
 N u m b er

I nt e g e r s, d e ci m al s a n d s y m b ol s

1  a    2 3 ×  8. 7 =  2 0 0. 1

 b  2. 3  ×  0. 8 7 =  2. 0 0 1

 c      2. 0 0 1
 _ _ _ _ _  

0. 8 7
    =  2. 3

 d      2 0 0 1
 _ _ _ _  

2 3
    =  8 7

2  a  4. 8 6  ×  2 9 =  1 4 0. 9 4

 b  0. 4 8 6  ×  2. 9 =  1. 4 0 9 4

 c  1 4 0 9 4  ÷  4 8. 6 =  2 9 0

 d  1 4 0. 9 4  ÷  2 9 =  4. 8 6

3   A s c e n di n g or d er m e a n s g oi n g u p i n si z e.

 − 0. 5   0   0. 0 1 2   0. 1 2    1 2

4  a      5
 _ _ _  

0. 5
    =  1 0

 b   1   5  _ _  
9
    >      4  _ _  

3
   

 c  − 3 <  − 1

5  a  − 2 +  7 =  5

 b  −  3 −  5 =  − 8

 c  3  ×  − 5 =  − 1 5

 d  − 1 2 ÷  − 2 =  6

 e  − 1 +  7 −  1 0 =  − 4

A d diti o n, s u bt r a cti o n, m ulti pli c ati o n 

a n d  di vi si o n

1  a  1 0 8 3  +  4 7 8 =  1 5 6 1

 b  2 4 4 5  +  8 9 +  5 1 3 =  3 0 4 7

 c  6 6. 5 5  +  3. 3 8 =  6 9. 9 3

 d  7. 0 8  +  4. 5 +  1 2. 3 4 3 =  2 3. 9 2 3

2  a  4 5 5 6  −  1 7 3 7 =  2 8 1 9

 b  6 7 4  −  3 8 7 =  2 8 7

 c  1 2. 9 3 5  −  4. 7 5 =  8. 1 8 5

 d  5. 7 7  −  0. 3 6 9 =  5. 4 0 1

3  a  6 3 4  ×  4 7 =   2 9 7 9 8

 b    7. 7 ×  3. 8 =  2 9. 2 6

 c  8. 3 2  ×  4. 9 =  4 0. 7 6 8

4  a  1 0 5 8  ÷  2 3 =  4 6

 b  6 1 7. 4  ÷  1. 8 =  3 4 3

 c  8 8. 5  ÷  2. 5 =  3 5. 4

U si n g f r a cti o n s 

1  a      1 6
 _ _  

5
    =   3   1  _ _  

5
   

 b   1   1  _ _  
5
    =      6  _ _  

5
   

 c   I n a s c e n di n g or d er:    5  _ _  
8
        3  _ _  

4
        9  _ _  

1 0
      1  1  _ _  

5
        1 6

 _ _  
5
   

 d   1   1  _ _  
5
    +      1 6

 _ _  
5
    =   1   1  _ _  

5
    +   3   1  _ _  

5
    =   4   2  _ _  

5
   

 e      1 6
 _ _  

5
    −      5  _ _  

8
    =      1 2 8

 _ _ _  
4 0

    −      2 5
 _ _  

4 0
    =      1 0 3

 _ _ _  
4 0

    =   2   2 3
 _ _  

4 0
   

  4 5  ÷  1 5 =  3

  1 2  ÷  4 =  3

  4 8  ÷  1 6 =  3

2      1 5
 _ _  

4 5
   ,     4

 _ _  
1 2

   ,     1 6
 _ _  

4 8
   

3  a   3   1  _ _  
3
    ×   2   1  _ _  

5
    =      1 0

 _ _  
3
    ×      1 1

 _ _  
5
    =      2 2

 _ _  
3
    =   7   1  _ _  

3
   

 b   1   3  _ _  
4
    ÷      1  _ _  

2
    =      7  _ _  

4
    ÷      1  _ _  

2
    =      7  _ _  

4
    ×      2  _ _  

1
    =      7  _ _  

2
    =   3   1  _ _  

2
   

4   Fr a cti o n of w e e kl y w a g e s p e nt =      1  _ _  
3
    +      1  _ _  

5
    +      1  _ _  

4
    

 =     2 0 + 1 2 + 1 5 _ _ _ _ _ _ _ _ _ _ 
6 0

     =      4 7
 _ _  

6 0
   

  R a vi h a s 1 −      4 7
 _ _  

6 0
    =      1 3

 _ _  
6 0

    of hi s w a g e l eft.

Diff e r e nt t y p e s of n u m b e r

1  a  1 6  i s o n e m or e t h a n 1 5, w hi c h i s a m ulti pl e of 5.

 b  5  i s o n e l e s s t h a n 6, w hi c h i s a f a ct or of 1 2.

 c   1 6 i s n ot a pri m e n u m b er a s it h a s f a ct or s 1, 2, 4,
8 a n d 1 6.

2   3 0 0  =  3 0 ×  1 0 =  1 5 ×  2 ×  5 ×  2 =  5 ×  3 ×  2 ×  5 ×  2 
=  2 ×  2 ×  3 ×  5 ×  5

3   Fi n d t h e m ulti pl e s of e a c h n u m b er.

  1 2, 2 4, 3 6, 4 8, 6 0, 7 2, 8 4, 9 6, 1 0 8, 1 2 0, 1 3 2, 1 4 4, 1 5 6 ...

  1 6, 3 2, 4 8, 6 4, 8 0, 9 6, 1 1 2, 1 2 8, 1 4 4, 1 6 0 ...

  1 8, 3 6, 5 4, 7 2, 9 0, 1 0 8, 1 2 6, 1 4 4, 1 6 2  ...

  N o w l o o k f or t h e l o w e st n u m b er t h at a p p e ar s i n all t hr e e 
li st s: 1 4 4.

  T hi s m e a n s t h at all t hr e e gr a n d c hil dr e n will c all o n 
t h e s a m e d a y e v er y 1 4 4 d a y s . ( T h e l o w e st n u m b er t o 
a p p e ar i n o nl y t w o li st s i s 3 6, s o t h e e arli e st t h at o nl y 
t w o gr a n d c hil dr e n will c all o n t h e s a m e d a y i s aft er 
3 6  d a y s.)

It i s b e st t o writ e t h e pr o d u ct of pri m e f a ct or s i n 

a s c e n di n g or d er (i. e. s m all e st n u m b er  r st).

F ull w or k e d s ol uti o ns
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4  a   7 5 6  =  2 5 2 ×  3 =  1 2 6 ×  2 ×  3 =  6 3 ×  2 ×  2 ×  3
=  7 ×  9 ×  2 ×  2 ×  3 

  =  7 ×  3 ×  3 ×  2 ×  2 ×  3 =  2² ×  3³ ×  7

 b    C o m p ari n g t h e t w o pr o d u ct s a n d l o o ki n g f or t h e 
f a ct or s t h at ar e c o m m o n w e s e e t h at 2² ×  3² =  3 6 
H e n c e 3 6  i s t h e hi g h e st c o m m o n f a ct or.

Li sti n g st r at e gi e s

1   T h er e ar e 2 p o s si bl e o ut c o m e s t o t o s si n g a c oi n.

  T h er e ar e 6 p o s si bl e o ut c o m e s t o r olli n g a si x- si d e d di c e.

  S o 2 ×  6 =  1 2 diff er e nt p o s si bl e o ut c o m e s.

2   A s t h e  r st n u m b er c a n n ot b e z er o, it c o ul d b e a n y 
n u m b er fr o m 1 t o 9 (i. e. a n y of 9 n u m b er s). T h e s e c o n d 
n u m b er c o ul d b e a n y n u m b er fr o m 0 t o 9 (i. e. a n y 
of 1 0  n u m b er s). F or t h e w h ol e 3- di git n u m b er t o b e 
di vi si bl e b y 5 t h e l a st n u m b er m u st b e 0 or 5 (i. e. 2 
n u m b er s).

  S o t ot al n u m b er of 3- di git n u m b er s t h at c o ul d b e pi c k e d 
=  9 ×  1 0 ×  2 =  1 8 0.

T h e o r d e r of o p e r ati o n s i n c al c ul ati o n s

1  a  1 0  +  4 ×  2 =  1 0 +  8 =  1 8

 b  5  ×  3 −  4 ÷  2 =  1 5 −  2 =  1 3

 c  ( 7  −  4)2  +  ( 8 ÷  2)2  =  32  +  42  =  9 +  1 6 =  2 5

2  a  2  +  3 ÷      1  _ _  
3
    −  1 =  2 +  9 −  1 =  1 0

 b  1 5  −  ( 4 −  6)3  =  1 5 −  (−  2)3  =  1 5 −  (− 8) =  1 5 +  8 =  2 3

 c     √  
_ _ _ _ _ _ _ _ _ _ _ _ _

  4 − 3 ×  (− 7)    =     √  
_ _ _ _ _ _ _

 4 +   2 1    =     √  
_ _ _

 2 5    =  5 or − 5

I n di c e s

1  a  7 7  ×  73  =  77 + 3  =  71 0

 b  3 − 2  ÷  34  =  3(− 2 − 4)  =  3− 6  

 c  ( 5 4 )5  =  54 × 5  =  52 0

2  a      5
4  ×  56
 _ _ _ _ _ _  

5 3     =  54 + 6 − 3  =  57

 b  6 (− 2) × 3  ÷  6− 3  =  6− 6  ÷  6− 3  =  6− 6 − (− 3)  =  6− 3

 c  2 8  ×  22  ×  54  ×  5− 7  =  21 0  ×  5− 3

 d      7
4  ×  76  ×  1 13

 _ _ _ _ _ _ _ _ _ _ 
1 1 4     =  74 + 6  ×  1 13 − 4  =  71 0  ×  1 1− 1

3  a  1 6 0  =  1

 b  1 0   0      
1
 _ _  

2
     =     √  

_ _ _ _
 1 0 0    =  1 0 or − 1 0

 c  6   4      
2
 _ _  

3
     =     (    3  √  

_ _ _
 6 4     )  2  =  42  =  1 6

 d  2   5    −     1  _ _  
2
     =      1

 _ _ _  
2  5      

1
 _ _  

2
   
    =      1

 _ _ _  
 √  

_ _ _
 2 5  
    =      1  _ _  

5
    ( or 0. 2) or −   1

 _ _  
5
     ( or − 0. 2)

 e    2  7     
1
 _ _  

3
     ×   3  6     

1
 _ _  

2
       =     

3
 √  
_ _ _

 2 7    ×     √  
_ _ _

 3 6    =  3 ×  6 =  1 8 or 3 ×  − 6 
=  − 1 8

4  ( 3 2 x )2  =  8 1

   3 4 x  =  34

N ot e t h at t h e di vi si o n m u st b e p erf or m e d  r st 

a n d t h at  3 ÷      1  _ _  
3
    =  3 ×      3  _ _  

1
    =  9

Br a c k et s ar e w or k e d o ut  r st.

N ot e t h at t h e w h ol e c al c ul ati o n i n si d e t h e 
s q u ar e r o ot si g n s h o ul d b e c o m pl et e d  r st.

  T h e p o w er s o n e a c h si d e m u st b e t h e s a m e, s o

 4 x  =  4

  x  =  1

S u r d s

1  a     √  
_ _

 3    ×     √  
_ _

 2    =     √  
_ _

 6   

 b   (  √  
_ _

 5   ) 2  =  5

 c  2  ×  3 ×     √  
_ _

 3    ×     √  
_ _

 3    =  1 8

 d   ( 2  √  
_ _

 5   ) 2  =  2 ×  2 ×     √  
_ _

 5    ×     √  
_ _

 5    =  2 0

2     √  
_ _ _

 2 8    =    √  
_ _ _ _ _ _

 4 ×   7    =   2  √  
_ _

 7   ,  h e n c e a  =  2

3  a     √  
_ _ _

 4 5    =     √  
_ _ _ _ _ _

 9 ×   5    =   3  √  
_ _

 5   

 b     √  
_ _ _

 7 2    =     √  
_ _ _ _ _ _ _

 3 6 ×   2    =   6  √  
_ _

 2   

4  a      1 6
 _ _ _  

3 √  
_ _

 2  
    =      1 6 ×   √  

_ _
 2  
 _ _ _ _ _ _ _ _ _ _ 

3 ×   √  
_ _

 2   ×   √  
_ _

 2  
    =      1 6 √  

_ _
 2  
 _ _ _ _ _  

3 ×  2
    =      8 

√  
_ _

 2  
 _ _ _  

3
   

 b      1 8
 _ _ _ _ _ _ 

4 +   √  
_ _

 7  
    ×      4 −   √  

_ _
 7  
 _ _ _ _ _ _ 

4 −   √  
_ _

 7  
    =      7 2 −  1 8 √  

_ _
 7  
 _ _ _ _ _ _ _ _ 

1 6 −  7
    =  8 −   2  √  

_ _
 7   

5  a  ( 1  +     √  
_ _

 5   )( 1 −     √  
_ _

 5   ) =  1 −     √  
_ _

 5    +     √  
_ _

 5    −  5 =  − 4

 b  ( 2  +    √  
_ _

 3   ) 2   =  ( 2 +    √  
_ _

 3   )  ( 2 +    √  
_ _

 3   ) =  4 +  2  √  
_ _

 3    +  2  √  
_ _

 3     +  3 

=  7 + 4  √  
_ _

 3   

 c  ( 1 +    √  
_ _

 3   )( 2  +   √  
_ _

 3   ) =  2 +    √  
_ _

 3    +  2  √  
_ _

 3    +  3 =  5 +  3  √  
_ _

 3   

S t a n d a r d f o r m

1  a  5  ×  1 0– 3  =  0. 0 0 5

 b  5. 6 5  ×  1 05  =   5 6 5 0 0 0

2  a   2 5 0 0 0 =  2. 5 ×  1 04

 b  0. 0 0 1 2 5  =  1. 2 5 ×  1 0− 3

 c  0. 0 5 ×  1 04  =  5 ×  1 02

 d  1 4  ×  1 0– 3  =  1. 4 ×  1 0− 2

3  a  ( 3  ×  1 0– ²)² =  9 ×  1 0− 4

 b  8  ×  1 04  ×  3 ×  1 0– ² =  2 4 ×  1 02  =  2. 4 ×  1 03

 c  8  ×  1 04  ÷  4 ×  1 0² =  2 ×  1 02

 d  8  ×  1 04  +  4 ×  1 0²  =  1 02  ( 8 ×  1 02  +  4) =  1 02  ×  8 0 4 
=  8. 0 4 ×  1 04

4  a   1 3. 3 billi o n =  1. 3 3 ×  1 01 0 p o u n d s

 b   N u m b er of p e o pl e  =      1. 3 3 ×  1 01 0

 _ _ _ _ _ _ _ _ _ 
5 0 0

    =  1. 3 3 ×  2 ×  1 07  

=   2 6 6 0 0 0 0 0  p e o pl e

5  a   1 5 5 0 0 =  1. 5 5 ×  1 04

 b  6. 5 5  ×  1 05  =   6 5 5 0 0 0

 c      1. 2 5 ×  1 05
 _ _ _ _ _ _ _ _ 

2. 5 ×  1 02
    =      1 2. 5 ×  1 04

 _ _ _ _ _ _ _ _ 
2. 5 ×  1 02

    =  5 ×  1 02

 d     √  
_ _ _ _ _ _ _ _ _

 1. 6 ×  1 07     =  ( 1. 6 ×  1 07  )     1  _ _  
2
     =  4 ×  1 03

C o n v e rti n g b et w e e n f r a cti o n s a n d d e ci m al s

1  a      4 3
 _ _ _  

1 0 0
    =  0. 4 3

 b      3  _ _  
8
    =  0. 3 7 5

 c      1 1
 _ _  

2 0
    =  0. 5 5

2  a  0. 8  =      8  _ _  
1 0

    =      4  _ _  
5
   

 b  0. 4 5  =      4 5
 _ _ _  

1 0 0
    =      9  _ _  

2 0
   

 c  0. 5 8 4  =      5 8 4
 _ _ _ _  

1 0 0 0
    =      7 3

 _ _ _  
1 2 5

   

3  a  L et  x  =  0.7 =  0. 7 7 7 7 7 7... a n d 1 0x  =  7. 7 7 7 7 7 7...

  T o eli mi n at e t h e bl o c k of r e c urri n g di git s aft er t h e 
d e ci m al p oi nt w e t a k e x  fr o m 1 0x .

2
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 1 0 x  −  x  =  7. 7 7 7 7 7 7 … −  0. 7 7 7 7 7 7 …

   9 x  =  7

  x  =      7  _ _  
9
   

 b  L et  x  =  0. 04 =  0. 0 4 4 4 4 4 4...

  S o  1 0 x  =  0. 4 4 4 4 4 4 a n d 1 0 0x  =  4. 4 4 4 4 4 4

  S u btr a ct:  1 0 0 x  −  1 0x  =  4. 4 4 4 4 4 4 … −  0. 4 4 4 4 4 4 …

  9 0 x  =  4

  x  =      4  _ _  
9 0

    =      2  _ _  
4 5

   

 c  L et  x  =  0. 95 4 =  0. 9 5 4 5 4 5 4 5 4...

  S o  1 0 x  =  9. 5 4 5 4 5 4 5 4... a n d 1 0 0 0x  =  9 5 4. 5 4 5 4 5 4...

  S u btr a ct:  1 0 0 0 x   −  1 0x  =    9 5 4. 5 4 5 4 5 4...
−  9. 5 4 5 4 5 4 5 4...

  9 9 0 x  =  9 4 5

  x  =      9 4 5
 _ _ _  

9 9 0
   

     Di vi di n g b ot h p art s of fr a cti o n b y 5 a n d t h e n b y 9 

gi v e s =      2 1
 _ _  

2 2
   

4  a  L et  x  =  0. 51 8 =  0. 5 1 8 5 1 8...

   1 0 0 0 x  =  5 1 8. 5 1 8 5 1 8...

  1 0 0 0 x  −  x  =  5 1 8. 5 1 8 5 1 8... −  0. 5 1 8 5 1 8...

   9 9 9 x  =  5 1 8

  x  =      5 1 8
 _ _ _  

9 9 9
   

  Di vi di n g b ot h p art s of fr a cti o n b y 3 7 gi v e s x  =         1 4
 _ _  

2 7
   

 b  0. 7 6  =      7 6
 _ _ _  

1 0 0
    =      1 9

 _ _  
2 5

   

5  0. 7 =      7  _ _  
9
   

  S o 0.7 +      2  _ _  
9
    =      7  _ _  

9
    +      2  _ _  

9
   

 =      9  _ _  
9
   

 =  1

6      7  _ _  
8
    =  0. 8 7 5

    4  _ _  
5
    =  0. 8

    7  _ _  
1 0

   =  0. 7

  P utti n g t h e d e ci m al s i n a s c e n di n g or d er:

 − 0. 9, 0. 7, 0. 8, 0. 8 5, 0. 8 7 5

  R e writi n g u si n g t h e n u m b er s i n t h eir ori gi n al f or m:

 − 0. 9,  7
 _ _  

1 0
,  4  _ _  

5
  ,  0. 8 5,    7  _ _  

8
   

C o n v e rti n g b et w e e n f r a cti o n s a n d p e r c e nt a g e s

1  a  2 5 %  =      1  _ _  
4
   

 b  8 5 %  =      1 7
 _ _  

2 0
   

 c  6 8 %  =      1 7
 _ _  

2 5
   

2   M at h s:     6 5
 _ _  

8 0
    ×  1 0 0 =  8 1. 2 5 %

 8 1. 2 5  >  8 0

  S o C h arli e di d b ett er at m at h s.

3  a      3  _ _  
1 0

    =  3 0 %

 b      4  _ _  
2 5

    =  1 6 %

 c      3  _ _  
7
    =  4 2. 9 % (t o 3 s.f.)

F r a cti o n s a n d p e r c e nt a g e s a s o p e r at o r s

1  a      3  _ _  
4
     of  £ 6 4 0 =      3  _ _  

4
    ×  6 4 0 =  3 ×  1 6 0 =  £ 4 8 0

 b   1 5 % of  £ 3 0 =      1 5
 _ _ _  

1 0 0
    ×  3 0 =  £ 4. 5 0

 c   1 9 5 % of 8 0 k g  =      1 9 5
 _ _ _  

1 0 0
    ×  8 0 

=   1 5 6 k g

2   N u m b er of b o y s i n S c h o ol A  =  5 6 % of 6 0 0 

=      5 6
 _ _ _  

1 0 0
    ×  6 0 0 =  3 3 6

  P er c e nt a g e of b o y s i n S c h o ol B =  1 0 0 −  3 5 =  6 5 %

  N u m b er of b o y s i n S c h o ol B  =  6 5 % of 7 0 0 

=      6 5
 _ _ _  

1 0 0
    ×  7 0 0 =  4 5 5

S t a n d a r d m e a s u r e m e nt u nit s

1  a   9. 7 k g =  9. 7 ×  1 0 0 0 =   9 7 0 0 g

 b   8 5 0 c m3  =   8 5 0 ml =  8 5 0 ÷  1 0 0 0 =   0. 8 5 litr e s

 c   2. 0 5 k m =  2. 0 5 ×   1 0 0 0 m =   2 0 5 0 m

  =  2 0 5 0 ×   1 0 0 c m

  =  2 0 5 0 0 0 c m

2   1 d a y  =  2 4 h o ur s =  2 4 ×  6 0 mi n ut e s 
=  2 4 ×  6 0 ×  6 0 s e c o n d s =  8 6 4 0 0 s e c o n d s

  =  8. 6 4 ×  1 04  s e c o n d s

3  0. 3 4  ×  2 0 ×  1 2 =  £ 8 1. 6 0

R o u n di n g n u m b e r s

1  a  1 2 5 9  =  1 2 6 0 ( c orr e ct t o 3 s.f.)

 b  1 4. 9 1 9  =  1 4. 9 ( c orr e ct t o 3 s.f.)

 c  0. 0 0 0 3 0 7 9  =  0. 0 0 0 3 0 8 ( c orr e ct t o 3 s.f.)

 d   9 0 8 4 0 9 7 =  9 0 8 0 0 0 0  ( c orr e ct t o 3 s.f.)

 e  1. 8 0 9 9  ×  1 0− 4  =  1. 8 1 ×  1 0− 4  ( c orr e ct t o 3 s.f.)

2  a  1 0. 5 6 5  =  1 0. 6 ( c orr e ct t o 1 d e ci m al pl a c e)

 b  1 2 3. 9 7 6 5  =  1 2 3. 9 7 7 ( c orr e ct t o 3 d e ci m al pl a c e s)

 c  0. 0 2 5 5 7  =  0. 0 3 ( c orr e ct t o 2 d e ci m al pl a c e s)

 d  3. 9 7 0 7  =  3. 9 7 1 ( c orr e ct t o 3 d e ci m al pl a c e s)

 e  0. 0 0 1 9 5  =  0. 0 0 2 ( c orr e ct t o 3 d e ci m al pl a c e s)

 f 4. 0 9 8  =  4. 1 0 ( c orr e ct t o 2 d e ci m al pl a c e s)

3  a  1 9 8 9  =  2 0 0 0 ( c orr e ct t o 1 si g ni  c a nt  g ur e)

 b  1 9 8 9  =  2 0 0 0 ( c orr e ct t o 2 si g ni  c a nt  g ur e s)

 c  1 9 8 9  =  1 9 9 0 ( c orr e ct t o 3 si g ni  c a nt  g ur e s)

4  3. 7 5 5  ×  1 0− 4   =  0. 0 0 0 3 7 5 5 =  0. 0 0 0 4 ( c orr e ct t o
4 d e ci m al pl a c e s)

E sti m ati o n

1  a      5. 9 ×  1 8 9
 _ _ _ _ _ _ _ _ 

0. 5 4
    ≈      6 ×  2 0 0

 _ _ _ _ _ _  
0. 5

    ≈      1 2 0 0
 _ _ _ _  

0. 5
    ≈  2 4 0 0

 b     √  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

  4. 6 5 +  2 8. 9 ÷   6    ≈     √  
_ _ _ _ _ _ _ _ _ _ _

 5 +  3 0 ÷   6    ≈     √  
_ _ _ _ _ _

 5 +   5    ≈     √  
_ _ _

 1 0    ≈  3

R e m e m b er , y o u d o n’t st art c o u nti n g t h e di git s f or 
si g ni  c a nt  g ur e s u ntil t h e  r st n o n- z er o di git.

Writ e e a c h n u m b er 
t o 1 si g ni  c a nt 
 g ur e.

T h er e ar e t wi c e a s m a n y 
h al v e s a s u nit s i n  1 2 0 0.

3
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2  

3  a     √  
_ _ _

 3 6    <     √  
_ _ _

 4 5    <     √  
_ _ _

 4 9     s o    √  
_ _ _

 4 5    i s b et w e e n 6 a n d 7.

    √  
_ _ _

 4 5    ≈  6. 7 ( a c c e pt 6. 5 t o 6. 9)

 b     √  
_ _ _ _

 1 0 0    <     √  
_ _ _ _

 1 0 4    <     √  
_ _ _ _

 1 2 1     s o    √  
_ _ _ _

 1 0 4    i s b et w e e n 1 0 a n d 1 1.

    √  
_ _ _ _

 1 0 4    ≈  1 0. 2  ( a c c e pt 1 0. 1 t o 1 0. 3)

 c  ( 2) 3  <  ( 2. 3)3  <  ( 3)3  s o ( 2. 3)3  i s b et w e e n 8 a n d 2 7.

  ( 2. 3) 3  ≈  1 2 ( a c c e pt 1 0 t o 1 4)

 d  3 1  <  31. 4  <  32   s o 31. 4  i s b et w e e n 3 a n d 9.

  3 1. 4  ≈  5 ( a c c e pt 4 t o 6)

U p p e r a n d l o w e r b o u n d s

1  a   H alf of t h e s m all e st u nit i s 0. 5 c m

  L o w er  b o u n d  =  l e a st l e n gt h =  1 4 4. 5 c m 

 b   U p p er b o u n d =  gr e at e st l e n gt h =  1 4 5. 5 c m 

 c  1 4 4. 5  ≤  l <  1 4 5. 5 c m

R e vi e w it!

1  a   2 4 6 4 7. 5 1 5

 b  2 1. 5 4 4 3 4 6 9  =  2 1. 5 ( 1 d. p.)

2  a  8  −  1. 5 =  6. 5

 b  − 1 +  4 +  1 =  4

 c  2 7  ×  3 =  8 1

 d    1. 6 5 ×  3. 6 =  4 ×  1. 6 5 ×  9 ÷  1 0 =  6. 6 ×  9 ÷  1 0 =  
( 6 6 −  6. 6) ÷  1 0 =  5 9. 4 ÷  1 0 =  5. 9 4

3  a      6 4
 _ _  

1 2
    =      1 6

 _ _  
3
    =   5   1  _ _  

3
   

 b      1 2 4
 _ _ _  

1 3
    =   9   7  _ _  

1 3
   

4   4   3  _ _  
4
    +      1  _ _  

2
   

5  a   H alf t h e s m all e st u nit i s 0. 0 0 5 c m.

   L e a st  wi dt h   =  4. 5 4 5 c m a n d l e a st l e n gt h 
=  2. 2 2 5 c m

     L e a st ar e a  =  4. 5 4 5 ×  2. 2 2 5 =  1 0. 1 1 2 6 2 5 c m² 
=  1 0. 1 1 3 c m² ( 3 d. p.)

   Gr e at e st  wi dt h   =  4. 5 5 5 c m a n d gr e at e st l e n gt h
=  2. 2 3 5 c m

    Gr e at e st ar e a  =  4. 5 5 5 ×  2. 2 3 5 =  1 0. 1 8 0 4 2 5 c m²
=  1 0. 1 8 0 c m² ( 3 d. p.)

 b    T h e u p p er a n d l o w er b o u n d s f or ar e a ar e t h e s a m e 
w h e n writt e n t o t h e n e ar e st c m² ( 5 a n d 2).

  Ar e a  =  5 ×  2 =  1 0 c m²

Q u e sti o n E sti m ati o n A n s w er

a 3. 4 5 ×  2. 7 8 ×  0. 0 9 ≈  3 ×  3 ×  0. 0 9 ≈  0. 8 A

b 1 2. 5 6 ×  1. 8 7 ×  0. 4 5 ≈  1 0 ×  2 ×  0. 5 ≈  1 0 C

c 1 2 0 ÷  0. 4 5 ≈  1 0 0 ÷  0. 5 ≈  2 0 0 B

d 0. 0 1 ×  0. 1 5 ×  1 0 9 ≈  0. 0 1 ×  0. 2 ×  1 0 0  ≈   0. 2 B

e 0. 1 2 ×  3 0 0 ×  0. 5 3 ≈  0. 1 ×  3 0 0 ×  0. 5 ≈  1 5 A

f 6. 0 7 ×  3. 6 7 ×  0. 1 ≈  6 ×  4 ×  0. 1 ≈  2 B

g 2 0. 7 5 ÷  6. 9 8 ≈  2 0 ÷  7 ≈  3 C

h 0. 0 1 ×  1 4 5 ×  3 5 ≈  0. 0 1 ×  1 0 0 ×  4 0 ≈  4 0 A

i 6. 5 ×  0. 3 ×  0. 0 1 ≈  7 ×  0. 3 ×  0. 0 1 ≈  0. 0 2 B

j 6 5 ÷  1 0 5 0 ≈  7 0 ÷  1 0 0 0 ≈  0. 0 7 A

U s e t h e l ar g e st i nt e g er a s t h e w h ol e n u m b er 
a n d t h e n e xt l ar g e st a s t h e n u m er at or.

6  a  6. 0 2  ×  1 02 3  ÷  1 8 ×  1 0 =  3. 3 4 ×  1 02 3  m ol e c ul e s ( 3 s.f.)

 b   1 8 g =  0. 0 1 8 k g

  0. 0 1 8  ÷  6. 0 2 ×  1 02 3   =  2. 9 9 ×  1 0− 2 6 k g ( 3 s.f.)

7  ( 0. 4 5  ×  0. 7 8)² ≈  ( 0. 5 ×  0. 8)² ≈  0. 4² ≈  0. 1 6

8  a  7 0  =  1

 b    9      
1  _ _  
2
     =     √  

_ _
 9    =  3 or − 3

 c  8 − 2  =      1  _ _  
8 2     =      1  _ _  

6 4
   

 d  6   4−      
1  _ _  
3
     =      1

 _ _ _  
 
3
 √  
_ _ _

 6 4  
    =     1  _ _  

4
     or −   1

 _ _  
4
   

9   H alf t h e s m all e st u nit =  0. 1 ÷  2 =  0. 0 5

  U p p er b o u n d =  5. 6 +  0. 0 5 =  5. 6 5

  L o w er b o u n d =  5. 6 −  0. 0 5 =  5. 5 5

  Err or i nt er v al i s 5. 5 5 ≤  y  <  5. 6 5

1 0     1 −   √  
_ _

 2  
 _ _ _ _ _ _ 

1 +   √  
_ _

 2  
    =      1 −   √  

_ _
 2  
 _ _ _ _ _ _ 

1 +   √  
_ _

 2  
    ×      1 −   √  

_ _
 2  
 _ _ _ _ _ _ 

1 −  √  
_ _

 2  
    =      1 − 2 √  

_ _
 2   +  2
 _ _ _ _ _ _ _ _ _ _ 

1 −  2
    =      3 −  2 √  

_ _
 2  
 _ _ _ _ _ _ _ 

 −  1
    =   2  √  

_ _
 2    −  3

1 1   U p p er b o u n d =  1 1 2. 5 c m a n d l o w er b o u n d =  1 1 1. 5 c m

  Err or i nt er v al i s 1 1 1. 5 ≤  a  <  1 1 2. 5

1 2  L et  x  =  0.7 2 =  0. 7 2 7 2 7 2...

    S o 1 0 0x  =  7 2. 7 2 7 2 7 2...

   1 0 0 x  −  x  =  7 2. 7 2 7 2 7 2... −  0. 7 2 7 2 7 2...

   9 9 x  =  7 2

  x  =      7 2
 _ _  

9 9
    =      8  _ _  

1 1
   

1 3  a  a : u p p er b o u n d =  0. 6 7 5 4 5, l o w er b o u n d =  0. 6 7 5 3 5

  b : u p p er b o u n d =  2. 3 4 5, l o w er b o u n d =  2. 3 3 5

     Gr e at e st v al u e of c   =      
U p p er b o u n d of a

  _ _ _ _ _ _ _ _ _ _ _ _ _  
L o w er b o u n d of b

    =      0. 6 7 5 4 5
 _ _ _ _ _ _  

2. 3 3 5
    

 =  0. 2 8 9 2 7 2

     L e a st v al u e of c   =      L o w er b o u n d of a  _ _ _ _ _ _ _ _ _ _ _ _ _  
U p p er b o u n d of b

    =      0. 6 7 5 3 5
 _ _ _ _ _ _  

2. 3 4 5
    

 =  0. 2 8 7 9 9 6

    Err or i nt er v al i s 0. 2 8 7 9 9 6 ≤  c  <  0. 2 8 9 2 7 2

 b    T h e v al u e of c  i s t h e s a m e w h e n r o u n d e d t o 
2 si g ni  c a nt  g ur e s.

  S o  c  =  0. 2 9 (t o 2 s.f.)

1 4  a      3  _ _  
2 5

    ÷      9  _ _  
5 0

    =      3  _ _  
2 5

    ×      5 0
 _ _  

9
    =      1  _ _  

1
    ×      2  _ _  

3
    =      2  _ _  

3
   

 b  2 5  ÷      5  _ _  
1 6

    =      2 5
 _ _  

1
    ×      1 6

 _ _  
5
    =      5  _ _  

1
    ×      1 6

 _ _  
1
    =  8 0

1 5  a  0. 0 0 0 0 0 0 4 5  =  4. 5 ×  1 0– 7

 b   1 2 milli o n =   1 2 0 0 0 0 0 0 =  1. 2 ×  1 07

 c  5 6 4 0  =  5. 6 4 ×  1 0³

1 6  ( 8  ×  1 0− 5 ) ×  ( 4 ×  1 0³) =  8 ×  4 ×  1 0− 5  ×  1 0³ 
=  3 2 ×  1 0– 2  =  3. 2 ×  1 0– 1  

1 7  a   F a ct or s of 6 4: 1, 2, 4, 8, 1 6, 3 2, 6 4

 b   F a ct or s of 1 0 0: 1, 2, 4, 5, 1 0, 2 0, 2 5, 5 0, 1 0 0

    Hi g h e st c o m m o n f a ct or =  4

Al g e br a

Si m pl e al g e b r ai c t e c h ni q u e s

1  a  F or m ul a

 b  I d e ntit y

 c  E x pr e s si o n

 d  I d e ntit y

 e  E q u ati o n

4
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4      1
 _ _ _ _ _  

x  − 7
    −      x  +  1 0

 _ _ _ _ _ _ _ _ _ _ _ _  
2 x 2  −  1 1x  −  2 1

    =      1
 _ _ _ _ _  

x  −  7
    −      x  +  1 0

 _ _ _ _ _ _ _ _ _ _ _  
( 2x  +  3)(x  −  7)

   

 =      2 x  +  3
 _ _ _ _ _ _ _ _ _ _ _  

(x  −  7)( 2x  +  3)
    −      x  +  1 0

 _ _ _ _ _ _ _ _ _ _ _  
( 2x  +  3)(x  −  7)

   

 =      2 x  +  3 −  x  −  1 0
  _ _ _ _ _ _ _ _ _ _ _ _  

(x  −  7)( 2x  +  3)
   

 =      x  −  7
 _ _ _ _ _ _ _ _ _ _ _  

(x  −  7)( 2x  +  3)
   

 =      1
 _ _ _ _ _  

2 x  +  3
   

C h a n gi n g t h e s u bj e ct of a f o r m ul a

1  a  A =  π r 2        A  _ _  π     =  r 2

  r  =     √  
_ _

   A  _ _  π      

 b  A  =  4π r 2

       A  _ _  
4 π

    =  r 2

  r  =     √  
_ _ _

   A  _ _  
4 π

     

 c  V  =      4  _ _  
3
    π r 3

  3 V  =  4π r 3

       3 V  _ _ _  
4 π

    =  r 3

  r  =     
3
 √  
_ _ _

   3 V  _ _ _  
4 π

     

2  a  y  =  m x  +  c   ( c )

  c =  y  −  m x

 b  v  =  u  +  at    ( a )

  v  −  u  =  at

  a =     v  −  u  _ _  t    

 c  v 2  =  2a s    ( s )

  s  =      v 
2

 _ _  
2 a

   

 d  v 2  =  u 2  +  2a s    (u )

  v 2  −  2a s =  u 2

  u  =     √  
_ _ _ _ _ _ _ _

 v 2  −  2as   

 e  s  =      1  _ _  
2
   (u  +  v )t   ( t)

  2 s  =  (u  +  v )t

  t =      2 s _ _ _ _ _  u  +  v    

 f     1
 _ _  x     =      1  _ _  

2 p
    +     1

 _ _  q    

   2 p q  =  x q  + 2 p x

  x ( 2p + q ) =  2p q

   x  =      
2 p q
 _ _ _ _ _ _ 

2 p  + q
   

S ol vi n g li n e a r e q u ati o n s

1  a  x  −  7 =  − 4

  x  =  − 4 +  7 =  3

 b  9 x  =  2 7

  x  =  2 7 ÷  9 =  3

 c      x  _ _  
5
    =  4

  x  =  4 ×  5 =  2 0 

F a ct ori s e t h e d e n o mi n at or 
of t h e 2 n d  fr a cti o n.

M a k e b ot h 
d e n o mi n at or s 
t h e s a m e.

C o m bi n e i nt o 
o n e fr a cti o n 
a n d si m plif y

S u btr a ct m x  fr o m b ot h si d e s. 

S u btr a ct u  fr o m b ot h si d e s.

Di vi d e b ot h si d e s b y t.

Di vi d e b ot h si d e s b y 2 a .

S u btr a ct 2 as  fr o m b ot h si d e s.

S q u ar e r o ot b ot h si d e s.

M ulti pl y b ot h si d e s b y 2.

Di vi d e b ot h si d e s b y ( u  +  v ).

2  a  1 5 x 2  −  4x  +  x 2  +  9x  −  x −  6x 2  =  1 0x 2  +  4x 

 b  7 a  +  5b  −  b  −  4a  −  5b  =  3a  −  b

 c  8 y x  +  5x 2  +  2x y  −  8x 2  =  −  3x 2  +  1 0x y  ( or 1 0 x y  −  3x 2 )

 d   x 3  +  3x  −  5 +  2x 3  −  4x  =  3x 3  −  x  −  5

3  P  =  I 2 R =     (    2  _ _  
3
   )   

2
 ×  3 6 =      4  _ _  

9
    ×  3 6 =  1 6

4  v  =  u  +  at  =  2 0 +  (−  8)( 2) =  2 0 −  1 6 =  4

R e m o vi n g b r a c k et s

1  a  2 x  + 8

 b  6 3 x  +  2 1

 c  − 1 +  x  or x  −  1

 d  3 x 2  −  x  

 e  3 x 2  +  3x

 f 2 0 x 2  −  8x

2  a  2( x  +  3) +  3(x  +  2) =  2x  +  6 +  3x  +  6 =  5x  +  1 2

 b  6( x  +  4) −  3(x −  7) =  6x  +  2 4 −  3x  +  2 1 =  3x  +  4 5 

 c  3 x 2  +  x  +  x 2  +  x =  4x 2  +  2x

 d  3 x 2  −  4x  −  6x  +  8 =  3x 2  −  1 0x  +  8

3  a     p   −   4  _ _  
3
     ×     p     

8  _ _  
3
     =     p    −   4  _ _  

3
   +     8  _ _  

3
     =    p     4  _ _  

3
    

 b     r 5 ×  r − 2

 _ _ _ _ _ _  
r 4

    =      r 
5 − 2

 _ _ _ _  
r 4

   

  =      r 
3

 _ _  
r 2

   

  =  r 3 − 2

  =  r − 1

 c     ( b      
3  _ _  
2
   )  − 4   =    b      

3  _ _  
2
     ×  (− 4)

 =  b − 6

4  a  ( t +  3)(t +  5) =  t 2  +  5t +  3t +  1 5 =  t 2  +  8t +  1 5

 b  ( x  −  3)(x  +  3) =  x 2  +  3x  −  3x  −  9 =  x 2  −  9 

 c    ( 2y  +  9)( 3y  +  7)  =  6y 2  +  1 4y  +  2 7y  +  6 3
=  6y 2  +  4 1y  +  6 3

 d  ( 2 x  −  1)2  =  ( 2x  −  1)( 2x  −  1) =  4x 2  −  2x  −  2x  +  1
=  4x 2  −  4x  +  1 

5  a  ( x  +  7)(x  +  2)( 2x +  3)  =  (x ² +  9x  +  1 4)( 2x +  3)
=  2x ³ +  2 1x ² +  5 5x  +  4 2

 b  ( 2 x  −  1)( 3x  −  2)( 4x  −  3)  =  ( 6x ² −  7x  +  2)( 4x −  3)
=    2 4x ³ −  2 8x ² +  8x  −  1 8x ² 

+  2 1x  −  6 

  =  2 4x ³ −  4 6x ² +  2 9x  −  6

F a ct o ri si n g

1  a  2 4 t +  1 8 =  6( 4t +  3)

 b  9 a  −  2a b  =  a ( 9 −  2b )

 c  5 x y  +  1 5y z  =  5y (x  +  3z )

 d  2 4 x 3 y 2  + 6x y 2 =  6x y 2  ( 4x 2  +  1)

2  a  ( x  +  7)(x  +  3)

 b  ( x  +  5)(x  −  3)

 c    T o g et 6, u s e f a ct or s 2 a n d 3, a n d t o g et 1 0 u s e f a ct or s 
2 a n d 5. T hi s gi v e s 2 x  ×  2 =  4x  a n d 3x  ×  5 =  1 5x , 
t ot al  1 9x ; s o s ol uti o n i s ( 2x +  5)( 3x  +  2)

 d    Diff er e n c e of t w o s q u ar e s. F a ct ori s e s t o 
( 2x  +  7)( 2x  −  7)

 e  2 5 x 2  − 7 =  ( 5x  +    √  
_ _

 7   )( 5 x  −    √  
_ _

 7   )

3      2 x 2  + 7 x  −  4
 _ _ _ _ _ _ _ _ _ _ 

x 2  +  7x  + 1 2
      =      

( 2x  −  1)(x  +  4)
  _ _ _ _ _ _ _ _ _ _ _ 

(x  +  3)(x  +  4)
   

 =      2 x  −  1
 _ _ _ _ _  

x  +  3
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 ( Di sr e g ar d  x  =  − 1 3 a s x  i s a l e n gt h.)

 H e n c e,  x  =  4 c m

  ( T hi s al s o m e a n s t h e si d e s of t h e tri a n gl e ar e 5, 1 2 a n d 
1 3 c m.)

S ol vi n g q u a d r ati c e q u ati o n s u si n g t h e f o r m ul a 

1   C o m p ari n g t h e e q u ati o n gi v e n, wit h a x 2  +  b x  +  c  gi v e s 
a  =  2, b  =  − 1 a n d c  =  − 7.

  S u b stit uti n g t h e s e v al u e s i nt o t h e q u a dr ati c e q u ati o n 
f or m ul a gi v e s:

  x  =      
1 ±   √  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
  (− 1) 2  −  4( 2)(− 7)  
  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

2( 2)
    

  =      1 ±   √  
_ _ _

 5 7   _ _ _ _ _ _ _  
4
    

  =      1 +  7. 5 5 0 _ _ _ _ _ _ _ _  
4
      or     1 −  7. 5 5 0 _ _ _ _ _ _ _ _  

4
     (t o 4 s.f.)

  x  =  2. 1 4 or − 1. 6 4 (t o 3 s.f.)

2  a      2 x  +  3
 _ _ _ _ _  

x  +  2
    =  3x  +  1

  2 x  +  3 =  (x  +  2)( 3x  +  1)

  2 x  +  3 =  3x 2  +  x  +  6x  +  2

   0  =  3x 2  +  5x  −  1

  or  3 x 2  +  5x  −  1 =  0

 b    C o m p ari n g t h e e q u ati o n gi v e n, wit h a x 2  +  b x  +  c  =  0 
gi v e s a  =  3, b  =  5 a n d c  =  − 1

     S u b stit uti n g t h e s e v al u e s i nt o t h e q u a dr ati c e q u ati o n 
f or m ul a gi v e s:

  x  =      
− 5 ±   √  

_ _ _ _ _ _ _ _ _ _ _ _ _ _
  ( 5)2  −  4( 3)(− 1)  
  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

2( 3)
    

   x  =      − 5 ±   √  
_ _ _ _ _ _ _ _

 2 5 +   1 2    _ _ _ _ _ _ _ _ _ _ _ _ 
6
     =      − 5 ±   √  

_ _ _
 3 7   _ _ _ _ _ _ _  

6
     =      − 5 +   √  

_ _ _
 3 7   _ _ _ _ _ _ _  

6
      or     − 5 −   √  

_ _ _
 3 7   _ _ _ _ _ _ _  

6
    

  H e n c e  x  =  0. 1 8 or − 1. 8 5 ( 2 d. p.)

