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ACTIVITY 16.1 Codebreakers

_----~-_shift of 3

This codewheel can be used to code
messages. Using a shift of 3, A becomes
D, B becomes E, etc.

1. Code this message with a shift of 3:

MEET ME AT THE STATION
(You can use the codewheel rings on Activity 16.1, Sheet 2, to help.)

2. Decode this message, which hasuaknownshift:

BNJD HSR SGD QDZK SGHMF

A key, for example, [1, 2, 3], can be used to code a message. Using this, each letter is
shifted by the next number in the key. For example:

M A T H S

@ @ 1@ L@ 1@

N C w I U
3.  Code with the key [1, 2, 3]: DONT LOOK BACK
4. Decode this message, with the key [0, 2, 4]: LGRD Ol A HMVGV
5. Decode with amnknownkey! A HOPD URZ
6. Try to decode this message: RGKCDMPYZPCYI
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ACTIVITY 16.2 Balancing Equations

For each balance shown below, calculate the unknown weights; where there are two
identical symbols, their weights are the same. Also, write down and solve an equation for
each situation.

Here is an example:

1
\‘

X+ 2

5
2.

DA

04

1]

0O®
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ACTIVITY 16.3 Number Trick

Try this trick out on a friend:

1. Choose three different digits from:
1, 2, 3, 4, 5 6, 7, 8 and 9.

2.  Write down all the possible 2-digit numbers you can form from
these numbers.

3. Add all these 2-digit numbers together.
4.  Work out the sum of the three chosen digits.

5. Divide the total of the numbers by the total of the digits.

Now amaze your friend by predicting this answer to be 22.

We will now see how and why this method works:

Let the three chosen digits b& bandc. The number formed by usirggin the tens
andb in the units can be written ag0a + b.

1. Write down the algebraic expression for each of the six numbers formed by
taking 2-digit numbers witla, bandc.

2. Find an expression farr, the total of these six numbers.
3. Simplify your expression for.
4.  Write down the sum$, of a, bandc.

5. What is I ?
S

Extension

Design a similar trick, using, for example, all 3-digit numbers that can be found using
3 numbers.
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ACTIVITY 16.4 Solving Equations

Solving equations is a fundamental part of algebra. At first, it might seem that there are
different rules for different types of equations, and you might be confused over which rule
to apply. In fact, all algebraic manipulations are based on the concept of

balancing equations.

Whichever process is applied to one side of the equatiostalso be applied to the other
side. To solve a general linear equation of the form

ax+b=c

wherex is the unknown and, bandc are given constants, we must makthe subject.

The procedure is shown below for both tpeneralcase and, as an examplex +5=9.

General formula Example

ax+b=c 2x+5=9

Step 1 Subtractb from both sides: ax+b-b = c-b 2x+5-5=9-5
ax = c-b 2x = 4
Step 2 Divide both sides by: ax _ ¢c-b 2x _ 4
a a 2 2
x = c-b « = 2
a

Using this method, calculate the valuexah the following equations:

1. (a) 3x+7=10 (b) 5x-4=26 () 6x+7=22
3X
(d 4-x=-3 (e) 10—7=16 (f) 11x-52=3

The special cases where eithar=1 or b =0 can be solved easily.

Find the solution to the following equations:

2. (a) x+3=7 (b) x-5=-4 (c) 7-x=-4
3. (a) 2x=6 (b) 3x=-15 ©) g -10 (d) 5—3X =15
Extension

1. Find thegeneralsolution of | ax+b=cx+d | wherea, b, candd are constants.

2. Solve:
(a) 2x+1=x+6 (b) 3x+2=5-X (c) 4-7x=3x+14
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ACTIVITY 16.5 Magic Squares

In magic squaresin each row, column and diagonal, the sum of the numbers is always equal
to themagic numbefor that square.

1. Here is an example which happens to use 3 2 7
9 consecutive numbers.
Check that the sum of the numbers in each 814|0
row, column and diagonal is equal to the magic
number, 12. 1|1 6|5

Solving magic squares

11| 7 This magic square _is more challenging! Th_e answer may be_found by
trial and error but, ideally, a more systematic method is required.
o] Let x be the unknown number i@olumn 1, Row 1,
y be the unknown number i@olumn 1, Row 3,
5110 n  be themagicnumber.
Then, fromRow 1, n = x+11+7
x | 11| 7 = x+18
9 and fromColumn 1, n=x+9+y
So, X+18 = x+9+y (Subtractx from both sides.)
y S |10 18 = 9+y (Subtract 9 from both sides.)
y =9

FromRow 3, n = y+5+10, so n=24. FromRow 1, x+18 = n =24, so Xx=6.
The other two missing numbers can then be found to b€o8iMmn 3 and 7 Column 3.

2. Use an algebraic approach to solve the following magic squares:

@ | g2 ® 110/ 3 © 114 12

12| 8 5 9

11| 4 10 8

Extension
For the general magic square opposite:

a b 1. Find anexpression for the missing entriestearms ofa, b, ¢, dandn.

c d 2. Form equations for the sums in the two diagonals.

3. Hence solve for the unknownsandd, in terms ofa, bandn and
find the form of a general magic square.

4. Use this general form to solve the magic squares in question 2.
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ACTIVITIES 16.1 - 16.3

Y7B, Unit 16

Notes and Solutions

Notes and solutions are given only where appropriate.

16.1 Questions 5 and 6 are difficult and pupils may need some hints.

1.

2.

16.2 1

1631

4.

PHHW PH DW WKH VWDWLRQ
COKE ITS THE REAL THING
EQQU NRPM EBEN

LEND ME A FIVER

A GOOD TRY [0, 1]

TIME FOR A BREAK (Codewheel shift of 2)

3+x=7 2x=8
XxX=4 XxX=4
3x=12 x+4=10
XxX=4 X=6
5+2x=16 4x +8=18
2x =11 4x =10
X:Sl X:2l
2 2

X+4=2x+2

4=x+2

X=2

2X+4=x+7

X+4=7

X=3

10a+b, 10b+a, 10a+c, 10b+c, 10c+ b, 10c+a
T =22a+22b + 22¢
T=22(a+b+c)

S=a+b+c

Extension In the example, suggested,+ S= 222
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ACTIVITIES 16.4 - 16.5 Notes and Solutions
164 1. (a) 1 (b) 6 () 25 d 7 e -4 5
2. (a) 4 by 1 (c) 11
3. (@ 3 (b) -5 (c) 20 d 9
Extension
d-b
L —— (a#c)
2. (@ 5 ® 2 © -1
' 4
6.5 2. b
152 @ g1 5113 ® ol 3]s © T4l 7 T 12
12| 8 | 4 51719 9|11 13
3 14| 7 6 |11| 4 10| 15| 8
n=24 n=21 n=33
Extension
1. a b n—-a-b
C d n-c—d

n-a-c n-b-d at+b+c+d-n

2. n-2a-b-c+d=0, -2n+2a+b+c+2d=0

4n

3 d=2 c=2_2a-p
3 3
4. a b n-a-b
ﬂ—2a—b n —@+2a+b
3 3 3
Dia+b @—b @—a
3 3 3
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