ . 2

Part Marks Level Calc. Content Answer U1 OC4

(a) 1 C CR A10 1994 P1 Q9

(b) 1 C CR A14

(c) 2 C CR A13
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12.[SQA]

Part Marks Level Calc. Content Answer U1 OC4

(a) 4 C CR A10 1991 P2 Q9

(b) 4 C CR A14, A13

(b) 2 A/B CR A14, A13
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13.[SQA]

Part Marks Level Calc. Content Answer U1 OC4

(a) 3 C CR A14 1992 P2 Q3

(b) 5 C CR A14, A13

[END OF QUESTIONS]
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