S ol vi n g si m ult a n e o u s e q u ati o n s

1  a    Fir stl y writ e t h e s e c o n d e q u ati o n s o t h at i n b ot h 
e q u ati o n s t h e x  v al u e a n d t h e n u m eri c al v al u e ar e 
ali g n e d.

  y  =  3x  −  7       ( 1)

  y  =  − 2 x  +  3     ( 2)

   N oti c e t h at t h e c o ef  ci e nt of y  (t h e n u m b er 
m ulti pl yi n g y , i. e. 1) i s t h e s a m e f or b ot h e q u ati o n s. 
W e c a n eli mi n at e y  b y s u btr a cti n g e q u ati o n ( 2) fr o m 
e q u ati o n ( 1).

  S u btr a cti n g ( 1) −  ( 2) w e o bt ai n

  0  =  5x  − 1 0

  5 x  =  1 0

  x  =  2

  S u b stit uti n g  x  =  2 i nt o e q u ati o n ( 1) w e o bt ai n

  y  =  3( 2) −  7

  =  6 −  7

  =  − 1 

     C h e c ki n g b y s u b stit uti n g x  =  2 i nt o e q u ati o n ( 2) 
w e  o bt ai n

  y  =  − 2 x  +  3

  =  − 2( 2) +  3

  =  − 1

    H e n c e s ol uti o n s ar e x  =  2 a n d y  =  − 1.

2  a  3 x  +  1 =  1 6

   3 x  =  1 5

  x  =  5

 b      2 x  _ _  
3
    =  1 2

  2 x =  3 6

  x  =  1 8

 c      3 x  _ _  
5
    +  4 =  1 6

       3 x  _ _  
5
    =  1 2

   3 x  =  6 0

    x  =  2 0

3  a  5( 1  −  x  ) =  1 5

   5  −  5x  =  1 5

    − 5 x  =  1 0

  x  =  − 2 

 b  2 m  −  4 =  m  −  3

   m  −  4 =  − 3 

   m  =  1

 c  9( 4 x  −  3) =  3( 2x  + 3)

  3 6 x  −  2 7 =  6x  +  9

  3 0 x  −  2 7 =  9

   3 0 x  =  3 6

  x  =      3 6
 _ _  

3 0
    =      6  _ _  

5
   ,  1   1  _ _  

5
     or  1. 2

S ol vi n g q u a d r ati c e q u ati o n s u si n g f a ct o ri s ati o n

1  a  ( x  +  3)(x  +  2) =  0 gi vi n g x  =  − 2 or − 3

 b  ( x  +  3)(x  −  4) =  0 gi vi n g x  =  − 3 or 4

 c  ( 2 x  +  7)(x  +  5) =  0 gi vi n g x  =  −    7  _ _  
2
     or − 5

2  a   Ar e a of tri a n gl e =      1  _ _  
2
    ×  b a s e ×  h ei g ht

      1  _ _  
2
     ( 2x  +  3)(x  +  4) =  9

  2 x 2  +  1 1x  +  1 2 =  1 8

  2 x 2  +  1 1x  −  6 =  0

 b  2 x 2  +  1 1x  −  6 =  0

  ( 2 x  −  1)(x  + 6) =  0

  S o  x  =      1  _ _  
2
     or x  =  − 6

   Si n c e  x  r e pr e s e nt s a h ei g ht, o nl y t h e p o siti v e v al u e 
i s  v ali d.

  x  =      1  _ _  
2
   

 c   x  =  0. 5, s o b a s e i s 2 ×  0. 5 +  3 =  4 c m a n d h ei g ht i s
0. 5 +  4 =   4. 5 c m

3   B y P yt h a g or a s’ t h e or e m 

   ( x  +  1)2  +  (x  +  8)2  =  1 32

 x 2  +  2x  +  1 +  x 2  +  1 6x  +  6 4 =  1 6 9

   2 x 2  + 1 8x  −  1 0 4 =  0

  Di vi di n g b y 2 gi v e s

  x 2  + 9x  −  5 2 =  0

 ( x  −  4)(x  +  1 3) =  0

   s o  x  =  4 or x  =  − 1 3

Al w a y s c a n c el fr a cti o n s s o t h at t h e y ar e i n t h eir l o w e st 
t er m s. H er e b ot h t o p a n d b ott o m c a n b e di vi d e d b y 6.
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 b  4  +  x  <  6 −  4x

   4  <  6 −  5x

    − 2 <  − 5 x

       − 2
 _ _ _  

 − 5
    >  x

   x  <  0. 4 or    2  _ _  
5
   

 c  2 x  +  9 ≥  5(x  −  3)

  2 x  +  9 ≥  5x  −  1 5

   9  ≥  3x  −  1 5

   2 4  ≥  3x

   8  ≥  x

   or  x  ≤  8

3  a  

 b    ( 0, 2), ( 0, 1), ( 0, 0), ( 0, − 1), ( 1, 2), ( 1, 1), ( 1, 0), ( 2, 2), 
( 2, 1), ( 3, 2)

4  x 2  >  3x  +  1 0

 x 2  −  3x  −  1 0 >  0

 ( x  −  5)(x  +  2) >  0

 x  <  − 2 a n d x  >  5

P r o bl e m s ol vi n g u si n g al g e b r a

1   L et t h e l ar g er n u m b er =  x  a n d t h e s m all er n u m b er =  y . 

 x  +  y  =  7 7

 x  −  y  =  2 5

  A d di n g gi v e s 2x  =  1 0 2 w hi c h gi v e s x  =  5 1 s o y  m u st 
b e  2 6.

2   L et t h e n u m b er a d d e d =  x

     1 5 +  x _ _ _ _ _  
3 1 +  x

    =      5  _ _  
6
   

 6( 1 5  +  x ) =  5( 3 1 +  x )

   9 0  +  6x  =  1 5 5 +  5x

  x  =  6 5

  C h e c k t h e a n s w er    1 5 + 6 5
 _ _ _ _ _ _ 

3 1 + 6 5
    =      8 0

 _ _  
9 6

    =      5  _ _  
6
   

3   P eri m et er: 2x  +  2y  =  2 4 s o x  +  y  =  1 2 ( 1)

 Ar e a:   x y  =  2 7 ( 2)

  Fr o m e q u ati o n ( 1) y  =  1 2 −  x  

  S u b stit ut e i nt o e q u ati o n ( 2):

 x ( 1 2 −  x ) =  2 7

  S o, 1 2x  −  x 2  =  2 7

  H e n c e,  x 2  −  1 2x  +  2 7 =  0

  F a ct ori si n g gi v e s (x  −  3)(x  −  9) =  0

 S o  x  =  3 or x  =  9 

  S u b stit uti n g e a c h of t h e s e v al u e s i nt o e q u ati o n ( 1) 
w e  h a v e 

 3  +  y  =  1 2  or  9 +  y  = 1 2,  gi vi n g y  =  9 or y  =  3.

  H e n c e, l e n gt h =  9 c m a n d wi dt h =  3 c m.

0− 2− 3 − 1− 4− 5

− 2

− 1

− 3

− 4

− 5

1

1 2 3 4 5

y

x

x  = − 1

x − y  = 2

y  = 2
2

3

4

5

 b  y  =  2x  −  6       ( 1)

  y  =  − 3 x  +  1 4     ( 2)

  S u btr a cti n g  ( 1)  −  ( 2) w e o bt ai n

  0  =  5x  −  2 0

  x  =  4

  y  =  2 ×  4 −  6     ( 1)

  y  =  2.

2   E q u ati n g e x pr e s si o n s f or y  gi v e s

 1 0 x 2  −  5x  −  2 =  2x  −  3

 1 0 x 2  −  7x  + 1 =  0

  F a ct ori si n g t hi s q u a dr ati c gi v e s

 ( 5 x  −  1)( 2x  −  1) =  0

 H e n c e  x  =      1  _ _  
5
     or x  =      1  _ _  

2
   

 S u b stit uti n g  x  =      1  _ _  
5
     i nt o y  =  2x  −  3 gi v e s

 y  =  − 2   3
 _ _  

5
   

 S u b stit uti n g  x  =      1  _ _  
2
     i nt o y  =  2x  −  3 gi v e s

 y  =  − 2

 H e n c e  x  =      1  _ _  
5
     a n d y  =  − 2   3

 _ _  
5
     or x  =      1  _ _  

2
     a n d y  =  − 2

3   E q u ati n g t h e y  v al u e s gi v e s

 x 2  +  5x  −  4 =  6x  +  2

 x 2  −  x  −  6 =  0

 ( x  −  3)(x  +  2) =  0

 x  =  3 or − 2 

 W h e n  x  =  3, y  =  6 ×  3 +  2 =  2 0

 W h e n  x  =  − 2, y  =  6 ×  (− 2) +  2 =  − 1 0

  P oi nt s ar e ( 3, 2 0) a n d (− 2, − 1 0)

S ol vi n g i n e q u aliti e s

1  a  1  −  2x  <  − 1 1

   − 2 x  <  − 1 2

  x  >  6

0 1 2 3 4 5 6 7 8 9 1 0

x  > 6

 { x : x  > 6}

 b  2 x  −  7 ≥  1 5

   2 x  ≥  2 2

  x  ≥ 1 1

8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8

x  ≥ 1 1

 { x : x  ≥  1 1}

 c      x  − 5  _ _  
3
     <  7

  x  −  5 <  2 1

  x  <  2 6

2 01 91 81 71 6 2 1 2 2 2 3 2 4 2 5 2 6

x  < 2 6

 { x : x  <  2 6}

2  a  2 x  −  4 >  x  +  6

  x  −  4 >  6

  x  >  1 0

S u btr a ct 1 fr o m b ot h si d e s. 
Di vi d e b ot h si d e s b y − 2 a n d 
r e v er s e si g n.

A d d 7 t o b ot h si d e s. 
Di vi d e b ot h si d e s b y 2.

M ulti pl y b ot h si d e s b y 3. 

A d d 5 t o b ot h si d e s.
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2  x 0  =  1. 5

 x 1  =  1. 5 1 8 2 9 4 5

 x 2  =  1. 5 2 0 9 3 5 3

 x 3  =  1. 5 2 1 3 1 5 7

 x 4  =  1. 5 2 1 3 7 0 5 ≈  1. 5 2 1 ( c orr e ct t o t hr e e d e ci m al 
pl a c e s) 

  C h e c k v al u e of x 3  −  x  −  2 f or x  =  1. 5 2 0 5, 1. 5 2 1 5

  x    f( x)

    1. 5 2 0 5     − 0. 0 0 5 2 2 5

    1. 5 2 1 5      0. 0 0 0 7 1 5 1

  Si n c e t h er e i s a c h a n g e of si g n, a  =  1. 5 2 1 i s c orr e ct 
t o t hr e e d e ci m al pl a c e s.

E q u ati o n of a st r ai g ht li n e

1  a  2 y  =  4x  −  5

  y  =  2x −      5  _ _  
2
   

  C o m p ari n g t hi s t o y =  m x  +  c  w e h a v e gr a di e nt 
m  =  2

 b  Gr a di e nt  =  −      1  _ _  m     =  −      1  _ _  
2
   

 c  y  =  −   1  _ _  
2
    x +  5 ( or 2y  =  − x  + 1 0)

2   y  −  y 1  =  m (x  −  x 1 ) w h er e m  =  3 a n d (x 1 , y 1 ) =  ( 2, 3).

  y  −  3 =  3(x  −  2)

  y  −  3 =  3x  −  6

  y  =  3x  −  3

3   y  −  y 1  =  m (x  −  x 1 ) w h er e m  =  2 a n d (x 1 ,  y 1 ) =  (− 1, 
0)

  y  −  0 =  2(x  −  (− 1))

  y  =  2(x  + 1)

  y  =  2x  + 2

 − y  + 2x  + 2 =  0 ( or 2x  −  y  +  2 =  0)

4  a  Gr a di e nt  =      
 y 2  −  y 1

 _ _ _ _ _ _ x 2  −  x 1  
    =      4 −  0

 _ _ _ _ _ _ _ 
6 −  (− 2)

    =      4  _ _  
8
    =      1  _ _  

2
   

 b     (    
x 1  +  x 2

 _ _ _ _ _ _  
2
    ,    

y 1  +  y 2
 _ _ _ _ _ _  

2
   )    =     (    − 2 +  6

 _ _ _ _ _ _  
2
  ,    0 +  4

 _ _ _ _ _  
2
   )    =  ( 2, 2)

 c   i  Gr a di e nt  =  − 2 (i. e i n v ert    1  _ _  
2
    a n d c h a n g e t h e si g n)

  ii  y  −  y 1  =  m (x  −  x 1 ) 

  y  −  2 =  − 2( x  −  2)

  y  −  2 =  − 2 x  + 4

  y  = − 2 x  + 6

Q u a d r ati c g r a p h s

1  a  2 x 2 −  1 2x  +  1=   2  [x
2  −  6x  +     1  _ _  

2
  ]   

  =   2  [ (x  −  3)2  −  9 +     1  _ _  
2
  ]   

  =   2  [ (x  −  3)2  −     1 7
 _ _  

2
  ]   

  =  2(x  −  3)2  −  1 7

 b   i  T ur ni n g p oi nt i s at ( 3, − 1 7)

  ii  At t h e r o ot s, 

   2( x  −  3)2  −  1 7 =  0

   2( x  −  3)2  =  1 7

   ( x  −  3)2  =      1 7
 _ _  

2
   

  x  −  3 =     √  
_ _ _

   1 7
 _ _  

2
     

  x  =     √  
_ _ _

   1 7
 _ _  

2
      +  3

    R o ot s ar e x  =  0. 1 a n d x  =  5. 9 ( 1 d. p.)

U s e of f u n cti o n s

1  a Di vi d e b y 5, t h e n s u btr a ct 4:     x
 _ _  

5
    − 4

 b A d d 4, t h e n m ulti pl y b y 5:  5( x  +  4)

2  a   i  3  − 1 =  2; r e ci pr o c al of 2 =   1  _ _  
2
 

  ii 1    1  _ _  
4
   − 1 =     1  _ _  

4
   ;  r e ci pr o c al  of    1  _ _  

4
   =  4

 b r e ci pr o c al of − 3  =      − 1
 _ _ _  

3
   ;     − 1

 _ _ _  
3
    + 1 =   2  _ _  

3
 

 c S u btr a ct 1, t h e n  n d t h e r e ci pr o c al:    1
 _ _ _ _ _  

x  −  1
   

3  a  f( 0)  =      1
 _ _ _ _ _  

0 −  1
    =  − 1

 b  f( −   1  _ _  
2
   ) =      1  _ _ _ _ _  

 −  1  _ _  
2
   − 1

    =      1
 _ _ _  

 −  3
 _ _  

2
  
    =  −   2  _ _  

3
   

 c  L et  y  =      1
 _ _ _ _ _  

x  −  1
   

  y (x  −  1) =  1

  x y  −  y  =  1

  x y  =  y  + 1

  x  =      
y  +  1

 _ _ _ _ _  y    

  f − 1 (x ) =      x + 1
 _ _ _ _ _  x    

4  a  f g( x ) =     √  
_ _ _ _ _ _ _ _ _ _ _ _

  ((x  +  4)2  −   9)   

  =     √  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

  x 2  +  8x  +  1 6 −   9   

  =     √  
_ _ _ _ _ _ _ _ _ _ _

  x 2  +  8x  +   7   

 b  gf( x ) =     √  
_ _ _ _ _ _ _

 (x 2  −   9)    +  4

 c  gf( 3)  =     √  
_ _ _ _ _ _ _

 ( 32  −   9)    +  4 

  =  4

I t e r ati v e m et h o d s

1  

 x  =  0. 8

 or

 

x 3 x 3 −  2x 2  −  3

0 − 3

1 2

0. 5 − 2. 1 2 5

0. 7 5 − 0. 6 0 9

0. 8 5 0. 2 8 7

 x  =  0. 8

x 3 x 3 −  2x 2  −  3

0 − 3

0. 1 − 2. 9 7 7

0. 2 − 2. 8 9 6

0. 3 − 2. 7 3 9

0. 4 − 2. 4 8 8

0. 5 − 2. 1 2 5

0. 6 − 1. 6 3 2

0. 7 − 0. 9 9 1

0. 8 − 0. 1 8 4

0. 9   0. 8 0 7

0. 8 1 − 0. 0 9 3

0. 8 2 − 0. 0 0 1

0. 8 3   0. 0 9 3
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E q u ati o n of a ci r cl e a n d t a n g e nt t o a ci r cl e

1  a   C e ntr e i s ( 0, 0) 

 b  r a di u s  =     √  
_ _ _

 4 9    =  7

2  a  x 2  + y 2  =  1 0 0

 b   Gr a di e nt of r a di u s t o ( 8, 6) =      6  _ _  
8
    =      3  _ _  

4
   

    Gr a di e nt of t a n g e nt =  −   4  _ _  
3
   

 c  y  −  y 1  =  m (x  −  x 1 )

  y  −  6 =  −   4
 _ _  

3
     (x  −  8)

  y  =  −   4  _ _  
3
    x  +   1 6     2  _ _  

3
     ( or  3y  =  − 4 x  +  5 0)

R e al -lif e g r a p h s

1  a   0 8: 0 0 t o 0 9: 0 0 i s 1 h o ur ( h), w hi c h i s 1 u nit o n x  a xi s.

  A v er a g e  s p e e d  =  gr a di e nt =      2. 5
 _ _ _  

0. 5
    =  5 k m/ h 

 b   1 5 mi n s =  0. 2 5 h o ur s

 c   A v er a g e s p e e d  =  gr a di e nt b et w e e n 0 9: 3 0 a n d 0 9: 4 5 

=      6
 _ _ _ _  

0. 2 5
    =   2 4 k m/ h 

2  

 a  

 b    T ot al di st a n c e tr a v ell e d =   Ar e a u n d er t h e v el o cit y-
ti m e gr a p h

    U s e t h e f or m ul a f or t h e ar e a of a tr a p e zi u m:

  Di st a n c e  =      1  _ _  
2
     ( 1 5 +  1 0) ×  u

  =  1 2. 5u

    T h e t ot al di st a n c e tr a v ell e d =  5 0 m

  H e n c e  5 0  =  1 2. 5u

  u  =  4 m/ s

 c V el o cit y  =  4 m/ s a n d ti m e f or d e c el er ati o n =  3 s

  D e c el er ati o n  =  gr a di e nt =      4  _ _  
3
    =  1. 3 3 m/ s2

N AI L I T!

W h e n dr a wi n g a v el o cit y-ti m e gr a p h, e n s ur e t h at 

t h e a x e s ar e l a b ell e d wit h q u a ntiti e s a n d u nit s.

A n y v al u e s a n d l ett er s f or q u a ntiti e s t h at n e e d t o 

b e f o u n d s h o ul d b e l a b ell e d o n t h e gr a p h.

Ti m e ( s)

u

0

Ve
l
o
ci
ty

 (
m/

s)
 

1 22 1 5

y

x

U s e t h e f or m ul a f or t h e ar e a 
of a tr a p e zi u m.

Si n c e d e c el er ati o n i s n e g ati v e a c c el er ati o n, 
a p o siti v e a n s w er i s a p pr o pri at e.

 c

2  a  y  =  (x +  1)(x  −  5) or y =  x ² −  4x  −  5

 b  y  =  − (x −  2)(x  −  7) or y =  − x ² +  9x  −  1 4

3  a  x 2  +  1 2x  −  1 6 =  (x  +  6)2  −  3 6 −  1 6

  =  (x  +  6)2  −  5 2

 b   T ur ni n g p oi nt i s at (− 6, − 5 2)

R e c o g ni si n g a n d s k et c hi n g g r a p h s of f u n cti o n s

1  a  B

 b  F

 c  E

 d  A

 e    D

 f C

2  a  

 b    R e a d u p fr o m 6 0 ° t o t h e gr a p h, t h e n r e a d a cr o s s 
u ntil y o u hit t h e gr a p h a g ai n.

  x  =  2 4 0 °

3  a    A

 b  G

 c  F

 d  E

Tr a n sl ati o n s a n d r e  e cti o n s of f u n cti o n s

1  a   ( 3, 5) (i. e. a m o v e m e nt of o n e u nit t o t h e ri g ht)

 b  ( − 1, 5) (i. e. a m o v e m e nt of t hr e e u nit s t o t h e l eft)

 c  ( 2,  − 5) (i. e. a r e  e cti o n i n t h e x - a xi s)

 d  ( − 2, 5) (i. e. a r e  e cti o n i n t h e y - a xi s)

2   

y

x

( 3, − 1 7)

0. 1 5. 9

y

x

− 1

− 2

0

1

2

9 0 º 18 0 º 27 0 º 36 0 º

a
( 2, 2)

y

x0 21 3

− 2

− 1

1

2

3

4

y = f (x  1)

c

( 2, 2)

y

x
x

0 21 3

− 2

− 1

1

2

3

4

y = f (x  1)

b
( 1, 4)y

x0 21 3

− 2

− 1

1

2

3

4 d
( 2, 4)y

x0 21 3

− 2

− 1

1

2

3

4

y = f (x  1) + 2y = f (x )+ 2

− 3− 3

− 3− 3 9
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 b  5 9  =  2x  −  3 

  2 x  =  6 2

  x  =  3 1

5  

Fir st diff er e n c e s 

  S e c o n d diff er e n c e s

  A s a s e c o n d diff er e n c e i s n e e d e d b ef or e a c o n st a nt 
diff er e n c e i s f o u n d, t h er e i s a n n 2  t er m i n t h e n t h t er m. 
T h e n u m b er i n fr o nt of t hi s n 2  will b e    8  _ _  

2
    =  4.

  S o  r st p art of t h e n t h t er m will b e 4n 2 .

 n

 T er m

 4 n ²

 T er m  −  4n 2

  U s e t hi s s et of i nf or m ati o n t o w or k o ut t h e li n e ar p art of 
t h e s e q u e n c e (t h e p art wit h a n n  t er m a n d a n u m b er).

  Diff er e n c e           1    1      1

  T hi s m e a n s t h at t h e li n e ar s e q u e n c e will st art wit h n.

 W h e n  n  =  2, ‘ T er m −  4n 2 ’ i s 1, n ot 2, s o if n  i s i n t h e 
t er m y o u al s o n e e d t o s u btr a ct 1.

  T hi s m a k e s t h e li n e ar p art of t h e s e q u e n c e n  −  1. 

  C h e c k it wit h a diff er e nt v al u e of n.  W h e n n  =  3, n  −  1 
e q u al s 2. T hi s i s t h e c orr e ct v al u e f or ‘ T er m −  4n 2 ’.

  C o m bi ni n g t h e t er m s gi v e s n t h t er m =  4n 2  +  n  −  1

A r g u m e nt s a n d p r o of s

1  a    2n  i s al w a y s e v e n a s it h a s 2 a s a f a ct or. A d di n g 1 t o 
a n e v e n n u m b er al w a y s gi v e s a n o d d n u m b er.  T h e 
st at e m e nt i s tr u e.

 b  x 2  −  9 =  0 s o x 2  =  9 a n d x  =     √  
_ _

 9    =  ± 3

    T h e st at e m e nt i s f al s e.

 c   n  c o ul d b e a d e ci m al s u c h a s 4. 2 5 s o s q u ari n g it 
w o ul d n ot gi v e a n i nt e g er.

    T h e st at e m e nt i s f al s e.

 d    If n  w a s 1, or a fr a cti o n s m all er t h a n 1, t hi s w o ul d 
n ot b e tr u e.

    T h e st at e m e nt i s f al s e.

2   L et t h e c o n s e c uti v e i nt e g er s b e n , n  +  1, n  +  2 a n d 
n  +  3, w h er e n  i s a n i nt e g er t h at c a n b e eit h er o d d or 
e v e n.

  S u m of t h e i nt e g er s =  n   +  n  +  1 +  n  +  2 +  n  +  3 

  =  4n  +  6 =  2( 2n  + 3)

  A s 2 i s a f a ct or of t hi s e x pr e s si o n, t h e s u m of f o ur 
c o n s e c uti v e i nt e g er s m u st b e a m ulti pl e of 2, a n d 
t h er ef or e e v e n.

3   L et t h e c o n s e c uti v e i nt e g er s b e x , x  +  1 a n d x  +  2, 
w h er e x  i s a n i nt e g er t h at c a n b e eit h er o d d or e v e n.

  S u m of t h e i nt e g er s  =  x  +  x  +  1 +  x  +  2 =  3x  +  3 

=  3(x  + 1)

  A s 3 i s a f a ct or of t hi s e x pr e s si o n, t h e s u m of t hr e e 
c o n s e c uti v e i nt e g er s m u st b e a m ulti pl e of 3.

4  a    T h e n u m er at or i s l ar g er t h a n t h e d e n o mi n at or s o t h e 
fr a cti o n will al w a y s b e gr e at er t h a n 1. T h e st at e m e nt 
i s f al s e.

 b    A s a  i s l ar g er t h a n b , s q u ari n g a  will r e s ult i n a 
l ar g er n u m b er t h a n s q u ari n g b . H e n c e a ² > b ² s o t h e 
st at e m e nt i s f al s e.

4,   1 7,   3 8,   6 7

1 3   2 1   2 9

8   8

1    2    3    4  

4   1 7   3 8   6 7

4   1 6   3 6   6 4

0    1    2    3  

G e n e r ati n g s e q u e n c e s

1  a   1 7: s e q u e n c e g o e s u p b y 3

 b   3. 0: s e q u e n c e g o e s u p b y 0. 2 

 c  − 1 2: s e q u e n c e g o e s d o w n b y 3 

 d   4 3 2: l a st t er m i s m ulti pli e d b y 6

 e      1  _ _  
4 8

   : l a st t er m i s m ulti pli e d b y    1  _ _  
2
   

 f −   1  _ _  
1 6

   : l a st t er m i s m ulti pli e d b y −   1  _ _  
2
   

2   S e c o n d t er m i s (− 4) 2  +  1 =  1 7 a n d t hir d t er m i s
1 7 2  +  1 =  2 9 0

  S e c o n d t er m i s 1 7, t hir d t er m i s 2 9 0.

3   R e v er s e t h e pr o c e s s: t o  n d t h e pr e c e di n g t er m, 
s u btr a ct 1 a n d h al v e.

  S e c o n d t er m i s ( 1 2 −  1) ÷  2 =      1 1
 _ _  

2
    =  5. 5

  Fir st t er m i s ( 5. 5 −  1) ÷  2 =      4. 5
 _ _ _  

2
    =  2. 2 5

  Fir st t er m i s 2. 2 5, s e c o n d t er m i s 5. 5

T h e n t h t e r m 

1  a  W h e n  n  =  1, 5 0 −  3( 1) =  4 7

  W h e n  n  =  2, 5 0 −  3( 2) =  4 4

  W h e n  n  =  3, 5 0 −  3( 3) =  4 1

    Fir st t hr e e t er m s ar e 4 7, 4 4, 4 1

 b    U s e  t h e n t h t er m f or m ul a t o  n d t h e v al u e of n  w h e n 
t h e n t h t er m =  3 4

  5 0  −  3n  =  3 4

  3 n  =  1 6

  n  =  1 6 ÷  3

     T h e v al u e of n  i s n ot a n i nt e g er s o 3 4 i s n ot a 
n u m b er i n t h e s e q u e n c e.

 c    U s e  t h e n t h t er m f or m ul a t o  n d t h e v al u e of n  w h e n 
t h e n t h t er m i s l e s s t h a n z er o (i. e. n e g ati v e).

   5 0  −  3n  <  0 ( s u btr a cti n g 5 0 fr o m b ot h si d e s)

  − 3 n  <  − 5 0  ( di vi di n g b ot h si d e s a n d 
r e v er si n g t h e i n e q u alit y si g n)

  n  >      5 0
 _ _  

3
   

  n  >   1 6   2  _ _  
3
   

   A s  n  h a s t o b e a n i nt e g er, it s l o w e st p o s si bl e v al u e i s 
n  =  1 7.

     C h e c k t h at y o u g et a n e g ati v e t er m w h e n n  = 1 7 i s 
p ut b a c k i nt o t h e n t h t er m f or m ul a.

  1 7t h  t er m  =  5 0 −  3 ×  1 7 =  5 0 −  5 1 =  − 1 

2  a   T h e  r st f o ur t er m s ar e: 2 ×  31 , 2 ×  32 , 2 ×  33 , 2 ×  34

  =  6, 1 8, 5 4, 1 6 2

 b    A s  t h e n t h t er m f or m ul a i s 2 ×  3n  b ot h 2 a n d 3 ar e 
f a ct or s, s o 6 m u st al s o b e a f a ct or.

3  a   B y i n s p e cti o n: n t h t er m =      1  _ _  n    

 b   B y i n s p e cti o n: nt h t er m =      1
 _ _ _ _  

( √  
_ _

 2  ) n
    or   (    1  _ _ _  

 √  
_ _

 2  
   )   

n

4  a    C o m m o n diff er e n c e b et w e e n t er m s =  2 s o f or m ul a 
will st art wit h 2 n .

   W h e n  n  =  1, y o u n e e d t o s u btr a ct 3 fr o m 2n  t o g et 
a n a n s w er of − 1.

  T h er ef or e  n t h t er m =  2n  −  3 

1 0
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 b  f g( x ) =      
( 2(x )2  +  k )

 _ _ _ _ _  
3
     +  5

    S o f g( 2) =      
( 8 + k )

 _ _ _ _ _  
3
    +  5

    W e k n o w t h at f g( 2) =  1 0

    S o     
( 8 + k )

 _ _ _ _ _  
3
    +  5 =  1 0

    ( 8 + k ) +  1 5 =  3 0

  8  +  k  =  1 5

  k  =  7

8  a  L et  n  =  1: 3 0 −  4 ×  1 =  2 6

  L et  n  =  2: 3 0 −  4 ×  2 =  2 2

  L et  n  =  3: 3 0 −  4 ×  3 =  1 8

    Fir st t hr e e t er m s ar e 2 6, 2 2, 1 8.

 b  3 0  −  4n  <  0

      − 4 n  <  − 3 0

  n  >      − 3 0
 _ _ _ _  

 − 4
   

  n  >  7. 5

   n  m u st b e a n i nt e g er, s o t h e l o w e st p o s si bl e v al u e of 
n  i s n  =  8

   T h er ef or e t h e  r st n e g ati v e t er m of t h e s e q u e n c e i s: 
3 0 −  4 ×  8 =  − 2

9  x  =  4, y  =  3

 ( 4)²  +  ( 3)² =  1 6 +  9 =  2 5

 S o  x ² +  y ² > 2 1

  H e n c e t h e p oi nt ( 4, 3) li e s o ut si d e t h e cir cl e.

1 0   (  √  
_ _
 x    +     √  

_ _ _
 9 y   )(  √  

_ _
 x    −   3  √  

_ _
 y   )

  Si m plif y t er m s i n si d e t h e br a c k et s if p o s si bl e

  (  √  
_ _
 x    +   3  √  

_ _
 y   )(  √  

_ _
 x    −   3  √  

_ _
 y   ) =  x  +   3  √  

_ _
 x y    −  3  √  

_ _
 x y    −  9y

  =  x  −  9y

1 1  a  2 x 2  +  8x  +  1 =  2(x 2  +  4x ) +  1

  =  2(x  +  2)2  −  8 +  1

  =  2(x  +  2)2  −  7

 b   i  T ur ni n g p oi nt i s (− 2, − 7).

  ii  F or 2x 2  +  8x  +  1 =  0

  x  =      − 8 ±   √  
_ _ _ _ _ _ _ _ _ _ _ _ _ _

  8 2  −  4 ×  2 ×   1    _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   
2 ×  2

    

  x  =      − 8 ±   √  
_ _ _

 5 6   _ _ _ _ _ _ _ _  
4
    

  x  =      − 8 ±  2 √  
_ _ _

 1 4   _ _ _ _ _ _ _ _ _  
4
    

  x  =      − 4 ±   √  
_ _ _

 1 4   _ _ _ _ _ _ _ _  
2
    

    S o r o ot s ar e at x  =  − 3. 9 a n d x  =  − 0. 1 ( 1 d. p.)

 c  

1 2   P eri m et er of A B C D  =  2 ×  ( 4x +  ( 2x  −  3)) =  1 2x  −  6

  P eri m et er of E F G  =  2x  −  1 +  x  +  9 +  5x  −  2 =  8x  +  6

  E q u at e t h e p eri m et er s t o  n d x

x

y

( 2, 7)

0. 13. 9

 c    T h e s q u ar e r o ot of a n u m b er c a n h a v e t w o v al u e s, 
o n e p o siti v e a n d t h e ot h er n e g ati v e s o, t hi s 
st at e m e nt i s f al s e.

R e vi e w it!

1  a  − 3( 3 x  −  4) =  − 9 x  + 1 2

 b  4 x  +  3(x  +  2) −  (x  +  2) =  4x  +  3x  +  6 −  x  −  2

  =  6x  +  4

 c  ( x  +  3)( 2x  −  1)( 3x  +  5) =  ( 2x 2  +  5x  −  3)( 3x + 5)

  =  6x 3  +  2 5x 2  +  1 6x  −  1 5

2  a  2 x 2  +  7x  −  4 =  ( 2x  −  1)(x  +  4)

 b  2 x 2  +  7x  −  4 =  0

  x  =      1  _ _  
2
     or x  =  − 4

3  a  ( 2 x 2 y  )3  =  8x 6 y 3

 b  2 x − 3  ×  3x 4  =  6x

 c      1 5 a 3 b  _ _ _ _ _  
3 a 3 b 2

    =      5  _ _  
b
   

4    3 x  +  2y  =  8  ( 1)

   5 x  +  y  =  1 1 ( 2)

   ( 2) ×  2: 1 0x  +  2y  =  2 2 ( 3)

   ( 3)  −  ( 1): 7x  =  1 4

  x  =  2

  S u b stit ut e i nt o ( 2) t o  n d y

  5 ×  2 +  y  =  1 1

  y  =  1 1 −  1 0

  y  =  1

5  a      3
 _ _ _ _ _  

x  +  7
    =      2 −  x _ _ _ _ _  

x  +  1
   

  3( x  +  1) =  ( 2 −  x )(x  +  7)

  3 x  +  3 =  2x  +  1 4 −  x 2  −  7x

  3 x  +  3 =  − x 2  −  5x  +  1 4

  x 2  + 8x  −  1 1 =  0

 b  x 2  + 8x  −  1 1 =  0

  x  =      
− 8 ±   √  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
  ( 8)2  −  4 ×  1 ×  (− 1 1)  
  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

2 ×  1
    

  x  =      − 8 ±   √  
_ _ _ _

 1 0 8   _ _ _ _ _ _ _ _ _  
2
    

  x  =      − 8 ±  6 √  
_ _

 3    _ _ _ _ _ _ _ _  
2
    

  x  =  − 4 +   3  √  
_ _

 3     or x  =  − 4 −   3  √  
_ _

 3   

  S o  x  =  1. 2 0 or x  =  − 9. 2 0 (t o 2 d. p.)

6      
3 y  −  x

 _ _ _ _ _  z    =  a x  +  2   ( x )

   3 y  −  x =  z (a x  +  2)

   3 y  −  x =  a xz  +  2z

   3y  −  2z  =  a xz  +  x

   3y  −  2z  =  x (az  +  1)

  x  =      
3 y  −  2z

 _ _ _ _ _ _ 
az  +  1

   

7  a  y  =      x  _ _  
3
    +  5

  3 y  =  x  +  1 5

  x  =  3y  −  1 5

  N o w  r e pl a c e  x  wit h f− 1 (x ) a n d y  wit h x .

  f− 1 (x ) =  3x  −  1 5 or f− 1 (x ) =  3(x  −  5)

1 1
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6   T ot al n u m b er of p art s i n t h e r ati o =  5 +  2 =  7 

  N o w pi c k a n u m b er t h at i s di vi si bl e b y 7. W e will c h o o s e 7 0.

  Di vi di n g t hi s i nt o t h e r ati o 5 : 2 gi v e s 5 0 m al e g u e st s 
a n d 2 0 f e m al e g u e st s.

  6 0 % of m al e g u e st s ar e u n d er 4 0 a n d 7 0 % of f e m al e 
g u e st s ar e u n d er 4 0.

  6 0 % of 5 0 =  3 0 ( m al e s u n d er 4 0)

  7 0 % of 2 0 =  1 4 (f e m al e s u n d er 4 0)

  S o if t h er e w er e 7 0 g u e st s, 4 4 of t h e m w o ul d b e u n d er 
4 0 y e ar s ol d. U s e t hi s i nf or m ati o n t o w or k o ut t h e 
c orr e ct p er c e nt a g e, w h at e v er t h e n u m b er of g u e st s:

     4 4
 _ _  

7 0
    ×  1 0 0 =  6 2. 9 %

7   T h er e ar e 2 m or e p art s of t h e r ati o f or 2 0 p c oi n s, a n d 
6  m or e 2 0 p c oi n s. 

  S o 2 p art s =  6 c oi n s

    1 p art =  3 c oi n s.

  H e n c e t h er e ar e 5 ×  3 =  1 5 1 0 p c oi n s, a n d 7 ×  3 =  2 1 
2 0 p c oi n s

  T ot al a m o u nt ( £) i n t h e m o n e y b o x  =  1 5 ×  0. 1 +  2 1 ×  0. 2 
=  1. 5 +  4. 2 =  £ 5. 7 0

8  L et  x  b e t h e n u m b er of y ell o w m ar bl e s.

  S o 5x  =  n u m b er of r e d m ar bl e s, a n d 2 ×  5x  =  1 0x
=  n u m b er of bl u e m ar bl e s.

  H e n c e t h e r ati o of bl u e t o r e d t o y ell o w m ar bl e s
=  1 0x  : 5x  : x  =  1 0 : 5 : 1

S c al e di a g r a m s a n d m a p s

1   Fir st c o n v ert 1 5 0 k m t o c m.

  1 5 0 k m =  1 5 0 0 0 0 m =   1 5 0 0 0 0 0 0  c m

  5 0 0 0 0 0 c m i s e q ui v al e nt t o 1 c m o n t h e m a p.

  Di st a n c e i n c m o n t h e m a p =      1 5 0 0 0 0 0 0
 _ _ _ _ _ _ _ _ 

5 0 0 0 0 0
    =  3 0 c m

2  a  Di st a n c e b et w e e n t h e s hi p a n d t h e p ort =  2 c m.

    W e n o w n e e d t o g et t h e u nit s t h e s a m e.

  1 0  k m  =   1 0 0 0 0 m =   1  0 0 0 0 0 0 c m

    T h e s c al e i s 2 : 1 0 0 0  0 0 0

    Di vi di n g b ot h si d e s of t h e r ati o b y 2 gi v e s

  1:  5 0 0  0 0 0

 b    M e a s uri n g t h e a ct u al di st a n c e b et w e e n t h e t w o 
s hi p s gi v e s 1. 2 c m

  A ct u al  di st a n c e  =  1. 2 ×   5 0 0 0 0 0 =  6 0 0 0 0 0 c m

     Di vi d e t hi s b y 1 0 0 a n d t h e n 1 0 0 0 t o gi v e t h e a ct u al 
di st a n c e i n k m.

    6 0 0 0 0 0 c m =  6 k m

P e r c e nt a g e p r o bl e m s

1      8
 _ _ _  

3 0 0
    ×  1 0 0 =  2. 6 =  2. 6 7 % t o 2 d. p.

2   I n cr e a s e  =  Fi n al e ar ni n g s −  I niti al e ar ni n g s
=  1 1 0 0 0 0 0 −  6 0 0 0 0 0 =   £ 5 0 0 0 0 0

  % i n cr e a s e =      I n cr e as e
 _ _ _ _ _ _ _ _ _ _ _  

ori gi n al v al u e
    ×  1 0 0

  =      5 0 0 0 0 0
 _ _ _ _ _ _ 

6 0 0 0 0 0
    ×  1 0 0

  =  8 3. 3 % t o 1 d. p.*

T hi s i s m e a s ur e d u si n g a r ul er o n t h e m a p.

 1 2 x  −  6 =  8x  +  6

   4 x  =  1 2

  x  =  3

  T h e h ei g ht of t h e tri a n gl e, E F  =  2 ×  3 −  1 =  5 c m

  T h e b a s e of t h e tri a n gl e, E G  =  3 +  9 =  1 2 c m

  Ar e a of t h e tri a n gl e =      1  _ _  
2
    ×  1 2 ×  5 =   3 0 c m²

1 3  Si d e  A B  i s p ar all el t o si d e C D , s o k  =  5.

  Gr a di e nt of B D  =      
5 −  (− 2)

 _ _ _ _ _ _ _ _ _ 
− 1 −  (− 2)

    =      7  _ _  
1
    =  7

  U si n g p oi nt B  (− 2, − 2)

 y  −  (− 2) =  7(x  −  (− 2))

 y  +  2 =  7x  +  1 4

  E q u ati o n of B D  i s y  =  7x  +  1 2

1 4  x 2  +  y 2  =  4       ( 1)

 2 y  −  x  =  2       ( 2)

  R e arr a n g e ( 2) f or y : y  =      1  _ _  
2
    x  +  1    ( 3)

  S u b stit ut e ( 3) i nt o ( 1):

 x 2  +     (      1  _ _  
2
   x  +  1 )   

2
 =  4

 x 2  +      x
2

 _ _  
4
    +  x  + 1 =  4

 5 x 2  +  4x  +  4 =  1 6

 5 x 2  +  4x  −  1 2 =  0

 ( 5 x  −  6)(x  +  2) =  0

 x  =      6  _ _  
5
    =  1. 2 or x  =  − 2

  S u b stit ut e i nt o ( 2) t o  n d y

 S o  x  =      6  _ _  
5
   , y  =      8  _ _  

5
     or x  =  − 2, y  =  0

R ati o, pr o p orti o n a n d r at e s 

of  c h a n g e

I nt r o d u cti o n t o r ati o s

1  a   2 : 6 =  1: 3 ( di vi d e b ot h si d e s b y 2)

 b   2 5 : 6 0 =  5 : 1 2 ( di vi d e b ot h si d e s b y 5)

 c    1. 6 : 3. 6 =  4 : 9  ( di vi d e b ot h si d e s b y 0. 4, or m ulti pl y 
b y t e n t h e n di vi d e b y f o ur)

2  a   2 5 0 g : 2 k g =  2 5 0 g :  2 0 0 0 g =  2 5 0 : 2 0 0 0 =  1 : 8

 b    2 5 m  : 2 5 0 m m  =  2 5 0 0 0 m m : 2 5 0 m m
=  2 5 0 0 0 : 2 5 0 =  1 0 0 : 1

 c   2 cl : 1 l =  2 cl : 1 0 0 cl =  2 : 1 0 0 =  1 : 5 0

3  R ati o  =  3. 5 : 2. 1 =  3 5 : 2 1 =  5 : 3

  T ot al s h ar e s =  5 +  3 =  8

    1 s h ar e =   £   4 0 0
 _ _ _  

8
    =  £ 5 0

   5 s h ar e s =  5 ×  £ 5 0 =  £ 2 5 0

   3 s h ar e s =  3 ×  £ 5 0 =  £ 1 5 0

4    4 p art s =  1 8 0

    1 p art =  4 5      ( Di vi di n g b ot h si d e s b y 4)

   3 p art s =  3 ×  4 5 

  =  1 3 5

  H e n c e t h er e ar e 1 8 0 + 1 3 5 =  3 1 5 m e m b er s of t h e g y m.

5   T h e r ati o i s 2 1 : 2 5 : 2 9

  T ot al s h ar e s =  2 1 +  2 5 +  2 9 =  7 5

  O n e s h ar e =   £   1 5 0 0 0 0
 _ _ _ _ _ _  

7 5
    =  £ 2 0 0 0

  Y o u n g e st d a u g ht er r e c ei v e s 2 1 ×  2 0 0 0 =  £ 4 2 0 0 0

* T hi s a n s w er diff er s fr o m t h e o n e i n t h e R e vi si o n G ui d e d u e t o a n err or i n o ur  r st e diti o n. T hi s a n s w er h a s n o w b e e n 
r e- c h e c k e d a n d c orr e ct e d.

1 2

Hi g h er M at h e m ati c s R e vi si o n G ui d e f or All E x a m B o ar d s     F ull w or k e d s ol uti o n s



G r a p h s of di r e ct a n d i n v e r s e p r o p o rti o n 

a n d  r at e s of c h a n g e

1   Gr a p h C

2   Gr a p h B

3  A s  P  a n d V  ar e i n v er s el y pr o p orti o n al, P  =      k  _  
V
   

  At p oi nt A , w h e n P  =  1 2, V  =  3 s o 1 2 =      k  _ _  
3
     h e n c e

k  =  3 6

  S u b stit uti n g t hi s v al u e of k  b a c k i nt o t h e e q u ati o n w e 

h a v e P  =      3 6  _ _  
V
    

 W h e n  V  =  6, P  =      3 6
 _ _  

6
    =  6

 H e n c e  a  =  6

4  A s  x  a n d y  ar e i n v er s el y pr o p orti o n al, y  ∝      1  _ _  x    , s o 
y  =      k  _  x    

 W h e n  x  =  1, y  =  4 s o 4 =      k  _ _  
1
     s o k  =  4

  T h e e q u ati o n of t h e c ur v e i s n o w y  =      4  _ _  x    

 W h e n  x  =  4, y  =      4  _ _  
4
    =  1 s o a  =  1

 W h e n  y  =  0. 8, 0. 8 =      4  _ _  x     gi vi n g x  =  5 s o b  =  5.

