2.4

Formulae

Substitution into Formulae

1. The speed of a bike,metres per second, is given by the formula
v=u+ ft

whenuis its initial speed (in m/sj,its acceleration (in mfsandt, the time in
seconds.

Determinev when

(@ u=0, f=5andt=10 (b) u=20, f=2andt=5
(c) u=20, f=0andt=5 (d wu=40 f=-5andt=5
() u=40, f=-5andt=8

In each case, briefly describe the motion of the bike.

2. The Fahrenheit scale, (F) and the Celsius scale (C) are related by the formula

F=2c+32
5

(@) Give the following temperatures in Fahrenheit.
()  Normal body temperature: 3T
(i)  Boiling point of water: 100°C

(b) Give the following temperatures in degrees Celsius.
(i)  Freezing point of water: 32F

(i)  Singapore's average daily temperature: °B6

3. If x=3 y=4 and z=7, find the values of the following expressions:
12
(@) Syz (b)  xyz © —
Xy
(d) % ) 2x+3y f) x-5y+2z
(@ xy+yz (h)y x*+y° () 2z2%+y
Q) y+x (K xy’ () 4ty
4, If a=3 b=2 and c=-1, find the value of each of the following.
(@) a’+b’+c’- 2abc (b) (2a+b-c)(4b-3c)
b c
c a-b)-(b-c) ao 242-°
(© (a-b)-(b-¢) @ ++o-

a+tl _b+c_c-a

fH a-c*+b?
2 4 3

(e)
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(g) 2a-3b%+ 3abc? (h)y a®+3b®-4c®
. a+b ab-c . 3a-b a+c
[ - +
U C b 0 b-c b-a
2c’-3a 4b a’-b> a’-c
(k) -— U] ra
bc-a 3a c (c - 3b)

Find the value ofx®+ 2xy?+ y*> when x =2 and y=-1.

x+1+2x—1
Xx—-1 2x+1

Find the value of when x =-2.

Find the value of2ab + 3bc® when a=0, b =5 and ¢ = -2.
The distance travelled metres, by a car is given by
s=ut + = 2
2

Hereu is the car's initial speed (in m/she time (in seconds) affithe
acceleration (in m#s
(@) Findswhen
() wu=0, t=10, f=5 (i) u=20, t=5 f=6
(i) u=50,t=4, f=-5 (iv) u=60, t=10, f=-2

(b) If the car travels 400 metres in 5 seconds with initial speed of 40 m/s, wh
its acceleration?

More Complex Formulae

1.

It is given thatv® = u® + 2as. Find the values afwhen v = 0.8, a=0.05 and
s=28.

18-5x

It is given thaty = . Find

(@) thevaluesolyif x=-6.4

. 1
b fy=2=
(0 xif y=25

If S= g[Za +(n-1)d], find

(@ the value o6when n=10, a=-2 and d =

N~

(b) awhen S=440,n=10 and d = 5.

10

at is
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The arithmetic meaw, geometric mearG, and harmonic meahi, of three
numbers, are given by the formulae

atb+c 1 3
A=———— G=(abc)’, H=
3 (@be). M=t 1 10
[la b cU
Find A, GandH for the following sets of numbers.
@ a=2 b=3 c=4 (b) a=1 b=3 c=5
(c) a=b=c=3 (d a=25 b=3 c=35

What do you notice about the valuesfoiGandH?

Findz, given by each of the following formulae, for the given valuesaridy.

@ 2= /Z+5 x=2y=3
z \x

(b) Z=x*+y?, x=3 y=-4
1 x+y

C — X==-2, =4

© 3 N y

(d) §:§+L Xx=5 y=2

(e) i2:i2+lv x=4, y=3
Z xX*y

The formulav?= u?+ 2fs connects the initialu, and final, {), speeds of a car,
with its accelerationf), and distance travelleds)(

Findv (in m/s) when
(@ u=0, f=10m/s?, s=100m
(b) u=20m/s f=5m/s?, s=50m

() u=75mls f=-10m/s?>, s=25m

Changing the Subject

1.

Makes the subject of each of the following:
(@ 2s-8p=14 (b) 28=4s+r-s (c) 10-2s=12r +2s

In each of the following, makethe subject:

(@ y+x=6 (b) m+y=2-n(c)

oalx
1]
w <

(d 3+m=d+y (¢) 5=y-3m (H 2y+6=48+ 2x

11
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Given that4a + b = ¢ — a, express in terms ofb andc.
Given that x — y = 3z, expresy in terms ofx andz.
Given that pq =r, expresg in terms ofp andr.

