
2.5  Answers
A-Level Mathematics Project

The Collatz Conjecture

2.5.1  Solutions to 2.2 Grow From The Base

Reversing the rule for when x is even...


divide by 2 yxEVEN EVEN or ODD

xy EVEN EVEN OR ODD
multiply by 2


y REVERSE = 2x  

[ 2 marks ]

Reversing the rule for when x is odd...


multiply by 3 add 1 yxODD EVEN
ONE MORE THAN A MULTIPLE OF THREE

AND




xy ODD EVEN
ONE MORE THAN A MULTIPLE OF THREE

AND
divide by 3 subtract 1



y REVERSE =
 x − 1 

 3 
  

[ 3 marks ]



2.5.2  Solutions to 2.3 Exercise

Answer 1
( i ) Reversing 202



202

67 404


     yREVERSE = 2x = 2 × 202 = 404The always occurring reverse is

As 202 is even so ask yourself, is it also one more than a multiple of three ?
It is because 202 divided by 3 has remainder one third (remainder 0.33333...)

     yREVERSE =  
 x − 1 

 3 
=  

 202 − 1 
 3 

=
 201 

 3 
= 67There is a second reversal

(This shades 67 in the Collatz 100 Table)
[ 2 marks ]

( ii )

38

76

25

50

100

152

304

608101

202

67 404

[ 3 marks ]



Answer 2
( i ) Reversing 42



42

84

     yREVERSE = 2x = 2 × 42 = 84The always occurring reverse is

As 42 is even so ask yourself, is it also one more than a multiple of three ?
It is NOT: 42 divided by 3 has remainder zero thirds.
There is no second reverse.
(This shades 84 in the Collatz 100 Table)

[ 2 marks ]
( ii ) Reversing 256



256

51285


     yREVERSE = 2x = 2 × 256 = 512The always occurring reverse is

As 256 is even so ask yourself, is it also one more than a multiple of three ?
It is because 256 divided by 3 has remainder one third (remainder 0.33333...)

     yREVERSE =  
 x − 1 

 3 
=  

 256 − 1 
 3 

=
 255 
 3 

= 85There is a second reversal

(This shades 85 in the Collatz 100 Table)
[ 2 marks ]

( iii )

32

64

12821

256

51285

42

84

[ 3 marks ]



Answer 3

202

67 404

134

268

536

89

178

35659

712118

236

472

39

78

156

312

624

(This shades 39, 59, 78, and 89 in the Collatz 100 Table)

The updated Collatz 100 Table is;

91 92 93 94 95 96 97 98 99 100
81 82 83 84 85 86 87 88 89 90
71 72 73 74 75 76 77 78 79 80
61 62 63 64 65 66 67 68 69 70
51 52 53 54 55 56 57 58 59 60
41 42 43 44 45 46 47 48 49 50
31 32 33 34 35 36 37 38 39 40
21 22 23 24 25 26 27 28 29 30
11 12 13 14 15 16 17 18 19 20
1 2 3 4 5 6 7 8 9 10

[ 10 marks ]



Answer 4
Here is a short program in Python 
(Written by “Dawg” in 2015 on the stackoverflow website) :

print("This is The Collatz Sequence")
user = int(input("Enter a number: "))
def collatz(n):
    print(n)
    while n != 1:
        if n % 2 == 0:
            n = n // 2

yield(n)
        else:
            n = n * 3 + 1
        yield(n)
print(list(collatz(user)))      

Sample of output:

This is The Collatz Sequence
Enter a number: 3
3
[10, 5, 16, 8, 4, 2, 1]

[ 8 bonus marks ]

This document is a part of a Mathematics Community Outreach Project initiated by Shrewsbury School
It may be freely duplicated and distributed, unaltered, for non-profit educational use

In October 2020, Shrewsbury School was voted “Independent School of the Year 2020”
© 2024 Number Wonder
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