 H e n c e  a  =  1 a n d b  =  5.

5  y  =  k x 2

 W h e n  x  =  2, y  =  1 6 s o 1 6 =  k  ×  22  gi vi n g k  =  4.

 y  =  4x 2

  H e n c e w h e n y  =  3 6,

 3 6  =  4x 2  s o x  =  3 or − 3

 Si n c e  a  i s p o siti v e,

 a  =  3

G r o wt h a n d d e c a y 

1   F or a, b a n d c, m ulti pli er i s    
1 0 0 % +  p er c e nt a g e gi v e n

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   
1 0 0

   

 a  1. 0 5

 b  1. 2 5

 c  1. 0 3 7 5

 d   M ulti pli er  i s     
1 0 0 % −  p er c e nt a g e gi v e n

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   
1 0 0

     =  0. 7 9

2  M ulti pli er  =  1 −      1 8
 _ _ _  

1 0 0
    =  0. 8 2

  V al u e at t h e e n d of n  y e ar s =   A o  ×  ( m ulti pli er)n  w h er e A 0  
i s t h e i niti al v al u e.

  V al u e at t h e e n d of 3 y e ar s  =  9 0 0 0 ×  ( 0. 8 2)3  =  £ 4 9 6 2. 3 1 2 
=   £ 4 9 6 2 ( n e ar e st w h ol e 

n u m b er)

3  m ulti pli er f or y e ar s 1 a n d 2 =  1. 0 4

 m ulti pli er f or y e ar s 3 a n d 4 =  1. 0 3

 a m o u nt aft er 4 y e ar s =  6 5 0 ×  1. 0 42  ×  1. 0 32  =  £ 7 4 5. 8 6 
(t o n e ar e st p e nn y)

4   N u m b er of r e st a ur a nt s aft er n  y e ar s, R n  =  R o ×  ( m ulti pli er)n

 M ulti pli er  =  1. 2 5, n  =  3, R n  =  4 0 0 0

 S o  R 0  =      4 0 0 0
 _ _ _ _ _  

( 1. 2 5)3
    =  2 0 4 8

  T h er e w er e 2 0 4 8 r e st a ur a nt s 3 y e ar s a g o.

R ati o s of l e n gt h s, a r e a s a n d v ol u m e s

1   S c al e f a ct or =      6  _ _  
9
    =      2  _ _  

3
   

 x  =      2  _ _  
3
    ×  1 0 =      2 0

 _ _  
3
    =   6   2  _ _  

3
     c m

3  3. 5 %  =      3. 5
 _ _ _  

1 0 0
    =  0. 0 3 5

  A d d 1 t o cr e at e a m ulti pli er f or t h e ori gi n al 
n u m b er: 1. 0 3 5

  N e w s al ar y =  1. 0 3 5 ×  3 8 0 0 0 =  £ 3 9 3 3 0

4  1 8 %  =      1 8
 _ _ _  

1 0 0
    =  0. 1 8

 1  −  0. 1 8 =  0. 8 2

  8 2 % of ori gi n al pri c e =  £ 2 9 1. 9 2

  1 % of ori gi n al pri c e =      2 9 1. 9 2
 _ _ _ _ _ _  

8 2
    =  3. 5 6

  1 0 0 % of ori gi n al pri c e =  3. 5 6 ×  1 0 0 =  3 5 6

  Ori gi n al pri c e =  £ 3 5 6

5   A m o u nt of i nt er e st i n o n e y e ar  =  3. 5 % of £ 1 2 0 0 0 
=      3. 5

 _ _ _  
1 0 0

    ×  1 2 0 0 0 =  £ 4 2 0

  T ot al i nt er e st p ai d o v er 6 y e ar s =  6 ×  £ 4 2 0 =  £ 2 5 2 0

Di r e ct a n d i n v e r s e p r o p o rti o n

1   I n v er s e pr o p orti o n m e a n s t h at if o n e q u a ntit y d o u bl e s 
t h e ot h er q u a ntit y h al v e s.

2  a  y  =  k x

 b  8  =  k  ×  3  gi vi n g k  =      8  _ _  
3
   

  y  =      8  _ _  
3
    x

  W h e n  x  =   4,     8  _ _  
3
    ×  4 =      3 2

 _ _  
3
    =  1 0. 7 ( 1 d. p.)

3  a   Fi n d t h e e q ui v al e nt pri c e i n £

    €   1 2 0
 _ _ _ _  

1. 2 7
    =  £ 9 4. 4 9

    T h e s u n gl a s s e s ar e c h e a p er i n t h e U K.

 b  £ 9 4. 4 9  −  £ 8 9 =  £ 5. 4 9 c h e a p er

4  V  ∝  r 3  s o V  =  k r 3

 W h e n  V  =  3 3. 5, r  =  2 s o 3 3. 5 =  k  ×  23

 k  =      3 3. 5
 _ _ _ _  

8
    =  4. 1 8 7 5

  S u b stit uti n g t hi s v al u e of k  b a c k i nt o t h e e q u ati o n gi v e s

 V  =  4. 1 8 7 5r 3

 W h e n  r =  4, V  =  4. 1 8 7 5 × 4 3  =  2 6 8 c m3

5  P  ∝     1  _ _  
V
    s o P  =      k  _  

V
   

  H e n c e  1 0 0 0 0 0 =      k  _ _  
1
   ,  gi vi n g k  =   1 0 0 0 0 0

  F or m ul a i s P  =      1 0 0 0 0 0 _ _ _ _ _ _  
V
    

 W h e n  V  =  3,

  P  =      1 0 0 0 0 0
 _ _ _ _ _ _  

3
   

  =   3 3 3 3 3 (t o t h e n e ar e st w h ol e n u m b er)

6  a  =  k b 2

 W h e n  a  =  9 6, b  =  4 s o 9 6 =  k  × 4 2  gi vi n g k  =  6

 H e n c e  a  =  6b 2  a n d w h e n b  =  5, a  =  6 × 5 2  =  1 5 0

7  a   A s q u ar e of si d e x  c m h a s a n ar e a of x 2 .

  A  =  k x 2

    A s t h er e ar e 6 f a c e s t o a c u b e, s urf a c e ar e a =  6x 2

  H e n c e  A  =  6x 2 

    S o c o n st a nt of pr o p orti o n alit y k  =  6

 b  A  =  6x 2 

  W h e n  x  =  4 c m

  A  =  6 ×  42  =  9 6 c m2
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 c    W e n e e d t o  n d a p oi nt o n t h e gr a p h w h er e t h e 
gr a di e nt e q u al s t h at of t h e t a n g e nt alr e a d y dr a w n 
( 5 m/ s2 ). 

  

  Ti m e w h e n t h e i n st a nt a n e o u s a c c el er ati o n i s t h e s a m e 
a s t h e a v er a g e a c c el er ati o n =  3. 9 s

C o n v e rti n g u nit s of a r e a s a n d v ol u m e s, 

a n d  c o m p o u n d u nit s

1  a   S urf a c e ar e a  =  2 ×  4 ×  6 +  2 ×  4 ×  5 +  2 ×  6 ×  5 
=  1 4 8 c m2

  i 1 c m 2  =  1 0 ×  1 0 m m2  =  1 0 0 m m2  

   1 4 8  c m 2  =  1 4 8 ×  1 0 0 m m2  =  1 4 8 0 0 m m2  

  ii  1 m² =  1 0 0 ×  1 0 0 c m2  =  1 0 0 0 0 c m²

   1 4 8  c m²  =  1 4 8 ÷  1 0 0 0 0 m² =  0. 0 1 4 8 m²

 b V ol u m e =  6 ×  5 ×  4 =  1 2 0 c m3

  1  m 3  =  1 0 0 ×  1 0 0 ×  1 0 0 c m3 =   1 0 0 0 0 0 0  c m3

  1 2 0  c m 3 =  1 2 0 ÷   1 0 0 0 0 0 0 =  0. 0 0 0 1 2 c m3

2  D e n sit y  =      m a s s
 _ _ _ _ _ _ 

v ol u m e
    =      1 1 5 9

 _ _ _ _  
6 0 0

    =  1. 9 3 2 g/ c m 3  ( 3 d. p.)

3   Fir st g et t h e u nit s t h e s a m e.

 1 m 3  =  1 0 0 ×  1 0 0 ×  1 0 0 c m3  =   1 0 0 0 0 0 0  c m3

  N u m b er of b all b e ari n g s  =      1 0 0 0 0 0 0
 _ _ _ _ _ _ _  

0. 5
    =  2  0 0 0  0 0 0 

(i. e. 2 milli o n)

4   5 0 k m/ h =  5 0 0 0 0 m/ h

  1 h =  6 0 ×  6 0 s =  3 6 0 0 s

  N o w a s f e w er m/ s will b e c o v er e d c o m p ar e d t o m/ h w e 
di vi d e b y 3 6 0 0 t o c o n v ert t h e s p e e d t o m/ s.

  H e n c e 5 0 0 0 0 m/ h  =      5 0 0 0 0
 _ _ _ _ _  

3 6 0 0
    =  1 3. 8 9 m/ s ( 2 d. p.)

5  a  Di st a n c e  =  s p e e d ×  ti m e =  7 0 ×  4 =  2 8 0 k m

  M ar y’ s  s p e e d  =  2 8 0/ 5 =   5 6 k m/ h

 b    If M ar y’ s r o ut e w a s l o n g er, h er a v er a g e s p e e d w o ul d 
i n cr e a s e. If h er r o ut e w a s s h ort er, h er a v er a g e s p e e d 
w o ul d d e cr e a s e.

Ti m e ( s )

t = 3. 9 s

V
el

o
ci
t
y 
(

m/
s)

0
1 2 3 4 5 6 7

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

4 5

5 0

4 5 – 2 5
= 2 0

P oi nt w h er e
gr a di e nt s
ar e t h e s a m e.

4

2   A s t h e s h a p e s ar e si mil ar    
V A

 _ _  
V B

    =     (    
r A

 _ _  r B
   )   

3

  C u b e r o oti n g b ot h si d e s gi v e s    
r A

 _ _  r B
    =     

3
 √  
_ _ _

   
V A

 _ _  
V B

     

       
r A

 _ _  r B
    =     

3
 √  
_ _ _

   2 7
 _ _  

6 4
     

  =      3  _ _  
4
   

     
r a di u s of c yli n d er A

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 r a di u s of c yli n d er B

    =     3
 _ _  

4
   

     
s urf a c e ar e a of c yli n d er A

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
s urf a c e ar e a of c yli n d er B

    =     (    3  _ _  
4
   )   

2
 =      9  _ _  

1 6
   

  S o s urf a c e ar e a of c yli n d er A =   s urf a c e ar e a of c yli n d er 

B ×      9  _ _  
1 6

   

  S urf a c e ar e a of c yli n d er A =  9 6 ×      9  _ _  
1 6

    =   5 4 c m2

3  a    A s B E  i s p ar all el t o C D  all t h e c orr e s p o n di n g a n gl e s 
i n b ot h tri a n gl e s ar e t h e s a m e s o tri a n gl e s A B E  a n d 
A C D  ar e si mil ar.

       B E  _ _ _  
8
     =      5  _ _  

1 0
     gi vi n g B E  =  4 c m

 b   B E =  4 c m a n d A B  =  5 c m. A n gl e A B E  i s a ri g ht 
a n gl e b e c a u s e a n gl e A C D  i s a ri g ht a n gl e a n d t h e 
tri a n gl e s ar e si mil ar.

  H e n c e  ar e a  A B E  =      1  _ _  
2
    ×  4 ×  5 =   1 0 c m²

G r a di e nt of a c u r v e a n d r at e of c h a n g e

1  a   T h e gr a di e nt r e pr e s e nt s t h e a c c el er ati o n.

 b    Fi n d t h e gr a di e nt b et w e e n w h e n ti m e =  2 s a n d 
ti m e =   6 s.

  

     Fr o m t h e gr a p h, a c c el er ati o n b et w e e n ti m e =   2 s 
a n d ti m e =   6 s

  =      4 5 − 2 5
 _ _ _ _ _ _  

6 −  2
   

  =      2 0
 _ _  

4
   

  =  5 m/ s2 .

Ti m e ( s )

V
el

o
ci
t
y 
(

m/
s)

0
1 2 3 4 5 6 7 8

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

4 5

5 0

4 5 – 2 5
= 2 0

4
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  I n t ot al, t h er e w o ul d b e 1 7 5 +  4 0 =  2 1 5 j u ni or 
m e m b er s.

  A s a p er c e nt a g e, t hi s i s    2 1 5
 _ _ _ _  

1 1 0 0
    ×  1 0 0 =  1 9. 5 4

=  2 0 % t o t h e n e ar e st i nt e g er.

1 1   E a c h c m³ of t h e all o y c o nt ai n s 9 p art s (=  0. 9 c m³) 
c o p p er a n d 1 p art ( =  0. 1 c m³) ti n.

  S o t h e m a s s of c o p p er i n 1 c m³ =  8. 9 ×  0. 9 =  8. 0 1 g

  T h e m a s s of ti n i n 1 c m³ =  7. 3 ×  0. 1 =  0. 7 3 g

  M a s s of 1 c m³ of all o y =  8. 0 1 +  0. 7 3 =  8. 7 4 g

  S o t h e d e n sit y of t h e all o y =  8. 7 g/ c m³ ( 1 d. p.)

G e o m etr y a n d m e a s ur e s

2 D s h a p e s

1  a  Tr u e

 b  F al s e

 c  Tr u e

 d  F al s e

 e  Tr u e

 f Tr u e

C o n st r u cti o n s a n d l o ci

1   T h e li n e w hi c h bi s e ct s t h e a n gl e will b e t h e l o c u s of 
p oi nt X .

 
O P

l o c u s of
p oi nt X

Q

2   Dr a w t w o cir cl e s: o n e wit h a r a di u s of 3 c m fr o m A , 
a n ot h er wit h a r a di u s of 6 c m fr o m B . S h a d e t h e ar e a 
o ut si d e t h e t w o cir cl e s. T h e ar e a o ut si d e t h e t w o cir cl e s 
s h o w s all p o s si bl e l o c ati o n s f or t h e wi n d f ar m.

 

B

6 c m

7 c m

A

3 c m

P r o p e rti e s of a n gl e s

1   E xt eri or a n gl e =      3 6 0 °
 _ _ _ _ _ _ _ _ _ _ _ _  

n u m b er of si d e s
    =      3 6 0

 _ _ _ _  
1 0

    =  3 6 °

  I nt eri or a n gl e +  e xt eri or a n gl e  =  1 8 0 °, s o i nt eri or a n gl e 
=  1 4 4 °

T h e i nt eri or a n d e xt eri or a n gl e al w a y s a d d u p t o 1 8 0º.

R e vi e w it!

1   8 0 % of t h e ori gi n al pri c e =  £ 7 6. 8 0

  1 0 % of t h e ori gi n al pri c e =      7 6. 8 0
 _ _ _ _ _  

8
    =  £ 9. 6 0

  1 0 0 % of t h e ori gi n al pri c e =  £ 9. 6 0 ×  1 0 =  £ 9 6

2  a  A 1  =  1. 0 2 ×  A 0

  =  1. 0 2 ×  5

  =  5. 1 0 m2   ( 2 d. p.)

 b  A 2  =  1. 0 2 ×  A 1  =  1. 0 2 ×  5. 1 =  5. 2 0 2 m2

  A 3  =  1. 0 2A 2  =  1. 0 2 ×  5. 2 0 2 =  5. 3 1 m2  ( 2 d. p.)

3  y  =      k  _  x    

 4  =      k
 _ _ _  

2. 5
   

 k  =  1 0

 H e n c e  y  =      1 0
 _ _  x    

 W h e n  x  =  5, y  =      1 0
 _ _  

5
    =  2

4   2 p art s of t h e r ati o =  5 4 st u d e nt s, s o 1 p art =  2 7 st u d e nt s.

  St u d e nt s i n t h e w h ol e y e ar =  2 +  7 p art s =  9 p art s.

  I n Y e ar 1 1, t h er e ar e 9 ×  2 7 =  2 4 3 st u d e nt s.

5   T h e pri c e of t h e h o u s e h a s m or e t h a n d o u bl e d.

 M ulti pli er  =  1 +  1. 2 =  2. 2

  S o £ 2 2 0 0 0 0 ×  2. 2 =   £ 4 8 4 0 0 0

  T h e v al u e of t h e h o u s e =  £ 4 8 5 0 0 0 t o t h e n e ar e st £ 5 0 0 0

6  a   Si m pl e i nt er e st: O n e y e ar =  2 0 0 0 ×  0. 0 2 5 =  £ 5 0

  5 0  ×  5 =  2 5 0

    Aft er 5 y e ar s, t h er e will b e £ 2 2 5 0 i n t h e a c c o u nt. 

 b   C o m p o u n d i nt er e st: 2 0 0 0 ×  1. 0 2 55  =  £ 2 2 6 2. 8 2

7  a  4 0 0  ×  8. 5 5 =  3 4 2 0 y u a n

 b   Tr a v el a g e nt: 8 0 0 ÷  8. 6 =  £ 9 3. 0 2

  C o m mi s si o n  =  9 3. 0 2 ×  0. 0 2 5 =  £ 2. 3 3

    S o T o m w o ul d g et £ 9 3. 0 2 −  £ 2. 3 3 =  £ 9 0. 6 9

     Fr o m t h e p o st of  c e, T o m w o ul d g et
8 0 0 ÷  8. 9 =  £ 8 9. 8 9

    T o m will g et a b ett er d e al fr o m t h e tr a v el a g e nt.

8   T h e diff er e n c e b et w e e n L u k e’ s a n d A m y’ s p a y o ut s w a s 
£ 4 0 0 0. T h e diff er e n c e i n p art s i s 7 −  5 =  2.
S o 2 p art s =  £ 4 0 0 0 a n d 1 p art =  £ 2 0 0 0

  T h e pr o  t s ar e s plit i nt o 3 +  5 +  7 =  1 5 p art s.

  T ot al pr o  t s =  1 5 ×  2 0 0 0 =  £ 3 0 0 0 0

9      S urf a c e ar e a A
  _ _ _ _ _ _ _ _ _ _ _ _  

 S urf a c e ar e a B
    =     (    

L e n gt h A
 _ _ _ _ _ _ _ _ 

 L e n gt h B
   )   

2

  S o     2 5
 _ _  

4
    =      5

2

 _ _  
2 2    

   Si mil arl y,      V ol u m e A _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
 V ol u m e B

    =     (    
L e n gt h A

 _ _ _ _ _ _ _ _ 
 L e n gt h B

   )   
3

     1 0
 _ _ _ _ _ _ _ _ 

V ol u m e B
    =      5

3

 _ _  
2 3    

  S o V ol u m e B =      1 0 ×  8 _ _ _  
1 2 5

     =      8 0
 _ _ _  

1 2 5
    =   0. 6 4 c m3

1 0  7  +  4 =  1 1 p art s i n t h e r ati o.

  L et t hi s b e 1 1 0 0 m e m b er s.

  T h er e w o ul d t h e n b e 7 0 0 m al e cl u b m e m b er s: 2 5 % of 
t hi s i s 0. 2 5 ×  7 0 0 =  1 7 5 j u ni or m e m b er s.

  T h er e w o ul d b e 4 0 0 f e m al e cl u b m e m b er s: 1 0 % of t hi s 
i s 0. 1 ×  4 0 0 =  4 0 j u ni or m e m b er s.
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  H e n c e a n gl e A M B  =  a n gl e A M C .

 A n gl e  A M B  +  a n gl e A M C  =  1 8 0 °, ( a n gl e s o n a 
str ai g ht li n e) 

  S o a n gl e A M B  =      1 8 0
 _ _ _  

2
    =  9 0 °

Tr a n sf o r m ati o n s

1  a  a n d b

 c   E nl ar g e m e nt, s c al e f a ct or 2, c e ntr e ( 0, 0)

2  

3  

4   A tr a n sl ati o n b y   (        5       
− 4

   )   

I n v a ri a n c e a n d c o m bi n e d t r a n sf o r m ati o n s

1  a, b, c

 d   R e  e cti o n i n t h e y - a xi s, or r e  e cti o n i n t h e li n e x  =  0

A

E

F
B

C

y

x0
1 2 3 4 5 6 7 8

1

2

3

4

5

 6

 7

 8

D

y

xO 1 2 3 4 5 6 878 7 6 5 4 3 12

1

2

3

4

5

8

7

6

8

7

6

5

4

1

2

3

x  = 1. 5

P

y

xO 1 2 3 4 5 6 87

1

2

3

4

5

8

7

6

8

7

6

5

4

1
12345678

2

3

A

B

y

xO 1 2 3 4 5

1

2

3

4

5

5

4

1
12345

2

3

Z X

Y

2  a   N u m b er of si d e s =      3 6 0°
 _ _ _ _ _ _ _ _ _ _ 

e xt eri or a n gl e
    =      3 6 0  _ _ _  

4 0
     =  9

 b   I nt eri or a n gl e  =  1 8 0o  −  e xt eri or a n gl e
=  1 8 0 −  4 0 =  1 4 0 °

     A s t h er e ar e 9 si d e s, t ot al of i nt eri or a n gl e s
=  1 4 0 ×  9 =  1 2 6 0 °

3  A n gl e  B A C  =  5 0 ° ( c orr e s p o n di n g a n gl e s)

 A n gl e  A B C  =  1 8 0 −  ( 5 0 +  6 0) =   7 0 ° ( a n gl e s i n a 
tri a n gl e a d d u p t o 
1 8 0 °)

 x  =  1 8 0 −  ( 9 0 + 7 0) =   2 0 ° ( a n gl e s i n tri a n gl e A B D  a d d 
u p t o 1 8 0 °)

4   T h er e ar e s e v er al diff er e nt w a y s of w or ki n g t h e a n s w er s 
o ut a n d t h e m et h o d s h o w n i s o nl y o n e of t h e m.

 a    A n gl e x  i s a n alt er n at e a n gl e t o a n gl e E B C . 
H e n c e x  =  5 5 °.

 b    A n gl e E HI  =  1 8 0 −  ( 8 5 +  5 5) =  4 0 ° a s a n gl e s i n a 
tri a n gl e a d d u p t o 1 8 0 °.

   A n gl e  D E H  i s a n alt er n at e a n gl e t o a n gl e E HI
s o it i s 4 0 °.

5   O p p o sit e a n gl e s i n a r h o m b u s ar e e q u al.

   S o  2( 3a  +  5) +  2( 5a  −  1 7) =  3 6 0

   6 a  +  1 0 +  1 0a  −  3 4 =  3 6 0

  1 6 a  −  2 4 =  3 6 0

  1 6 a  =  3 8 4

  a  =      3 8 4  _ _ _  
1 6

    

  a  =  2 4 °

  T h er e ar e t w o a n gl e s of 3 ×  2 4 +  5 =  7 7 °, a n d t w o 
a n gl e s of 1 8 0 −  7 7 =  1 0 3 ° 

C o n g r u e nt t ri a n gl e s 

1  

  T h er e ar e t w o tri a n gl e s wit h a c o m m o n si d e A C .

 A B  =  A D  ( gi v e n i n t h e q u e sti o n)

 B C  =  C D  ( gi v e n i n t h e q u e sti o n)

 Tri a n gl e s  A C B  a n d A C D  ar e c o n gr u e nt ( S S S).

  H e n c e, a n gl e A B C  =  a n gl e A D C .

2  A B  =  A C  ( gi v e n i n t h e q u e sti o n) 

 B M  =  M C  ( a s M i s t h e mi d p oi nt of B C  )

 A M =  A M ( c o m m o n t o b ot h tri a n gl e s)

 B

A

CM

  T h er e ar e t hr e e p air s of e q u al c orr e s p o n di n g si d e s s o 
t h e tri a n gl e s A B M  a n d A C M  ar e c o n gr u e nt ( S S S).

A

C

BD
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3  a    A n gl e A D B  =  4 0 ° a s it i s e q u al t o a n gl e A C B  ( a n gl e s 
at t h e cir c u mf er e n c e o n t h e s a m e ar c ar e e q u al)

 b    A n gl e A B D  =  a n gl e A D E  =  5 0 ° ( alt er n at e s e g m e nt 
t h e or e m)

   A n gl e  E D B  =  9 0 ° (i. e. 4 0 ° +  5 0 °) w hi c h m e a n s B D  
m u st b e a di a m et er, a s a t a n g e nt a n d a di a m et er ar e 
at ri g ht a n gl e s t o e a c h ot h er.

   A s  B D  i s a di a m et er, a n gl e B A D  i s 9 0 ° a s it i s t h e 
a n gl e i n a s e mi cir cl e.

4  A n gl e  A C B  =  4 6 ° ( a n gl e s b o u n d e d b y t h e s a m e c h or d 
i n t h e s a m e s e g m e nt ar e e q u al)

 A n gl e  A B C  =  9 0 ° ( a n gl e i n a s e mi cir cl e i s a ri g ht- a n gl e)

 A n gl e  B A C  =  1 8 0 −  ( 9 0 +  4 6) =  4 4 ° ( a n gl e s i n a 
tri a n gl e a d d u p t o 1 8 0 °)

5  a  A n gl e A B C  =  6 0 ° ( a n gl e i n a n e q uil at er al tri a n gl e)

   A n gl e A D C  =  1 8 0 – 6 0 =  1 2 0 ° ( o p p o sit e a n gl e s i n a 
c y cli c q u a dril at er al a d d u p t o 1 8 0 °)

 b  A n gl e B A C  =  6 0 ° ( a n gl e i n a n e q uil at er al tri a n gl e)

   A n gl e C B Q  =  a n gl e B A C  ( alt er n at e s e g m e nt 
t h e or e m)

  =  6 0 °

P r oj e cti o n s

1  a      c  

 b  

2  

B e a ri n g s

1  

 B e ari n g  =  2 4 5o

2  a   B e ari n g of P fr o m Q =  1 8 0 +  4 5 =  2 2 5 °

 b   B e ari n g of Q fr o m R =  1 8 0 +  1 4 0 =  3 2 0 °

6 c m
4 c m

2 c m1 c m

3 c m

3 c m

1 c m 1 c m

B e ari n g = 1 8 0 + 6 5 = 2 4 5º

N

P

S

6 5º

2 4 5º

2  a , b 

 c   I n v ari a nt p oi nt i s ( 3, 4)

3  a,  b

 c   A r e  e cti o n i n t h e x - a xi s.

3 D s h a p e s

1  a  

 b  V  =  1 6, F  =  1 0, E  =  2 4; V  +  F  −  E  =  1 6 +  1 0 −  2 4 =  2

P a rt s of a ci r cl e

1  a  r a di u s

 b  c h or d

 c   mi n or ar c

 d   mi n or s e g m e nt

 e   mi n or s e ct or

Ci r cl e t h e o r e m s

1  a    A n gl e A C B  =  3 0 ° a s it i s e q u al t o a n gl e Y A B  
( alt er n at e s e g m e nt t h e or e m)

 b    A n gl e A B C  =  9 0 ° ( a n gl e i n a s e mi cir cl e i s al w a y s a 
ri g ht a n gl e)

 c    A n gl e A D C  =  9 0 ° ( a n gl e i n a s e mi cir cl e i s al w a y s a 
ri g ht a n gl e)

2  a    A n gl e O A X  =  9 0 ° ( a n gl e f or m e d b y a t a n g e nt t o a 
r a di u s or di a m et er i s al w a y s a ri g ht a n gl e)

 b    A n gl e A O X  =  1 8 0 −  ( 9 0 +  3 0) =  6 0 ° ( a n gl e s i n a 
tri a n gl e a d d u p t o 1 8 0 °)

 c    A n gl e A C B  =  6 0 ÷  2 =  3 0 ° ( a n gl e at t h e c e ntr e i s 
t wi c e t h e a n gl e at t h e cir c u mf er e n c e st a n di n g o n t h e 
s a m e ar c)

y

xO
1 2 3 4 5 6

1

2

3

4

5

6

A B

C

A

CB

y

x− 6 − 5 − 4 − 3 − 2 − 1 0 1 2 3 4 5 6

− 6

− 5

− 4

− 3

− 2

− 1

1

2

3

4

5

6

S h a p e
N u m b er of 
v erti c e s, V

N u m b er of 
f a c e s, F

N u m b er of 
e d g e s, E

Tri a n g ul ar-
b a s e d p yr a mi d

4 4 6

C o n e 1 2 1

C u b oi d 8 6 1 2

H e x a g o n al 
pri s m

1 2 8 1 8
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  Pr o p orti o n s h a d e d =      1 5. 6 2 5  _ _ _ _ _ _  
2 5

    

  M ulti pl y b y 8 t o g et ri d of t h e d e ci m al:

 =      1 2 5
 _ _ _  

2 0 0
   

  C a n c el fr a cti o n ( di vi d e b y 2 5):

 =      5  _ _  
8
    of t h e s q u ar e.

3  a   Ar e a of s e mi cir cl e =      1  _ _  
2
    ×  π  ×  x 2 =      π x 2

 _ _ _  
2
    

    Ar e a of r e ct a n gl e =  4x  ×  2x  =  8x 2

    Ar e a of s h a p e =      π x 2

 _ _ _  
2
     +  8x 2  =  x 2 ( 8 +      π  _ _  

2
   )

 b    P eri m et er =  2x  +  4x  +  4x  +      1  _ _  
2
    ×  2π x  =  1 0x  +  π x  =  

x ( 1 0 + π ). 

     A n e x a ct a n s w er i s r e q uir e d, s o y o u s h o ul d l e a v e π  
i n y o ur a n s w er.

V ol u m e a n d s u rf a c e a r e a of 3 D s h a p e s

1  

  V ol u m e of c yli n d er =  cr o s s- s e cti o n al ar e a ×  l e n gt h

  =  π a 2  ×  6a

  =  6π a 3

4 m

   V ol u m e of r o d =  cr o s s- s e cti o n al ar e a ×  l e n gt h

  =  π r 2  ×  4

  = 4 π r 2

  T h e t w o v ol u m e s ar e t h e s a m e s o w e c a n writ e

   4 π r 2  =  6π a 3  ( Di vi di n g b ot h si d e s b y π )

   4 r 2  =  6a 3  ( Di vi di n g b ot h si d e s b y 2)

   2 r 2  =  3a 3  ( Di vi di n g b ot h si d e s b y 2)

  r 2  =      3  _ _  
2
    a 3  ( S q u ar e r o oti n g b ot h si d e s)

  r  =     √  
_ _ _ _

   3  _ _  
2
   a 3    

2  a    Ar e a of tr a p e zi u m  =      1  _ _  
2
     (a  +  b )h  =      1  _ _  

2
     ( 0. 7 5 +  1. 7 5) ×  

1 0 =  1 2. 5 m2

  Cr o s s- s e cti o n al  ar e a  =  1 2. 5 m2

 b   V ol u m e  =  Cr o s s- s e cti o n al ar e a ×  l e n gt h
=  1 2. 5 ×  5 =  6 2. 5 m3

 c    T ot al v ol u m e p er mi n ut e of 
w at er e nt eri n g =  2 ×  0. 0 5 =  0. 1 m3  p er mi n ut e

    N u m b er of mi n ut e s it t a k e s t o  ll  =      6 2. 5
 _ _ _ _  

0. 1
   

=  6 2 5 mi n s

     N u m b er of h o ur s it t a k e s t o  ll  =      6 2 5
 _ _ _  

6 0
    

=  1 0. 4 2 h o ur s ( 2 d. p.) 
=   1 0 h o ur s ( n e ar e st 

h o ur)

6 a

a

P yt h a g o r a s’ t h e o r e m

1  a   B y P yt h a g or a s’ t h e or e m

  x 2  =  52  +  92  =  1 0 6

  x  =     √  
_ _ _ _

 1 0 6    =  1 0. 3 c m ( 1 d. p.)

 b   B y P yt h a g or a s’ t h e or e m

  1 3. 5 2  =  1 0. 22  +  x 2

  x 2  =  1 8 2. 2 5 −  1 0 4. 0 4 =  7 8. 2 1

  x  =     √  
_ _ _ _ _ _

 7 8. 2 1    =  8. 8 c m ( 1 d. p.)

2  

  B y P yt h a g or a s’ t h e or e m

   1 2 2  =  52  +  h 2

   1 4 4  =  2 5 +  h 2

  h 2  =  1 1 9

  h =     √  
_ _ _ _

 1 1 9   

  =  1 0. 9 0 8 7 c m ( 4 d. p.)

   Ar e a =      1  _ _  
2
    ×  b a s e ×  h ei g ht

  =      1  _ _  
2
    ×  1 0 ×  1 0. 9 0 8 7

  =  5 4. 5 4 c m2  ( 2 d. p.)

3   A C ² =  3² +  1 1² =  1 3 0

  x ² =  1 4² −  A C  ² =  1 9 6 −  1 3 0 =  6 6

  x  =     √  
_ _ _

 6 6    =  8. 1 2 c m ( 2 d. p.)

4   L et t h e p er p e n di c ul ar h ei g ht of t h e tri a n gl e =  h

  Ar e a of tri a n gl e =      1  _ _  
2
    ×  1 4 ×  h

  H e n c e     1  _ _  
2
    ×  1 4 ×  h =  9 0

  h  =      9 0 ×  2
 _ _ _ _ _ _  

1 4
    =      1 8 0

 _ _ _  
1 4

    =      9 0
 _ _  

7
   

  h  =  1 2. 8 5 7 1 c m ( 4 d. p.)

  B y P yt h a g or a s’ t h e or e m, A C ² =  7² +  1 2. 8 5 7 1²

 A C  =     √  
_ _ _ _ _ _ _ _

 2 1 4. 3 0 5     ( 3  d. p.)

 A C  =  1 4. 6 c m ( 3 s.f.)

A r e a of 2 D s h a p e s

1   Ri g ht a n gl e a n d p ar all el li n e s s h o w t h at t h e of  c e i s a 
tr a p e zi u m.

  Ar e a of a tr a p e zi u m =      1  _ _  
2
    ×  (a  +  b ) ×  h  =      1  _ _  

2
    ×  ( 9 +  1 2) ×  4

  Of  c e ar e a =   4 2 m²

  C o st of n e w  o or =  £ 3 8 ×  4 2 =  £ 1 5 9 6

2   L e n gt h of si d e of s q u ar e =      
p eri m et er

 _ _ _ _ _ _ _ _  
4
    =      2 0

 _ _  
4
    =   5 c m

  Ar e a of s q u ar e =  5 ×  5 =  2 5 c m2

  Ar e a of s m all tri a n gl e  =      1  _ _  
2
    ×  b a s e ×  h ei g ht 

=      1  _ _  
2
    ×  2. 5 ×  2. 5 =   3. 1 2 5 c m2

  Ar e a of l ar g e tri a n gl e  =      1  _ _  
2
    ×  b a s e ×  h ei g ht 

 =      1  _ _  
2
    ×  2. 5 ×  5 =   6. 2 5 c m2

  S h a d e d ar e a =  2 5 −  ( 3. 1 2 5 +  6. 2 5) =  1 5. 6 2 5

h

5 c m 5 c m

1 0 c m

1 2 c m 1 2 c m

1 8

Hi g h er M at h e m ati c s R e vi si o n G ui d e f or All E x a m B o ar d s     F ull w or k e d s ol uti o n s



4  a   B y P yt h a g or a s’ t h e or e m, B D 2  =  A B  2  +  A D 2

  =  1 02  +  72

  =  1 4 9

  B D  =      √  
_ _ _ _

 1 4 9    

  =  1 2. 2 0 7 c m ( 3 d. p.)

    A p pl yi n g P yt h a g or a s’ t h e or e m t o tri a n gl e B C D

  C D 2  =  B D 2  +  B C 2

  =  1 2. 2 0 72  +  62

  =  1 8 5. 0 1 1 ( 3 d. p.)

  C D  =     √  
_ _ _ _ _ _ _ _

 1 8 5. 0 1 1    

  =  1 3. 6 0 c m ( 2 d. p.)

 b  

    L et a n gl e B C D  =  x

   t a n  x  =      
o p p o sit e

 _ _ _ _ _ _ _ 
a dj a c e nt

    =      1 2. 2 1
 _ _ _ _ _  

6
   

  x  =  t a n– 1   (    1 2. 2 1
 _ _ _ _ _  

6
   )   

   S o  x  =  6 3. 8 ° ( 1 d. p.)

 c  B P  =      1  _ _  
2
    ×  B D  =      1  _ _  

2
    × 1 2. 2 1 =  6. 1 0 5 c m

6 c m

6. 1 0 5 c mP B

C

    B y P yt h a g or a s’ t h e or e m,  P C 2  =  6. 1 0 52  +  62

  P C  =  8. 5 6 c m ( 2 d. p.)

E x a ct v al u e s of si n, c o s a n d t a n

1   Fir st dr a w a n e q uil at er al tri a n gl e wit h si d e s 2 c m a n d 
m ar k o n t h e f oll o wi n g si d e s a n d a n gl e s.

6 0 °

2 2

11

3 0 °

3√

   Fr o m t h e di a gr a m t a n 3 0 ° =      1  _ _ _  
 √  

_ _
 3  
    a n d c o s 6 0 ° =      1  _ _  

2
   

      √  
_ _

 3     t a n  3 0 ° +  c o s 6 0 ° =     √  
_ _

 3    ×      1  _ _ _  
 √  

_ _
 3  
    +      1  _ _  

2
    =  1 +      1  _ _  

2
    =      3  _ _  

2
   

  w h er e  a  =  3 a n d b  =  2.

2   si n 3 0 =      1  _ _  
2
    a n d c o s 3 0 =       

√  
_ _

 3  
 _ _ _  

2
   

 si n 2  3 0 =      1  _ _  
4
     a n d  c o s2  3 0 =      3  _ _  

4
   

 si n 2  3 0 +  c o s2  3 0 =      1  _ _  
4
    +      3  _ _  

4
    =  1

6 c m

1 2. 2 1 c mD B

C

3   N e e d t o  r st  n d t h e sl a nt h ei g ht, l, a s t hi s i s n e e d e d f or 
t h e f or m ul a.

  B y P yt h a g or a s’ t h e or e m    l2  =  42  +  1 52  =    2 4 1 

  l =  1 5. 5 2 4 m ( 3 d. p.)

  C ur v e d s urf a c e ar e a of a c o n e  =  π rl  =  π  ×  1 5 ×  1 5. 5 2 4 
=  7 3 1. 5 5 m² ( 2 d. p.)

 C ur v e d s urf a c e ar e a of a c yli n d er  =  2π r h  
=  2 ×  π  ×  1 5 ×  5 
=  4 7 1. 2 4 m²  ( 2 d. p.)

  T ot al s urf a c e ar e a of t h e t e nt  =  7 3 1. 5 5 +  4 7 1. 2 4
=  1 2 0 2. 7 9 m²

  T h e t e nt u s e s 1 2 0 0 m² of f a bri c (t o 3 s.f.)

4  V ol u m e  =  v ol u m e of l ar g e c o n e – v ol u m e of s m all c o n e

 =      1  _ _  
3
    ×  π  ×  52  ×  2 0 −     1  _ _  

3
    ×  π  ×  3. 52  ×  1 4

 =     5 0 0
 _ _ _  

3
    π  –    1 7 1. 5

 _ _ _ _ _  
3
    π

 =     3 2 8. 5
 _ _ _ _ _  

3
    π

 =  1 0 9. 5π  c m3

Tri g o n o m et ri c r ati o s

1  a   c o s 3 0 ° =      1 5
 _ _  x    

  x  =      1 5  _ _ _ _ _  
c o s 3 0º

    =  1 7. 3 2 c m ( 2 d. p.)

 b   c o s 4 0 ° =      x  _ _  
1 2

   

  H e n c e,  x  =   1 2 c o s 4 0 °

  =  9. 1 9 c m ( 2 d. p.)

2  a  t a n  θ  =      1 0
 _ _  

3
   

  θ  =  t a n– 1   (    1 0
 _ _  

3
   )   

  =  7 3. 3 ° ( n e ar e st 0. 1 ° )

 b  si n  θ  =      1 0  _ _  
1 3

   

  θ  =  si n– 1  (    1 0  _ _  
1 3

   )   

  =  5 0. 3 ° ( n e ar e st 0. 1 ° )

3  si n  θ  =      b  _ _  c     (i. e. si n θ  =      
o p p o sit e

 _ _ _ _ _ _ _ _ 
h y p ot e n u s e

   )

a n d c o s θ =      a  _ _  c     (i. e. c o s θ =      
a dj a c e nt

 _ _ _ _ _ _ _ _ 
h y p ot e n u s e

   )

  H e n c e     si n θ  _ _ _ _ _  
c o s θ

    =      
  b  _ _  c   
 _ _  

  a  _ _  c   
   

  =      b  _ _  c     ×      c  _ _  a    

  =      b  _ _  a    

    N o w,     b  _ _  a     =      
o p p o sit e

 _ _ _ _ _ _ _ 
a dj a c e nt

    =  t a n θ

   H e n c e,     si n θ  _ _ _ _ _  
c o s θ

    =  t a n θ

    L et a n gl e 

   t a n  

x  i s t h e h y p ot e n u s e a n d t h e 1 5 c m 
si d e i s t h e a dj a c e nt s o w e u s e 

c o s θ  =      
a dj a c e nt

 _ _ _ _ _ _ _ _ 
h y p ot e n u s e

   .

   S o  
x  i s t h e a dj a c e nt a n d t h e 1 2 c m 
si d e i s t h e h y p ot e n u s e s o w e u s e 

c o s θ  =      
a dj a c e nt

 _ _ _ _ _ _ _ _ 
h y p ot e n u s e

   .

T h e 1 3 c m si d e i s t h e h y p ot e n u s e a n d t h e 1 0 c m si d e i s 

t h e o p p o sit e, s o w e u s e si n θ  =      
o p p o sit e

 _ _ _ _ _ _ _ _ 
h y p ot e n u s e

   .

R e m e m b er t h at w h e n y o u di vi d e b y fr a cti o n s y o u t ur n t h e 
b ott o m fr a cti o n u p si d e d o w n a n d r e pl a c e t h e di vi si o n b y 
a m ulti pli c ati o n.
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 b   U si n g t h e c o si n e r ul e

  B C  2  =  62  +  1 02  −  2 ×  6 ×  1 0 c o s 1 5 0 °

  B C  2  =  3 6 +  1 0 0 −  1 2 0 c o s 1 5 0 °

  B C  2  =  1 3 6 +  1 0 3. 9 2

  B C  =     √  
_ _ _ _ _ _ _

 2 3 9. 9 2   

  B C  =  1 5. 5 c m (t o 3 s.f.)

2   T h e s m all e st a n gl e of a n y tri a n gl e i s al w a y s o p p o sit e t h e 
s m all e st si d e.

  Dr a w a s k et c h of t h e tri a n gl e a n d l et t h e s m all e st a n gl e 
b e θ .

1 0 c m

Ɵ

7 c m 5 c m

  U s e t h e c o si n e r ul e

   5 2  =  72  +  1 02  −  2 ×  7 ×  1 0 c o s θ

   2 5  =  4 9 +  1 0 0 −  1 4 0 c o s θ

   1 4 0  c o s θ  = 1 2 4

   c o s  θ  =  0. 8 8 5 7

  θ  =  c o s– 1 ( 0. 8 8 5 7)

  =  2 7. 7 ° ( n e ar e st 0. 1º)

3  a  

  L et  a n gl e  X Y Z  =  θ  

      Ar e a =      1  _ _  
2
    ×  X Y  ×  Y Z  ×  si n θ

    Fr o m t h e q u e sti o n, ar e a =  1 6 c m²

    S o 1 6 =      1  _ _  
2
    ×  9. 5 ×  5. 4 ×  si n θ

  si n  θ =      1 6 ×  2
 _ _ _ _ _ _ _ 

9. 5 ×  5. 4
   

  θ =  si n − 1     (    3 2
 _ _ _ _  

5 1. 3
   )   

  S o  θ  =  3 8. 6 ° ( 1 d. p.)

 b    If  a n gl e X Z Y  i s n ot o bt u s e, t h e n a n gl e X Y Z  c a n 
b e  o bt u s e.

     S o a n alt er n ati v e a n s w er f or θ   =  1 8 0 −  3 8. 6
=  1 4 1. 4 ° ( 1 d. p).

V e ct o r s

1  a  b  −  a  =     (    − 2        
   3

    )    −     (       4       
− 5

   )    =     (    − 6        
    8

   )   

 b  3 a  +  5b  =   3  (       4       
− 5

   )    +   5  (    − 2        
   3

    )    =     (          1 2          
− 1 5

    )    +     (    − 1 0          
     1 5

   )    =     (    2      
0
   )   

2  a     
⟶

 A B   =      
⟶

 A O    +     
⟶

 O B  

  =  − a  +  b

  =  b  −  a

 b      
⟶

 A P    =      3  _ _  
5
        
⟶

 A B   

  =      3  _ _  
5
   (b  −  a )

9. 5 c m

Ɵ

5 . 4 c m

Z

X Y

S e ct o r s of ci r cl e s

1   l =      θ
 _ _ _  

3 6 0
    ×  2π r

   1 0 =      θ
 _ _ _  

3 6 0
    ×  2π  ×  1 2

  θ  =      1 0 ×  3 6 0
 _ _ _ _ _ _ _ 

2 π  ×  1 2
    =      5 ×  3 0

 _ _ _ _ _ _  π    

  =  4 7. 7 ° ( 1 d. p.)

2  a    P eri m et er of l o g o =  2 ×  ar c l e n gt h of s e ct or +  2 ×  
r a di u s of s e ct or +  b a s e of tri a n gl e

  Ar c  l e n gt h  =      θ
 _ _ _  

3 6 0
    ×  2π r  =      4 0

 _ _ _  
3 6 0

    ×  2 ×  π  ×  2 =   1. 3 9 6 c m

     S o p eri m et er  =  2 ×  1. 3 9 6 +  2 ×  2 +  1. 2 
=  7. 9 9 c m ( 3 s.f.)

 b   Ar e a of l o g o =  2 ×  ar e a of s e ct or +  ar e a of tri a n gl e

     Ar e a of s e ct or  =      θ
 _ _ _  

3 6 0
    ×  π r 2  =      4 0

 _ _ _  
3 6 0

    ×  π  ×  22  

=   1. 3 9 6 c m2  ( 3 d. p.)

     Fi n d t h e h ei g ht of t h e i s o s c el e s tri a n gl e t o  n d 
it s  ar e a.

h

0. 6 c m 0 . 6 c m

1. 2 c m

2 c m 2 c m

    U s e P yt h a g or a s’ t h e or e m 

  2 2  =  0. 62  +  h 2

  S o  h  =  1. 9 0 7 9 c m ( 4 d. p.)

     Ar e a of tri a n gl e  =      1  _ _  
2
    ×  b a s e ×  h ei g ht =      1  _ _  

2
    ×  1. 2 ×  

1. 9 0 7 9 =   1. 1 4 4 7 c m2

     Ar e a of l o g o  =  2 ×  1. 3 9 6 +  1. 1 4 4 7 =  3. 9 3 6 7 

=  3. 9 4 c m² ( 3 s.f.)

3    Ar e a of s e ct or =      8 5  _ _ _  
3 6 0

    ×  π  ×  r 2

   Ar e a  =  2 5π   s o     8 5
 _ _ _  

3 6 0
    ×  π  ×  r 2  =  2 5π

  r 2  =      2 5 π  ×  3 6 0
 _ _ _ _ _ _ _ _ 

8 5 π
    =  1 0 5. 8 8 ( 2 d. p.) 

   r  =  O A  =     √  
_ _ _ _ _ _ _

 1 0 5. 8 8    =  1 0. 3 c m ( 1 d. p.)

4   Fir st  n d t h e r a di u s of t h e cir cl e u si n g t h e l e n gt h of ar c.

       8 5
 _ _ _  

3 6 0
    ×  π  ×  d  =  1 0

  d  =        3 6 0 0  _ _ _ _  
8 5 π

    

  r  =      3 6 0 0  _ _ _ _ _ _ _ _ 
8 5 π

     ÷  2 

  =  6. 7 4 0 7 ( 4 d. p.)

   Ar e a of s e ct or =      2 7 5
 _ _ _  

3 6 0
    ×  π ×  6. 7 4 0 72  =  1 0 9 c m2  t o t h e 

n e ar e st w h ol e n u m b er

Si n e a n d c o si n e r ul e s

1  a   Ar e a of tri a n gl e A B C  =      1  _ _  
2
    b c  si n A

  =      1  _ _  
2
    ×  1 0 ×  6 si n 1 5 0 °

  =  1 5 c m²

2 0
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3   U si n g P yt h a g or a s’ t h e or e m w e o bt ai n

 ( 4 x  −  3)2  =  (x  +  1)2  +  ( 3x )2

 1 6 x 2  −  2 4x  +  9 =  x 2  +  2x  +  1 +  9x 2

  S o 6x 2  −  2 6x  +  8 =  0

  Di vi di n g b ot h si d e s b y 2 w e o bt ai n

 3 x 2  −  1 3x  +  4 =  0

 ( 3 x  −  1)(x  −  4) =  0

 3 x  −  1 =  0   or x  −  4 =  0

 H e n c e  x =      1  _ _  
3
     or x =  4.

  W e n e e d t o p ut b ot h v al u e s i nt o e a c h of t h e e x pr e s si o n s 
f or t h e si d e s t o s e e if a n y of t h e si d e s e n d u p n e g ati v e. 
W h e n x  =      1  _ _  

3
    i s s u b stit ut e d i nt o 4x  −  3 t h e r e s ult i s 

n e g ati v e. A s y o u c a n n ot h a v e a n e g ati v e l e n gt h f or a 
si d e, x  =      1  _ _  

3
    i s di sr e g ar d e d. H e n c e x  =  4.

 W h e n  x  i s 4 t h e si d e s ar e 5, 1 2 a n d 1 3.

4  a  

 b  

5  a , b i a n d  c  

 b  ii  I n v ari a nt p oi nt ( v ert e x) i s ( 2, 2)

 d   R ot ati o n 9 0 ° cl o c k wi s e a b o ut ( 1, 1)

6  a   W or k o ut a n gl e A B C  i n t h e tri a n gl e.

     T h e a n gl e b et w e e n A B  a n d d u e s o ut h at B  i s 7 0 ° 
( alt er n at e wit h 7 0 ° m ar k e d at A ).

     T h e a n gl e b et w e e n d u e s o ut h at B  a n d B C  i s 3 0 ° 
( a n gl e s o n a str ai g ht li n e a d d u p t o 1 8 0 °).

  S o  a n gl e  A B C  =  1 0 0 °

    U si n g t h e C o si n e R ul e:

  A C ² =  A B ² +  B C ² −  2 ×  A B  ×  B C  ×  c o s B

  A C ² =  1 5² +  1 0² −  2 ×  1 5 ×  1 0 ×  c o s 1 0 0 °

  A C ² =  3 2 5 −  (− 5 2. 0 9 4)

  S o  A C  =     √  
_ _ _ _ _ _ _ _

 3 7 7. 0 9 4    =  1 9. 4 k m ( 3 s.f.)

 b   L et a n gl e =  θ

y

x

1

1 2 3 4 5 6

2

3

4

5

6

– 1
– 1– 2– 3– 4– 5– 6

– 2

– 3

– 4

– 5

– 6

X

Z

Y

y  = 1

y  = x

O

 c     
⟶

 O P    =      
⟶

 O A    +      
⟶

 A P   

  =  a  +      3  _ _  
5
     (b  −  a )

  =  a  +      3  _ _  
5
    b  −      3  _ _  

5
   a

  =      2  _ _  
5
    a  +      3  _ _  

5
   b

  =      1  _ _  
5
     ( 2a  +  3b )

3  a      
⟶

 B C      =      
⟶

 B A      +      
⟶

 A C     

      
⟶

 B A    =   −  
⟶

 A B   = − a

       
⟶

 A C      =      
⟶

 A P      +      
⟶

 P C      =  − 2 b  −  b  =  − 3 b

  S o     
⟶

 B C      =  − a  −  3b

 b    If M  i s t h e mi d p oi nt of B C ,     
⟶

 B M      =      1  _ _  
2
        
⟶

 B C      

  =      1  _ _  
2
    (− a  −  3b ) =  −   1  _ _  

2
     (a  +  3b )

  If  B  i s t h e mi d p oi nt of A D , A B  =  B D  =  a

    S o     
⟶

 P M      =      
→

 P A      +      
⟶

 A B      +      
⟶

 B M     

  =  2b  +  a  −      1  _ _  
2
     (a  +  3b )

  =  2b  +  a  −      1  _ _  
2
    a  −      3  _ _  

2
    b

  =      1  _ _  
2
     (a  +  b )

    Si mil arl y,     
⟶

 M D      =      
⟶

 M B      +      
⟶

 B D     

  =      1  _ _  
2
   (a  +  3b ) +  a

  =      1  _ _  
2
    a  +      3  _ _  

2
    b + a

  =      3  _ _  
2
     (a  +  b )

     
⟶

 P M       a n d     
⟶

 M D      h a v e t h e s a m e v e ct or p art, (a  +  b ), 
t h er ef or e t h e y ar e p ar all el. B ot h li n e s p a s s t hr o u g h p oi nt 
M  a n d p ar all el li n e s c a n n ot p a s s t hr o u g h t h e s a m e p oi nt 
u nl e s s t h e y ar e t h e s a m e li n e. H e n c e P M D  i s a str ai g ht 
li n e.

R e vi e w it!

1  A n gl e  A D E  =  y ° ( alt er n at e s e g m e nt t h e or e m)

 A n gl e  A D C  =  ( 1 8 0 −  x ) ° ( o p p o sit e a n gl e s i n c y cli c 
q u a dril at er al a d d u p t o 1 8 0 °)

 E D F  i s a t a n g e nt, s o it i s a str ai g ht li n e.

  S o a n gl e C D F   =  1 8 0 −  a n gl e A D E  −  a n gl e A D C  
=  1 8 0 −  y  −  ( 1 8 0 −  x ) =  (x  −  y ) °

2   Dr a w t h e f oll o wi n g tri a n gl e s a n d m ar k o n t h e a n gl e s.

1

1

4 5º

2√

  

6 0 °

2 2

2

11

3 0 °

3√

    c o s 4 5º =      1  _ _ _  
 √  

_ _
 2  
    si n  6 0º =       

√  
_ _

 3  
 _ _ _  

2
   

  c o s 4 5 ° +  si n 6 0 ° =      1  _ _ _  
 √  

_ _
 2  
    +       

√  
_ _

 3  
 _ _ _  

2
   

  =      1  _ _ _  
 √  

_ _
 2  
    ×       

√  
_ _

 2  
 _ _ _  

 √  
_ _

 2  
    +       

√  
_ _

 3  
 _ _ _  

2
   

  =       
√  

_ _
 2  
 _ _ _  

2
    +       

√  
_ _

 3  
 _ _ _  

2
   

  =      1  _ _  
2
   (  √  

_ _
 2    +     √  

_ _
 3   )

M ulti pl y o ut t h e 
br a c k et a n d t h e n 
si m plif y t h e t er m s.

2 1
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T h e A N D a n d O R r ul e s

1  a    I n d e p e n d e nt e v e nt s ar e e v e nt s w h er e t h e pr o b a bilit y 
of o n e e v e nt d o e s n ot i n  u e n c e t h e pr o b a bilit y of 
a n ot h er e v e nt o c c urri n g. H er e it m e a n s t h at t h e 
pr o b a bilit y of t h e  r st s et of tr af  c li g ht s b ei n g r e d 
d o e s n ot aff e ct t h e pr o b a bilit y of t h e s e c o n d s et 
b ei n g r e d.

 b   P( A A N D B) =  P( A) ×  P( B)

     P( st o p p e d at  r st A N D st o p p e d at s e c o n d)
=  P( st o p p e d  r st) ×  P( st o p p e d s e c o n d) 

  =  0. 2 ×  0. 3

  =  0. 0 6

 c  P  =  0. 8 ×  0. 7 =  0. 5 6

2  a    Pr o b a bilit y of all e v e nt s t a ki n g pl a c e  =      1  _ _  
4
    ×      2  _ _  

3
    ×      7  _ _  

8
    

=      2 ×  7
 _ _ _ _ _ _ 

1 2 ×  8
    =      7  _ _  

4 8
   

 b   Pr o b a bilit y of n o n e of t h e e v e nt s t a ki n g pl a c e 

  =      3  _ _  
4
    ×      1  _ _  

3
    ×      1  _ _  

8
    =      3  _ _ _ _ _ _ 

3 ×  3 2
    =      1  _ _  

3 2
   

Tr e e di a g r a m s

1  a   T h e f oll o wi n g tr e e di a gr a m i s dr a w n.

3
1 0

7
1 0

3
9

6
9

2
9

7
9

r ed

bl u e

r ed

bl u e

r ed

bl u e

    P(r e d A N D r e d) =      3  _ _  
1 0

    ×      2  _ _  
9
    =      6  _ _  

9 0
    =      1  _ _  

1 5
   

 b   P(r e d A N D bl u e) =  P( R B) +  P( B R)

  =      3  _ _  
1 0

    ×      7  _ _  
9
    +      7  _ _  

1 0
    ×      3  _ _  

9
   

  =      7  _ _  
3 0

    +      7  _ _  
3 0

   

  =      1 4
 _ _  

3 0
   

  =      7  _ _  
1 5

   

Y o u c a n w or k o ut t h e pr o b a bilit y of li g ht s n ot b ei n g o n 
r e d b y s u btr a cti n g t h e pr o b a bilit y of b ei n g r e d fr o m 1. 
S o t h e pr o b a bilit y of t h e m n ot b ei n g r e d at t h e  r st s et i s
1 − 0. 2 = 0. 8 a n d f or t h e s e c o n d s et it i s 1 − 0. 3 = 0. 7

N ot e t h at r e d a n d bl u e d o e s n ot s p e cif y a n or d er. T h er e 
ar e t w o p at h s t h at n e e d t o b e c o n si d er e d o n t h e tr e e 
di a gr a m. 

R e m e m b er t o f ull y c a n c el fr a cti o n s. U s e y o ur c al c ul at or 
t o h el p y o u.

    U si n g t h e Si n e R ul e,    1 9. 4  _ _ _ _ _  
si n 1 0 0

    =      1 0  _ _ _ _  
 si n θ

   

  S o  si n  θ =      1 0 si n 1 0 0 _ _ _ _ _ _ _  
1 9. 4

     =      9. 8 4  _ _ _ _ _ _ _ 
1 9. 4

   

  θ =  si n − 1     (    9. 8 4
 _ _ _ _  

1 9. 4
   )   

  θ  =  3 0. 4 8 °

   B e ari n g  of  C  fr o m A  =  7 0 +  3 0. 4 8 =  1 0 0. 4 8 °

     S o b e ari n g of A  fr o m C  =  1 0 0. 4 8 +  1 8 0 =  2 8 0 ° t o 
t h e n e ar e st d e gr e e.

P r o b a bilit y

T h e b a si c s of p r o b a bilit y

1   T h er e ar e t w o p o s si bl e e v e n n u m b er s (i. e. 2, 4)

  Pr o b a bilit y of l a n di n g o n a n e v e n n u m b er 

 =      
N u m b er of w a y s s o m et hi n g c a n h a p p e n

   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   
T ot al of n u m b er of p o s si bl e o ut c o m e s

     =      2  _ _  
5
   

  Pr o b a bilit y of g etti n g a n e v e n n u m b er o n e a c h of t hr e e 

s pi n s =      2  _ _  
5
    ×      2  _ _  

5
    ×     2

 _ _  
5
    =      8

 _ _ _  
1 2 5

   

2  a    A s t h er e ar e n o w hit e c o u nt er s, t h e pr o b a bilit y of 
pi c ki n g o n e =  0

 b   Pr o b a bilit y of pi c ki n g a bl a c k c o u nt er =      4  _ _  
2 0

    =      1  _ _  
5
   

 c   Pr o b a bilit y of pi c ki n g a gr e e n c o u nt er =      9  _ _  
2 0

   

      Pr o b of pi c ki n g a gr e e n c o u nt er +  pr o b of n ot 
pi c ki n g a gr e e n c o u nt er =  1

    Pr o b of n ot pi c ki n g a gr e e n c o u nt er 

 =  1−      9  _ _  
2 0

    =      1 1
 _ _  

2 0
   

P r o b a bilit y e x p e ri m e nt s

1  a    R el ati v e fr e q u e n c y f or a s c or e of 3 =      2 5
 _ _ _  

1 2 0
    

  =  0. 2 1 ( 2 d. p.)

 b    R el ati v e fr e q u e n c y f or a s c or e of 6 =      1 7
 _ _ _  

1 2 0
    

  =  0. 1 4 ( 2 d. p.)

 c    S e a n i s wr o n g. 1 2 0 s pi n s i s a s m all n u m b er of s pi n s 
a n d it i s o nl y o v er a v er y l ar g e n u m b er of s pi n s t h at 
t h e r el ati v e fr e q u e n ci e s m a y st art t o b e n e arl y t h e 
s a m e.

2  a   E sti m at e d pr o b a bilit y  =  r el ati v e fr e q u e n c y 

 =      
Fr e q u e n c y
 _ _ _ _ _ _ _ _ _ _ _ _  

T ot al Fr e q u e n c y
    =      2 0

 _ _ _  
5 0 0

    =  0. 0 4

 b    N u m b er of c a n s c o nt ai ni n g l e s s t h a n
3 3 0 ml =  0. 0 4 ×   1 5 0 0 0 =  6 0 0

     A n ot h er w a y t o d o t hi s i s t o s e e h o w m a n y ti m e s 
5 0 0 di vi d e s i nt o 1 5 0 0 0. T hi s i s 3 0. S o t h er e will b e 
3 0 ×  2 0 =  6 0 0 c a n s  c o nt ai ni n g l e s s t h a n 3 0 ml.

3   E x p e ct e d fr e q u e n c y =   Pr o b a bilit y of t h e e v e nt 
×  n u m b er of e v e nt s

  =      3  _ _  
4 0

    ×  6 0 0

  =  4 5 a p pl e s

2 2
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    T hi s i nf or m ati o n i s a d d e d t o t h e fr e q u e n c y tr e e.

u p p e r

2 7 0

4 5 0

5 0 0

9 5 0

1 8 0

2 7 5

2 2 5

l o w er

m al e

f e m al e

m al e

f e m al e

 b  T ot al m al e s =  2 7 0 +  2 7 5

  =  5 4 5

  P( st u d e nt i s m al e) =     5 4 5
 _ _ _  

9 5 0
   

  =      1 0 9
 _ _ _  

1 9 0
   

  =  0. 5 7

V e n n di a g r a m s a n d p r o b a bilit y

1  a     i A  ∪  B  =  { 1, 3, 4, 5, 8, 9, 1 0, 1 1}

   ii A  ∩  B  =  { 8, 9}

  iii A ’ =  { 2, 5, 6, 1 0, 1 3}

 b  P( B ’) =      7  _ _  
1 1

   

2    C o m pl et e t h e di a gr a m, u si n g t h e i nf or m ati o n y o u ar e 
gi v e n t o w or k o ut t h e u n k n o w n ar e a s.

  

1 5

9 6

P C

B

1 2

1 2

4 0

8

6

ξ

 a   P( all 3 s ci e n c e s) =      4 0
 _ _  

8 4
    =      1 0

 _ _  
2 1

   

 b   P( o nl y o n e s ci e n c e) =      
 ( 1 +  2 +  6)

 _ _ _ _ _ _ _ _ _ 
8 4

    =      9  _ _  
8 4

    =      3  _ _  
2 8

   

 c    P( c h e mi str y if st u d y p h y si c s) =      
( 8 + 4 0)
 _ _ _ _ _ _ _ _ _ _ _  

( 8 + 4 0 + 1 2 + 1)
    =      4 8

 _ _  
6 1

   

3  a  

 b  P( A ∪  B)' =     8  _ _  
2 0

    =     2  _ _  
5
   

 9 4

 1 1 6

6

1 2

1 8

2

2 0

8

1 0

1 4

A B

3    5    7    1 1    1 3    1 5    1 7    1 9 ξ

2   L et t h e n u m b er of gr e e n b all s i n t h e b a g b e 2x . L et t h e 
n u m b er of bl u e b all s b e 3 x . S o t h e t ot al n u m b er of b all s 
i n t h e b a g i s 5x .

  P ut t h e s e v al u e s i nt o a tr e e di a gr a m:

gr e e n

bl u e

2 x

5 x

3 x

5 x

1 st b all 2 n d b all

gr e e n

bl u e

2 x  – 1

5 x  – 1

3 x  – 1

5 x  – 1

3 x

5 x  – 1

2 x

5 x  – 1 gr e e n

bl u e

  P( bl u e A N D bl u e) =      3 x  _ _  
5 x

    ×      3 x  −  1
 _ _ _ _ _  

5 x  −  1
    =      3 3

 _ _  
9 5

   

  Di vi d e b ot h si d e s b y    3  _ _  
5
    a n d c a n c el t h e x  t o p a n d b ott o m 

o n t h e l eft.

    S o     3 x  −  1
 _ _ _ _ _  

5 x  −  1
    =      1 1

 _ _  
1 9

   

   1 9( 3x  −  1) =  1 1( 5x  −  1)

   5 7 x  −  1 9 =  5 5x  −  1 1

   2 x  =  8

  x  =  4

  H a n n a h p ut 5x  =  5 ×  4 =  2 0 b all s i nt o t h e b a g.

3  a  

 b  Pr o b a bilit y  =  0. 3 ×  0. 5 =  0. 1 5

 c   Pr o b a bilit y  =  1 −  pr o b a bilit y of s h ort q u e u e at b ot h 
=  1 −  0. 1 5 =  0. 8 5

4  a    T ot al n u m b er of st u d e nt s i n s c h o ol  =  4 5 0 +  5 0 0 
=  9 5 0

     N u m b er of m al e st u d e nt s i n u p p er s c h o ol 

  =  0. 6 ×  4 5 0 =  2 7 0

     N u m b er of f e m al e st u d e nt s i n u p p er s c h o ol 
=  4 5 0 −  2 7 0 =  1 8 0

     N u m b er of m al e st u d e nt s i n l o w er s c h o ol 
=  0. 5 5 ×  5 0 0 =  2 7 5

     N u m b er of f e m al e st u d e nt s i n l o w er s c h o ol 
=  5 0 0 −  2 7 5 =  2 2 5

C h e c k i n S e c urit y c h e c k

l o n g q u e u e

s h ort q u e u e

0. 7

0. 3… …

0. 5 l o n g q u e ue

s h ort q u e u e

l o n g q u e ue

s h ort q u e u e

0. 5… …

0. 5… …

0. 5… …

2 3
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 b    Pr o b a bilit y t h e s a m e c ol o ur
=  P ( 2 r e d) +  P( 2 gr e e n) +  P( 2 w hit e)

  =     (    4  _ _  
1 0

   ×     3  _ _  
9
   )    +     (    3  _ _  

1 0
   ×     2  _ _  

9
   )    +     (    3  _ _  

1 0
   ×     2  _ _  

9
   )   

  =      1 2  _ _  
9 0

    +      6  _ _  
9 0

    +      6  _ _  
9 0

   

  =      2 4
 _ _  

9 0
   

  =      4  _ _  
1 5

   

 c    Pr o b a bilit y diff er e nt c ol o ur s =    1 −   pr o b a bilit y of t h e 
s a m e c ol o ur

  =  1 −      4  _ _  
1 5

   

  =      1 1
 _ _  

1 5
   

2  a  

    Pr o b a bilit y t w o bl a c k b all s c h o s e n =     (      x
 _ _ _ _ _  

x +  3
     )    ×     (      x − 1

 _ _ _ _ _  
x + 2

   )   

    Al s o, Pr o b a bilit y t w o bl a c k b all s c h o s e n =      7  _ _  
1 5

   

    (    x
 _ _ _ _ _  

x +  3
   )    ×     (    x − 1

 _ _ _ _ _  
x + 2

   )    =      7  _ _  
1 5

   

  1 5 x (x  −  1) =  7(x  +  3)(x  +  2)

  1 5 x 2  −  1 5x  =  7x 2  +  3 5x  +  4 2

  8 x 2  −  5 0x  −  4 2 =  0

  4 x 2  −  2 5x  −  2 1 =  0

 b   S ol vi n g t h e q u a dr ati c e q u ati o n

  4 x 2  −  2 5x  −  2 1 =  0

  ( 4 x  +  3)(x  −  7) =  0

   x  =  −   3  _ _  
4
    ( w hi c h i s i m p o s si bl e a s x  h a s t o b e a p o siti v e 

i nt e g er) or x  =  7.

  H e n c e  x  =  7

    T ot al n u m b er of b all s i n t h e b a g =  3 +  7 =  1 0

 c   Pr o d u ci n g a n e w tr e e di a gr a m n o w t h at x  i s k n o w n:

r ed

bl a c k

3
1 0

7
1 0

r ed

bl a c k

2
9

7
9

r ed

bl a c k

3
9

6
9

     Pr o b a bilit y of t w o diff er e nt c ol o ur s

  =     (    3  _ _  
1 0

   ×     7  _ _  
9
   )    +     (    7  _ _  

1 0
   ×     3  _ _  

9
   )   

  =      2 1
 _ _  

9 0
    +      2 1

 _ _  
9 0

   

  =      7  _ _  
1 5

   

x  1

x  2

x

x  3

3

x  3

r ed

bl a c k

r ed

bl a c k

r ed

bl a c k

4  a  P( A ∩  B) =  P( A | B) × P( B)

    P( A | B) =      
P ( A ∩  B)

 _ _ _ _ _ _ _ 
P( B)

   

  =      
  1  _ _  
4 8

  
 _ _  

  1  _ _  
4
  
   

  =      4  _ _  
4 8

   

  =      1  _ _  
1 2

   

 b  P( A ∩  B) =  P(B  | A ) × P( A )

    P( B | A) =      
   P( A ∩  B)

 _ _ _ _ _ _ _  
P( A)

   

  =      
  1  _ _  
4 8

  
 _ _  

  1  _ _  
1 0

  
   

  =      1 0  _ _  
4 8

   

  =      5  _ _  
2 4

   

5  a  1 6 5  +  7 4 +  2 3 5 +  2 3 6 =  7 1 0

 b  A  =  1 6 5 +  2 3 5 cl ai m s

  B  =  1 6 5 +  7 4 cl ai m s

  1 6 5  =  A ∩  B

     T h er e i s a v al u e f or A ∩  B: t h e t w o gr o u p s i nt er s e ct. 
S o A a n d B ar e n ot i n d e p e n d e nt.

  Or :

  P( B) =      1 6 5 + 7 4 _ _ _ _ _ _ _  
7 1 0

    

  =      2 3 9  _ _ _  
7 1 0

   

  =  0. 3 4

    P( B gi v e n A) =   P( B | A) =    
P( A ∩  B)

 _ _ _ _ _ _ _ _ 
P( A)

   

  =      
  1 6 5

 _ _ _  
7 1 0

  
 _ _ _ _ _ _ _ 

  1 6 5 +  2 3 5
 _ _ _ _ _ _ _ _ 

7 1 0
  

    

  =      1 6 5
 _ _ _  

4 0 0
      

  =      3 3
 _ _  

8 0
   

  =  0. 4 1

A s P( B gi v e n A) ≠  P( B) t h e t w o e v e nt s ar e n ot i n d e p e n d e nt.

6  a  P( P  ∩  Q) =  P( P | Q) ×  P( Q)

    P( P | Q) =      
P( P ∩  Q)

 _ _ _ _ _ _ _ 
P( Q)

   

     =      0. 3
 _ _ _ _ _ _ _ 

0. 3 + 0. 4
    =      0. 3

 _ _ _  
0. 7

    =      3  _ _  
7
     ( or  0. 42 8 5 7 1 )

 b   P( Q | P) =      
P( P ∩  Q)

 _ _ _ _ _ _ _  
P( P)

    

    =      0. 3  _ _ _ _ _ _ _ 
0. 2 + 0. 3

    =      0. 3  _ _ _  
0. 5

    =      3  _ _  
5
     ( or  0. 6)   

R e vi e w it!

1  a  

3
9

3
9
3
94

1 0

3
1 0

3
1 0

4
9

2
9
3
9

4
9

3
9
2
9

r ed

w hit e

gr e e n

gr e e n

r ed

w hit e

gr e e n

r ed

w hit e

gr e e n

r ed

w hit e
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S m o ot h
n e wt

P al m at e
n e wt

Gr e at
cr e st e d
n e wt

1 5 6 °1 2 0 °

8 4 °

 b   N o. T h e ot h er p o n d mi g ht h a v e h a d m or e n e wt s i n 
t ot al. T h e pr o p orti o n of s m o ot h n e wt s i n t h e s e c o n d 
p o n d i s l o w er, b ut t h er e m a y b e m or e n e wt s.

Li n e g r a p h s f o r ti m e s e ri e s d at a

1   A s t h e s e v al u e s ar e d e cr e a si n g wit h ti m e t h e tr e n d i s 
d e cr e a si n g s al e s.

2  a, b  a n d c  

 b    T h e p er c e nt a g e of p e o pl e vi siti n g t h e l o c al s h o p i s 
d e cr e a si n g.

 c   Dr a wi n g a tr e n d li n e gi v e s 4 4 %

 d    T h er e ar e n o p oi nt s, s o y o u w o ul d b e tr yi n g t o 
pr e di ct t h e f ut ur e. T h er e m a y b e a c h a n g e of 
o w n er s hi p or a r ef ur bi s h m e nt, m a ki n g it m or e 
p o p ul ar. It c o ul d e v e n cl o s e d o w n b ef or e t h e n. 

A v e r a g e s a n d s p r e a d

1  M e a n  =      
T ot al a g e of m e m b er s

  _ _ _ _ _ _ _ _ _ _ _ _ _  
N u m b er of m e m b er s

    

  R e arr a n gi n g, w e h a v e:

  T ot al a g e of m e m b er s =  M e a n ×  N u m b er of m e m b er s

  T ot al a g e f or b o y s =  1 3 ×  1 0 =  1 3 0

  T ot al a g e f or girl s =  1 4 ×  1 2 =  1 6 8

  T ot al a g e f or b o y s a n d girl s =  1 3 0 +  1 6 8 =  2 9 8

  T ot al n u m b er of b o y s a n d girl s i n cl u b =  1 0 +  1 2 =  2 2

 M e a n  =      
T ot al a g e of m e m b er s

  _ _ _ _ _ _ _ _ _ _ _ _ _  
N u m b er of m e m b er s

       =      2 9 8
 _ _ _  

2 2
    =  1 3. 5 y e ar s

2  M e a n  =      T ot al n u m b er of m ar k s  _ _ _ _ _ _ _ _ _ _ _ _ _  
N u m b er of st u d e nt s

     

  T ot al m ar k f or b o y s =  5 0 ×  1 0 =  5 0 0

  T ot al m ar k f or girl s =  6 2 ×  1 5 =  9 3 0

  T ot al m ar k f or t h e w h ol e cl a s s of 2 5  =  5 0 0 +  9 3 0 
=  1 4 3 0

  M e a n f or w h ol e cl a s s  =      T ot al n u m b er of m ar k s  _ _ _ _ _ _ _ _ _ _ _ _ _  
N u m b er of st u d e nt s

     =      1 4 3 0
 _ _ _ _  

2 5
    

=  5 7. 2 %

y

x

1 9
9 5

2 0
0 0

2 0
0 5

2 0
1 0

2 0
1 5

2 0
2 0

2 0
2 5

O

1 0

2 0

3 0

4 0

5 0

6 0

7 0

P
e

r
c
e
nt

a
g
e

Y e ar

3  

 a    P( o nl y li k e d m ot or r a ci n g) =      1 1
 _ _  

6 0
   

 b    P( st u d e nt w h o li k e d m ot or r a ci n g al s o li k e d 

t e n ni s) =      1 5
 _ _  

2 9
    

4  a  

 b    P(r a n d o m d ef e n d a nt f o u n d g uilt y)  =      3 0 0 + 2 5
 _ _ _ _ _ _ _  

5 0 0
    

=      1 3
 _ _  

2 0
   

 c    P( d ef e n d a nt w h o di d n ot c o m mit cri m e f o u n d 

g uilt y)  =      2 5
 _ _ _  

1 2 5
    =      1  _ _  

5
   

 St ati sti c s

S a m pli n g

1   Fi n d t h e % of m al e s i n t h e y o ut h cl u b 

=      N u m b er of m al e s   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T ot al n u m b er of m e m b er s

    ×  1 0 0

  =      1 8 5
 _ _ _  

3 5 0
    ×  1 0 0

  =  5 2. 8 6 %

  N o w  n d t hi s s a m e % of t h e s a m pl e =  5 2. 8 6 % of 5 0 
=  0. 5 2 8 6 ×  5 0 =  2 6 ( n e ar e st w h ol e n u m b er) 

  A q ui c k er w a y t o d o t hi s w o ul d b e t o n oti c e t h at 5 0 
=  3 5 0 ÷  7, s o:

  M al e s c h o s e n =      1 8 5
 _ _ _  

7
    =  2 6 t o n e ar e st w h ol e n u m b er.

T w o - w a y t a bl e s a n d pi e c h a rt s

1  a   T ot al fr e q u e n c y =  1 3 +  7 +  1 0 =  3 0

  3 0  n e wt s  =  3 6 0° s o 1 n e wt r e pr e s e nt s    3 6 0
 _ _ _  

3 0
    =  1 2°

    S m o ot h n e wt a n gl e =  1 3 ×  1 2 =  1 5 6°

    Gr e at cr e st e d n e wt a n gl e =  7 ×  1 2 =  8 4°

    P al m at e n e wt a n gl e =  1 0 ×  1 2 =  1 2 0°

53

2 0 3

1 0

8

1 1

ξ

F T

M

di d c o m mit
cri m e

di d n ot
c o m mit cri m e

5 0 0

3 7 5

1 2 5

3 0 0

7 5

2 5

1 0 0

g uilt y

n ot g uilt y

g uilt y

n ot g uilt y

T h e t ot al n u m b er of m e m b er s i s 1 8 5 +  1 6 5 = 3 5 0

2 5
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C u m ul ati v e f r e q u e n c y g r a p h s

1  a  

 b    T o r e a d off t h e m e di a n  n d h alf- w a y t hr o u g h t h e 
c u m ul ati v e fr e q u e n c y a n d t h e n dr a w a h ori z o nt al 
li n e a n d w h er e it m e et s t h e c ur v e dr a w a v erti c al li n e 
d o w n. T h e m e di a n i s t h e v al u e w h er e t hi s li n e c ut s 
t h e h ori z o nt al a xi s.

  H e n c e  m e di a n  =  1 3 mi n ut e s

 c    i    T o  n d t h e u p p er q u artil e r e a d off    3  _ _  
4
    of t h e w a y 

t hr o u g h t h e c u m ul ati v e fr e q u e n c y t o t h e c ur v e 
a n d r e a d off t h e v al u e o n t h e h ori z o nt al a xi s. 
U p p er q u artil e =  1 7. 5 mi n ut e s

   ii   T o  n d t h e l o w er q u artil e r e a d off    1  _ _  
4
    of t h e w a y 

t hr o u g h t h e c u m ul ati v e fr e q u e n c y t o t h e c ur v e 
a n d r e a d off t h e v al u e o n t h e h ori z o nt al a xi s. 
L o w er q u artil e =  9 mi n ut e s 

  iii   I nt er q u artil e  r a n g e =  u p p er q u artil e −  l o w er 
q u artil e =  1 7. 5 −  9 =  8. 5 mi n ut e s

 d    R e a d v erti c all y u p fr o m 2 7 mi n ut e s t o t h e c ur v e a n d 
t h e n a cr o s s a n d r e a d off t h e c u m ul ati v e fr e q u e n c y. 
T hi s gi v e s 1 7 0 w hi c h m e a n s 1 8 0 −  1 7 0 =  1 0 w ait e d 
m or e t h a n 2 7 mi n ut e s.

        
N u m b er of p e o pl e w aiti n g 2 7 mi n ut e s or m or e

    _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   
T ot al n u m b er of p e o pl e

    ×  1 0 0 =      1 0
 _ _ _  

1 8 0
    ×  

1 0 0 =  5. 6 % ( 1 d. p.)

     S o 5. 6 % of p a s s e n g er s w ait e d f or 2 7 mi n ut e s or 
m or e at s e c urit y.

C o m p a ri n g s et s of d at a

1   

  

0

5 1 0 1 5 2 0 2 5 3 0 3 5

Ti m e ( mi n ut e s )

2 0

4 0

6 0

8 0

1 0 0

1 6 0

1 8 0

C
u

m
ul

at
iv

e 
fr

e
q
u
e
n
c
y 1 4 0

1 2 0

y

x

M e a s ur e m e nt s fr o m t h e s c al e o n t h e b o x pl ot 
ar e tr a n sf err e d t o t h e t a bl e.

H ei g ht ( c m)

L o w e st h ei g ht 3 8

L o w er q u artil e 5 2

M e di a n 5 7

U p p er q u artil e 5 9

Hi g h e st h ei g ht 6 9

3 0 4 0

H ei g ht ( c m )

5 0 6 0 7 0 8 0

  J o s h u a i s wr o n g, b e c a u s e h e di d n’t t a k e a c c o u nt of t h e 
f a ct t h at t h er e w er e diff er e nt n u m b er s of b o y s a n d girl s.

3  a  

 

 

 b    E sti m at e d  m e a n =      2 4 + 4 8 + 1 0 0 + 7 0 + 3 6  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   
3 7

     =  £ 7. 5 1 (t o 
n e ar e st p e n n y)

Hi st o g r a m s 

1   N oti c e t h er e i s n o s c al e f or fr e q u e n c y d e n sit y o n t h e 
hi st o gr a m. It i s n e c e s s ar y t o u s e a b ar o n t h e hi st o gr a m 
w h er e t h er e i s a k n o w n fr e q u e n c y s o t h e fr e q u e n c y 
d e n sit y c a n b e f o u n d w hi c h will t h e n e n a bl e t h e s c al e t o 
b e f o u n d. 

  T a k e t h e cl a s s 2. 5 <  m  ≤  3. 0 w hi c h h a s a hi g h 
fr e q u e n c y of 3 8.

  fr e q u e n c y d e n sit y =      
fr e q u e n c y

 _ _ _ _ _ _ _ _ _ 
cl a s s wi dt h

    =      3 8
 _ _ _  

0. 5
    =  7 6

  T hi s b ar h a s a h ei g ht of 7 6 a n d i s al s o t h e hi g h e st b ar 
s o t h e s c al e c a n b e w or k e d o ut.

Fr
e
q
u
e
n
cy

 
d
e
ns

it
y

2 0

4 0

6 0

8 0
7 6

1 0 0

0. 5 1. 0 1. 5 2. 0 2. 5 3. 0

M a s s (m  p o u n d s)

  F or t h e cl a s s 0. 5 <  m  ≤  1. 0, t h e fr e q u e n c y d e n sit y c a n 
b e o bt ai n e d fr o m t h e gr a p h (i. e. 3 2). 

  fr e q u e n c y  =  fr e q u e n c y d e n sit y ×  cl a s s wi dt h 

=  3 2 ×  0. 5 =  1 6

  F or t h e cl a s s 2. 0 <  m  ≤  2. 5, t h e fr e q u e n c y d e n sit y fr o m 
t h e gr a p h i s 6 4.

  fr e q u e n c y  =  fr e q u e n c y d e n sit y ×  cl a s s wi dt h 

=  6 4 ×  0. 5 =  3 2

  T h e t a bl e c a n n o w b e c o m pl et e d wit h t h e n e w 
fr e q u e n ci e s.

M a s s ( m  p o u n d s) Fr e q u e n c y

0. 0 <  m  ≤  0. 5 3 0

0. 5 <  m  ≤  1. 0 1 6

1. 0 <  m  ≤  1. 5 1 3

1. 5 <  m  ≤  2. 0 2 1

2. 0 <  m  ≤  2. 5 3 2

2. 5 <  m  ≤  3. 0 3 8

C o st ( £ C  ) Fr e q u e n c y
Mi d -i nt er v al 

v al u e

Fr e q u e n c y  
mi d -i nt er v al 

v al u e

  0 <  C  ≤  4 1 2 2 2 4

  4 <  C  ≤  8 8 6 4 8

  8 <  C  ≤  1 2 1 0 1 0 1 0 0

1 2 <  C  ≤  1 6 5 1 4 7 0

1 6 <  C  ≤  2 0 2 1 8 3 6

2 6
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R e vi e w it!

1  a   N u m b er of st u d e nt s i n cl a s s =  6 +  1 5 +  9 +  6 =  3 6

 b  

     E sti m at e f or m e a n =      1 8 + 7 5 + 6 3 + 5 4
  _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

3 6
    =  £ 5. 8 3 (t o 

n e ar e st p e n n y)

 c   M o d al cl a s s i nt er v al i s 4 <  a  ≤  6

2  a  

 b    M e di a n =  5 4 (i. e. t h e m ar k c orr e s p o n di n g t o h alf-
w a y t hr o u g h t h e c u m ul ati v e fr e q u e n c y)

 c    T h e t o p 7 5 % w o ul d p a s s s o t h e b ott o m 2 5 % 
w o ul d f ail. T hi s 2 5 % c orr e s p o n d s t o a c u m ul ati v e 
fr e q u e n c y of 2 5 w hi c h gi v e s a p a s s m ar k of 4 0.

3  a   D (t h e m e di a n m ar k i s f urt h e st t o t h e ri g ht)

 b   C (t h e l ar g e st g a p b et w e e n t h e q u artil e s)

 c    D (t h e m e di a n m ar k i s t h e hi g h e st a n d t h e 
i nt er q u artil e r a n g e i s s m all, w hi c h m e a n s 5 0 % of 
p u pil s g ot n e ar t o t h e m e di a n m ar k).

4  a    T h e s a m pl e n e e d s t o b e r e pr e s e nt ati v e of t h e p e o pl e 
li vi n g o n t h e str e et, s o t h e y s h o ul d t a k e a str ati  e d 
s a m pl e t h at i n cl u d e s diff er e nt gr o u p s s u c h a s 
m al e s a n d f e m al e s, a d ult s a n d c hil dr e n, i n t h e ri g ht 
pr o p orti o n s.

 b      1 5
 _ _  

4 0
    × 3 2 0  = 1 2 0

    T h e y s h o ul d b u y l e m o n a d e f or 1 2 0 p e o pl e.

A m o u nt 
of p o c k et 
m o n e y ( £ a  
p er w e e k)

Fr e q u e n c y
Mi d -i nt er v al 

v al u e

Fr e q u e n c y  
mi d -i nt er v al 

v al u e

2 <  a  ≤  4 6 3 6 ×  3 =  1 8

4 < a  ≤  6 1 5 5 1 5 ×  5 =  7 5

6 < a  ≤  8 9 7 9 ×  7 =  6 3

8 < a  ≤  1 0 6 9 6 ×  9 =  5 4

1 00 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0

M ar k

1 0

2 0

3 0

4 0

5 0

8 0

9 0

1 0 0

C
u

m
ul

at
iv

e 
fr

e
q
u
e
n
c
y 7 0

6 0

     T h e l o w e st h ei g ht a n d t h e hi g h e st h ei g ht ar e a d d e d 
t o c o m pl et e t h e b o x pl ot.

2  a     i R a n g e  =  1 2 0 −  0 =  1 2 0 m ar k s

   ii M e di a n  =  6 5 m ar k s

  iii   U p p er q u artil e =  7 5 m ar k s

  i v  L o w er q u artil e =  5 1 m ar k s

   v   I nt er q u artil e r a n g e =  7 5 −  5 1 =  2 4 m ar k s 

 b   F or t h e girl s:

  M e di a n  m ar k  =  7 4 m ar k s

  U p p er  q u artil e  =  8 9 m ar k s

  L o w er  q u artil e  =  5 8 m ar k s

  I nt er q u artil e  r a n g e  =  8 9 −  5 8 =  3 1 m ar k s

  C o m p ari s o n:

    T h e m e di a n m ar k f or t h e girl s i s hi g h er.

     T h e i nt er q u artil e r a n g e i s l o w er f or t h e b o y s s h o wi n g 
t h at t h eir m ar k s ar e l e s s s pr e a d o ut f or t h e mi d dl e 
h alf of t h e m ar k s.

S c att e r g r a p h s

1  a , b

 c   7 1 vi sit or s

 d   i  1 2 0 vi sit or s

  ii   T h er e ar e n o p oi nt s n e ar t hi s t e m p er at ur e s o 
y o u c a n n ot a s s u m e t h e tr e n d c o nti n u e s. A s t h e 
t e m p er at ur e g et s e xtr e m el y hi g h p e o pl e mi g ht 
c h o o s e t o st a y a w a y fr o m t h e b e a c h.

Y o u n e e d t o  n d t h e m e di a n a n d u p p er a n d 
l o w er q u artil e s fr o m t h e gr a p h f or t h e girl s.

0

5 1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5

T e m p er at ur e ( ° C)

2 0

4 0

6 0

8 0

1 0 0

1 6 0

Vi
si

t
or
 n

u
m
b
er

s

1 4 0

1 2 0

y

x

2 7
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All B o ar d s Hi g h er M at h e m ati c s E x a m Pr a cti c e B o o k

F ull w or k e d s ol uti o n s

 Or d er wit h t h e s m all e st ir st:

     1  _ _  
2
          7  _ _  

1 2
          2  _ _  

3
          3  _ _  

4
          7  _ _  

8
   

Diff e r e nt t y p e s of n u m b e r

1  a  7

 b  4 9

 c  2

 d  6

 e  6

2  a  6 9 3  =  32  ×  7 ×  1 1

 b  9 4 5  =  33  ×  5 ×  7

   3 2  a n d 7 ar e c o m m o n t o b ot h li st s.

   Hi g h e st c o m m o n f a ct or =  32  ×  7 =  6 3

 c  L o w e st c o m m o n m ulti pl e =  33  ×  5 ×  7 ×  1 1 =  1 0 3 9 5

3  4 9  =  72

 6 3  =  9 ×  7 =  3 ×  3 ×  7 =  32  ×  7 

 L o w e st c o m m o n m ulti pl e =  32  ×  72  =  4 4 1 

4  1 5  =  3 ×  5

 2 0  =  4 ×  5 =  22  ×  5

 2 5  =  52  

 L o w e st c o m m o n m ulti pl e =  22  ×  3 ×  52  =  3 0 0 s e c o n d s  
=  5 mi n ut e s

 T h e y will m a k e a n ot e t o g et h er aft er 5 mi n ut e s.

Li sti n g st r at e gi e s

1  M ulti pl e s of 1 4:

 1 4, 2 8, 4 2, 5 6, 7 0, 8 4, 9 8, 1 1 2, 1 2 6, 1 4 0, 1 5 4, 1 6 8, 1 8 2, 1 9 6, 
2 1 0, … 

 M ulti pl e s of 1 5:

 1 5, 3 0, 4 5, 6 0, 7 5, 9 0, 1 0 5, 1 2 0, 1 3 5, 1 5 0, 1 6 5, 1 8 0, 1 9 5, 2 1 0, … 

 2 1 0 i s c o m m o n t o b ot h li st s, s o t h e y will s o u n d t o g et h er aft er 
2 1 0 s e c o n d s.

2  M ulti pl e s of 6: 

 6, 1 2, 1 8, 2 4, 3 0, 3 6, 4 2, …

 M ulti pl e s of 6 a d d 1: 

 7, 1 3, 1 9, 2 5, 3 1, 3 7, 4 3, …

 M ulti pl e s of 7: 

 7, 1 4, 2 1, 2 8, 3 5, 4 2, 4 9, 5 6, …

 M ulti pl e s of 7 mi n u s 4: 

 3, 1 0, 1 7, 2 4, 3 1, 3 8, 4 5, 5 2

 3 1 i s c o m m o n t o b ot h li st s. T hi s m e a n s 6 c h o c ol at e s c o ul d b e 
gi v e n t o 5 fri e n d s wit h o n e c h o c ol at e l eft o v er.

 H e n c e n u m b er of fri e n d s =  5

3  Li st all t h e r ati o s t h at ar e e q ui v al e nt t o 5  : 6, i n d t h e diff er e n c e 
b et w e e n t h e m a n d l o o k f or a diff er e n c e of 1 0 0.

 Si n c e t hi s i s a c oll e g e, t h e n u m b er s ar e li k el y t o b e l ar g e.

 M al e  F e m al e  Diff er e n c e

 5 0  6 0  1 0

 5 0 0  6 0 0  1 0 0

 T h er e ar e a t ot al of 5 0 0 +  6 0 0 =  1 1 0 0 st u d e nt s.

N u m b er
I nt e g e r s, d e ci m al s a n d s y m b ol s 

1  (− 1) 3  =  − 1

 ( 0. 1)2  =  0. 0 1

     1
 _ _ _ _  

1 0 0 0
    =  0. 0 0 1

 0. 1

     1
 _ _ _ _  

0. 0 1
    =  1 0 0

 D e s c e n di n g  or d er:    1
 _ _ _ _  

0. 0 1
    0. 1  ( 0. 1)2      1

 _ _ _ _  
1 0 0 0

    (− 1) 3

2  a  0. 0 3 5  ×  1 0 0 0 =  3 5

 b  1 2. 8 5  ÷  1 0 0 0 =  0. 0 1 2 8 5

 c  (− 3) ×  0. 0 9 ×  1 0 0 0 =  − 0. 2 7 ×  1 0 0 0 =  − 2 7 0

 d  (− 1) ×  (− 0. 4) ×  1 0 0 =  0. 4 ×  1 0 0 =  4 0

3  a  8 6  ×  5 4 =  ( 0. 8 6 ×  1 0 0) ×  5 4 =  4 6. 4 4 ×  1 0 0 =  4 6 4 4

 b    8. 6 ×  5 4 0 =  ( 0. 8 6 ×  1 0) ×  ( 5 4 ×  1 0) =  4 6. 4 4 ×  1 0 0 =  4 6 4 4

 c      4 6 4 4
 _ _ _ _  

5 4
    =     4 6. 4 4 ×  1 0 0

 _ _ _ _ _ _ _ _ _ _ 
5 4

    =  0. 8 6 ×  1 0 0 =  8 6

 d      4 6. 4 4
 _ _ _ _ _  

0. 0 8 6
    =     4 6. 4 4

 _ _ _ _ _ _ _ 
0. 8 6 ÷ 1 0

    =  5 4 ×  1 0 =  5 4 0

4  a  1 2. 5 6  ×  3. 4 5 =  0. 1 2 5 6 ×  3 4 5

 b  (− 8) 2  =  6 4, s o (− 8) 2  >  −  6 4 

 c  6  −  1 2 = − 6 a n d 8 −  1 4 =  − 6, s o 6 −  1 2 =  8 −  1 4 

 d    (− 7) ×  ( 0) = 0 a n d ( − 7) ×  (− 3) = 2 1, 

   s o ( − 7) ×  ( 0) <  (− 7) ×  (− 3)

A d diti o n, s u bt r a cti o n, m ulti pli c ati o n a n d di vi si o n

1  a  6 7. 7 8  +  8. 9 8 5 =  7 6. 7 6 5

 b  1 2 4. 7 0 6  +  7 6. 9 +  0. 0 4 =  2 0 1. 6 4 6

 c  9 3. 1  −  1. 7 7 =  9 1. 3 3

 d  2 3. 7  +  8. 9 4 −  2 2. 0 7 6 =  3 2. 6 4 −  2 2. 0 7 6 =  1 0. 5 6 4

2  a  1 4 7  ×  8 =  1 1 7 6

 b  5 7  ×  3 8 =  2 1 6 6

 c  9. 7  ×  4. 6 =  4 4. 6 2

 d  1. 2 4  ×  0. 5 3 =  0. 6 5 7 2

 e  4 8 6  ÷  1 8 =  2 7

 f  9 4. 5 ÷  1. 5 =  9 4 5 ÷  1 5 =  6 3

3  a  3 4 2  =  3 4 ×  3 4 =  1 1 5 6

 b      1. 5 ×  2. 5
 _ _ _ _ _ _ _  

0. 5
    =  3 ×  2. 5 =  7. 5

 c  2. 4 2  =  2. 4 ×  2. 4 =  5. 7 6

U si n g f r a cti o n s

1      2  _ _  
5
    =     1 6

 _ _  
4 0

    =     3 0
 _ _  

7 5
    =     5 0

 _ _ _  
1 2 5

   

2  a      6 4
 _ _  

1 2
    =   5     4  _ _  

1 2
    =   5     1  _ _  

3
   

 b      1 2 4
 _ _ _  

1 3
    =   9     7  _ _  

1 3
   

3  a  4      1  _ _  
4
    ×   1   2  _ _  

3
    =     1 7

 _ _  
4
    ×     5  _ _  

3
    =     8 5

 _ _  
1 2

    =   7   1  _ _  
1 2

   

 b  1    7  _ _  
8
    ÷     1  _ _  

4
    =     1 5

 _ _  
8
    ×     4  _ _  

1
    =    6 0

 _ _  
8
    =     1 5

 _ _  
2
    =   7   1  _ _  

2
   

 c  3    1  _ _  
5
    −     3  _ _  

4
    =   3     4  _ _  

2 0
    −     1 5

 _ _  
2 0

    =   2     2 4
 _ _  

2 0
    −     1 5

 _ _  
2 0

    =   2     9  _ _  
2 0

   

4  1  −    (   2  _ _  
7
   +    3  _ _  

8
   +    1  _ _  

4
  )    =  1 −     2 ×  8 +  3 ×  7 +  1 ×  1 4

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
5 6

    =  1 −     5 1
 _ _  

5 6
    =     5  _ _  

5 6
   

     5  _ _  
5 6

    of t h e st u d e nt s tr a v el b y c ar.

5  T h e l o w e st c o m m o n m ulti pl e of all t h e d e n o mi n at or s i s 2 4.

     2  _ _  
3
    =     1 6

 _ _  
2 4

          3  _ _  
4
    =     1 8

 _ _  
2 4

          7  _ _  
8
    =     2 1

 _ _  
2 4

          1  _ _  
2
    =     1 2

 _ _  
2 4

          7  _ _  
1 2

    =     1 4
 _ _  

2 4
   

2 8



  =  3 ×   6  √  
_ _

 2     +  4 ×   3  √  
_ _

 2    

  =   1 8  √  
_ _

 2     +   1 2  √  
_ _

 2    

  =   3 0  √  
_ _

 2    

  a  =  3 0

5  ( 1  −    √  
_ _

 5    )( 3 +   2  √  
_ _

 5    ) =  3 +   2  √  
_ _

 5     −   3  √  
_ _

 5     −  1 0 =  −   √  
_ _

 5     − 7

6        1  _ _ _  
 √  

_ _
 2   
    +     1  _ _  

4
    =     1 ×   √  

_ _
 2   
 _ _ _ _ _ _ _ 

 √  
_ _

 2    ×   √  
_ _

 2   
    +     1  _ _  

4
    

  =      
√  

_ _
 2   
 _ _ _  

2
    +     1  _ _  

4
    

  =     2  √  
_ _

 2   
 _ _ _  

4
    +     1  _ _  

4
    

  =     1 +  2 √  
_ _

 2   
 _ _ _ _ _ _ _  

4
   

7      2
 _ _ _ _ _ _ _ 

1 −  1/ √  
_ _

 2   
     =     2

 _ _ _ _ _ _ 
   
√  

_ _
 2   
 _ _ _  

 √  
_ _

 2   
   −    1  _ _ _  

 √  
_ _

 2   
  
   

  =     2
 _ _ _ _ _  

   
√  

_ _
 2    −  1
 _ _ _ _ _ _  

 √  
_ _

 2   
  

   

  =     2  √  
_ _

 2   
 _ _ _ _ _ _ 

 √  
_ _

 2    −  1
   

  =     2  √  
_ _

 2   
 _ _ _ _ _ _ 

 √  
_ _

 2    −  1
    ×      

√  
_ _

 2    +  1
 _ _ _ _ _ _ 

 √  
_ _

 2    +  1
   

  =     4 +  2 √  
_ _

 2   
 _ _ _ _ _ _ _ 

2 −  1
   

  =  4 +   2  √  
_ _

 2    

8      3  _ _ _  
 √  

_ _
 3   
    +    √  

_ _ _
 7 5     +   (  √  

_ _
 2     ×    √  

_ _
 6    ) =     3  √  

_ _
 3   
 _ _ _  

3
    +    √  

_ _ _ _ _ _ _
 3 ×   2 5    +    √  

_ _ _
 1 2    

  =   √  
_ _

 3     +   5  √  
_ _

 3     +    √  
_ _ _ _ _ _

 3 +   4   

  =   √  
_ _

 3     +   5  √  
_ _

 3     +   2  √  
_ _

 3    

  = 8   √  
_ _

 3    

S t a n d a r d f o r m

1  a  2. 5 5  ×  1 0− 3

 b  1. 0 0 6  × 1 0 1 0

 c  8. 9  ×  1 0− 8

2  a  3  ×  1 06  ×  2 ×  1 08  =  3 ×  2 ×  1 06 +  8 =  6 ×  1 01 4

 b    5. 5 ×  1 0− 3  ×  2 ×  1 08  =  5. 5 ×  2 ×  1 0− 3 +  8  =  1 1 ×  1 05   
=  1. 1 ×  1 06

 c      8 × 1 0 5

 _ _ _ _ _ _ 
4 × 1 0 3     =     8  _ _  

4
    ×  1 05 −  3 =  2 ×  1 02

 d      5 × 1 0 − 3

 _ _ _ _ _ _  
0. 5

    =     5
 _ _ _  

0. 5
    ×  1 0− 3  =  1 0 ×  1 0− 3  =  1 ×  1 0− 2

 e       4. 5 ×  1 0− 6

 _ _ _ _ _ _ _ _ _ 
0. 5 ×  1 0− 3     =     4. 5

 _ _ _  
0. 5

    ×    1 0 − 6

 _ _ _ _  
1 0 − 3     =  9 ×  1 0− 6 −  (− 3)  =  9 ×  1 0− 3

3  2. 4  ×  1 03  +  2. 8 ×  1 02  =  2 4 0 0 +  2 8 0 =  2 6 8 0

4  3. 3  ×  1 04  =  3 3 0 0 0 a n d 3. 3 ×  1 02  =  3 3 0

 3. 3  ×  1 04  +  3. 3 ×  1 02  =  3 3 3 3 0

 a  =  3. 3

C o n v e rti n g b et w e e n f r a cti o n s a n d d e ci m al s

1  a      1 1
 _ _  

2 0
    =     5 5

 _ _ _  
1 0 0

    =  0. 5 5

 b      3  _ _  
8
    =  3 ÷  8 =  0. 3 7 5

2  a  1 6  =  2 ×  2 ×  2 ×  2 

     All t h e pri m e f a ct or s i n t h e d e n o mi n at or ar e 2, s o it will 
pr o d u c e a t er mi n ati n g d e ci m al.

 b    T h e pri m e f a ct or s of t h e d e n o mi n at or s ar e 7 a n d 1 s o t hi s 
will pr o d u c e a r e c urri n g  d e ci m al.

 c    Pri m e f a ct or s of 3 5 ar e 7 a n d 5 s o t hi s will pr o d u c e a 
r e c urri n g  d e ci m al.

3  L et    x  =  0. 4 0 2  =  0. 4 0 2 4 0 2 4 0 2 …

  1 0 0 0 x  =  4 0 2. 4 0 2 4 0 2 …

   1 0 0 0 x  −  x  =  4 0 2. 4 0 2 4 0 2 … −  0. 4 0 2 4 0 2 4 0 2 …

  9 9 9 x  =  4 0 2

  x  =     4 0 2
 _ _ _  

9 9 9
    =     1 3 4

 _ _ _  
3 3 3

   

 H e n c e  0. 4 0 2  =     1 3 4
 _ _ _  

3 3 3
   

4  C all t h e st u d e nt s A, B, C, D, E a n d F.

 P o s si bl e p air s b e gi n ni n g wit h A:

 A B, A C, A D, A E, A F

 P o s si bl e p air s b e gi n ni n g wit h B ( e x cl u di n g p air s i n ir st li st):

 B C, B D, B E, B F 

 P o s si bl e p air s b e gi n ni n g wit h C ( e x cl u di n g p air s i n pr e vi o u s li st s):

 C D, C E, C F

 P o s si bl e p air s b e gi n ni n g wit h D ( e x cl u di n g p air s i n 
pr e vi o u s li st s):

 D E, D F

 P o s si bl e p air s b e gi n ni n g wit h E ( e x cl u di n g p air s i n pr e vi o u s li st s):

 E F

 T ot al n u m b er of p air s =  5 +  4 +  3 +  2 +  1 =  1 5

T h e o r d e r of o p e r ati o n s i n c al c ul ati o n s

1  a    R a vi h a s w or k e d o ut t h e e x pr e s si o n fr o m l eft t o ri g ht, 
i n st e a d of u si n g BI D M A S. H e s h o ul d h a v e p erf or m e d t h e 
di vi si o n a n d m ulti pli c ati o n b ef or e t h e a d diti o n.

 b    2 4 ÷  3 +  8 ×  4 =  8 +  3 2 

  =  4 0

2  a  9  ×  7 ×  2 −  2 4 ÷  6 =  1 2 6 −  4 =  1 2 2

 b  2  −  (− 2 7) ÷  (− 3) +  4 =  2 −  9 +  4 =  − 3

 c    ( 4 −  1 6)2  ÷  4 +  3 2 ÷  8  =  (− 1 2) 2  ÷  4 +  4 =  1 4 4 ÷  4 +  4 
=  3 6 +  4 =  4 0

3  a  1  +  4 ÷     1  _ _  
2
    −  3 =  1 +  8 −  3 =  6

 b  1 5  −  ( 1 −  2)2  =  1 5 −  (− 1) 2  =  1 5 −  1 =  1 4

 c     √  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

  4 ×  1 2 −  2 ×  (− 8)     =    √  
_ _ _ _ _ _ _ _

 4 8 +   1 6    =    √  
_ _ _

 6 4     =  8

I n di c e s

1  a  1 0 5  ×  1 0 =  1 05  +  1  =  1 06

 b  ( 1 04 )2  =  1 04 ×  2 =  1 08

 c      1 0 5  ×  1 03
 _ _ _ _ _ _ _ _ 

1 0 2     =  1 05  +  3  −  2  =  1 06

 d  ( 1 06   )     
1  _ _  
2
     =  1  0    6  ×    1  _ _  

2
     =  1 03

2  a  5 0  =  1

 b  3 − 2  =     1  _ _  
3 2     =     1  _ _  

9
   

 c    8      
1  _ _  
3
     =    

3  
 √  
_ _

 8     =  2

 d  4   9      
1  _ _  
2
     =    √  

_ _ _
 4 9     =  7

3  a      (   8  _ _  
2 7

  )     
−   1  _ _  

3
  

   =     (   2 7
 _ _  

8
  )     

  1  _ _  
3
  

   =      
3  
 √  
_ _ _

 2 7   
 _ _ _ _  

 
3  
 √  
_ _

 8   
    =     3  _ _  

2
   

 b     (   1  _ _  
4
  )   

− 2
 =    (   4  _ _  

1
  )   

2
 =  42  =  1 6

 c  3   6    −   1  _ _  
2
     =    1

 _ _ _  
 √  

_ _ _
 3 6   
    =     1  _ _  

6
   

 d  1   6      
3  _ _  
2
     =    (1  6      

1  _ _  
2
   )  
3
 =   (  √  

_ _ _
 1 6    )3  =  43  =  6 4

4  1 2 5  =  53 , s o 52 x  =  53 

 2 x  =  3 gi vi n g x  =  1. 5

S u r d s

1  a  (  √  
_ _

 5    )
2
 =    √  

_ _
 5     ×    √  

_ _
 5     =  5

 b  3   √  
_ _

 2     ×   5  √  
_ _

 2     =  3 ×  5 ×    √  
_ _

 2     ×    √  
_ _

 2     =  1 5 ×  2 =  3 0

 c  ( 3  √  
_ _

 2    )
2
 =  32  ×   (  √  

_ _
 2    )
2
 =  9 ×  2 =  1 8

2      1 5
 _ _ _  

4  √  
_ _

 3   
    ×      

√  
_ _

 3   
 _ _ _  

 √  
_ _

 3   
    =     1 5 ×   √  

_ _
 3   
 _ _ _ _ _ _ _ 

4 ×  3
    =     5  √  

_ _
 3   
 _ _ _  

4
   

3  ( 2  +    √  
_ _

 3    )( 2 −    √  
_ _

 3    ) =  4 −   2  √  
_ _

 3     +   2  √  
_ _

 3     −  3 =  4 −  3 =  1

4     √  
_ _

 3      ( 3  √  
_ _ _

 2 4     +   4  √  
_ _

 6    ) =   3  √  
_ _ _

 7 2     +   4  √  
_ _ _

 1 8    

  =   3  √  
_ _ _

 3 6  ×   2    +   4  √  
_ _

 9 ×   2   

 All B o ar d s Hi g h er M at h e m ati c s E x a m Pr a cti c e B o o k  F ull w or k e d s ol uti o ns

2 9



2  a  3 4. 8 8  b  3 4. 8 7 7

3  a  1 2  8 0 0

 b  0. 0 1 1

 c  7  ×  1 0− 5

4  a  ( 0. 1 8  ×  0. 0 4 6)2  −  0. 0 1 =  − 0. 0 0 9 9 3 (t o 3 s.f.)

 b      1 2 0 0 ×  1. 8 6 5
 _ _ _ _ _ _ _ _ _ _ 

2. 6 ×  2 5
    =  3 4. 4 (t o 3 s.f.)

 c      3 6
 _ _ _ _  

0. 0 7
    ×  1 2 ÷     1  _ _  

2
    =  1 2 3 0 0 (t o 3 s.f.)

E sti m ati o n

1  4. 6  ×  9. 8 ×  3. 1 ≈  5 ×  1 0 ×  3 =  1 5 0 ≈  2 0 0 (t o 1 s.f.)

2  a  2 3 6. 2 2 9 8 6 2 7

 b  1 9. 8 7 2  −    √  
_ _ _ _

 4 0 4     ×  7. 8 9 ≈  2 02  −    √  
_ _ _ _

 4 0 0     ×  8 

  =  4 0 0 −  2 0 ×  8 =  2 4 0

3  ( 0. 5 2  ×  0. 8 3)2  ≈  ( 0. 5 ×  0. 8)2  =  ( 0. 4)2  =  0. 1 6

4     √  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

  5. 0 8 +  4. 1 0 ×   5. 4 5    ≈    √  
_ _ _ _ _ _ _ _ _ _

 5 +  4 ×   5    =    √  
_ _ _

 2 5     =  5

5     √  
_ _ _ _

 1 0 0     =  1 0 a n d   √  
_ _ _ _

 1 2 1     =  1 1

    √  
_ _ _ _

 1 1 2     i s sli g htl y o v er h alf w a y b et w e e n t h e t w o r o ot s.

 H e n c e   √  
_ _ _ _

 1 1 2     =  1 0. 6 (t o 1 d. p.) i s a r e a s o n a bl e e sti m at e.

6      0. 8 9 ×  7. 5 1 ×  1 9. 7 6
  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

2. 0 8 ×  5. 4 4 ×  3. 7 8
    ≈     1 ×  8 ×  2 0

 _ _ _ _ _ _ _ _ _ 
2 ×  5 ×  4

    =     1 6 0
 _ _ _  

4 0
    =  4

7  a  m a s s  ≈  9 ×  1 0− 3 1  ×  6 ×  1 0 0 =  5. 4 ×  1 0− 2 8  ≈  5 ×  1 0− 2 8  k g

 b    T hi s will b e a n u n d er e sti m at e, a s t h e m a s s of o n e el e ctr o n 
h a s b e e n r o u n d e d d o w n.

U p p e r a n d l o w e r b o u n d s

1  u p p er b o u n d =   2. 3 4 5 k g 

 l o w er b o u n d =   2. 3 3 5 k g

 2. 3 3 5  ≤  m  <   2. 3 4 5 k g

2  a  i V  =     P  _ _  
I
   

     T h e u p p er b o u n d f or V  will b e w h e n P  h a s it s u p p er 
b o u n d a n d I h a s it s l o w er b o u n d.

   u p p er b o u n d f or P  =  3. 0 5 2 5 

   l o w er b o u n d f or I =  1. 2 3 5

   u p p er b o u n d f or V  =     3. 0 5 2 5
 _ _ _ _ _ _ 

1. 2 3 5
    =  2. 4 7 2

  ii   T h e l o w er b o u n d f or V  will b e w h e n P  h a s it s l o w er 
b o u n d a n d I h a s it s u p p er b o u n d.

     l o w er b o u n d of P  =  3. 0 5 1 5

   u p p er b o u n d of I =  1. 2 4 5

   l o w er b o u n d f or V  =     3. 0 5 1 5
 _ _ _ _ _ _ 

1. 2 4 5
    =  2. 4 5 1

 b    T h e u p p er b o u n d a n d t h e l o w er b o u n d ar e t h e s a m e w h e n 
t h e n u m b er s ar e gi v e n t o 2 si g ni i c a nt i g ur e s. 

  V  =  2. 5 (t o 2 s.f.) 

3  l o w er b o u n d f or s h elf l e n gt h =   1. 0 5 m =   1 0 5 c m

 u p p er b o u n d f or b o o k t hi c k n e s s =   3. 0 5 c m

 n u m b er of b o o k s o n s h elf =     
l e n gt h of s h elf

  _ _ _ _ _ _ _ _ _ _ _ _ _  
t hi c k n e s s of b o o k

   

 n u m b er of b o o k s t h at will d e i nit el y it o nt o s h elf =  

 mi ni m u m v al u e f or     
l e n gt h of s h elf

  _ _ _ _ _ _ _ _ _ _ _ _ _  
t hi c k n e s s of b o o k

   

 mi ni m u m  v al u e  f or    
l e n gt h of s h elf

  _ _ _ _ _ _ _ _ _ _ _ _ _  
t hi c k n e s s of b o o k

    i s w h e n s h elf l e n gt h i s at 

 it s l o w er b o u n d a n d b o o k t hi c k n e s s i s at it s u p p er b o u n d.

     
mi ni m u m l e n gt h of s h elf

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   
m a xi m u m t hi c k n e s s of b o o k

    =     1 0 5
 _ _ _ _  

3. 0 5
    =  3 4. 4

 T h e a n s w er m u st b e a w h ol e n u m b er, s o 3 4  b o o k s will 
d e i nit el y it o n t h e s h elf.

4  L et     x  =  0. 6 5 2  =  0. 6 5 2 5 2 5 2 5 2 …

  1 0 x  =  6. 5 2 5 2 5 2 5 2 …

  1 0 0 0 x  =  6 5 2. 5 2 5 2 5 2 5 2 …

   1 0 0 0 x  −  1 0x  =  6 5 2. 5 2 5 2 5 2 5 2 … −  6. 5 2 5 2 5 2 5 2 …

  9 9 0 x  =  6 4 6

  x  =     6 4 6
 _ _ _  

9 9 0
    =     3 2 3

 _ _ _  
4 9 5

   

   H e n c e 0. 6 5 2  =    3 2 3
 _ _ _  

4 9 5
   

C o n v e rti n g b et w e e n f r a cti o n s a n d p e r c e nt a g e s

1  a  3 5 %  =     3 5
 _ _ _  

1 0 0
    =     7  _ _  

2 0
   

 b  7 %  =     7
 _ _ _  

1 0 0
   

 c  7 6 %  =     7 6
 _ _ _  

1 0 0
    =     1 9

 _ _  
2 5

   

 d  1 2. 5 %  =     1 2. 5
 _ _ _ _  

1 0 0
    =     1 2 5

 _ _ _ _  
1 0 0 0

    =     1  _ _  
8
   

2  a      1  _ _  
5
    =     1 ×  2 0

 _ _ _ _ _ _ 
5 ×  2 0

    =     2 0
 _ _ _  

1 0 0
    =  2 0 %

 b      1 7
 _ _  

2 5
    =     1 7 ×  4

 _ _ _ _ _ _ 
2 5 ×  4

    =     6 8
 _ _ _  

1 0 0
    =  6 8 %

 c      1 5 0
 _ _ _  

6 0
    =     5 0

 _ _  
2 0

    =     2 5 0
 _ _ _  

1 0 0
    =  2 5 0 %

 d      7  _ _  
4 0

    =  7 ÷  4 0 =  0. 7 ÷  4 =  0. 1 7 5 =  1 7. 5 %

3      8  _ _  
1 5

    =     8  _ _  
1 5

    ×  1 0 0 % =  5 3. 3 3 % (t o 2 d. p.)

4      6 6
 _ _  

9 0
    =     6 6

 _ _  
9 0

    ×  1 0 0 % =  7 3. 3 % (t o 1 d. p.)

 J a k e di d b ett er i n c h e mi str y.

F r a cti o n s a n d p e r c e nt a g e s a s o p e r at o r s

1  7 0 % of £ 4 9. 7 0 =  0. 7 ×  4 9. 7 0 =  £ 3 4. 7 9

2  8 % of 6 0 0 =     8
 _ _ _  

1 0 0
    ×  6 0 0 =  4 8

 4 8 a p pl e s ar e b a d.

3  1 2 % of 8 0 0 0 =  0. 1 2 ×  8 0 0 0 =  9 6 0 c o m p o n e nt s w er e 
r ej e ct e d.

 8 0 0 0  −  9 6 0 =  7 0 4 0 c o m p o n e nt s w er e a c c e pt e d.

4  a  V A T  =  2 0 % of £ 1 2  0 0 0 =  0. 2 ×   1 2 0 0 0 =  £ 2 4 0 0

   T ot al c o st =   1 2 0 0 0 +  2 4 0 0 =  £ 1 4  4 0 0

 b  D e p o sit  =  2 0 % of £ 1 4  4 0 0 =  0. 2 ×   1 4 4 0 0 =  £ 2 8 8 0

   R e m ai n d er  =   1 4 4 0 0 −  2 8 8 0 =  £ 1 1  5 2 0

 M o nt hl y p a y m e nt =     1 1 5 2 0
 _ _ _ _ _ _  

3 6
    =  £ 3 2 0

5      2  _ _  
3
     of    7  _ _  

1 1
    =     2  _ _  

3
    ×     7  _ _  

1 1
    =     1 4

 _ _  
3 3

   

S t a n d a r d m e a s u r e m e nt u nit s

1  1. 7 5  k m =  1. 7 5 ×   1 0 0 0 m =   1 7 5 0 m

 1  m =  1 0 0 c m, s o 1 7 5 0  m =  1 7 5 0 ×  1 0 0 =   1 7 5 0 0 0  c m

 H e n c e  1. 7 5  k m =   1 7 5 0 0 0  c m

2  3 litr e s =   3 0 0 0 ml

 N u m b er of gl a s s e s =     3 0 0 0
 _ _ _ _  

1 7 5
    =  1 7. 1 4

 N u m b er of c o m pl et e gl a s s e s =  1 7

3  9 0 0 litr e s =  9 0 0 ×  1 0 0 0 =   9 0 0 0 0 0  c m 3

 N u m b er of c o nt ai n er s n e e d e d t o ill p o ol =     9 0 0 0 0 0
 _ _ _ _ _ _  

7 0 0
    =  1 2 8 6  

(t o n e ar e st w h ol e n u m b er)

4  a  M a s s of o n e at o m =     1 2
 _ _ _ _ _ _ _ _ _ 

6. 0 2 ×  1 02 3     =  1. 9 9 × 1 0 − 2 3  g (t o 3 s.f.)

 b    M a s s of o n e at o m =     1 2 ×  1 0− 3

 _ _ _ _ _ _ _ _ _ 
6. 0 2 ×  1 02 3     =  1. 9 9 ×  1 0− 2 6  k g (t o 3 s.f.)

5  7 9  ×  9. 1 1 ×  1 0− 3 1  k g  =  7 9 ×  9. 1 1 ×  1 0− 3 1  ×  1 03  g  
=  7. 2 0 ×  1 0− 2 6  g (t o 3 s.f.)

R o u n di n g n u m b e r s

1  a  3 5

 b  1 0 1

 c  0

 d  0

 e  2
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 b  ( 3x  – 4)( 2x  −  5)( 3x  +  1) =  ( 6x 2  −  1 5x  −  8x  +  2 0)( 3x  +  1) 

  =  ( 6x 2  −  2 3x  +  2 0)( 3x  +  1)

  =   1 8 x 3  +  6x 2  −  6 9x 2  −  2 3x  +  6 0x  
+  2 0

  =  1 8x 3  −  6 3x 2  +  3 7x  +  2 0 

F a ct o ri si n g

1  a  2 5 x 2  −  5x y  =  5x ( 5x  −  y )

 b  4 π r 2  +  6π x  =  2π ( 2r 2  +  3x )

 c  6 a 3 b 2  +  1 2a b 2  =  6a b 2 (a 2  +  2)

2  a  9 x 2  −  1 =  ( 3x  +  1)( 3x  −  1)

 b  1 6 x 2  −  4 =  ( 4x  +  2)( 4x  −  2)

  =  4( 2x  +  1)( 2x  −  1)

3  a  a 2  +  1 2a  +  3 2 =  (a  +  4)(a  +  8)

 b  p 2  −  1 0p  +  2 4 =  (p  −  6)(p  −  4)

4  a  a 2  +  1 2a  =  a (a  +  1 2)

 b  b 2  −  9 =  (b  +  3)(b  −  3)

 c  x 2  −  1 1x  +  3 0 =  (x  −  5)(x  −  6)

5  a  3 x 2  +  2 0x  +  3 2 =  ( 3x  +  8)(x  +  4) 

 b  3 x 2  +  1 0x  −  1 3 =  ( 3x  +  1 3)(x  −  1)

 c  2 x 2  −  x  −  1 0 =  ( 2x  −  5)(x  +  2)

6      x  +  1 5
 _ _ _ _ _ _ _ _ _ _ 

2 x 2  −  3x  −  9
    +     3

 _ _ _ _ _  
2 x  + 3

    =     x  +  1 5
 _ _ _ _ _ _ _ _ _ _ _  

( 2x  +  3)(x  −  3)
    +     3

 _ _ _ _ _ _ 
( 2x  + 3)

   

  =     
x  +  1 5 +  3(x  −  3)

  _ _ _ _ _ _ _ _ _ _ _ _ _  
( 2x  +  3)(x  −  3)

   

  =     4 x  +  6
 _ _ _ _ _ _ _ _ _ _ _  

( 2x  +  3)(x  −  3)
   

  =     
2( 2 x  +  3)
 _ _ _ _ _ _ _ _ _ _ _  

( 2x  +  3)(x  −  3)
   

  =     2
 _ _ _ _ _  

(x  −  3)
   

7      1
 _ _ _ _ _ _ _ _ _ _ 

8 x 2  −  2x  −  1
    ÷    1

 _ _ _ _ _ _ _ _ _ _ 
4 x 2  −  4x  +  1

    =     1
 _ _ _ _ _ _ _ _ _ _ 

8 x 2  −  2x  −  1
    ×  ( 4x 2  −  4x  +  1)

  =     1
 _ _ _ _ _ _ _ _ _ _ _ _  

( 4x  +  1)( 2x  −  1)
    ×  ( 2x − 1)( 2 x − 1)

  =     2 x  −  1
 _ _ _ _ _  

4 x  +  1
   

C h a n gi n g t h e s u bj e ct of a f o r m ul a

1  P V  =  n R T

 T  =     P V
 _ _ _  

n R
   

2  2 y  +  4x  −  1 =  0

  2 y  =  1 −  4x

  y  =     1 −  4x _ _ _ _ _  
2
   

3   v  =  u  +  at

  at  =  v  −  u

  a  =     v  −  u  _ _ _ _ _  
t
    

4   y  =     x  _ _  
5
    −  m

       x  _ _  
5
    =  y  +  m

  x  =  5( y  +  m )

5  E  =     1  _ _  
2
   m v 2

 v  2  =     2 E  _ _ _  m    

 v  =    √  
_ _ _

   2 E  _ _ _  m      

6  a  V  =     1  _ _  
3
    π r 2 h

  r  2  =     3 V  _ _ _  
π h

   

  r  =   √  
_ _ _

   3 V  _ _ _  
π h

     

 b  r  =    √  
_ _ _ _ _ _

   3 × 1 0 0
 _ _ _ _ _ _ 

π  ×  8
     

  =  3. 4 5 c m (t o 2 d. p.)

Al g e br a

Si m pl e al g e b r ai c t e c h ni q u e s

1  a  f or m ul a c  e x pr e s si o n  e  f or m ul a

 b  i d e ntit y d  i d e ntit y

2  4 x  +  3x  ×  2x  −  3x  =  4x  +  6x 2  −  3x  =  x  +  6x 2  

3  y 3  −  y  =  ( 1)3  −  1 =  0 s o y  =  1 i s c orr e ct.

 y 3  −  y  =  (− 1) 3  −  (− 1) =  − 1 +  1 =  0 s o y  =  − 1 i s c orr e ct.

4  a  6 x  −  (− 4 x ) =  6x  +  4x  =  1 0x

 b  x 2  −  2x  −  4x  +  3x 2  =  4x 2 −  6x  

 c  (− 2 x )2  +  6x  ×  3x  −  4x 2  =  4x 2  +  1 8x 2  −  4x 2  =  1 8x 2

5  a  s  =     3
2  −  12
 _ _ _ _ _ _ 

2 ×  2
    =     8  _ _  

4
    =  2

 b  s  =     
(− 4) 2  −  32

 _ _ _ _ _ _ _ _ 
2 ×  4

    =     7  _ _  
8
   

 c  s  =     
5 2  – (− 2) 2

 _ _ _ _ _ _ _ 
2 ×  (− 7)

    =     2 1
 _ _ _ _  

− 1 4
    =  −    3  _ _  

2
   

R e m o vi n g b r a c k et s

1  a  8( 3 x  −  7) =  8 ×  3x  −  8 ×  7 

  =  2 4x  −  5 6

 b  − 3( 2 x  −  4) =  − 3 ×  2x  −  3 ×  (− 4) 

  =  − 6 x  +  1 2

2  a  3( 2 x  −  1) − 3( x  −  4) =  6x  −  3 −  3x  +  1 2 

  =  3x  +  9

 b  4 y ( 2x  + 1) +  6(x  −  y ) =  8x y  +  4y  +  6x  −  6y  

  =  8x y  + 6 x  −  2y  

 c  5 a b ( 2a  −  b ) =  1 0a 2 b  −  5a b 2

 d  x 2 y 3 ( 2x  +  3y ) =  2x 3 y 3  +  3x 2 y 4

3  a  (m  −  3)(m  +  8) =  m 2  +  8m  −  3m  −  2 4 

  =  m 2  +  5m  −  2 4 

 b  ( 4x  −  1)( 2x  +  7) =  8x 2  +  2 8x  −  2x  −  7 

  =  8x 2  +  2 6x  −  7 

 c  ( 3x  −  1)2  =  ( 3x  −  1)( 3x  −  1) 

  =  9x 2  −  3x  −  3x  +  1 

  =  9x 2  −  6x  +  1 

 d  ( 2x  +  y )( 3x  −  y ) =  6x 2  −  2x y  +  3x y  −  y 2

  =  6x 2  +  x y  −  y 2

4  a  (x  +  5)(x  +  2) =  x 2  +  2x  +  5x  +  1 0 

  =  x 2  +  7x  +  1 0

 b  (x  + 4) ( x  −  4) =  x 2  −  4x  +  4x  −  1 6 

  =  x 2 −  1 6 

 c  (x  −  7)(x  +  1) =  x 2  +  x  −  7x  −  7 

  =  x 2  −  6x  −  7 

 d  ( 3x  +  1)( 5x  +  3) =  1 5x 2  + 9 x  +  5x  +  3 

  =  1 5x 2  +  1 4x  +  3 

5  a  (x  +  3)(x  −  1)(x  +  4) =  (x 2  −  x  +  3x  −  3)(x  +  4) 

  =  (x 2  +  2x  −  3)(x  +  4)

  =  x 3  +  4x 2  +  2x 2  +  8x  −  3x  −  1 2

  =  x 3  +  6x 2  +  5x  −  1 2 
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S ol vi n g q u a d r ati c e q u ati o n s u si n g f a ct o ri s ati o n

1  a  x 2  −  7x  +  1 2 =  (x  −  3)(x  −  4)

 b  x 2  −  7x  +  1 2 =  0 

   (x  −  3)(x  −  4) =  0

   S o  x  −  3 =  0 or x  −  4 =  0, gi vi n g x  =  3 or x  =  4

2  a  2 x 2  +  5x  −  3 =  ( 2x  −  1)(x  +  3) 

 b  2 x 2  +  5x  −  3 =  0

   ( 2x  −  1)(x  +  3) =  0

   S o 2 x  −  1 =  0 or x  +  3 =  0, gi vi n g x  =     1  _ _  
2
     or x  =  − 3

3   x 2  − 3 x − 2 0 = x − 8

  x 2  − 4 x − 1 2 = 0

   (x + 2)( x − 6) = 0

 S o  x  +  2 =  0 or x  −  6 =  0, gi vi n g x  =  − 2 or x  =  6

4  a  x (x  −  8) −  7 =  x ( 5 −  x )

  x 2  −  8x  −  7 =  5x  −  x 2

   2 x 2  −  1 3x  −  7 =  0

 b  2 x 2  −  1 3x  −  7 =  0 

   ( 2x  +  1)(x  −  7) =  0

   S o 2 x  +  1 =  0 or x  −  7 =  0, gi vi n g x  =  −    1  _ _  
2
     or x  =  7

5  ar e a of tr a p e zi u m =     1  _ _  
2
     (a  + b )h

  =     1  _ _  
2
     (x + 4 + x + 8) x  

  =    1  _ _  
2
     ( 2x + 1 2) x

  =  (x  +  6)x

  =  x 2  +  6x

 ar e a  =   1 6 c m 2  s o x 2  +  6x  =  1 6

  x 2  +  6x  −  1 6 =  0

  (x  +  8)(x  −  2) =  0

 S ol vi n g gi v e s x  =  − 8 or x  =  2 

 x  =  − 8 i s i m p o s si bl e a s x  i s t h e h ei g ht a n d s o c a n n ot b e 
n e g ati v e.

 H e n c e  x  =   2 c m

S ol vi n g q u a d r ati c e q u ati o n s u si n g t h e f o r m ul a

1  a      3
 _ _ _ _ _  

x  +  7
    =    2 −  x _ _ _ _ _  

x  +  1
   

  3( x  +  1) =  ( 2 −  x )(x  +  7)

  3 x  +  3 =  2x  +  1 4 −  x 2  −  7x

  3 x  +  3 =  − x 2  −  5x  +  1 4

  x 2  +  8x  −  1 1 =  0

 b  x  =     − b  ±   √  
_ _ _ _ _ _ _ _ _

 b 2  −  4a c   
  _ _ _ _ _ _ _ _ _ _ _ _ 

2 a
   

  =    
− 8 ±   √  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
  8 2  − 4 ×  1 ×  (− 1 1)   
  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

2 ×  1
   

  =    − 8 ±   √  
_ _ _ _ _ _ _ _

 6 4 + 4 4   
  _ _ _ _ _ _ _ _ _ _ _ _ 

2
   

  =    − 8 ±   √  
_ _ _ _

 1 0 8   
 _ _ _ _ _ _ _ _ _  

2
   

  =     − 8 +   √  
_ _ _ _

 1 0 8   
 _ _ _ _ _ _ _ _ _  

2
     or    − 8 −   √  

_ _ _ _
 1 0 8   
 _ _ _ _ _ _ _ _ _  

2
   

  =  1. 1 9 6 2 or − 9. 1 9 6 2

  x  =  1. 2 0 or − 9. 2 0 (t o 2 d. p.)

2  ar e a  =     1  _ _  
2
    ×  b a s e ×  h ei g ht

  =    1  _ _  
2
     ( 3x + 1)( 2 x + 3)

  =    1  _ _  
2
     ( 6x 2  + 9 x + 2 x + 3)

   =    1  _ _  
2
     ( 6x 2  + 1 1 x + 3)

  = 3 x 2  + 5. 5 x + 1. 5

 ar e a  =  4 0, s o 3x 2  + 5. 5 x + 1. 5 = 4 0

7  a  y  =  3x  −  9

   3 x  =  y  +  9

  x  =     
y  +  9

 _ _ _ _ _  
3
   

 b  x  =     3 +  9
 _ _ _ _ _  

4
   

  =  4

8   3 y  −  x  =  a x  +  2

   3 y  −  x  −  2 =  a x

  3 y  −  2 =  a x  +  x

  3 y  −  2 =  x (a  +  1)

  x  =     
3 y  −  2

 _ _ _ _ _  
a  +  1

   

9  a  c 2  =    
( 1 6a 2 b 4 c 2  )   

  1  _ _  
2
  
 
 _ _ _ _ _ _ _ _ 

4 a 2 b
   

  c 2  =    4 a b 2 c _ _ _ _ _  
4 a 2 b

   

  c 2  =    b c  _ _  a    

  c  =    b  _ _  a    

 b  u p p er b o u n d of a  =  2. 8 5   l o w er b o u n d of a  =  2. 7 5

   u p p er b o u n d of b  =  3. 2 5   l o w er b o u n d of b  =  3. 1 5

     u p p er b o u n d f or c  =     
u p p er b o u n d f or b

  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
l o w er b o u n d f or a

    =     3. 2 5
 _ _ _ _  

2. 7 5
    =  1. 1 8 (t o 3 s.f.)

     l o w er b o u n d f or c  =     l o w er b o u n d f or b  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
u p p er b o u n d f or a

    =     3. 1 5
 _ _ _ _  

2. 8 5
    =  1. 1 1 (t o 3 s.f.)

S ol vi n g li n e a r e q u ati o n s

1  a  2 x  +  1 1 =  2 5

  2 x  =  1 4

  x  =  7

 b  3 x  −  5 =  1 0

  3 x  =  1 5

  x  =  5

 c  1 5 x  =  6 0

  x  =  4

 d      x  _ _  
4
    =  8

  x  =  3 2

 e      4 x  _ _  
5
    =  2 0

   4 x  =  1 0 0

  x  =  2 5

 f     2 x  _ _  
3
    = − 6

   2 x  =  − 1 8 

  x  =  − 9 

 g  5  −  x  =  7

  5  =  7 +  x

  − 2 =  x

  x  =  − 2 

 h      x  _ _  
7
    − 9 = 3

       x  _ _  
7
    = 1 2

  x  =  8 4

2  5 x  −  1 =  2x  +  1

  5 x  =  2x  +  2

  3 x  =  2

  x =    2  _ _  
3
   

3  a      1  _ _  
4
     ( 2x − 1) = 3( 2 x − 1)

  2 x  −  1 =  1 2( 2x  −  1)

  2 x  −  1 =  2 4x  −  1 2 

  1 1  =  2 2x  

  x  =     1 1
 _ _  

2 2
   

  x  =     1  _ _  
2
   

 b  5( 3 x + 1) = 2( 5 x − 3) + 3

  1 5 x  +  5 =  1 0x  −  6 +  3

  1 5 x  +  5 =  1 0x  −  3

  5 x  =  − 8

  x  =  −    8  _ _  
5
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 b  T a bl e of v al u e s f or pl otti n g gr a p h of y  =  1 0 −  x :

  

x 0 5 1 0

y 1 0 5 0

  

y

y = 3 x − 2

y = 1 0  − x

x
0

2 4 6 8 1 0

2

4

6

8

1 0

   T h e gr a p h s i nt er s e ct at ( 3, 7).

   x  =  3, y  = 7

3  x  −  y  =  3 ( 1)

 x 2  +  y 2  =  9  ( 2)

 R e arr a n g e e q u ati o n ( 1) a s y  =  x  −  3. 

 S u b stit ut e i n e q u ati o n ( 2):

  x 2  +  (x  −  3)2  =  9

  x 2  +  x 2  −  6x  +  9 =  9

  2 x 2  −  6x  =  0

  x 2  −  3x  =  0

  x (x  −  3) =  0

 x  =  0 or x  =  3

 S u b stit uti n g i nt o e q u ati o n ( 1) gi v e s:

 x  =  0, y  =  − 3 or x  =  3, y  =  0 

S ol vi n g i n e q u aliti e s

1  a      x  +  5
 _ _ _ _ _  

4
    ≥  −  1

  x  +  5 ≥  − 4

  x  ≥  − 9

 b  3 x  −  4 >  4x  +  8

  − x  −  4 >  8

   − x  >  1 2

   x  <  − 1 2

2  
− 4 − 3 − 2 − 1 0 1 2 3 4

x

3  a  

− 4 − 3 − 2 0 2 3
− 1

− 3

− 4

1

2

3

4
y

x

y − 2 x = 1

y = − 2

x = 1

4

 b    C o or di n at e s of p oi nt s t h at li e i n t h e s h a d e d r e gi o n or o n 
t h e s oli d li n e:

   ( 1, 2), ( 1, 1), ( 0, 0), ( 1, 0), ( 0, − 1), ( 1, − 1)

 H e n c e, 3 x 2  + 5. 5 x − 3 8. 5 = 0

  x  =     − b  ±   √  
_ _ _ _ _ _ _ _

 b 2  −  4a c   
 _ _ _ _ _ _ _ _ _ _ _ _ 

2 a
   

  =     
− 5. 5 ±   √  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
   5. 5 2  −  4 ×  3 ×  (− 3 8. 5)   
   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

2 ×  3
   

  =     − 5. 5 ±   √  
_ _ _ _ _ _ _

 4 9 2. 2 5   
  _ _ _ _ _ _ _ _ _ _ _ _ 

6
   

  =     − 5. 5 +   √  
_ _ _ _ _ _ _

 4 9 2. 2 5   
  _ _ _ _ _ _ _ _ _ _ _ _ 

6
    =   or    − 5. 5 −   √  

_ _ _ _ _ _ _
 4 9 2. 2 5   
  _ _ _ _ _ _ _ _ _ _ _ _ 

6
   

  =  2. 7 8 or − 4. 6 1 (t o 2 d. p.)

 x  =  − 4. 6 1 w o ul d gi v e n e g ati v e l e n gt h s, w hi c h ar e i m p o s si bl e.

 x  =  2. 7 8 c m (t o 2 d. p.)

3  x 2  −  2x  −  9 =  x  −  8

 x 2  −  3x  −  1 =  0

  x  =     − b  ±   √  
_ _ _ _ _ _ _ _

 b 2  −  4a c   
 _ _ _ _ _ _ _ _ _ _ _ _ 

2 a
   

  =     
3 ±   √  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
  (− 3) 2  −  4 ×  1 ×  (− 1)   
  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

2 ×  1
   

  =    3 ±   √  
_ _ _ _ _ _

 9 + 4   
 _ _ _ _ _ _ _ _ _  

2
   

  =     3 ±   √  
_ _ _

 1 3   
 _ _ _ _ _ _ _  

2
   

  =     3 +   √  
_ _ _

 1 3   
 _ _ _ _ _ _ _  

2
    =   or    3 −   √  

_ _ _
 1 3   
 _ _ _ _ _ _ _  

2
   

  x  =  3. 3 0 or − 0. 3 0 (t o 2 d. p.)

S ol vi n g si m ult a n e o u s e q u ati o n s

1  2 x  −  3y  =  − 5    ( 1)

 5 x  +  2y  =  1 6   ( 2)

 E q u ati o n ( 1) ×  2 a n d e q u ati o n ( 2) ×  3 gi v e s:

   4 x  −  6y  =  − 1 0  ( 3)

   1 5 x  +  6y  =  4 8 ( 4)

 E q u ati o n ( 3) +  e q u ati o n ( 4) gi v e s:

   1 9 x  =  3 8

  x  =  2

 S u b stit uti n g  x  =  2 i nt o e q u ati o n ( 1):

   2 ×  2 −  3y  =  − 5

  4  −  3y  =  − 5 

  3 y  =  9

   y  =  3

 C h e c ki n g b y s u b stit uti n g x  =  2 a n d y  =  3 i nt o e q u ati o n  
( 2) gi v e s:

 5  ×  2 +  2 ×  3 =  1 0 +  6 = 1 6

 x  =  2 a n d y  =  3

2  a  T a bl e of v al u e s f or pl otti n g gr a p h of y  =  3x  −  2:

  

x 1 2 3 4

y 1 4 7 1 0

  

y

y = 3 x − 2

x
0

2 4 6 8 1 0

2

4

6

8

1 0
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 S u b stit uti n g  y  =  4 i nt o e q u ati o n ( 1) gi v e s:

   2 x  +  2 0 =  3 5 

  2 x  =  1 5 

  x  =  7. 5

 c o st of a d ult ti c k et =  £ 7. 5 0 

 c o st of c hil d ti c k et =  £ 4

3  a  L et R a c h el b e x  y e ar s a n d H a n n a h b e y  y e ar s.

   x y  =  6 3

   (x  +  2)(y  +  2) =  9 9

   x y  +  2x  +  2y  +  4 =  9 9

   S u b stit ut e f or x y :

   6 3  +  2x  +  2y  +  4 =  9 9

   2 x  +  2y  =  3 2

   x  +  y  =  1 6

   T h e s u m of t h eir a g e s i s 1 6 y e ar s.

 b  y  =  x  −  2

   x  +  x  −  2 =  x  + y

   2 x  −  2 =  1 6

   2 x  =  1 8

  x  =  9

   R a c h el i s 9 y e ar s ol d.

U s e of f u n cti o n s

1  a  f( 3)  =  5 ×  3 +  4 =  1 9

 b  S et f( x ) =  − 1

  5 x  +  4 =  − 1

  5 x  =  − 5

  x  =  − 1

2  a  f g(x ) =  f( g(x )) =  f(x  −  6) =  (x  −  6)2

 b  gf( x ) =  g(f(x ) =  g(x 2 ) =  x 2  −  6 

3  a  f( 5)  =    √  
_ _ _ _ _ _

 5 +   4    =   √  
_ _ _ _ _ _

 9     =  3 or − 3

 b  gf( x ) =   2(  √  
_ _ _ _ _ _

 x  +   4   )2  −  3

    =  2(x  +  4) −  3

    =  2x  +  5

4    L et  y  =  5x 2  +  3

  x  =    √  
_ _ _ _ _

   
y  −  3

 _ _ _ _ _  
5
     

   f− 1  (x ) =    √  
_ _ _ _ _

   x  −  3
 _ _ _ _ _  

5
      

I t e r ati v e m et h o d s

1  L et f( x ) =  2x 3  −  2x  +  1

 f(− 1) =  2(− 1) 3  −  2(− 1) +  1 =  1

 f(− 1. 5) =  2(− 1. 5) 3  −  2(− 1. 5) +  1 =  − 2. 7 5

 T h er e i s a si g n c h a n g e of f( x ), s o t h er e i s a s ol uti o n b et w e e n  
x  =  − 1 a n d x  =  − 1. 5.

2  x
1
 =  (x

0
)3  +    1  _ _  

9
    = ( 0. 1)3  +    1  _ _  

9
    = 0. 1 1 2 1 1 1 1 1 1 1

 x
2
 = (x

1
)3  +    1  _ _  

9
    = ( 0. 1 1 2 1 1 1 1 1 1 1)3 +    1  _ _  

9
    = 0. 1 1 2 5 2 0 2 2 4 6

 x
3
 = (x

2
)3  +    1  _ _  

9
    = ( 0. 1 1 2 5 2 0 2 2 4 6)3 +    1  _ _  

9
    = 0. 1 1 2 5 3 5 7 0 7 3

3  a  x
1
 = 1. 5 1 8 2 9 4 5

  x
2
 = 1. 5 2 0 9 3 5 3

  x
3
 = 1. 5 2 1 3 1 5 7

  x
4
 = 1. 5 2 1 3 7 0 5 ≈  1. 5 2 1 (t o 3 d. p.)

4  x 2  +  2x  ≤  3

 x 2  +  2x  −  3 ≤  0

 S ol vi n g  x 2  +  2x  −  3 =  0:

 (x  −  1)(x  +  3) =  0, gi vi n g x  =  1 a n d x  =  − 3

 S k et c h of t h e c ur v e y  =  x 2  +  2x  −  3:

 

− 3 0 1

y

x

 Fr o m gr a p h, x 2  +  2x  −  3 ≤  0 w h e n: 

 − 3 ≤  x  ≤  1

5  S ol vi n g  x 2  −  2x  −  1 5 =  0:

 (x  −  5)(x  +  3) =  0, gi vi n g x  =  5 a n d x  =  − 3

 S k et c h of t h e c ur v e y  =  x 2  −  2x  −  1 5:

 

− 3 5

y

x

 Fr o m gr a p h, x 2  −  2x  −  1 5 >  0 w h e n: 

 x  <  − 3 a n d x > 5

P r o bl e m s ol vi n g u si n g al g e b r a

1  L et wi dt h =  x

 l e n gt h  =  x  +  1

 p eri m et er  =  x  +  x  +  1 +  x  +  x  + 1 =  4x  + 2

 p eri m et er  =  2 6 s o 

   4 x  +  2 =  2 6

  4 x  =  2 4 

  x  =  6

 wi dt h  =  6 m a n d l e n gt h =   7 m

 ar e a  =  6 ×  7 =   4 2 m 2

2  L et c o st of a d ult ti c k et =  x  a n d c o st of c hil d ti c k et =  y

 2 x  +  5y  =  3 5   ( 1)

 3 x  +  4y  =  3 8. 5   ( 2)

 E q u ati o n ( 1) ×  3 a n d e q u ati o n ( 2) ×  2 gi v e s:

 6 x  +  1 5y  =  1 0 5   ( 3)

 6 x  +  8y  =  7 7   ( 4)

 E q u ati o n ( 3) −  e q u ati o n ( 4) gi v e s:

   7 y  =  2 8

  y  =  4
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   1 4 4 =  x 2  +  9x 2

   1 4 4 =  1 0x 2

   1 4. 4 =  x 2

  x  =  3. 8 (t o 1 d. p.)

  y  =  3x

  =  3 ×  3. 8

  =  1 1. 4

 P i s t h e p oi nt ( 3. 8, 1 1. 4) (t o 1 d. p.).

Q u a d r ati c g r a p h s

1  a  x 2  +  4x  +  1 =  0

   (x  +  2)2  −  4 +  1 =  0

  (x  +  2)2  =  3

  x  +  2 =  ±   √  
_ _

 3    

   x  =    √  
_ _

 3     −  2 or −    √  
_ _

 3     −  2

   x  =  − 0. 3 or − 3. 7 (t o 1 d. p.)

 b  x 2  +  4x  +  1 =  (x  +  2)2  −  3, s o t ur ni n g p oi nt i s at (− 2, − 3).

  

− 0. 3

O− 3. 7

(− 2, − 3)

y

x

2  5 x 2  −  2 0x  +  1 0 =  5[x 2  −  4x  +  2]

  =  5[(x  −  2)2  −  4 +  2]

  =  5(x  −  2)2  −  1 0 

 a  =  5, b  =  − 2 a n d c  =  − 1 0

3  2 x 2  +  1 2x  +  3 =  2[x 2  +  6x  +     3  _ _  
2
   ]

  =  2[(x  +  3)2  −  9 +     3  _ _  
2
   ]

  =  2[(x  +  3)2  −     1 5
 _ _  

2
   ]

  =  2(x  +  3)2  −  1 5 

 a  =  2, b  =  3 a n d c  =  − 1 5

R e c o g ni si n g a n d s k et c hi n g g r a p h s of f u n cti o n s

1  
E q u ati o n Gr a p h

y  =  x 2 B

y  =  2x D

y  =  si n x ° E

y  =  x 3 C

y  =  x 2  −  6x  +  8 A

y  =  c o s x ° F

2  a  y

x

y  = si n  x

0

1

− 1

9 0º 1 8 0º 2 7 0º 3 6 0º

 b  C h e c ki n g v al u e of x 3 − x − 2 f or x = 1. 5 2 0 5, 1. 5 2 1 5:

   W h e n  x  =  1. 5 2 0 5 f( 1. 5 2 0 5)=  − 0. 0 0 5 2

  x  =  1. 5 2 1 5 f( 1. 5 2 1 5) =  0. 0 0 0 7

     Si n c e t h er e i s a c h a n g e of si g n, t h e r o ot i s 1. 5 2 1 c orr e ct t o 
3 d e ci m al pl a c e s.

4  a  i 

− 1 1 2 3 4 5 6− 2− 3− 4− 5− 6
− 1

− 2

− 3

− 4

− 5

− 6

y

6

5

4

3

2

1

x

 ii   T h er e i s a r o ot of x 3  +  x  −  3 =  0 w h er e t h e gr a p h s of y  =  x 3  
a n d y  =   3 −  x  i nt er s e ct. T h e gr a p h s i nt er s e ct o n c e s o t h er e 
i s o n e r e al r o ot of t h e e q u ati o n x 3  +  x  −  3 =  0.

 b  x
1
 = 1. 2 1 6 4 4 0 3 9 9

  x
2
 = 1. 2 1 2 7 2 5 5 9 1

  x
3
 = 1. 2 1 3 5 6 6 9 6 4

  x
4
 = 1. 2 1 3 3 7 6 5 0 3

  x
5
 =  1. 2 1 3 4 1 9 6 2 3

  x
6
 =  1. 2 1 3 4 0 9 8 6 1 = 1. 2 1 3 4 (t o 4 d. p.)

E q u ati o n of a st r ai g ht li n e

1  C o m p ari n g t h e e q u ati o n wit h t h e e q u ati o n of a str ai g ht li n e,  
y  =  m x  +  c :

 y  =  − 2 x  +  3

 gr a di e nt of li n e, m  =  −  2 (li n e h a s a n e g ati v e gr a di e nt).

 i nt er c e pt o n t h e y - a xi s, c  =  3

 C orr e ct li n e i s A.

2  a  gr a di e nt,  m  =     
c h a n g e i n y − v al u e s

  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
  c h a n g e  i n x − v al u e s  

    =  −    4  _ _  
3
   

 b  gr a di e nt of C D , m  =     1 −  5
 _ _ _ _ _ _ _ 

5 −  (− 3)
    =     − 4

 _ _ _  
8
    =  −    1  _ _  

2
   

   S u b stit uti n g i n y  −  y
1
 =  m (x  −  x

1
): 

   y  −  1 =  −    1  _ _  
2
     (x  −  5)

  y  =  −    1  _ _  
2
    x  +     7  _ _  

2
     ( or x  + 2 y  =  7)

 c  M  i s at   (   − 3 +  5
 _ _ _ _ _ _  

2
  ,   5 +  1

 _ _ _ _ _  
2
  )    =  ( 1, 3)

   gr a di e nt of p er p e n di c ul ar t o C D  =     − 1
 _ _ _  

−   1  _ _  
2
  
    =  2

   S u b stit uti n g i n y  −  y
1
 =  m (x  −  x

1
): 

   y  −  3 =  2(x  −  1)

  y  =  2x  + 1

3  P i s t h e p oi nt ( x  , y ).

 gr a di e nt of li n e O P  =     
y
 _ _  x     =  3, s o y  =  3x

 U si n g P yt h a g or a s’ t h e or e m:

  O P 2  =  x 2  +  y 2

   1 2 2 =  x 2  +  y 2

   1 2 2 =  x 2  +  ( 3x )2
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2  a  y  =  − f(x ): r e l e cti o n i n t h e x − a x i s.

 b  y  =  f(x ) +  2: tr a n sl ati o n of 2 u nit s v erti c all y u p w ar d s.

 c  y  =  f(− x ): r e l e cti o n i n t h e y - ax i s.

y

x− 6 − 5 − 4 − 3 − 2 − 1 0 1 2 3 4 5 6

− 6

− 5

− 4

− 3

− 2

− 1

1

2

3

4

5

6

y = f(x ) + 2

y = f(− x )

y = f(x )

y = − f(x )

3  T h e c o si n e gr a p h i s s hift e d t w o u nit s i n t h e v erti c al dir e cti o n, 

 i. e. a tr a n sl ati o n of   (   0      
2
  )   .

 
0

1

2

3

4

y

x
9 0 1 8 0 2 7 0 3 6 0

y = c o s (x ) + 2

E q u ati o n of a ci r cl e a n d t a n g e nt t o a ci r cl e

1  a  x 2  +  y 2  =  2 5

   T hi s e q u ati o n i s i n t h e f or m x 2  +  y 2  =  r 2 .

   r  =    √  
_ _ _

 2 5     =  5 

 b  x 2  +  y 2  −  4 9 =  0

   x 2  +  y 2  =  4 9 

   T hi s e q u ati o n i s i n t h e f or m x 2  +  y 2  =  r 2 .

   r  =    √  
_ _ _

 4 9     =  7 

 c  4 x 2  +  4y 2  =  1 6

   x 2  +  y 2  =  4

   T hi s e q u ati o n i s i n t h e f or m x 2  +  y 2  =  r 2 .

   r  =    √  
_ _

 4     =  2 

2  R a di u s of t h e cir cl e =    √  
_ _ _

 2 1     =  4. 5 8

 Di st a n c e of t h e p oi nt ( 4, 3) fr o m t h e c e ntr e of t h e cir cl e ( 0, 0) 

 =    √  
_ _ _

 1 6 +   9    =    √  
_ _ _

 2 5     =  5

 T hi s di st a n c e i s gr e at er t h a n t h e r a di u s of t h e cir cl e, s o t h e 
p oi nt li e s o ut si d e t h e cir cl e.

3  a   

0

P ( 5, 7)

7

5

y

x

 b  

3  3  c o s  θ  =  1

    c o s θ  =     1  _ _  
3
   

 

y

y = c o s  θ

θ
0

9 0º 1 8 0º 2 7 0º 3 6 0º

1

1

1
3

 θ =  c o s− 1   (   1  _ _  
3
  )    =  7 0. 5 ° (t o 1 d. p.)

 Fr o m t h e gr a p h, c o s  θ  i s al s o    1  _ _  
3
     w h e n θ  =  3 6 0 −  7 0. 5 =  2 8 9. 5 °

 θ  =  7 0. 5 ° or 2 8 9. 5 ° (t o 1 d. p.)

Tr a n sl ati o n s a n d r e l e cti o n s of f u n cti o n s

1  a  y  =  − f(x ) i s a r e l e cti o n i n t h e x − a x i s of t h e gr a p h y  =  f(x ) 

     T h e p oi nt s o n t h e x − a xi s st a y i n t h e s a m e pl a c e a n d t h e 
t ur ni n g p oi nt at ( 2, − 4) i s r e l e ct e d t o b e c o m e a t ur ni n g 
p oi nt at ( 2,  4).

  

− 4 − 3 − 2 − 1
− 1

− 2

− 3

− 4

0

1

1 2 3 4

2

3

4
y

x

( 2, 4)

( 4, 0)

y = − f(x )

 b  y  =  f(x  −  2) i s a tr a n sl ati o n b y   (   2      
0
  )    of t h e gr a p h y  =  f(x ).

     T h e y - c o or di n at e s st a y t h e s a m e b ut t h e x - c o or di n at e s ar e 
s hift e d t o t h e ri g ht b y 2 u nit s.

  

− 4 − 3 − 2 − 1
− 1

− 2

− 3

− 4

0

1

1 2 3 4 5 6

2

3

4
y

x

( 2, 0)

( 4, − 4)

( 6, 0)

y = f(x − 2 )

y

x

y = t an  x

0 9 0º 1 8 0º 2 7 0º 3 6 0º
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3  a  2 5, 3 6  ( s q u ar e n u m b er s)

 b  1 5, 2 1 (tri a n g ul ar n u m b er s)

 c  8, 1 3 ( Fi b o n a c ci n u m b er s)

T h e n t h t e r m 

1  a  
n 1 2 3 4

T er m 2 6 1 0 1 4

Diff er e n c e 4 4 4

   n t h t er m st art s wit h 4n

   4 n     4    8 1 2  1 6

   T er m  −  4n  − 2  − 2  − 2  − 2

   n t h t er m =  4n  −  2 

 b  n t h t er m =  4n  −  2 =  2( 2n  −  1) 

     2 i s a f a ct or, s o t h e n t h t er m i s di vi si bl e b y 2 a n d t h er ef or e 
i s e v e n.

 c  L et  n t h t er m =  2 3 6

   4 n  −  2 =  2 3 6

  4 n  =  2 3 8

  n  =  5 9. 5

   n  i s n ot a n i nt e g er, s o 2 3 6 i s n ot a t er m i n t h e s e q u e n c e.

2  a  2 n d t er m =  9 −  22  =  5

 b  2 0t h t er m =  9 −  2 02  =  9 −  4 0 0 =  − 3 9 1

 c   n 2  i s al w a y s p o siti v e, s o t h e l ar g e st v al u e v al u e 9 −  n 2  c a n 
t a k e i s 8 w h e n n  =  1. All v al u e s of n  a b o v e 1 will m a k e  
9 −  n 2 s m all er t h a n 8. S o 1 0 c a n n ot b e a t er m.

3  
T er m 1 1 3 7 1 3

Fir st diff er e n c e 0 2 4 6

S e c o n d diff er e n c e 2 2 2

 T h e f or m ul a st art s n 2 .

n 1 2 3 4

T er m 1 1 3 7 1 3

n 2 1 4 9 1 6 2 5

T er m −  n 2 0 − 3 − 6 − 9 − 1 2

Diff er e n c e − 3 − 3 − 3 − 3

 T h e li n e ar p art of t h e s e q u e n c e st art s wit h − 3 n .

 − 3 n  − 3  − 6  − 9  − 1 2  − 1 5

 Li n e ar t er m −  (− 3 n ) 3  3  3  3  3

 n t h t er m =  n 2  −  3 n  +  3

 C h e c ki n g:

 W h e n  n  =  1, t er m i s 12  −  3 ×  1 +  3 =  1

  n  =  2, t er m i s 22  −  3 ×  2 +  3 =  1

  n  =  3, t er m i s 32  −  3 ×  3 +  3 =  3

A r g u m e nt s a n d p r o of s

1  T h e o nl y e v e n pri m e n u m b er i s 2.

 H e n c e, st at e m e nt i s f al s e b e c a u s e 2 i s a pri m e n u m b er t h at i s 
n ot o d d.

2  a    tr u e: n  =  1 i s t h e s m all e st p o siti v e i nt e g er a n d t hi s w o ul d 
gi v e t h e s m all e st v al u e of 2 n  +  1, w hi c h i s 3. 

 b    tr u e: 3 i s a f a ct or of 3(n  + 1) s o 3( n  + 1) m u st b e a m ulti pl e 
of 3. 

 c    f al s e:  2n  i s al w a y s e v e n a n d s u btr a cti n g 3 will gi v e a n o d d 
n u m b er. 

   U si n g P yt h a g or a s’ t h e or e m:

  O P 2  =  52  +  72

  =  2 5 +  4 9

  =  7 4

  O P  =  r a di u s of t h e cir cl e =    √  
_ _ _

 7 4    

 b  e q u ati o n of a cir cl e, r a di u s r , c e ntr e t h e ori gi n: x 2  +  y 2  =  r 2

   x 2  +  y 2  =  7 4

 c  gr a di e nt of li n e O P  =     7  _ _  
5
   

   gr a di e nt of t h e t a n g e nt at P  =  −    5  _ _  
7
   

   S u b stit uti n g i n y −  y
1
 =  m (x  −  x

1
): 

  y  −  7 =  −    5  _ _  
7
    (x  −  5)

   7 y  −  4 9 =  − 5 x  +  2 5

  7 y  =  − 5 x  +  7 4

  y  =  −    5  _ _  
7
    x  +     7 4

 _ _  
7
   

R e al -lif e g r a p h s

1  a  a c c el er ati o n  =  gr a di e nt of li n e =     1 0
 _ _  

1 0
    =   1 m/ s 2

 b  t ot al di st a n c e tr a v ell e d =  ar e a u n d er t h e v el o cit y− ti m e gr a p h

  =     1  _ _  
2
     ( 3 0 +  1 5) ×  1 0 =  2 2 5 m 

2  a    T h e gr a p h i s a str ai g ht li n e st arti n g at t h e ori gi n, s o t hi s 

     r e pr e s e nt s c o n st a nt a c c el er ati o n fr o m r e st of    1 5
 _ _  

6
    =  2. 5 m/ s2 .

 b    T h e gr a di e nt d e cr e a s e s t o z er o, s o t h e a c c el er ati o n 
d e cr e a s e s t o z er o.

 c  ar e a  =  ar e a of 3 tr a p e zi u m s

  

0

5

2 4 6 8 1 0

1 5 1 8. 5 2 1. 5 2 2. 5

1 2

1 0

1 5

2 0

2 5

S
p
e
e
d 

m/
s

Ti m e ( s )

B

A

     ar e a =      1  _ _  
2
     ( 1 5 +  1 8. 5) ×  2 +     1  _ _  

2
     ( 1 8. 5+ 2 1. 5) ×  2 + 

        1  _ _  
2
     ( 2 1. 5 + 2 2. 5) ×  2 

  =  1 1 7. 5

     di st a n c e tr a v ell e d b et w e e n A a n d B =  1 1 8 m (t o n e ar e st 
i nt e g er)

 d    It will b e a sli g ht u n d er e sti m at e, a s t h e c ur v e i s al w a y s 
a b o v e t h e str ai g ht li n e s f or mi n g t h e t o p s of t h e tr a p e zi u m s.

G e n e r ati n g s e q u e n c e s

1  a    i     1  _ _  
2
    (t er m-t o-t er m r ul e i s di vi d e b y 2)

    ii 2 4 3 (t er m-t o-t er m r ul e i s m ulti pl y b y 3)

  iii 2 1 (t er m-t o-t er m r ul e i s a d d 4)

 b  4t h t er m −  1 st t er m =  − 1 2 −  2 7 =  − 3 9

   c o m m o n diff er e n c e =  − 3 9 ÷  3 =  − 1 3

   mi s si n g t er m s ar e 1 4, 1

2  3r d t er m =  2 ×  1 −  5 =  − 3 

 4t h t er m =  2 ×  − 3 −  5 =  − 1 1
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2  a  l e n gt h of r o a d =  2. 3 ×  4 0 0 0 0 c m 

  =  9 2 0 0 0 c m 

  =   9 2 0 m 

  =   0. 9 2 k m

 b  l e n gt h of r o a d =  3 ×   4 0 0 0 0  m m 

  =   1 2 0 0 0 0  m m 

  =  1 2 0 0 0 c m 

  =   1 2 0 m 

  =   0. 1 2 k m

3  5  c m  : 4 0  m =   5 c m  : 4 0 0 0  c m

  =   5 : 4 0 0 0

  =   1 : 8 0 0

 s c al e of dr a wi n g =   1 : 8 0 0

4  l e n gt h m e a s ur e d o n m a p =   6 c m

 S c al e i s:

 6  c m  : 1 2  k m =   6 : 1 2 ×  1 0 0 0 ×  1 0 0 

    =   6 : 1  2 0 0  0 0 0

    =   1 : 2 0 0  0 0 0

P e r c e nt a g e p r o bl e m s

1  i n cr e a s e  =  £ 3 5 

 p er c e nt a g e i n cr e a s e  =     i n cr e a s e
 _ _ _ _ _ _ _ _ _ _ 

ori gi n al pri c e
    ×  1 0 0

  =     3 5
 _ _ _  

3 5 0
    ×  1 0 0

  =  1 0 %

2  i n cr e a s e =  i n al e ar ni n g s −  i niti al e ar ni n g s 

   =   1 1 0 0  0 0 0 −   6 0 0 0 0 0 

   =  £ 5 0 0  0 0 0

 % i n cr e a s e =     i n cr e a s e
 _ _ _ _ _ _ _ _ _ _ 

ori gi n al v al u e
    ×  1 0 0

  =     5 0 0 0 0 0
 _ _ _ _ _ _ 

6 0 0 0 0 0
    ×  1 0 0

  =  8 3. 3 %

3  m ulti pli er  =  1 −  0. 2 8 =  0. 7 2

 v al u e of c ar =  0. 7 2 ×   2 5 0 0 0 

  =  £ 1 8  0 0 0 

4  8 8 % of t h e ori gi n al pri c e =  £ 1 4  3 0 0

 1 % of t h e ori gi n al pri c e =     1 4 3 0 0
 _ _ _ _ _ _  

8 8
   

 1 0 0 % of t h e ori gi n al pri c e =     1 4 3 0 0
 _ _ _ _ _ _  

8 8
    ×  1 0 0 =   1 6 2 5 0

 ori gi n al pri c e =  £ 1 6  2 5 0

5  i nt er e st e ar n e d =    2. 8
 _ _ _  

1 0 0
    ×  8 0 0 0 ×  4 

  =  £ 8 9 6

Di r e ct a n d i n v e r s e p r o p o rti o n

1  a  P  =  k T

 b  P  =  k T  s o k  =     P  _ _  
T
    =     2 0 0 0 0 0

 _ _ _ _ _ _  
5 4 0

    =  3 7 0. 3 7 0

     P  =  3 7 0. 3 7 0T  =   3 7 0. 3 7 0 ×  2 0 0 =  7 4 0 7 4 P a s c al s  
(t o n e ar e st w h ol e n u m b er)

2  C  ∝  r 2

  C  =  k r 2

   4 8 0 =  k  ×  32

  k  =  5 3. 3 3

  C  =  5 3. 3 3r 2

 c o st  =  5 3. 3 3 ×  42  =  £ 8 5 3. 2 8 =  £ 8 5 3 (t o n e ar e st w h ol e n u m b er)

3  L et ir st n u m b er =  x  s o n ex t n u m b er =  x  +  1

 S u m of c o n s e c uti v e i nt e g er s =  x  +  x  +  1 =  2x  +  1

 R e g ar dl e s s of w h et h er x  i s o d d or e v e n, 2x  will al w a y s b e e v e n 
a s it i s di vi si bl e b y 2.

 H e n c e 2 x  +  1 will al w a y s b e o d d.

4  ( 2x  −  1)2  −  (x  −  2)2  =  4x 2  −  4x  +  1 −  (x 2 −  4x  +  4)

  =  4x 2  −  4x  +  1 −  x 2  +  4x  −  4 

  =  3x 2  −  3 

  =  3(x 2  −  1)

 T h e 3 o ut si d e t h e br a c k et s s h o w s t h at t h e r e s ult i s a m ulti pl e 
of 3 f or all i nt e g er v al u e s of x .

5  L et t w o c o n s e c uti v e o d d n u m b er s b e 2 n  −  1 a n d 2n  +  1.

 ( 2n  +  1)2  −  ( 2n  −  1)2  =  ( 4n 2  +  4n  +  1) −  ( 4n 2  −  4n  +  1)

  =  8n

 Si n c e 8 i s a f a ct or of 8 n , t h e diff er e n c e b et w e e n t h e s q u ar e s of 
t w o c o n s e c uti v e o d d n u m b er s i s al w a y s a m ulti pl e of 8.

 (If y o u u s e d 2n  +  1 a n d 2 n +  3 f or t h e t w o c o n s e c uti v e o d d 
n u m b er s, diff er e n c e of s q u ar e s =  8n  +  8 =  8(n  +  1).)

R ati o, pr o p orti o n a n d r at e s of c h a n g e

I nt r o d u cti o n t o r ati o s

1  3 p art s =  1 8 bl a c k b all s s o 1 p art =  6 bl a c k b all s

 T h er e ar e 3 +  2 =  5 p art s i n t ot al, s o t h e t ot al n u m b er of b all s 

  =  5 ×  6 =  3 0

2  t ot al s h ar e s =  1 5 +  1 7 +  1 8 =  5 0

 5 0 s h ar e s =  £ 2 5  0 0 0

 1 s h ar e =     £ 2 5 0 0 0 _ _ _ _ _ _ _  
5 0

     =  £ 5 0 0

 1 5- y e ar- ol d will g et 1 5 ×  £ 5 0 0 =  £ 7 5 0 0.

 1 7- y e ar- ol d will g et 1 7 ×  £ 5 0 0 =  £ 8 5 0 0.

 1 8- y e ar- ol d will g et 1 8 ×  £ 5 0 0 =  £ 9 0 0 0.

3  4 0 % of 8 0 0 =  =  3 2 0 a cr e s

 r e m ai n d er of l a n d ar e a =  8 0 0 −  3 2 0 =  4 8 0 a cr e s

 t ot al s h ar e s =  9 +  7 = 1 6

 1 s h ar e =     4 8 0
 _ _ _  

1 6
    =  3 0

 ar e a d e v ot e d t o s h e e p =  7 s h ar e s =  7 ×  3 0 =  2 1 0 a cr e s

4      3 x  +  1
 _ _ _ _ _  

x  +  4
    =     2  _ _  

3
   

 3( 3 x  +  1) =  2(x  +  4)

 9 x  +  3 =  2x  +  8

  7 x  =  5

  x  =     5  _ _  
7
   

5  F or 2 o a k tr e e s t h er e ar e 3 a s h tr e e s, s o if t h er e ar e 8 o a k tr e e s 
t h er e w o ul d b e 1 2 a s h tr e e s. 

 pi n e : o a k: a s h =   5 : 8  : 1 2

 T h er e ar e a t ot al of 5 +  8 +  1 2 =  2 5 p art s.

 1 p art =     3 0 0
 _ _ _  

2 5
    =  1 2

 n u m b er of a s h tr e e s =  1 2 ×  1 2 =  1 4 4

S c al e di a g r a m s a n d m a p s

1  1 0  c m o n m a p =  1 0 ×  5 0 0 0 0 c m =  5 0 0 0 0 0 c m a ct u al di st a n c e

 5 0 0  0 0 0  c m =  5 0 0 0 m =   5 k m

 T o w n s ar e 5  k m a p art.
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3  m ulti pli er  =  1 −     % d e cr e a s e f or e a c h ti m e u nit 
   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1 0 0
    =  1 −     5 0

 _ _ _  
1 0 0

    = 0. 5

 2 mi n ut e s =  1 2 0 s e c o n d s 

 n u m b er of ti m e i nt er v al s, n  =     1 2 0
 _ _ _  

1 2
    = 1 0

 a m o u nt at t h e e n d of n  ti m e i nt er v al s =  A
0
 ×  ( m ulti pli er)n

  =  1 0 0 ×  0. 51 0  

  =  0. 1 (t o 1 s.f.)

R ati o s of l e n gt h s, a r e a s a n d v ol u m e s

1  a    s c al e f a ct or f or e nl ar g e m e nt   (   
bi g
 _ _ _ _  

s m all
  )   

3
 =    (   1 2

 _ _  
8
  )   

3
 = 3. 3 7 5  or    2 7

 _ _  
8
   

 b       
ar e a of tri a n gl e of l ar g e pri s m

   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   
ar e a of tri a n gl e of s m all pri s m

    =    (   1 2
 _ _  

8
  )   

2

   ar e a of tri a n gl e of l ar g e pri s m =    (   1 2
 _ _  

8
  )   

2
 ×  1 0 =   2 2. 5 c m 2

 c      
v ol u m e of s m all pri s m

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
v ol u m e of l ar g e pri s m

    =    (   8  _ _  
1 2

  )   
3

   v ol u m e of s m all pri s m =    (   8  _ _  
1 2

  )   
3
 ×  4 5 0

  =  1 3 3. 3 3

  =   1 3 3 c m 3  (t o n e ar e st w h ol e n u m b er)

2      
v ol u m e of l ar g er c u b oi d

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
v ol u m e of s m all er c u b oi d

    =    (   h  _ _  
1 2

  )   
3

     
v ol u m e of l ar g er c u b oi d

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
v ol u m e of s m all er c u b oi d

    =  1. 9 5 3

      (   h  _ _  
1 2

  )   
3
 =  1. 9 5 3

  h 3  =  3 3 7 4. 7 8 4

  h  =  1 5 c m (t o n e ar e st c m)

3  a   i a n gl e  X Y Z  =  a n gl e T U Z  ( c orr e s p o n di n g a n gl e s)

  a n gl e  Z X Y  =  a n gl e Z T U  ( c orr e s p o n di n g a n gl e s)

  a n gl e  X Z Y  =  a n gl e T Z U  ( s a m e a n gl e)

   H e n c e tri a n gl e s X Y Z  a n d T U Z  ar e si mil ar.

       X Y
 _ _ _  

T U
    =     Y Z

 _ _ _  
U Z

   

       X Y
 _ _ _  

3
    =     1 5

 _ _  
5
   

  X Y  =   9 c m

  ii a n gl e  Y U T  =  a n gl e Y Z W  ( c orr e s p o n di n g a n gl e s)

  a n gl e  Y T U  =  a n gl e Y W Z  ( c orr e s p o n di n g a n gl e s)

  a n gl e  T Y U  =  a n gl e W Y Z  ( s a m e a n gl e)

   H e n c e tri a n gl e s Y U T  a n d Y Z W  ar e si mil ar.

       W Z
 _ _ _  

T U
    =     Y Z

 _ _ _  
Y U

   

       W Z
 _ _ _  

3
    =     1 5

 _ _  
1 0

   

  W Z  =   4. 5 c m

 b  a n gl e  Y T X  =  a n gl e Z T W  ( v erti c all y o p p o sit e a n gl e s)

   a n gl e  Y X T  =  T Z W  ( alt er n at e a n gl e s)

     T w o a n gl e s of b ot h tri a n gl e s ar e e q u al s o t h e t hir d a n gl e s 
m u st al s o b e e q u al. 

   H e n c e tri a n gl e s X Y T  a n d Z W T  ar e si mil ar.

     r ati o of t h e ar e a s of T Y X  a n d T W Z  =    (   X Y
 _ _ _  

W Z
  )   

2
 =    (   9

 _ _ _  
4. 5

  )   
2
 =  4

   r ati o of ar e a s =   4 : 1

3  a  c  ∝     1  _ _  
h
    s o c  =     k  _ _  

h
   

   3  =     k  _ _  
1 2

   ,  s o k  =  3 6

   c  =     3 6
 _ _  

h
   

 b  c  =     3 6
 _ _  

h
   

  =     3 6
 _ _  

1 5
   

  =  2. 4

4  a  3 5 0  ×  1. 1 5 =  € 4 0 2. 5 0

 b  8 0  ÷  1. 1 1 =  £ 7 2. 0 7 (t o n e ar e st p e n n y)

 c    T h e € 8 0 s h e h a d l eft c o st h er 8 0 ÷  1. 1 5 =  £ 6 9. 5 7 b ef or e 
h er h oli d a y.

     If s h e h a d n’t c h a n g e d t hi s a m o u nt, s h e w o ul d h a v e s a v e d 
7 2. 0 7 −  6 9. 5 7 =  £ 2. 5 0

G r a p h s of di r e ct a n d i n v e r s e p r o p o rti o n a n d r at e s 
of  c h a n g e

1  str ai g ht li n e t hr o u g h t h e ori gi n: B

2  c ur v e t h at g et s cl o s e t o b ut d o e s n ot cr o s s eit h er a xi s: B

3  a  

0

5

1 2 3 4 5 6 7

1 0

1 5

2 0

2 5

3 0

M
as

s l
os

s 
(
g)

Ti m e ( s)

 b  i i niti al r at e of c h a n g e =  gr a di e nt o v er ir st 2 mi n ut e s

  =     1 9. 6
 _ _ _ _  

2
   

   =   9. 8 g/ mi n ut e

   ii i niti al r at e of c h a n g e =     9. 8
 _ _ _  

6 0
    =  0. 1 6 g/ s e c o n d (t o 2 d. p.)

G r o wt h a n d d e c a y

1  a  m ulti pli er  =  1 +     % i n cr e a s e
 _ _ _ _ _ _ _ _ _ 

1 0 0
    =  1 +     6

 _ _ _  
1 0 0

    =  1. 0 6

     p o p ul ati o n  aft er n  y e ar s =  A
0
 ×  ( m ulti pli er)n , 

   w h er e  A
0
 =  i niti al p o p ul ati o n a n d n  =   n u m b er of y e ar s

   p o p ul ati o n aft er 3 y e ar s =   1 5 0 0 0 0 ×  1. 0 63  =   1 7 8 6 5 2

 b  Tr y  n  =  5 y e ar s: p o p ul ati o n =   1 5 0 0 0 0 ×  1. 0 65  =   2 0 0 7 3 3

   Tr y  n  =  4 y e ar s: p o p ul ati o n =   1 5 0 0 0 0 ×  1. 0 64  =   1 8 9 3 7 2

     Aft er 5 y e ar s , t h e p o p ul ati o n will h a v e ri s e n t o o v er 2 0 0 0 0 0.

2  m ulti pli er  =  1 −     % d e cr e a s e
 _ _ _ _ _ _ _ _ _ 

1 0 0
    =  1 −     1 2

 _ _ _  
1 0 0

    =  0. 8 8

 v al u e of c ar aft er 4 y e ar s =   2 1 0 0 0 ×  0. 8 84  =  £ 1 2  5 9 4
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4  H e h a s w or k e d o ut t h e ar e a i n m 2  b y di vi di n g t h e ar e a i n c m2  
b y 1 0 0, w hi c h i s i n c orr e ct.

 T h er e ar e 1 0 0 ×  1 0 0 =   1 0 0 0 0  c m 2  i n 1 m 2 , s o t h e ar e a s h o ul d 
h a v e b e e n di vi d e d b y 1 0  0 0 0.

 C orr e ct a n s w er:

 ar e a i n m 2  =     9 0 1 8
 _ _ _ _ _ _ 

1 0 0 0 0
   

   =  0. 9 0 1 8

   =   0. 9 0 m 2  (t o 2 d. p.)

5  di st a n c e i n ir st t w o h o ur s =  ti m e ×  s p e e d 

   =  2 ×  6 0 

   =   1 2 0 k m

 di st a n c e i n n e xt t hr e e h o ur s =  ti m e ×  s p e e d 

  =  3 ×  8 0 

  =   2 4 0 k m

 t ot al di st a n c e =  1 2 0 +  2 4 0 

  =   3 6 0 k m

 a v er a g e s p e e d =     di st a n c e
 _ _ _ _ _ _ _ 

ti m e
   

  =     3 6 0
 _ _ _  

5
   

  =   7 2 k m/ h

G e o m etr y a n d m e a s ur e s

2 D s h a p e s

1  a  tr u e c  tr u e e  tr u e

 b  f al s e d  tr u e f   f al s e (t hi s w o ul d b e 
tr u e o nl y f or a r e g ul ar 
p e nt a g o n)

2  a  r h o m b u s     c   e q uil at er al  tri a n gl e

 b  p ar all el o gr a m    d  kit e

C o n st r u cti o n s a n d l o ci

1  T h e l o c u s of t h e p oi nt i s t h e  
li n e t h at bi s e ct s a n d i s p er p e n di c ul ar  
t o A B .

 

2  T h e li n e A B i s 6 c m l o n g, wit h s e mi cir cl e s of r a di u s 1. 5  c m at 
eit h er e n d, j oi n e d b y t w o li n e s p ar all el t o a n d 1. 5  c m fr o m t h e 
li n e.

 

A
6 c m

B

3  a  bi s e ct or of a n gl e Y X Z

 b    p at h of l y: ar c wit h c e ntr e X  of r a di u s 6 c m b et w e e n t h e 
t w o w all s

  

Y

X Z

p at h of y

p at h s cr o s s h er e

p at h of s pi d er

A B

N ot dr a w n t o s c al e

G r a di e nt of a c u r v e a n d r at e of c h a n g e

1  a    a c c el er ati o n =  gr a di e nt of str ai g ht li n e =     1 0 −  0
 _ _ _ _ _ _ 

1 5 −  0
    =     2  _ _  

3
    m/ s 2

 b    I n st a nt a n e o u s  a c c el er ati o n =  gr a di e nt of t h e t a n g e nt t o 
t h e c ur v e at 4 5 s.

  

0

1 0

5

1 5

2 5

3 5

2 0

3 0

4 0

1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0

Ti m e ( s )

V
el

o
ci
ty

 (
m/

s)

1 0. 5

4 0

T a n g e nt t o c ur v e

dr a w n at ti m e = 4 5

   Gr a di e nt  =    1 0. 5
 _ _ _ _  

4 0
    =  0. 2 6 2 5 

   I n st a nt a n e o u s a c c el er ati o n at 4 5 s =   0. 2 6 m/ s 2  (t o 2 d. p.)

 c    a v er a g e a c c el er ati o n o v er t h e ir st 7 0  s =  gr a di e nt of t h e 
li n e fr o m ( 0,  0) t o ( 7 0,  2 6)

   gr a di e nt  =     2 6 −  0
 _ _ _ _ _ _ 

7 0 −  0
    = 0. 3 7 1 4 …

   a c c el er ati o n  =   0. 3 7 m/ s 2  (t o 2 d. p.)

 d   

   gr a di e nt s of t h e t w o li n e s ar e p ar all el w h e n ti m e =   3 4 s

C o n v e rti n g u nit s of a r e a s a n d v ol u m e s, a n d 
c o m p o u n d u nit s

1  pr e s s ur e  =     f or c e
 _ _ _ _  ar e a     =     2 0 0

 _ _ _  
0. 4

    =   5 0 0 N/ m 2

2  1  m 2  =  1 0 0 ×   1 0 0 c m 2  =   1 0 0 0 0  c m 2

 1  c m 2  =     1
 _ _ _ _ _  

1 0 0 0 0
    m 2

 2 0 0  c m 2  =     2 0 0
 _ _ _ _ _ _ 

( 1 0 0 0 0)
    m 2  =   0. 0 2 m 2

 pr e s s ur e  =    f or c e
 _ _ _ _  ar e a     =     5 0 0

 _ _ _ _  
0. 0 2

    =   2 5 0 0 0  N/ m 2

3  d e n sit y  =     m a s s
 _ _ _ _ _ _ 

v ol u m e
   

   m a s s  =  v ol u m e ×  d e n sit y 

   =  1 2 ×  8. 9 2 

   =   1 0 7. 0 4 g

 m a s s of wir e =  1 0 7 g (t o n e ar e st g)

0

1 0

5

1 5

2 5

3 5

2 0

3 0

4 0

1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0

Ti m e ( s )

V
el

o
ci
ty

 (
m/

s)

1 0. 5

4 0

Li n e i s p ar all el t o
li n e u s e d t o w or k
o ut t h e a v er a g e
a c c el er ati o n

Li n e u s e d t o w or k o ut
t h e a v er a g e a c c el er ati o n
b et w e e n ti m e = 0
a n d ti m e = 7 0
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Tr a n sf o r m ati o n s

1  tr a n sl ati o n of   (   − 7         
− 5

  )   

2  y

x
− 6 − 5 − 4 − 3 − 2 − 1

0
1 2 3 4 5 6

− 6

− 5

− 4

− 3

− 2

− 1

1

2

3

4

5

6

3  a  tr a n sl ati o n of   (   − 7         
    0

  )   

 b  r e l e cti o n i n t h e li n e y  =  3

 c    r ot ati o n of 9 0 ° cl o c k wi s e a b o ut ( 0, 1)

I n v a ri a n c e a n d c o m bi n e d t r a n sf o r m ati o n s

1  a  1  

 b   i i n v ari a nt p oi nt ( 3, 3)

    

y

x
− 6 − 5 − 4 − 3 − 2 − 1 0 1 2 3 4 5 6

− 6

− 5

− 4

− 3

− 2
− 1

1

2

3

4

5

6

B
A

  ii r ot ati o n 9 0 ° a nti cl o c k wi s e a b o ut t h e p oi nt ( 3, 3)

2  a    T h e s h a d e d tri a n gl e i s t h e i m a g e aft er t h e t w o 
tr a n sf or m ati o n s.

  

y

x− 6 − 5− 7 − 4

x = 4

− 3 − 2 − 1 0 1 2 3 4 5 6 7

− 3

− 2

− 1

1

2

3

4

5

6

7

P P ´Q

R

 b  i n v ari a nt p oi nt i s R  ( 4, 4)

3 D s h a p e s

1  a  G  c  A, H  e  C

 b  B  d  B  f A, H

P a rt s of a ci r cl e

1  a  r a di u s    c  c h or d

 b  di a m et er      d  ar c

2  a  mi n or s e ct or      c  m aj or s e ct or

 b  m aj or s e g m e nt    d  mi n or s e g m e nt

I n v ari a nt 
p oi nt

I m a g e aft er 
r ot ati o n of i m a g e 
aft er r e l e cti o n

I m a g e aft er 
r e l e cti o n

P r o p e rti e s of a n gl e s

1  a    a n gl e A C B  =  a n gl e B A C  =  3 0 ° ( b a s e a n gl e s of i s o s c el e s 
tri a n gl e A B C , si n c e A B  a n d B C  ar e e q u al si d e s of a 
r h o m b u s)

 b    a n gl e A O B  =  9 0 ° ( di a g o n al s of a r h o m b u s i nt er s e ct at 
ri g ht  a n gl e s)

 c    a n gl e A B O  =  1 8 0 −  ( 9 0 +  3 0) =  6 0 ° ( a n gl e s u m of a 
tri a n gl e)

     a n gl e B D C  =  a n gl e A B O  =  6 0 ° ( alt er n at e a n gl e s b et w e e n 
p ar all el li n e s A B  a n d D C )

2  a n gl e  B A C  =     
( 1 8 0 −  3 6)

 _ _ _ _ _ _ _ _  
2
    =  7 2 ° ( a n gl e s u m of a tri a n gl e a n d b a s e 

 a n gl e s of a n i s o s c el e s tri a n gl e)

 a n gl e  B D C  =  1 8 0 −  9 0 =  9 0 ° ( a n gl e s u m o n a str ai g ht li n e)

 a n gl e  A B D  =  1 8 0 −  ( 9 0 + 7 2) =  1 8 ° ( a n gl e s u m of a tri a n gl e)

3  a  2 x  +  4x  =  1 8 0 ° ( a n gl e s u m o n a str ai g ht li n e)

  6 x  =  1 8 0 °

  x  =  3 0 °

 b    If  li n e s A B  a n d C D  ar e p ar all el, t h e a n gl e s 4x  a n d 3x  +  3 0 
w o ul d b e c orr e s p o n di n g a n gl e s, a n d s o e q u al.

   4 x  =  4 ×  3 0 = 1 2 0 °

   3 x  +  3 0 =  3 ×  3 0 +  3 0 =  1 2 0 °

 T h e s e t w o a n gl e s ar e e q u al s o li n e s A B  a n d C D  ar e p ar all el.

4  F or t h e r e g ul ar p e nt a g o n:

 e x t eri or a n gl e =     3 6 0 °
 _ _ _ _ _ _ _ _ _ _ _ _  

n u m b er of si d e s
    =     3 6 0

 _ _ _  
5
    =  7 2 °

 e xt eri or a n gl e of a s q u ar e =  i nt eri or a n gl e of a s q u ar e =  9 0 °

 a n gl e  x  =  9 0 +  7 2 =  1 6 2 °

C o n g r u e nt t ri a n gl e s

1  B D  c o m m o n t o tri a n gl e s A B D  a n d C D B

 a n gl e  A D B  =  a n gl e C B D  ( alt er n at e a n gl e s)

 a n gl e  A B D  =  a n gl e C D B  ( alt er n at e a n gl e s)

 T h er ef or e tri a n gl e s A B D  a n d C D B  ar e c o n gr u e nt ( A S A).

 H e n c e a n gl e B A D  =  a n gl e B C D

2  Dr a w t h e tri a n gl e a n d t h e p er p e n di c ul ar fr o m A  t o B C .

 A X  =  A X  ( c o m m o n)

 A B  =  A C  (tri a n gl e A B C  i s i s o s c el e s)

 a n gl e  A X B  =  A X C  =  9 0 ° ( gi v e n)

 T h er ef or e tri a n gl e s A B X a n d A C X   
ar e c o n gr u e nt ( R H S).

 H e n c e  B X  =  X C , s o X  bi s e ct s B C .

3  O Q C  =  9 0 ° ( c orr e s p o n di n g a n gl e s), s o P B  =  O Q  
( p er p e n di c ul ar di st a n c e b et w e e n 2 p ar all el li n e s). 

 A P  =  P B  ( gi v e n), s o A P  =  O Q

 P O  =  Q C  (Q  i s t h e mi d p oi nt of B C )

 a n gl e  A B C =  a n gl e A P O  =  a n gl e O Q C  =  9 0 ° (O Q  i s p ar all el 
t o A B  a n d O P  p ar all el t o B C )

 T h er ef or e tri a n gl e s A O P  a n d O C Q  ar e c o n gr u e nt ( S A S).

B CX

A
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Ci r cl e t h e o r e m s

1  a n gl e  O T B  =  9 0 ° ( a n gl e b et w e e n t a n g e nt a n d r a di u s)

 a n gl e  B O T  =  1 8 0 −  ( 9 0 +  2 8) =  6 2 ° ( a n gl e s u m i n a tri a n gl e)

 a n gl e  A O T  =  1 8 0 −  6 2 =  1 1 8 ° ( a n gl e s u m o n a str ai g ht li n e)

 A O  =  O T  (r a dii), s o tri a n gl e A O T  i s i s o s c el e s

 a n gl e  O A T  =     
( 1 8 0 – 1 1 8)

 _ _ _ _ _ _ _ _ _  
2
    =  3 1 ° ( a n gl e s u m i n a tri a n gl e)

2  a    a n gl e A C B  =  3 0 ° ( a n gl e at c e ntr e t wi c e a n gl e at 
cir c u mf er e n c e)

 b    a n gl e B A C  =  a n gl e C B X  =  7 0 ° ( alt er n at e s e g m e nt 
t h e or e m)

 c  O A  =  O B  (r a dii), s o tri a n gl e A O B  i s i s o s c el e s

   a n gl e  A O B  =  6 0 °, s o tri a n gl e A O B i s e q uil at er al

   a n gl e  O A B  =  6 0 ° ( a n gl e of e q uil at er al tri a n gl e)

   a n gl e  C A O  =  7 0 −  6 0 =  1 0 °

P r oj e cti o n s

1

2  a     

 b  

3  

4 c m
4 c m

4 c m

2 c m

B e a ri n g s

1  

 b e ari n g t o r et ur n t o st arti n g p oi nt =  1 8 0 +  5 0 =  2 3 0 °

L R

N

N

5 0 °

St arti n g
p oi nt

T hi s i s a n
alt er n at e a n gl e

1 8 0º

5 0 °

2  

p ort

li g ht h o u s e

N

N

1 0 0º

0 4 0º

T hi s i s t h e p o siti o n
of t h e wi n d t ur bi n e.

N o w dr a w a li n e
at 0 4 0º

U s e a pr otr a ct or t o
dr a w a li n e at t hi s a n gl e .

X

P y t h a g o r a s’ t h e o r e m

1  A C 2  =  A B 2  +  B C 2  =  2 42  +  1 62  =  8 3 2

 A D 2  =  A C 2  −  C D 2  =  8 3 2 −  92  =  7 5 1

 A D  =  2 7 m (t o n e ar e st m)

 p eri m et er  =  2 4 +  1 6 +  9 +  2 7 =  7 6 m (t o n e ar e st m)

2  I n tri a n gl e A B C, A C 2  =  A B 2  +  B C 2  =  1 62  +  72  =  3 0 5

 I n tri a n gl e A C G , A G 2  =  A C 2  +  C G 2  =  3 0 5 +  52  =  3 3 0

 A G  =  1 8. 2 c m (t o 1 d. p.)

 e x tr a di st a n c e =  1 6 +  7 +  5 −  1 8. 2 =  9. 8 c m (t o 1 d. p.)

3  a  a n gl e  A D C  =  9 0 ° ( a n gl e i n a s e mi cir cl e)

   U si n g P yt h a g or a s’ t h e or e m:

   1 0. 8 2  =  5. 82  +  A D  2

  A D  =   9. 1 1 c m =  (t o 2 d. p.)*

 b  ar e a of tri a n gl e A C D  = 1/ 2 ×  5. 8 ×  9. 1 1 =   2 6. 4 1 9 c m 2

   a n gl e A B C =  9 0 ° ( a n gl e i n a s e mi cir cl e)

       A B
 _ _ _ _  

1 0. 8
    =   c o s 6 5 ° 

  A B  =   4. 5 6 4 c m

       B C
 _ _ _ _  

1 0. 8
    =   si n 6 5 °

  B C  =   9. 7 8 8 c m

   ar e a of tri a n gl e A B C =    1  _ _  
2
    ×  4. 5 6 4 ×  9. 7 8 8 =   2 2. 3 3 6 c m 2

     ar e a of q u a dril at er al A B C D   =  2 6. 4 1 9 +  2 2. 3 3 6  
=   4 8. 7 6 c m 2  (t o 2 d. p.)

A r e a of 2 D s h a p e s

1  a   i U si n g P yt h a g or a s’ t h e or e m:

  7 2  +  A E 2  =  92

  4 9  +  A E 2  =  8 1

  A E 2  =  3 2

  A E  =   √  
_ _ _

 3 2     =  5. 6 5 6 9 =  5. 6 6 c m (t o 2 d. p.)

  ii ar e a of tri a n gl e A D E  =    1  _ _  
2
    ×  b a s e ×  h ei g ht 

  =     1  _ _  
2
    ×  5. 6 5 6 9 ×  7 =   1 9. 8 0  c m 2   

(t o 2 d. p.)

 b  U si n g P yt h a g or a s’ t h e or e m:

  7 2  +  B F 2  =  82

   4 9  +  B F 2  =  6 4

  B F 2  =  1 5

  B F  =    √  
_ _ _

 1 5     =  3. 8 7 c m (t o 2 d. p.)

   ar e a of tri a n gl e B C F  =    1  _ _  
2
    ×  b a s e ×  h ei g ht  =     1  _ _  

2
    ×  3. 8 7 ×  7  

=   1 3. 5 6 c m 2

N ot dr a w n 

a c c ur at el y

* T hi s a n s w er diff er s fr o m t h at i n t h e E x a m Pr a cti c e B o o k d u e t o a n err or i n o ur ir st e diti o n. It h a s n o w b e e n r e- c h e c k e d a n d c orr e ct e d.
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Tri g o n o m et ri c r ati o s

1  a  c o s  4 8 ° =     x  _ _  
9
   

   x  =   9 c o s  4 8 ° =  6. 0 c m (t o 1 d. p.)

 b  t a n y  =     9  _ _  
1 2

   

   y  =  t a n− 1   (   9  _ _  
1 2

  )    =  3 6. 9 ° (t o 1 d. p.)

2  

 L et a n gl e A B C  =  x  

 c o s  x  =     1. 5
 _ _ _  

2. 1
   

 x  =  c o s− 1   (   1. 5
 _ _ _  

2. 1
  )    =  4 4. 4 ° (t o 2 d. p.)

 a n gl e  A B C  =  4 4. 4 ° (t o 1 d. p.)

3    si n  7 0 ° =     h  _ _  
1 0

   

  h  =   1 0 si n  7 0 ° =  9. 4 0 c m (t o 2 d. p.)*

4  I n tri a n gl e A B C :

  A C 2  =  A B 2  +  B C 2  

  =  5. 52  +  32  

  =  3 9. 2 5

  A C  =    √  
_ _ _ _ _ _

 3 9. 2 5     =   6. 2 6 5 c m 

 I n tri a n gl e A C G , y o u k n o w t h e l e n gt h s A C  a n d C G , a n d y o u 
w a nt t o i n d t h e a n gl e C A G , s o u s e t a n (C G  i s ' o p p o sit e' a n d 
A C  i s ' a dj a c e nt').

 

2. 5 c m

6. 2 6 5 c m

G

C
A

 t a n ( a n gl e C A G ) =     C G
 _ _ _  

A C
    =     2. 5

 _ _ _ _ _  
6. 2 6 5

    =  0. 3 9 9 0

 a n gl e  C A G  =  t a n− 1 ( 0. 3 9 9 0) =  2 1. 8 ° (t o 1 d. p.)

E x a ct v al u e s of si n, c o s a n d t a n

1  

1

1
4 5º

2

1
6 0º

√ 2
—

√ 3
—

 t a n 4 5 ° =     1  _ _  
1
    =   1 c o s  6 0 ° =     1  _ _  

2
   

 H e n c e,  t a n  4 5 ° +   c o s 6 0 ° =  1 +     1  _ _  
2
    =     3  _ _  

2
   

2  a   i si n  4 5 ° =     1  _ _ _  
 √  

_ _
 2   
   

  ii c o s  4 5 ° =     1  _ _ _  
 √  

_ _
 2   
   

 b      si n 4 5 °
 _ _ _ _ _ _ 

c o s 4 5 °
    =     

  1  _ _ _  
 √  

_ _
 2   
  
 _ _  

  1  _ _ _  
 √  

_ _
 2   
  
    =  1

   t a n 4 5 ° =  1

   H e n c e    si n 4 5 °
 _ _ _ _ _ _ 

c o s 4 5 °
    =   t a n 4 5 °

3  a  U si n g P yt h a g or a s’ t h e or e m:

   A C 2  =  12  +  22

   A C  =    √  
_ _

 5    

 b   i si n  x  =     1  _ _ _  
 √  

_ _
 5   
   

  ii c o s  x  =     2  _ _ _  
 √  

_ _
 5   
   

x

1. 5 m 2. 1 m

A

B

C

     ar e a of tr a p e zi u m C D E F  =   ar e a of r e ct a n gl e −  ar e a of A D E  
−  ar e a of B C F

  =  8 4 −  1 9. 8 1 −  1 3. 5 6 

  =   5 0. 6 5 c m 2 (t o 2 d. p.)

2  a  p eri m et er of tri a n gl e =  x  +  1 +  2x  +  1 +  x  +  2 =  4x  +  4

   p eri m et er of r e ct a n gl e =  x  +  1 +  3 +  x  +  1 +  3 =  2x  +  8

   p eri m et er s ar e t h e s a m e:

  4 x  +  4 =  2x  +  8

  2 x  =  4

  x  =   2 c m

   ar e a of D E F G  =  3 ×  (x  +  1) =   9 c m 2

 b  ar e a of tri a n gl e =    1  _ _  
2
    ×  4 ×  3 =   6 c m 2

3  3 cir cl e s i n st e n cil

 a  ar e a  =  3 ×  π r 2  =  3 ×  π  ×  32  =  2 7π  c m 2

 b  p eri m et er  =  3 ×  cir c u mf er e n c e +  2 ×  r a di u s

  =  3 ×  2π r  +  2r

  =  3 ×  2 ×  π  ×  3 +  2 ×  3

  =  1 8π  +   6 c m

V ol u m e a n d s u rf a c e a r e a of 3 D s h a p e s

1  a  ar e a of tr a p e zi u m =     1  _ _  
2
     (a  +  b )h

  =     1  _ _  
2
     ( 3. 5 +  1. 8) ×  1. 5

  =   3. 9 7 5 m 2  

 b  v ol u m e of pri s m =  ar e a of cr o s s− s e cti o n ×  l e n gt h 

  =  3. 9 7 5 ×  1. 6 

  =   6. 3 6 m 3  

2  v ol u m e of s p h er e =     4  _ _  
3
    π r 3

 v ol u m e of h e mi s p h er e =     2  _ _  
3
    π r 3

  =     2  _ _  
3
    π  ×  43

  =   1 3 4. 0 4 c m 3

 v ol u m e of dri n k i n b ottl e =   7 5 0 ml =   7 5 0 c m 3

 n u m b er of gl a s s e s =     7 5 0
 _ _ _ _ _ _ 

1 3 4. 0 4
    =  5. 6

 A b ottl e will ill 5 gl a s s e s.

3  a  U si n g P yt h a g or a s’ t h e or e m: 

  l 2  =  h 2  +  r 2  

  =  5. 62  +  4. 82  

  =  5 4. 4

  l =  7. 3 7 5 6 … =  7. 4 c m (t o 1 d. p.)

 b  s urf a c e ar e a of c o n e =  π rl  +  π r 2  

  =  π  ×  4. 8 ×  7. 3 7 5 6 +  π  ×  4. 82  

  =   1 8 3. 6 0 c m 2

   s urf a c e ar e a of s p h er e =  4π r 2  =  1 8 3. 6 0

   r  =   √  
_ _ _ _ _ _

   1 8 3. 6 0  _ _ _ _ _ _  
4 π

       =  3. 8 c m (t o 1 d. p.)

4  v ol u m e of w at er i n c o n e =     1  _ _  
3
    π r  2 h

  =     1  _ _  
3
    π  ×  22  ×  1 2

  =   5 0. 2 7 c m 3

 v ol u m e of w at er i n c yli n d er =  π r 2 h  =   5 0. 2 7 c m 3

 π  ×  52  ×  h  =  5 0. 2 7

  h =   0. 6 4 c m

 d e pt h of w at er i n t h e c yli n d er =   0. 6 4 c m

* T hi s a n s w er diff er s fr o m t h at i n t h e E x a m Pr a cti c e B o o k d u e t o a n err or i n o ur ir st e diti o n. It h a s n o w b e e n r e- c h e c k e d a n d c orr e ct e d.
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   a dj a c e nt  =  4

   c o s  θ  =     
a dj a c e nt

 _ _ _ _ _ _ _ _ _ 
h y p ot e n u s e

    =     4  _ _  
5
   

 c  U si n g t h e c o si n e r ul e:

  A C 2  =  2 52  +  3 02  −  2 ×  2 5 ×  3 0 ×     4  _ _  
5
   

  =  3 2 5

  A C  =  1 8. 0 c m (t o 3 s.f.)

2  a  U si n g t h e si n e r ul e:

       x
 _ _ _ _ _ _ 

si n 8 4 °
    =     1 2

 _ _ _ _ _ _ 
si n 4 0 °

   

  x  =     1 2 si n 8 4 °
 _ _ _ _ _ _ _ _ 

si n 4 0 °
   

   =  1 8. 5 6 6 4

   =  1 8. 6 c m (t o 3 s.f.)

 b  a n gl e  B A C  =  1 8 0 −  ( 8 4 +  4 0) =  5 6 °

   ar e a  =     1  _ _  
2
    ×  1 8. 5 6 6 4 ×  1 2 ×   si n 5 6 °  

=   9 2. 4 c m 2  (t o 3 s.f.)

     If y o u u s e y o ur a n s w er fr o m p art a (t o 3 s.f) y o u g et 9 2. 5, 
b ut t a ki n g x  t o 4 d. p. gi v e s t h e a n s w er of 9 2. 4.

3  

 U si n g t h e si n e r ul e:

     3  √  
_ _

 2    −  1
 _ _ _ _ _ _ _ 

si n 3 0 °
    =     4

 _ _ _ _ _ _ _ 
si n A C B

   

 si n  A C B =     4 si n 3 0 °
 _ _ _ _ _ _ _ 

3  √  
_ _

 2    −  1
   

  =     2
 _ _ _ _ _ _ _ 

3  √  
_ _

 2    −  1
   

  =     
2( 3  √  

_ _
 2    +  1)
  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

( 3 √  
_ _

 2    −  1)( 3 √  
_ _

 2    +  1)
   

  =     6  √  
_ _

 2    +  2
 _ _ _ _ _ _ _ 

1 8 −  1
   

  =     2 +  6 √  
_ _

 2   
 _ _ _ _ _ _ _  

1 7
   

V e ct o r s

1  a      1  _ _  
2
     (p  +  q ) =    1  _ _  

2
      (   (    − 2         

− 3
   )   +   (    − 6         

− 1
   )   )    =     1  _ _  

2
      (   4      

2
  )    =    (   2      

1
  )   

 b    2 p  −  3q  =   2  (   − 2         
− 3

  )     −  3  (   − 6         
− 1

  )    =    (   2 ×  − 2 −  3 ×  6                               
2 ×  3 −  3 ×  − 1

  )    

  =    (   − 2 2           
 9

  )   

2  a      
⟶

 A B    =     
⟶

 A O    +     
⟶

 O B    =  − a  +  b  =  b  −  a  

 b      
⟶

 A P    =     3  _ _  
5
       
⟶

 A B    =     3  _ _  
5
   (b −  a )

 c      
⟶

 O Q    =     2  _ _  
5
       
⟶

 O A    =     2  _ _  
5
    a

       
⟶

 Q P    =     
⟶

 Q A    +     
⟶

 A P   

  =     3  _ _  
5
    a  +     3  _ _  

5
     (b  −  a )

  =     3  _ _  
5
    a  +     3  _ _  

5
    b  −     3  _ _  

5
    a

  =     3  _ _  
5
    b

     A s    
⟶

 Q P    =     3  _ _  
5
    b   a n d    

⟶
 O B    =  b  t h e y b ot h h a v e t h e s a m e v e ct or 

p art a n d s o ar e p ar all el.

3  a      
⟶

 B C    =     
⟶

 B A    +    
⟶

 A C   

   =  − 3 b  +  a

   =  a  – 3b

 b      
⟶

 P B    =    1  _ _  
3
       
⟶

 A B    =  b

       
⟶

 P M    =     
⟶

 P B    +     
⟶

 B M   

  =     
⟶

 P B    +    1  _ _  
2
       
⟶

 B C   

  =  b  +     1  _ _  
2
     (a  −  3b )

4 c m

3 0 º

B

( 3 √ 2 –  1) c m

A C

 c  ( si n  x )2  =    1  _ _ _  
 √  

_ _
 5   
    ×     1  _ _ _  

 √  
_ _

 5   
    =     1  _ _  

5
   

   ( c o s  x )2  =    2  _ _ _  
 √  

_ _
 5   
    ×     2  _ _ _  

 √  
_ _

 5   
    =     4  _ _  

5
   

  ( si n  x )2  +  ( c o s x )2  =     1  _ _  
5
    +     4  _ _  

5
   

  =  1

4  t a n 3 0 ° +   t a n 6 0 ° +   c o s 3 0 ° =     1  _ _ _  
 √  

_ _
 3   
    +    √  

_ _
 3     +      

√  
_ _

 3   
 _ _ _  

2
   

  =      √  
_ _

 3   
 _ _ _ _ _  

 √  
_ _

 3     √  
_ _

 3   
    +    √  

_ _
 3     +      

√  
_ _

 3   
 _ _ _  

2
   

  =      
√  

_ _
 3   
 _ _ _  

3
    +    √  

_ _
 3     +      

√  
_ _

 3   
 _ _ _  

2
   

  =    2  √  
_ _

 3    +  6 √  
_ _

 3    +  3 √  
_ _

 3   
  _ _ _ _ _ _ _ _ _ _ _ _ _ 

6
   

  =    1 1  √  
_ _

 3   
 _ _ _ _  

6
   

S e ct o r s of ci r cl e s

1  l =     θ
 _ _ _  

3 6 0
    ×  2π r

 3  =     θ
 _ _ _  

3 6 0
    ×  2π  ×  5

 θ  =  3 4 ° (t o n e ar e st d e gr e e)

2  ar e a of s e ct or =    θ
 _ _ _  

3 6 0
    ×  π r 2  

  =     2 9 0
 _ _ _  

3 6 0
    ×  π  ×  1 22  

  =   3 6 4. 4 c m 2

3  a  ar e a of s e ct or =     θ
 _ _ _  

3 6 0
    ×  π r 2

   ar e a of s e ct or A =    7 4
 _ _ _  

3 6 0
    ×  π  ×  32

   ar e a of s e ct or B =    3 6 0 −  1 2 2
 _ _ _ _ _ _ _ _ 

3 6 0
    π r 2  =     2 3 8

 _ _ _  
3 6 0

    π r 2

       2 3 8
 _ _ _  

3 6 0
    π r 2 =    7 4

 _ _ _  
3 6 0

    ×  π  ×  32

  r 2  =     7 4
 _ _ _  

2 3 8
    ×  32  =  2. 7 9 8

  r  =  1. 6 7 c m (t o 3 s.f.)

 b  p eri m et er of s e ct or =     θ
 _ _ _  

3 6 0
    ×  2π r  +  2r

   p eri m et er of s e ct or A  =     7 4
 _ _ _  

3 6 0
    ×  2 ×  π  ×  3 +  2 ×  3  

=   9. 8 7 5 c m 2

     p eri m et er of s e ct or B =     2 3 8
 _ _ _  

3 6 0
    ×  2 ×  π  ×  1. 6 7 +  2 ×  1. 6 7 

  =   1 0. 2 7 7 c m 2

   p eri m et er  A  : p eri m et er  B =   9. 8 7 5 : 1 0. 2 7 7 =   1 : 1. 0 4

4  a  L e n gt h of ar c =     θ
 _ _ _  

3 6 0
    ×  2π r

   5. 4  =     θ
 _ _ _  

3 6 0
    ×  2 × π  ×  6

  θ  =  5 1. 5 6 6 2 °

   ar e a of s e ct or A O B  =     θ
 _ _ _  

3 6 0
    ×  π r 2

  =     5 1. 5 6 6 2
 _ _ _ _ _ _  

3 6 0
    ×  π  ×  62

  =   1 6. 2 c m 2  (t o 1 d. p.)

 b  ar e a of tri a n gl e =     1  _ _  
2
    ×  6 ×  6 ×   si n 5 1. 5 6 6 2° =  1 4. 0 9 9 8 8 c m2

   ar e a of s e g m e nt =  ar e a of s e ct or −  ar e a of tri a n gl e

  =  1 6. 2 −  1 4. 1 

  =   2. 1 c m 2  (t o 1 d. p.)

Si n e a n d c o si n e r ul e s

1  a  ar e a  =     1  _ _  
2
    ×  2 5 ×  3 0 ×     3  _ _  

5
   

  =   2 2 5 c m 2

 b    B e c a u s e of t h e v al u e of si n θ , t hi s m u st b e a ri g ht- a n gl e d 
tri a n gl e wit h si d e s i n t h e r ati o 3 : 4 : 5. Dr a w t h e si m pl e st 
f or m of t hi s tri a n gl e. 

  

3

5

4

θ
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P r o b a bilit y e x p e ri m e nt s

1  a    H e i s wr o n g b e c a u s e 1 0 0 s pi n s i s a v er y s m all n u m b er of 
tri al s. T o a p pr o a c h t h e t h e or eti c al pr o b a bilit y y o u w o ul d 
h a v e t o s pi n m a n y m or e ti m e s. O nl y w h e n t h e n u m b er 
of s pi n s i s e xtr e m el y l ar g e will t h e fr e q u e n ci e s st art t o 
b e c o m e si mil ar.

 b  r el ati v e fr e q u e n c y =     
fr e q u e n c y of e v e nt

  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
t ot al fr e q u e n c y

     =     2 2
 _ _ _  

1 0 0
    =     1 1

 _ _  
5 0

   

 c  S pi n ni n g 1 0 0 ti m e s gi v e s a fr e q u e n c y of 1 9.

     S pi n ni n g 5 0 0 ti m e s gi v e s a n e sti m at e f or t h e fr e q u e n c y =  
5 ×  1 9 =  9 5.

2  a  3 x  +  0. 0 5 +  2x  +  0. 2 5 +  0. 2 0 +  0. 1 =  5x  +  0. 6

   T h e r el ati v e fr e q u e n ci e s h a v e t o a d d u p t o 1.

   S o 5 x  +  0. 6 =  1

  5 x  =  0. 4

  x  =  0. 0 8

 b  r el ati v e fr e q u e n c y f or a s c or e of 1 =  3 ×  0. 0 8 =  0. 2 4

 c  n u m b er of ti m e s =  0. 2 0 ×  8 0 =  1 6

T h e A N D a n d O R r ul e s

1  a  P( pi ct ur e c ar d) =     1 2
 _ _  

5 2
    =     3  _ _  

1 3
   

   P( 2 pi ct ur e c ar d s) =     3  _ _  
1 3

    ×     3  _ _  
1 3

    =     9
 _ _ _  

1 6 9
   

 b  P( a c e)  =     4  _ _  
5 2

    =     1  _ _  
1 3

   

   P( a c e a n d pi ct ur e c ar d) =     1  _ _  
1 3

    ×     3  _ _  
1 3

    =     3
 _ _ _  

1 6 9
   

 c  P( q u e e n of h e art s a n d q u e e n of di a m o n d s)  =     1  _ _  
5 2

    ×     1  _ _  
5 2

     

=     1
 _ _ _ _  

2 7 0 4
   

2  a    W h e n a n e v e nt h a s n o eff e ct o n a n ot h er e v e nt, t h e y ar e 
s ai d t o b e i n d e p e n d e nt e v e nt s. H er e t h e c ol o ur of t h e ir st 
m ar bl e h a s n o eff e ct o n t h e c ol o ur of t h e s e c o n d m ar bl e.

 b  P(r e d)  =     3  _ _  
1 0

   

   P( 2 r e d s) =     3  _ _  
1 0

    ×     3  _ _  
1 0

    =     9
 _ _ _  

1 0 0
   

 c  P(r e d t h e n bl u e) =     3  _ _  
1 0

    ×     5  _ _  
1 0

    =     1 5
 _ _ _  

1 0 0
   

   P( bl u e t h e n r e d) =     5  _ _  
1 0

    ×     3  _ _  
1 0

    =     1 5
 _ _ _  

1 0 0
   

   P(r e d a n d bl u e) =     1 5
 _ _ _  

1 0 0
    +     1 5

 _ _ _  
1 0 0

    =     3 0
 _ _ _  

1 0 0
    =     3  _ _  

1 0
   

3  a  P( h o m e w or k i n all 3 s u bj e ct s) =     3  _ _  
5
    ×     3  _ _  

7
    ×     1  _ _  

4
    =     9

 _ _ _  
1 4 0

   

 b  P( h o m e w or k n ot gi v e n i n a n y of t h e s u bj e ct s) 

  =     2  _ _  
5
    ×     4  _ _  

7
    ×       3  _ _  

4
    =     2 4

 _ _ _  
1 4 0

    =     6  _ _  
3 5

    

Tr e e di a g r a m s

1  

 a  P( 2 girl s) =     4  _ _  
1 0

    ×     3  _ _  
9
    =     2  _ _  

1 5
   

1 st pi c k 2 n d pi c k

b o y

b o y

b o y

girl

girl

girl

6
1 0

4
1 0

5
9

4
9

6
9

3
9

  =     1  _ _  
2
    a  −     1  _ _  

2
    b

  =     1  _ _  
2
     (a  −  b )

       
⟶

 M D    =     
⟶

 M C    +     
⟶

 C D   

  =     1  _ _  
2
       
⟶

 B C    +     
⟶

 C D   

  =     1  _ _  
2
     (a − 3 b ) + a

  =     3  _ _  
2
    a −    3  _ _  

2
    b

  =     3  _ _  
2
     (a − b )

     B ot h    
⟶

 P M     a n d    
⟶

 M D    h a v e t h e s a m e v e ct or p art ( a  −  b ) s o 
t h e y ar e p ar all el. Si n c e t h e y b ot h p a s s t hr o u g h M , t h e y ar e 
p art s of t h e s a m e li n e, s o P M D  i s a str ai g ht li n e.

P r o b a bilit y

T h e b a si c s of p r o b a bilit y

1  a  

 b  P( pri m e n u m b er) =     1 5
 _ _  

3 6
    =     5  _ _  

1 2
   

 c  7, a s t h er e ar e si x 7 s w hi c h i s m or e t h a n all t h e ot h er s c or e s.

2  a  t ot al n u m b er of c h o c ol at e s =  2x  +  1 +  x  +  2x  =  5x  +  1

   P( mi nt)  =     x
 _ _ _ _ _ _ 

5 x  +  1
    =     4  _ _  

2 1
   

     2 1 x  =  2 0x  +  4

    x  =  4

   t ot al n u m b er of c h o c ol at e s =  5x  +  1 =  5 ×  4 +  1 =  2 1

 b  n u m b er of tr uf l e s =  2 ×  4 +  1 =  9 

   P(tr uf l e)  =     9  _ _  
2 1

    =    3  _ _  
7
   

3  

 a  n u m b er of p o s si bl e o ut c o m e s =  3 6

   n u m b er of p air s t h e s a m e =  6

   P( s c or e s ar e e q u al) =     6  _ _  
3 6

    =     1  _ _  
6
   

 b  T h e p o s si bl e s c or e s w h er e A m y’ s s c or e i s hi g h er ar e:

   ( 2, 1) 

   ( 3, 1), ( 3, 2) 

   ( 4, 1), ( 4, 2), ( 4, 3)

   ( 5, 1), ( 5, 2), ( 5, 3), ( 5, 4)

   ( 6, 1), ( 6, 2), ( 6, 3), ( 6, 4), ( 6, 5) 

   P( A m y’ s s c or e i s hi g h er) =     1 5  _ _  
3 6

    =     5  _ _  
1 2

   

1 2 3 4 5 6

1 2 3 4 5 6 7

2 3 4 5 6 7 8

3 4 5 6 7 8 9

4 5 6 7 8 9 1 0

5 6 7 8 9 1 0 1 1

6 7 8 9 1 0 1 1 1 2

Di c e 1

Di c e 2

1 2 3 4 5 6

1 1, 1 1, 2 1, 3 1, 4 1, 5 1, 6

2 2, 1 2, 2 2, 3 2, 4 2, 5 2, 6

3 3, 1 3, 2 3, 3 3, 4 3, 5 3, 6

4 4, 1 4, 2 4, 3 4, 4 4, 5 4, 6

5 5, 1 5, 2 5, 3 5, 4 5, 5 5, 6

6 6, 1 6, 2 6, 3 6, 4 6, 5 6, 6

B et h

A m y

 All B o ar d s Hi g h er M at h e m ati c s E x a m Pr a cti c e B o o k  F ull w or k e d s ol uti o ns

4 5



St ati sti c s

S a m pli n g

1  a    Li n g’ s, a s h e h a s a l ar g er s a m pl e s o it i s m or e li k el y 
t o r e pr e s e nt t h e w h ol e p o p ul ati o n (i. e. st u d e nt s at t h e 
s c h o ol).

 b  % of b o y s i n s c h o ol =     4 0 0
 _ _ _  

9 0 0
    ×  1 0 0 =  4 4. 4 %

     n u m b er of b o y s i n s a m pl e =     4 4. 4
 _ _ _ _  

1 0 0
    ×  5 0 =  2 2. 2 =  2 2 ( a s 

n u m b er h a s t o b e a n i nt e g er)

2  T h e s a m pl e s h o ul d b e t a k e n r a n d o ml y, wit h e a c h m e m b er of 
t h e p o p ul ati o n h a vi n g a n e q u al c h a n c e of b ei n g c h o s e n.

 T h e s a m pl e si z e s h o ul d b e l ar g e e n o u g h t o r e pr e s e nt t h e 
p o p ul ati o n, si n c e t h e l ar g er t h e s a m pl e si z e, t h e m or e a c c ur at e 
t h e r e s ult s.

3  a  5 2 % m al e s a n d 4 8 % f e m al e s.

   1 2 % m al e s w h o s m o k e a n d 8 8 % m al e s w h o d o n ot s m o k e

   1 0 % f e m al e s w h o s m o k e a n d 9 0 % f e m al e s w h o d o n ot s m o k e

   n u m b er of f e m al e s i n s a m pl e =  4 8 % of 4 0 0 =  1 9 2

     n u m b er of f e m al e s w h o d o n ot s m o k e i n s a m pl e =  0. 9 ×  
1 9 2 =  1 7 2. 8 = 1 7 3

   1 7 3 q u e sti o n n air e s n e e d e d

 b  n u m b er of m al e s i n s a m pl e =  5 2 % of 4 0 0 =  2 0 8

     n u m b er of m al e s w h o s m o k e i n s a m pl e =  0. 1 2 ×  2 0 8 =  
2 4. 9 6 =  2 5

   2 5 q u e sti o n n air e s n e e d e d

T w o - w a y t a bl e s a n d pi e c h a rt s

1  a  

 b  P( st u d e nt’ s f a v o urit e i s E m m er d al e) =     2 7
 _ _ _  

1 0 0
   

 c  P( girl’ s f a v o urit e i s E a st e n d er s) =     1 2
 _ _  

3 7
   

2  t ot al fr e q u e n c y =  1 1 +  3 +  1 6 =  3 0

 a n gl e f or o n e p er s o n =     3 6 0
 _ _ _  

3 0
    =  1 2 °

 

C ol o ur Fr e q u e n c y A n gl e

Bl u e 1 1 1 1 ×  1 2 = 1 3 2 °

Gr e e n 3 3 ×  1 2 =  3 6 °

Br o w n 1 6 1 6 ×  1 2 =  1 9 2 °

 

Bl u e

Gr e e n

Br o w n

3  a    T h e m e di a n i s t h e 1 1t h st u d e nt, w or ki n g fr o m t h e s m all e st 
v al u e.

   m e di a n  =  1 1 st u d e nt s

 b  r a n g e  =  hi g h e st v al u e −  l o w e st v al u e =  2 6 −  3 =  2 3 st u d e nt s

C or o n ati o n 
Str e et

E a st E n d er s E m m er d al e T ot al

B o y s 1 2 3 1 2 0 6 3

Girl s 1 8 1 2 7 3 7

T ot al 3 0 4 3 2 7 1 0 0

 b  P( b o y a n d girl) =  P( B G) +  P( G B)

  =    (   6  _ _  
1 0

   ×    4  _ _  
9
  )    +    (   4  _ _  

1 0
   ×    6  _ _  

9
  )   

  =     8  _ _  
1 5

   

2  a  n u m b er of b o y s =  0. 5 6 ×  4 5 0 =  2 5 2

   n u m b er of girl s =  4 5 0 −  2 5 2 =  1 9 8

   n u m b er of b o y s w h o h a v e a p a c k e d l u n c h =     1  _ _  
3
    ×  2 5 2 =  8 4

   n u m b er of b o y s w h o h a v e a s c h o ol di n n er =  2 5 2 −  8 4 =  1 6 8

   n u m b er of girl s w h o h a v e a s c h o ol di n n er =     5  _ _  
9
    ×  1 9 8 = 1 1 0

   n u m b er of girl s w h o h a v e a p a c k e d l u n c h =  1 9 8 −  1 1 0 =  8 8

  

b o y s

s c h o ol
di n n er

p a c k e d
l u n c h

s c h o ol
di n n er

p a c k e d
l u n c h

girl s

4 5 0

2 5 2

1 6 8

8 4

1 1 0

8 8

1 9 8

 b  P( girl w h o h a s a s c h o ol di n n er) =     1 1 0
 _ _ _  

4 5 0
    =     1 1

 _ _  
4 5

   

 c  P( b o y w h o h a s a s c h o ol di n n er) =     1 6 8
 _ _ _  

4 5 0
   

   P( s c h o ol di n n er) =     1 1 0
 _ _ _  

4 5 0
    +    1 6 8

 _ _ _  
4 5 0

    =     2 7 8
 _ _ _  

4 5 0
    =     1 3 9

 _ _ _  
2 2 5

   

3  a  P o s si bl e w a y s of o n e m ar bl e of e a c h c ol o ur:

   R G Y  R Y G  G Y R  G R Y  Y G R  Y R G

   P( R G Y)  =     5  _ _  
9
    ×     3  _ _  

8
    ×     1  _ _  

7
    =     1 5

 _ _ _  
5 0 4

   

   P( R Y G)  =     5  _ _  
9
    ×     1  _ _  

8
    ×     3  _ _  

7
    =     1 5

 _ _ _  
5 0 4

   

   P( o n e of e a c h c ol o ur) =  6 ×     5  _ _  
9
    ×     3  _ _  

8
    ×     1  _ _  

7
    =  6 ×     1 5

 _ _ _  
5 0 4

    =     9 0
 _ _ _  

5 0 4
    

  =     5  _ _  
2 8

    =  0. 1 7 9 (t o 3 d. p.)

 b  P( n o gr e e n) =     6  _ _  
9
    ×     5  _ _  

8
    ×     4  _ _  

7
    =     1 2 0

 _ _ _  
5 0 4

    =     5  _ _  
2 1

    =  0. 2 3 8 (t o 3 d. p.)

 c  P( all r e d) =     5  _ _  
9
    ×     4  _ _  

8
    ×     3  _ _  

7
    =     5  _ _  

4 2
   

   P( all gr e e n) =     3  _ _  
9
    ×     2  _ _  

8
    ×     1  _ _  

7
    =     1  _ _  

8 4
   

   P( s a m e c ol o ur) =     5  _ _  
4 2

    +     1  _ _  
8 4

    =     1 1
 _ _  

8 4
    =  0. 1 3 1 (t o 3 d. p.)

V e n n di a g r a m s a n d p r o b a bilit y

1  a  9, 8

 b  1, 2, 3, 5, 7, 8, 9, 1 2, 1 5

 c  1, 3, 4, 1 0, 1 2, 1 5

 d  4, 1 0

2  a  

64 1 2 1 41 08

P

2

3
5
7
1 1
1 3

1

9

1 5

O

ξ

 b  P( n u m b er i n P ∩  O) =     5  _ _  
1 5

    =     1  _ _  
3
   

3  a  P(t e a m s p ort s) =  P( n ot o nl y i n di vi d u al) =  1 −     1 5
 _ _ _  

1 0 0
    =     8 5

 _ _ _  
1 0 0

    

  =     1 7
 _ _  

2 0
   

     Alt er n ati v el y, y o u c o ul d i n d t h e t ot al of all t h o s e w h o pl a y 
t e a m s p ort s.

 b    P( st u d e nt pl a yi n g l ar g e t e a m al s o pl a y s s m all t e a m s p ort s) 

  =     1 8
 _ _  

7 3
   

 All B o ar d s Hi g h er M at h e m ati c s E x a m Pr a cti c e B o o k  F ull w or k e d s ol uti o ns

4 6



Hi st o g r a m s 

1  A g e ( a  y e ar s) Fr e q u e n c y Fr e q u e n c y d e n sit y

 0 <  a  ≤ 0. 5 8    8
 _ _ _  

0. 5
    =  1

 0. 5 <  a  ≤ 1 1 2    1 2
 _ _ _  

0. 5
    =  2 4

   1 <  a  ≤ 2 1 6    1 6
 _ _  

1
    =  1 6

   2 <  a  ≤ 3 3 0    3 0
 _ _  

1
    =  3 0

   3 <  a  ≤ 5 2 8    2 8
 _ _  

2
    =  1 4

1 2 3 4 5

1 6

1 2

8

4

0

2 0

2 4

2 8

3 2

Fr
e
q
u
e
n
cy

 
d
e
ns

it
y

A g e (a  y e ar s)

2  fr e q u e n c y = fr e q u e n c y d e n sit y ×  cl a s s wi dt h

 cl a s s 0 <  w  ≤  5: fr e q u e n c y =  ( 5 −  0) ×  0. 4 =  2

 cl a s s 2 5 <  w  ≤  4 0: fr e q u e n c y =  ( 4 0 −  2 5) ×  0. 6 =  9

 T h e ir st b ar o n t h e c h art gi v e n i n t h e b o o k i s i n a c c ur at e: it 
s h o ul d g o u p t o 0. 4 o n t h e v erti c al s c al e b ut it a ct u all y g o e s 
u p t o 0. 5.*

 

Wi n g s p a n ( w  c m) Fr e q u e n c y

0 <  w  ≤  5   2

  5 <  w  ≤  1 0   6

1 0 <  w  ≤  1 5 2 4

1 5 <  w  ≤  2 5 3 0

2 5 <  w  ≤  4 0   9

C u m ul ati v e f r e q u e n c y g r a p h s

1  a  N u m b er of it e m s of 
j u n k m ail p er d a y (n )

Fr e q u e n c y
C u m ul ati v e 
fr e q u e n c y

  0 <  n  ≤  2 2 1 2 1

  2 <  n  ≤  4 1 8 3 9

  4 <  n  ≤  6 1 0 4 9

  6 <  n  ≤  8 8 5 7

  8 <  n  ≤  1 0 3 6 0

1 0 <  n  ≤  1 2 1 6 1

Li n e g r a p h s f o r ti m e s e ri e s d at a

1  a    A n u p w ar d tr e n d, ri si n g sl o wl y at ir st, t h e n ri si n g q ui c kl y, 
t h e n c o nti n ui n g t o ri s e m or e sl o wl y.

 b    M o d e, b e c a u s e it s h o w s t h at J u n e i s t h e m o nt h w h e n t h e 
e n vir o n m e nt off er s t h e l ar g e st s a m pl e of i n s e ct s t o st u d y. 
T h e m e di a n w o ul d gi v e M a y, w h e n t h er e ar e al s o a l ot of 
i n s e ct s.

2  a, b  a n d c  

2 0

4 0

6 0

8 0

1 0 0

0
1 9 9 0 1 9 9 5 2 0 0 0 2 0 0 5

Y e ar

P
er

c
e
nt

a
g
e 

of
 s

o
ci

al
cl

u
b 

m
e

m
b
er

s

2 0 1 0 2 0 1 5 2 0 2 0 2 0 2 5

 b    A n u p w ar d tr e n d – p e o pl e ar e i n cr e a si n gl y li k el y t o a s s u m e 
it s h o ul d b e a n o pti o n.

 c  R e a di n g fr o m gr a p h: 8 6 % ( or a cl o s e v al u e).

 d    F ut ur e d at a m a y c h a n g e s o t h at t h e li n e of b e st it i s n o 
l o n g er a c c ur at e. Al s o, t h e r el ati o n s hi p m a y n ot b e b e st 
r e pr e s e nt e d b y a str ai g ht li n e, b ut b y a c ur v e.

A v e r a g e s a n d s p r e a d

1  a  5  +  3 +  1 +  4 +  3 +  5 +  0 +  1 +  4 +  1 +  2 +  3 =  3 2

 b  m e a n  =     3 2
 _ _  

1 2
    =  2. 7 (t o 1 d. p.)

 c  Or d eri n g t h e d at a gi v e s:

   0  1  1  1  2  3  3  3  4  4  5  5

   m e di a n  =  3

2  m e a n m ar k =     t ot al m ar k s
  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

t ot al n u m b er of st u d e nt s
   

 t ot al m ar k s =  m e a n m ar k ×  t ot al n u m b er of st u d e nt s

 F or t h e gr o u p of 2 5 st u d e nt s:

 t ot al m ar k s =  6 0 ×  2 5 =  1 5 0 0

 F or t h e 3 0 st u d e nt s:

 t ot al m ar k s =  7 2 ×  3 0 =  2 1 6 0

 t ot al m ar k s f or b ot h gr o u p s =  1 5 0 0 +  2 1 6 0 =  3 6 6 0

 m e a n m ar k f or b ot h gr o u p s =     3 6 6 0
 _ _ _ _  

5 5
    =  6 6. 5 (t o 1 d. p.)

3  a

 b  3 5  

 c  e sti m at e d m e a n =     1 6 +  6 0 +  1 6 0 +  1 3  _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
3 5

     = 7. 1 y e ar s (t o 2 s.f.)

A g e  
(t y e ar s)

Fr e q u e n c y
Mi d -i nt er v al 

v al u e

Fr e q u e n c y ×   
mi d -i nt er v al 

v al u e

  0 <  t ≤  4   8   2   1 6

  4 <  t ≤  8 1 0   6   6 0

  8 <  t ≤  1 2 1 6 1 0 1 6 0

1 2 <  t ≤  1 4   1 1 3   1 3

* T hi s i s a n err or i n t h e ir st e diti o n of o ur E x a m Pr a cti c e B o o k. It h a s b e e n r e- c h e c k e d a n d will b e c orr e ct e d i n f ut ur e e diti o n s.
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     i nt er q u artil e  r a n g e =  1 5 0 −  1 2 8 =  2 2 mi n ut e s. ( 2 1 or 2 0 
mi n ut e s ar e al s o a c c e pt a bl e a n s w er s, d e p e n di n g o n y o ur 
v al u e s f or t h e u p p er a n d l o w er q u artil e s fr o m t h e gr a p h.)

 b  Fr o m t h e b o x pl ot f or t h e f e m al e r u n n er s:

   m e di a n  =  1 4 5 mi n ut e s

   r a n g e  =  1 8 0 −  1 0 6 =  7 4 mi n ut e s

   l o w er q u artil e =  1 3 4 mi n ut e s

   u p p er q u artil e =  1 5 6 mi n ut e s

   i nt er q u artil e r a n g e =  1 5 6 −  1 3 4 =  2 2 mi n ut e s

   O n a v er a g e t h e m e n w er e f a st er a s t h e m e di a n i s l o w er.

     T h e v ari ati o n i n ti m e s w er e gr e at er f or t h e m e n a s t h eir 
r a n g e w a s gr e at er, alt h o u g h t h e s pr e a d of t h e mi d dl e h alf 
of t h e d at a (t h e i nt er q u artil e r a n g e) w a s sli g htl y gr e at er f or 
t h e w o m e n.

S c att e r g r a p h s

1  a , b

 c  p o siti v e c orr el ati o n

2  a

 b    R e a di n g fr o m gr a p h: 6 2 %. A s uit a bl e r a n g e w o ul d b e 
6 0 – 6 3 %.

 c    T h e d at a o nl y g o e s u p t o a s c or e of 8 6 % i n p h y si c s, a n d 
t h e s c or e at 8 0 % i n p h y si c s i s a n o utli er, s o t h e li n e m a y 
n ot b e a c c ur at e f or hi g h er s c or e s i n p h y si c s.

N
u

m
b
er

 
of
 
n
e

w 
p
u
pil

s 
p
er

 
w
e
e
k

fr
o

m 
a
dv

er
ts

A d v erti si n g s p e n d p er w e e k ( £)

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

1

2

3

4

5

6

M
ar

k i
n 

m
at

hs
 (

%)

M ar k i n p h y si c s ( %)

0 2 0 4 0 6 0 8 0 1 0 0

2 0

4 0

6 0

8 0

1 0 0

 b 

 c    m e di a n =  v al u e at fr e q u e n c y of 3 0. 5 =  3 ( a c c e pt a bl e 
v al u e s: 2. 8 t o 3. 0)

2  a  i nt er q u artil e r a n g e =  1 7. 5 −  1 1 =   6. 5 k g

 b    n u m b er of p e n g ui n s wit h m a s s b el o w 1 0  k g =  8 (fr o m 
gr a p h)

   n u m b er of p e n g ui n s wit h m a s s a b o v e 1 0  k g =  4 0 −  8 =  3 2

C o m p a ri n g s et s of d at a

1  a  C hl o e’ s s c or e s i n a s c e n di n g or d er: 

   1 0  1 2  1 2  1 4  1 4  1 5  1 5  1 6  1 7  1 7  1 7  1 7  1 8  1 8  1 9

   m e di a n  =  1 6

   r a n g e  =  1 9 −  1 0 = 9

     l o w er  q u artil e =  1 4 ( h alf w a y b et w e e n t h e m e di a n a n d t h e 
l o w e st d at a v al u e)

     u p p er  q u artil e =  1 7 ( h alf w a y b et w e e n t h e m e di a n a n d t h e 
hi g h e st d at a v al u e)

   i nt er q u artil e r a n g e (I Q R) =  1 7 −  1 4 =  3
  

1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0

S c or e

 b    S a s h a’ s m e di a n s c or e i s hi g h er ( 1 7 c o m p ar e d t o 1 6). T h e 
I Q R f or S a s h a i s 2 c o m p ar e d t o C hl o e’ s 3. T h e r a n g e 
f or S a s h a i s 5 c o m p ar e d t o C hl o e’ s 9. B ot h t h e s e ar e 
m e a s ur e s of s pr e a d, w hi c h m e a n s t h at S a s h a’ s s c or e s ar e 
l e s s s pr e a d o ut (i. e. m or e c o n si st e nt).

2  a    i   Dr a w a h ori z o nt al li n e, fr o m h alf w a y u p t h e v erti c al 
a xi s a cr o s s t o t h e c ur v e, t h e n dr a w a li n e d o w n t o t h e 
h ori z o nt al a xi s a n d r e a d off y o ur r e s ult:  
m e di a n =  1 3 8 mi n ut e s

  ii l o w er q u artil e =  v al u e at fr e q u e n c y of 2 5 =  1 2 8 mi n ut e s

   u p p er q u artil e =  v al u e at fr e q u e n c y of 7 5 =  1 5 0 mi n ut e s

0

C
u

m
ul

at
iv

e 
fr

e
q
u
e
n
cy

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

4 5

5 0

5 5

6 0

6 5

7 0

2 4 6 8 1 0 1 2
N u m b er of it e m s p er d a y (n )

1 4

×
×

×

×

×

×
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 b    P(r u g b y- pl a yi n g b o y pi c k e d at r a n d o m al s o pl a y s f o ot b all) 

  =     6  _ _  
1 5

   

   =     2  _ _  
5
   

9  

1 0  a  ( 2  +    √  
_ _

 3    )2  =  4 +   4  √  
_ _

 3     +  3

  =  7 +   4  √  
_ _

 3    

   s o  a  =  7 a n d b  =  4

 b    8    
−   2  _ _  

3
     =     1  _ _ _  

 
3  
 √  
_ _

 8 2   
    =     1  _ _ _  

 
3  
 √  
_ _ _

 6 4   
    =     1  _ _  

4
   

 c  2 − 3 =     1  _ _  
2 3    

 =     1  _ _  
8
   

1 1  gr a di e nt of O A  =     4  _ _  
3
   

 gr a di e nt of B C  =  −    3  _ _  
4
   

 e q u ati o n of B C  i s 

 y  −  y
1
=  m (x − x

1
)

 y  −  4 =  −    3  _ _  
4
   (x −  3)

 4 y  −  1 6 =  − 3 x +  9

 3 x  +  4y  −  2 5 =  0

1 2  a  P( 6 o nl y o n t hir d att e m pt) =     3  _ _  
4
    ×     3  _ _  

4
    ×     1  _ _  

4
    =     9  _ _  

6 4
   

 b  P( at l e a st o n e 6) =  1 −  P( n o 6 s)

   P( n o 6 s) =     3  _ _  
4
    ×     3  _ _  

4
    ×     3  _ _  

4
    =     2 7

 _ _  
6 4

   

   P( at l e a st o n e 6) =  1 −     2 7
 _ _  

6 4
    =     3 7

 _ _  
6 4

   

       3 7
 _ _  

6 4
    >     1  _ _  

2
   , s o A m y i s ri g ht.

1 3  a    8 n  <  1 1n  −  9

  − 3 n  <  − 9

  3 n  >  9

  n  >  3

 b  s m all e st i nt e g er =  4

1 4      
⟶

 X Y    =     
⟶

 X O    +     
⟶

 O Y   

  =  − b  +  2a

  =  2a  −  b

     
⟶

 X Q    =     1  _ _  
2
       
⟶

 X Y    =     1  _ _  
2
     ( 2a  −  b ) =  a  −     b  _ _  

2
   

     
⟶

 P Q    =     
⟶

 P O    +     
⟶

 O X    +     
⟶

 X Q   

    =  − a  +  b  +  a  −     b  _ _  
2
   

  =     b  _ _  
2
   

     
⟶

 O X    =  b ,  s o    
⟶

 P Q     a n d    
⟶

 O X    h a v e t h e s a m e v e ct or p art (b ) a n d ar e 
t h er ef or e p ar all el.

1 5      3  _ _  
x
    +     4

 _ _ _ _ _  
x  −  1

    =     
3( x  −  1) +  4x

 _ _ _ _ _ _ _ _ _ _ _ 
x (x  −  1)

    

  =    3 x  −  3 +  4x _ _ _ _ _ _ _ _ _ 
x (x  − 1)

    

  =     7 x  −  3
 _ _ _ _ _ _ 

x (x  −  1)
   

1 6  a  f( − 2)  =  5 ×  (− 2) 2 + 4 = 2 0  + 4  = 2 4

 b  L et  y = 5 x 2 + 4

       
y  −  4

 _ _ _ _ _  
5
    = x 2

  x =   √  
_ _ _ _ _

   
y  −  4

 _ _ _ _ _  
5
     

   f− 1  (x ) =   √  
_ _ _ _ _

   x − 4
 _ _ _ _ _  

5
     

 c  f g(x ) =  f(x  +  1)

  =  5(x  +  1)2  +  4

  =  5(x 2  +  2x  +  1) +  4

  =  5 x 2  +  1 0x  +  5 +  4

  = 5 x 2  +  1 0x  +  9

A B

O

P

a

b

Q

X

Y

P r a cti c e p a p e r ( n o n - c al c ul at o r)

1  a  2 6 7  0 0 0

 b  2. 4  ×  1 0− 8

 c  ( 4  ×  1 03 ) ÷  ( 8 ×  1 0− 2 ) =  4 ÷  8 ×  1 03 − (− 2)

  =  0. 5 ×  1 05  

  =  5 ×  1 04

2  ( 2x 5 y 2 )3  =  23 x 5 × 3  y 2 × 3

  =  8x 1 5 y 6

3  ( 3x  +  2)( 2x  −  3)(x  −  4) =  ( 3x  +  2)( 2x 2  −  1 1x  +  1 2)

  =  6x 3  −  2 9x 2  +  1 4x  +  2 4

4   y  =     2 x  +  1
 _ _ _ _ _  

x  −  4
   

  y (x −  4) =  2x  +  1

  x y  −  4y  =  2x +  1

  x y  −  2x  =  4y  +  1

  x (y −  2) =  4y +  1

  x  =     
4 y  +  1

 _ _ _ _ _  
y  −  2

   

5  Tr y  x  =  2: x 3  =  8 >  x , s o st at e m e nt i s tr u e f or t hi s v al u e.

 Tr y  x  =  −  1: x 3  =  − 1 =  x , s o st at e m e nt i s f al s e.

 Tr y  x  =     1  _ _  
2
     : x 3  =     1  _ _  

8
    <  x , s o st at e m e nt i s f al s e.

 J o h n i s i n c orr e ct.

6      5 −  2 √  
_ _

 3   
 _ _ _ _ _ _ _ 

3 +   √  
_ _

 3   
    =     

( 5 −  2 √  
_ _

 3    )( 3 −   √  
_ _

 3    )
  _ _ _ _ _ _ _ _ _ _ _ _ _  

( 3 +   √  
_ _

 3    )( 3 −   √  
_ _

 3    )
    

  =     1 5 −  6 √  
_ _

 3    −  5 √  
_ _

 3    +  6
  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

9 −  3
   

  =     2 1  −  1 1 √  
_ _

 3     _ _ _ _ _ _ _ _  
6
    

7  

8  a  

1 5 −  x  x

R u g b y F o ot b all

6 ξ

2 5 −  x

   1 5  −  x  +  x  +  2 5 −  x  +  6 =  4 0

  4 6  −  x  =  4 0

  x  =  6

y

x

y  = 2 si n x  1

0

1

0

2

3

− 1

9 0º 1 8 0º 2 7 0º 3 6 0º

9 1 9 6

R u g b y F o ot b all

6 ξ

A  p er p e n di c ul ar i s 

c o n str u ct e d at B

T h e a n gl e i s bi s e ct e d 

t o gi v e 4 5º

4 9
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 S u b stit uti n g i nt o e q u ati o n ( 1):

 2 x  +  7 2 =  1 2 2

  2 x  =  5 0

  x  =  2 5

 C h e c ki n g i n ( 2):

 4  ×  2 5 +  3 ×  1 8 =  1 5 4

 c o st of a d ult ti c k et =  £ 2 5 

 c o st of c hil d ti c k et =  £ 1 8

2 4  a  9   √  
_ _

 3     ×    √  
_ _

 3     =  9 ×  3 = 2 7

 b  ir st t er m ( n  = 1):  (   √  
_ _

 3    )2

   s e c o n d t er m ( n  = 2):  (   √  
_ _

 3    )3

   t hir d t er m (n  = 3):  (   √  
_ _

 3    )4

   f o urt h t er m (n  = 4):  (   √  
_ _

 3    )5

  n t h t er m (n  = n ):  (  √  
_ _

 3    )n + 1

 c  (  √  
_ _

 3    )2 0 + 1  ÷ (  √  
_ _

 3    )1 6 + 1  = (  √  
_ _

 3    )2 1  ÷   (  √  
_ _

 3    )1 7

    =    
( √  

_ _
 3    )2 1

 _ _ _ _ _ _ _ _ 
( √  

_ _
 3    )1 7

    

    =   (  √  
_ _

 3    )4

    =  9

2 5  a   i hi g h e st p o s si bl e att e n d a n c e =   3 4 8 4 9

  ii l o w e st p o s si bl e att e n d a n c e =   3 4 7 5 0

 b    3. 4 6 <  l <  3. 4 7 

     T h e n u m b er c a n n ot b e a s l o w a s 3. 4 6 a s it ori gi n all y h a d 
m or e d e ci m al pl a c e s. ( O n t h e a n s w er li n e i n t h e E x a m 
Pr a cti c e B o o k, t h e ir st si g n s h o ul d h a v e b e e n <. )*

2 6  t a n 3 0 ° +   t a n 6 0 ° +   c o s 3 0 ° =     1  _ _ _  
 √  

_ _
 3   
    +   √  

_ _
 3     +     

√  
_ _

 3   
 _ _ _  

2
   

     =      √  
_ _

 3   
 _ _ _ _ _  

 √  
_ _

 3     √  
_ _

 3   
    +   √  

_ _
 3     +     

√  
_ _

 3   
 _ _ _  

2
   

     =     
√  

_ _
 3   
 _ _ _  

3
    +   √  

_ _
 3     +     

√  
_ _

 3   
 _ _ _  

2
   

     =     2  √  
_ _

 3    + 6  √  
_ _

 3    + 3  √  
_ _

 3   
  _ _ _ _ _ _ _ _ _ _ _ _ _ 

6
   

    =     1 1  √  
_ _

 3   
 _ _ _ _  

6
   

2 7  a  

A

y

x− 6 − 5 − 4 − 3 − 2 − 1 0 1 2 3 4 5 6

− 5

− 6

− 3

− 1

− 2

− 4

1

3

2

5

4

6

B

 b    A r ot ati o n of 1 8 0° ( cl o c k wi s e or a nti cl o c k wi s e) a b o ut t h e 
p oi nt ( 2, − 1).

2 8  Writ e t h e e q u ati o n i n t h e f or m y  =  a (x  +  p )2  +  q  b y c o m pl eti n g 
t h e s q u ar e:

  y  =  2x 2  − 5 x +  4

  =   2   ( x 2  −        5  _ _  
2
    x  +  2)

  =   2   [  ( x −        5  _ _  
4
   )

2
 −       2 5  _ _  

1 6
       +  2]    

  =   2  [  ( x  −   5  _ _  
4
  )  

2
+   7  _ _  

1 6
  ]   

   =  2   ( x  −    5  _ _  
4
  )   

2
 +     7  _ _  

8
   

 T h e t ur ni n g p oi nt of t h e gr a p h i s ( – p , q ), w hi c h i s   (   5  _ _  
4
  ,   7  _ _  

8
  )   

 T o i n d t h e y -i nt er c e pt, p ut x  =  0:

 y  =  2 ×  02  −  5 ×  0 +  4 =  4

 T h e c ur v e c ut s t h e y - a xi s at t h e p oi nt ( 0, 4).

1 7  a  2 4 5  =  5 ×  4 9 =  5 ×  72

 b    S h ar e d pri m e f a ct or s ar e 5 a n d 7, s o hi g h e st c o m m o n 
f a ct or =  5 ×  7 =  3 5

1 8  r ati o of r a dii =    
3  
 √  
_ _ _

   2 7
 _ _  

8
      =     3  _ _  

2
   

 r ati o of s urf a c e ar e a s =    (   3  _ _  
2
  )   

2
 =     9  _ _  

4
   

1 9  P( gr e e n)  =     x − 3
 _ _ _ _ _ _ _ _ _ _ _  

x + x − 3 + 2 x
    =     x − 3

 _ _ _ _ _  
4 x − 3

   

       x − 3
 _ _ _ _ _  

4 x − 3
    =    1  _ _  

5
   

   5( x − 3) = 4 x − 3

   5 x − 1 5 = 4 x − 3

  x = 1 2

 t ot al n u m b er of c o u nt er s =  4x  −  3 =  4 ×  1 2 −  3 =  4 5

 n u m b er of bl u e c o u nt er s =  2x  =  2 4

 P( bl u e)  =     2 4
 _ _  

4 5
    =    8  _ _  

1 5
   

2 0  n u m b er of w a y s of s el e cti n g a st art er a n d a m ai n =  5 ×  8 =  4 0

 n u m b er of w a y s of s el e cti n g a m ai n a n d a d e s s ert =  8 ×  6 =  4 8

 n u m b er of w a y s of s el e cti n g a st art er, a m ai n a n d a d e s s ert  
=  5 ×  8 ×  6 =  2 4 0

 t ot al n u m b er of w a y s of s el e cti n g a m e al =  4 0 +  4 8 +  2 4 0 =  3 2 8

2 1  a    a n gl e S T Q  =  1 8 0 −  ( 4 5 + 3 5) =  1 0 0 ° ( a n gl e s o n a str ai g ht 
li n e a d d u p t o 1 8 0 °)

 b  a n gl e  T S Q  =  3 5 ° ( a n gl e i n t h e alt er n at e s e g m e nt)

 c    a n gl e Q R S  =  8 0 ° ( o p p o sit e a n gl e s of a c y cli c q u a dril at er al 
a d d u p t o 1 8 0 °)

 d    a n gl e R Q S  =  1 8 0 −  ( 6 0 +  8 0) =  4 0 ° ( a n gl e s i n a tri a n gl e 
a d d u p t o 1 8 0 °)

2 2  a  

 b  

Ti m e ( s)

1 00

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

2 0 3 0 4 0 5 0 6 0

C
u

m
ul

at
iv

e 
fr

e
q
u
e
n
cy

 c    R e a di n g off fr o m 3 4 o n t h e c u m ul ati v e fr e q u e n c y a xi s gi v e s 
a ti m e of 2 2 s e c o n d s.

   m e di a n  =   2 2 s

 d  7 5 % of 6 8 =  0. 7 5 ×  6 8 =  5 1

 R e a di n g off fr o m 5 1 o n t h e c u m ul ati v e fr e q u e n c y a xi s gi v e s a 
ti m e of 2 8 s e c o n d s.

 7 5 % of c all s ar e a n s w er e d wit hi n 2 8  s e c o n d s, s o t h e t ar g et i s 
b ei n g m et.

2 3  L et c o st of a d ult ti c k et =  £ x  a n d c o st of c hil d ti c k et =  £y
 2 x  +  4y  =  1 2 2   ( 1)

 4 x  +  3y  =  1 5 4   ( 2)

 e q u ati o n ( 1) ×  2:

 4 x  +  8y  =  2 4 4   ( 3)

 ( 3)  −  ( 2):

 5 y  =  9 0

   y  =  1 8

Ti m e f or c all t o b e 
a n s w er e d ( t  s e c o n d s)

Fr e q u e n c y
C u m ul ati v e 
fr e q u e n c y

  0 <  t ≤  1 0 1 2 1 2

1 0 <  t ≤  2 0 1 8 3 0

2 0 <  t ≤  3 0 2 5 5 5

3 0 <  t ≤  4 0 1 0 6 5

4 0 <  t ≤  5 0 2 6 7

5 0 <  t ≤  6 0 1 6 8

* T hi s i s a n err or i n t h e ir st e diti o n of o ur E x a m Pr a cti c e B o o k. It h a s b e e n r e- c h e c k e d a n d will b e c orr e ct e d i n f ut ur e e diti o n s.
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y y = 2 x 2  − 5 x + 4  

x0

4 ( 0, 4)

5

4

7

8

7

8

5

4
,

P r a cti c e p a p e r ( c al c ul at o r)

1  1 2 x 2  −  7 5 =  3( 4x 2  −  2 5)

  =  3( 2x  +  5)( 2x  −  5)

2  a      x 2  −  2 5 _ _ _ _ _ _ _ _ _ _ _ _  
2 x 2  +  1 3x  +  1 5

    =     
(x  +  5)(x  −  5)

 _ _ _ _ _ _ _ _ _ _ _  
( 2x  +  3)(x  +  5)

   

    =     x  −  5
 _ _ _ _ _ _ 

2 x  +  3
   

 b  x 2  +  6x  +  1 2 =  (x  +  3)2  −  9 +  1 2 

  =  (x  +  3)2  +  3

 S o  a  =  3 a n d b  =  3

3        1  _ _  
f
    =     1  _ _  

v
    +     1  _ _  

u
   

      1  _ _  
f
    −     1  _ _  

v
    =     1  _ _  

u
   

       
v  −  f

 _ _ _ _  
f v
     =     1  _ _  

u
   

  u  =     
f v
 _ _ _ _  

v  −  f
   

4  S a y t h e c u b e h a s si d e 1 0  c m ori gi n all y.

 v ol u m e of ori gi n al c u b e =  1 0 ×  1 0 ×  1 0 =   1 0 0 0 c m 3

 I n cr e a si n g t h e si d e s b y 1 0 % will m a k e e a c h si d e 1 1 c m.

 v ol u m e of e nl ar g e d c u b e =  1 1 ×  1 1 ×  1 1 =   1 3 3 1 c m 3

 i n cr e a s e i n v ol u m e =   3 3 1 c m 3

 % i n cr e a s e i n v ol u m e =     3 3 1
 _ _ _ _  

1 0 0 0
    ×  1 0 0 =  3 3. 1 %

 S o S e e m a i s wr o n g.

5  

 L et  x  b e t h e b a s e of t h e ri g ht- a n gl e d tri a n gl e.

       x
 _ _ _  

6  √  
_ _

 3   
    =   t a n 3 0 °

   t a n 3 0 ° =     1  _ _ _  
 √  

_ _
 3   
   

   S o    x
 _ _ _  

6  √  
_ _

 3   
    =     1  _ _ _  

 √  
_ _

 3   
   

  x  =     6  √  
_ _

 3   
 _ _ _  

 √  
_ _

 3   
   

  =   6 c m

 Ar e a of tri a n gl e =     1  _ _  
2
    ×  b a s e ×  h ei g ht

  =     1  _ _  
2
    ×  6 ×   6  √  

_ _
 3    

  =   1 8  √  
_ _

 3     c m 2

6  a  i L et ‘ w or k s S at ur d a y’ =  A.

     L et ‘ w or k s S u n d a y’ = B.

     S o ‘ w or k s b ot h d a y s’ =  A ∩  B.

     P( A)  =  0. 4,  P( A ∩  B) =  0. 2 ( gi v e n i n q u e sti o n)

     P( B gi v e n A) =     
P( A  ∩  B)

 _ _ _ _ _ _ _ 
P( A)

    

    =     0. 2
 _ _ _  

0. 4
   

    =     1  _ _  
2
   

    =  0. 5

3 0 º

6 √ 3 c mx  c m

  ii L et ‘ d o e s n’t w or k S at ur d a y’ = C.  
   L et ‘ d o e s n’t w or k S u n d a y’ = D.

       L et ‘ d o e s n’t w or k eit h er d a y’ = C  ∩  D.

     P( C)  =  1 −  P( A) = 0. 6

     P( C  ∩  D) =  0. 1 2 ( gi v e n i n q u e sti o n)

     P( D gi v e n C) =     
P( C  ∩  D)

 _ _ _ _ _ _ _ 
P( C)

    

    =     0. 1 2
 _ _ _ _  

0. 6
   

    =  0. 2

       Y o u c o ul d al s o d o t h e w or ki n g a b o v e t o i n d  
P( B' gi v e n A'), wit h:

     C = A', D = B' a n d

     C  ∩  D = ( A ∪  B)'.

 b  

0. 4

0. 5

0. 5

0. 8

0. 2

0. 6

Y e s

w or k s S at ur d a y w or k s S u n d a y

Y e s

Y e s

N o

N o

N o

 c  Fr o m tr e e di a gr a m:

   P( w or k s S at ur d a y b ut n ot S u n d a y) =  0. 4 ×  0. 5 =  0. 2

     P( d o e s n ot w or k S at ur d a y b ut w or k s S u n d a y) =  0. 6 ×  0. 8 
=  0. 4 8

   P( o nl y w or k s o n e d a y o v er w e e k e n d) =  0. 2 +  0. 4 8 =  0. 6 8

7  a  x 2  +  x  −  1 2 >  0

   F a ct ori si n g  x 2  +  x  −  1 2 =  0 gi v e s

   (x  −  3)(x  +  4) =  0: x  =  3 or − 4

     A s t h e c o ef i ci e nt of x 2  i s p o siti v e, t h e gr a p h of  
y  =  x 2  +  x  −  1 2 i s ∪ - s h a p e d.

     x 2  +  x  −  1 2 >  0 f or t h e r e gi o n a b o v e t h e x - a xi s (i. e. w h er e 
y  >  0).

   x  >  3 or x  <  − 4

 b  E q u ati o n of c ur v e i s y  =  (x  −  2)2  −  3

  =  x 2  −  4x  +  4 −  3

  =  x 2  −  4x  +  1

   S o  a  =  − 4 a n d b  =  1

8  a  L et  x  =  0. 1 3 6 =  0. 1 3 6 3 6 3 6 3 6 …

  1 0 x  =  1. 3 6 3 6 3 6 3 6...

  1 0 0 0 x  =  1 3 6. 3 6 3 6 3 6

   1 0 0 0 x  −  1 0x  =  1 3 6. 3 6 3 6 3 6 …− 1. 3 6 3 6 3 6 3 6...

  9 9 0 x  =  1 3 5

  x  =     1 3 5
 _ _ _  

9 9 0
    =     2 7  _ _  

1 9 8
    =     3  _ _  

2 2
   

 b  2   7      
1  _ _  
3
     ×   (   1  _ _  

3
  )   

2
 =   

3  
 √  
_ _ _

 2 7     ×     1  _ _  
9
   

  = 3 ×     1  _ _  
9
   

  = 3 ×     1  _ _  
3
   

  = 0. 3

9  
M ar k ( m ) Fr e q u e n c y Fr e q u e n c y d e n sit y

  0 <  m  ≤  2 0 4 0. 2

2 0 <  m  ≤  3 0 1 6 1. 6

3 0 <  m  ≤  4 0 1 4 1. 4

4 0 <  m  ≤  6 0 3 0 1. 5

6 0 <  m  ≤  8 0 2 0 1. 0

8 0 <  m  ≤  1 2 0 1 4 0. 3 5
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 M ar k (m )

0. 2

2 0 4 0 6 0 8 0 1 0 0 1 2 00

0. 4

0. 6

0. 8

1. 0

1. 2

1. 4

1. 6

1. 8
Fr

e
q
u
e
n
cy

 
d
e
ns

it
y

1 0  

( 3 √ 2 – 1) cm4 c m

B

CA
3 0 ˚

 U si n g t h e si n e r ul e: 

     a
 _ _ _ _  

si n A
    =     c

 _ _ _ _ _  
si n C  

   

     3  √  
_ _

 2    −  1
 _ _ _ _ _ _ _ 

si n 3 0 °
    =     4

 _ _ _ _ _ _ _ 
si n A C B

   

 si n  A C B  =     4 si n 3 0 °
 _ _ _ _ _ _ _ 

3  √  
_ _

 2    −  1
   

  =     2  _ _ _ _ _ _ _ 
3  √  

_ _
 2     −  1

   

  =     
2( 3  √  

_ _
 2     +  1)
  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

( 3 √  
_ _

 2     −  1)( 3 √  
_ _

 2     +  1)
   

  =     6  √  
_ _

 2    +  2
 _ _ _ _ _ _ _ 

1 8 −  1
   

  =     2 +  6 √  
_ _

 2   
 _ _ _ _ _ _ _  

1 7
   

 S o  m  =  6 a n d n  =  1 7

1 1  a  a n gl e  X Y Z  =  a n gl e T U Z  ( c orr e s p o n di n g a n gl e s) 

   a n gl e  Y X Z  =  a n gl e U T Z  ( c orr e s p o n di n g a n gl e s) 

   a n gl e  X Z Y  =  a n gl e T Z U  ( s a m e a n gl e)

     H e n c e  tri a n gl e s X Y Z  a n d T U Z  h a v e c orr e s p o n di n g a n gl e s 
e q u al, s o t h e t w o tri a n gl e s ar e si mil ar.

       X Y
 _ _ _  

T U
    =     Y Z

 _ _ _  
U Z

   

       X Y
 _ _ _  

3
    =     1 5

 _ _  
5
   

  X Y  =   9 c m

   a n gl e  Y U T  =  a n gl e Y Z W  ( c orr e s p o n di n g a n gl e s) 

   a n gl e  Y T U  =  a n gl e Y W Z  ( c orr e s p o n di n g a n gl e s) 

   a n gl e  T Y U  =  a n gl e W Y Z  ( s a m e a n gl e)

     H e n c e  tri a n gl e s Y T U  a n d Y W Z  h a v e c orr e s p o n di n g a n gl e s 
e q u al, s o t h e t w o tri a n gl e s ar e si mil ar.

       W Z
 _ _ _  

T U
    =     Y Z

 _ _ _  
Y U

   

       W Z
 _ _ _  

3
    =     1 5

 _ _  
1 0

   

  W Z  =   4. 5 c m

 b  a n gl e  Y T X  =  a n gl e W T Z  ( v erti c all y o p p o sit e a n gl e s)

   a n gl e  Y X Z  =  a n gl e X Z W  ( alt er n at e a n gl e s)

     T w o a n gl e s i n b ot h tri a n gl e s ar e e q u al s o t h e t hir d a n gl e s 
of b ot h tri a n gl e s ar e al s o e q u al.  

   H e n c e tri a n gl e s T Y X  a n d T W Z  ar e si mil ar.

   Ar e a of T Y X  a s a fr a cti o n/ m ulti pl e of T W Z :

  =    (   X Y
 _ _ _  

W Z
  )   

2
 =    (   9

 _ _ _  
4. 5

  )   
2
 =  22  =  4

   R ati o of t h e ar e a s of T Y X  a n d T W Z  =   4 : 1

1 2  a  y

x

y = x 2

y = x  2

( 0, 2)

0
( 2, 0)

5

5

5

5

 b    T h er e i s o n e r o ot of x 3  −  x  −  2 =  0, w h er e t h e gr a p h s of  
y  =  x 3  a n d y  =  x  +  2 i nt er s e ct. 

 c  x 1  =  ( 1. 5 +   2  )     
1
 _ _  

3
     =  1. 5 1 8 2 9 4 5 ( 7 d. p.)

   x 2  =  1. 5 2 0 9 3 5 3

   x 3  =  1. 5 2 1 3 1 5 7

   x 4  =  1. 5 2 1 3 7 0 5

  =  1. 5 2 1 (t o 3 d. p.)

1 3  a    T h e 2 5 % s h o ul d b e a p pli e d t o t h e s al e pri c e a n d n ot t o t h e 
ori gi n al pri c e.

 b  T a k e a t y pi c al pri c e ( e. g. £ 1 0 0).

   2 0 % r e d u cti o n o n £ 1 0 0 =  0. 8 ×  1 0 0 =  £ 8 0

   2 5 % r e d u cti o n o n £ 8 0 =  £ 6 0

   T ot al r e d u cti o n =  1 0 0 −  6 0 =  £ 4 0

   £ 4 0 a s a p er c e nt a g e of £ 1 0 0 =  4 0 %

   H e n c e, t h e ori gi n al pri c e s h a v e b e e n r e d u c e d b y 4 0 %.

1 4  J a n u ar y 2 0 1 8: 2 0  0 0 0 ×  1. 0 5 −  2 0 0 0 =   £ 1 9 0 0 0

 J a n u ar y 2 0 1 9: 1 9  0 0 0 ×  1. 0 5 −  2 0 0 0 =   £ 1 7 9 5 0

 J a n u ar y 2 0 2 0: 1 7  9 5 0 ×  1. 0 5 −  2 0 0 0 =   £ 1 6 8 4 7. 5 0

 J a n u ar y 2 0 2 1: 1 6  8 4 7. 5 0 ×  1. 0 5 −  2 0 0 0 = £ 1 5 6 8 9. 8 8

 P a s c al will h a v e  £ 1 5  6 8 9. 8 8 (t o n e ar e st p e n n y) i n t h e a c c o u nt 
i n J a n u ar y 2 0 2 1. 

1 5  
N u m b er of 
h o u s e h ol d s

Fr e q u e n c y Mi d p oi nt
Fr e q u e n c y 
×  mi d p oi nt

0 • 2 2 2 1 2 2

3 • 5 1 2 4 4 8

6 • 8 x 7 7 x

9 • 1 1 3 1 0 3 0

 T ot al n u m b er of p et s ≈  2 2 +  4 8 +  7x  +  3 0 =  1 0 0 +  7x
 T ot al n u m b er of h o u s e h ol d s =  2 2 +  1 2 +  x  +  3 =  3 7 +  x

 e sti m at e of m e a n =     
t ot al n u m b er of p et s

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
t ot al n u m b er of h o u s e h ol d s

    =     1 0 0 +  7x _ _ _ _ _ _ _ 
3 7 +  x

    

       1 0 0 +  7x _ _ _ _ _ _ _ 
3 7 +  x

     =  3. 2 5

  1 0 0  +  7x  =  3. 2 5( 3 7 +  x )

  1 0 0  +  7x  =  1 2 0. 2 5 +  3. 2 5x
  3. 7 5 x  =  2 0. 2 5

  x  =     2 0. 2 5  _ _ _ _  
3. 7 5

    

  x  =  5. 4 p et s ( 5 t o n e ar e st w h ol e n u m b er)

 T h e a n s w er 5. 4 i s n ot r e ali sti c f or a fr e q u e n c y ( w hi c h s h o ul d 
b e a n i nt e g er).* T h e w or ki n g s gi v e n h er e ar e c orr e ct f or t h e 
i g ur e s i n t h e b o o k.

1 6  3  +  5 =  8 p art s 

 8 p art s =  5 0 0 g s o 1 p art =   6 2. 5 g

 m et al A: m a s s =  3 ×  6 2. 5 =   1 8 7. 5 g 

  c o st  =     1 8 7. 5
 _ _ _ _ _  

1 0 0 0
    ×  5 0 =  £ 9. 3 7 5

   m et al B: m a s s =  5 ×  6 2. 5 =   3 1 2. 5 g 

  c o st  =     3 1 2. 5
 _ _ _ _ _  

1 0 0 0
    ×  1 4 0 =  £ 4 3. 7 5

 t ot al c o st =  9. 3 7 5 +  4 3. 7 5 =  5 3. 1 2 5 =  £ 5 3. 1 3 (t o n e ar e st 
p e n n y)

* T hi s i s a n err or i n t h e q u e sti o n i n t h e ir st e diti o n of t h e E x a m Pr a cti c e B o o k. T h e q u e sti o n h a s b e e n r e- c h e c k e d a n d will 
b e c orr e ct e d i n f ut ur e e diti o n s.
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1 7  a  m ulti pli er  =  1−    
% e v a p or ati o n r at e

  _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
1 0 0

   

    =  1−    3
 _ _ _  

1 0 0
    =  0. 9 7

   v ol u m e at t h e e n d of 4 w e e k s =  A
0
 ×  ( m ulti pli er)n  

  =  3 0 ×  ( 0. 9 7)4

  =   2 6. 6 m 3  (t o 3 s.f.)

 b  N e e d t o ai m f or a v ol u m e of 1 5  m 3

   Tr y 1 4 w e e k s: v ol u m e =  3 0 ×  ( 0. 9 7)1 4  =  1 9. 6

   Tr y 2 0 w e e k s: v ol u m e =  3 0 ×  ( 0. 9 7)2 0  =  1 6. 3

   Tr y 2 4 w e e k s: v ol u m e =  3 0 ×  ( 0. 9 7)2 4  =  1 4. 4

   Tr y 2 3 w e e k s: v ol u m e =  3 0 ×  ( 0. 9 7)2 3  =  1 4. 9

   Tr y 2 2 w e e k s: v ol u m e =  3 0 ×  ( 0. 9 7)2 2  =  1 5. 3

   A n s w er i s 2 3 w e e k s.

1 8  a  y  =     k  _ _  
x 2

   

  1 0  =     k
 _ _ _ _  

0. 2 5 2
   

  k  =  0. 6 2 5

   F or m ul a i s y  =     0. 6 2 5
 _ _ _ _ _  

x 2    

 b  y  =     0. 6 2 5
 _ _ _ _ _  

x 2    

   W h e n  x  =  0. 1, y  =     0. 6 2 5
 _ _ _ _ _  

0. 1 2     =  6 2. 5

1 9  a  (x  +  1)(x  +  2)( 2x  −  3) =  (x  +  1)( 2x 2  +  x  −  6) 

    =  2x 3  +  3x 2  −  5x  −  6

 b  1 0 x  −  8 =  2 −  5x
  1 5 x  =  1 0

  x  =     1 0
 _ _  

1 5
    =     2  _ _  

3
   

 c  6  −  x  >  5

  − x  >  − 1 

  x  <  1

2 0  8 2  +  1 52  =  6 4 +  2 2 5 =  2 8 9

 1 7 2  =  2 8 9 

 P yt h a g or a s’ t h e or e m i s o b e y e d, s o t h e tri a n gl e i s ri g ht- a n gl e d.

2 1  t a n 5 2 ° =     B C
 _ _ _  

8
   

  B C  =   8 t a n 5 2 ° 

  =   1 0. 2 4 c m

  C D  =  B D  −  B C  

  =  1 3 −  1 0. 2 4 

   =  2. 7 6 c m (t o 2 d. p.)

2 2  a   i a c c el er ati o n  =     1 6
 _ _  

1 0
    =   1. 6 m/ s 2

  ii a c c el er ati o n  =   0 m/ s 2

 b  t ot al di st a n c e tr a v ell e d =  ar e a u n d er s p e e d− ti m e gr a p h

  =  ar e a of tr a p e zi u m

  =     1  _ _  
2
     ( 3 0 +  1 5) ×  1 6

  =   3 6 0 m

 c  5 5. 5  ≤  v  <  5 6. 5

2 3  U si n g t h e c o si n e r ul e:

  6 2  =  1 42  +  1 62  −  ( 2 ×  1 4 ×  1 6 ×  c o s B A C )

  3 6  =  1 9 6 +  2 5 6 −  ( 4 4 8 ×  c o s B A C )

  − 4 1 6 =  − 4 4 8  c o s  B A C

  c o s  B A C  =     − 4 1 6
 _ _ _ _ _  

− 4 4 8
   

  =     1 3
 _ _  

1 4
   

  =  0. 9 2 8 5 7 ( 5 d. p.)

  a n gl e  B A C  =  2 1. 7 8 6 8 ° ( 4 d. p.)

 ar e a of tri a n gl e =     1  _ _  
2
    ×  1 4 ×  1 6 ×   si n 2 1. 7 8 6 8 °

  =  4 1. 5 6 9 ( 3 d. p.)

  =   4 1. 6 c m 2  ( 3 s.f.)
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