Giventhata+ b =8c + 7, expres in terms ofa andb.

Make a the subject of the following formulae:

(@)
(d)
(9)
()
(m)
(p)
(s)
(v)

a+tx=Db (b) a+h=k (c) a-m=n
a-k=h (e) a-b=c+d () a+tc=d+e
y+a=x (h)y z-a=2k 0] p=a-dq
5k=p-a (k) 7k=p+a ) a-b-c=k?

b-a+k=h®> (n) m+n+a=k () m-n-a=h
7k-h-a=2a (q) 5pg-a=p’-q () 3xy+a=xly
ba =15 ® ax = 3y (u) xay=3k

2xy = 3ak w) ak=p-q+k (x) ax’=5y-4

Makea the subject of the given formula.

(@)
(d)

(9)
()

(@)

(b)

ax=y ) a(p-4)=q (c) ax+by=c
p(a+b)=c () 2a-3m=4a-7(f) 5Sb-2a=3c

A ib=c h x=2i5 G P2

=3
m 3 5 P

R=m(a+g) (k 2b=ax+a () 2m=65-4a

The volume of a cylinder is given by

-

()  Make h the subject of this equation. h
(i) Find hwhen r =3cm and V = 350 cm®. i
The total surface area is given by
s=2mr?+ 2mrh
()  Make hthe subject of this equation.

(i)  Find hwhen r=3cm and s =300 cm?.

12
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Electrical fuses are available as shown.

o= o= g

The correct fuse to use for an electrical appliance can be calculated using this
formula,

- P
240
where F = Fuserating in amps,
P = Power rating in watts.
(&)  Which fuse should be fitted for a toaster with power rating 1100 watts?

(b)  An electric heater needs a 13 amp fuse. What is the largest power rating

heater could have?
(SEG)

The length of a man's forearfrctn) and his height(cm) are approximately
related by the formula
h=3f +90

(@) Part of the skeleton of a man is found and the forearm is 20 cm long.
Use the formula to estimate the man's height.

(b) A man's height is 162 cm.
Use the formula to estimate the length of his forearm.

(c) Georgeis 1 year old and he is 70 cm tall.
Find the value the formula gives for the length of his forearm and state w
this value is impossible.

(d) Use the formula to find an expressionffar terms ofh.
(MEG)

The volume of a cylinder is given by
V = mr®h
wherer is the base radius andthe height.

(@) Maker the subject of the formula.

(b)  Findr when V =300 cm® and h = 5cm

the

13
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The volume of a toy, consisting of a base hemisphere
and cone top, is given by

V = Enr2h + gnT3
3 3

Make h the subject of this equation and finadvhen v

V =300cm® and r =3 cm.

The surface area of a sphere is given by
S=4mr?
(&) Maker the subject of this equation.
(b)  Findr when () S=100cm? (i) S=200cm?

By what factor does the radius change when the surface area is doubled?

Make x the subject of

@ y=4x+2 (b) y=1-3x (c) y=mx+c
1 - 1

d = e =1++X f = —

d vy i1 e vy N ® vy 1+ Ix
/5 x o . 1 1

@ v=\7 (h) y=yx+1 i) ==-+1
a y X

. 1 2 1 1 4

=== k =+ = | =
0 =3 W y=3+> 0 y=—
1 1 1 . . .
If n = " + " makeu the subject of this formula. Findwhen
(@ f=5andv=1 (b) f=3andv=-2

The percentage prof, on the sale of an item is given by the formula
o= 100(s - c)
c
wheresis the selling price andlis the cost price.
Expressc in terms ofs andp.
(MEG)
Students conduct an experiment to fijpthe acceleration due to gravity.

They measure the tim&,seconds, for one complete swing of a pendulum of leng
L centimetres.

The formula forg is
_ 4L
g - T2
(@ Findgwhen L =39.24 and T =1.26.

Take 711 =3.142 or use thetbutton on your calculator.
(b) Rearrange the formula to exprdss terms ofL, rrandg.

(SEG)

14
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Expansion of Brackets

1. Copy and complete the following multiplication tables. Some have been done

you.
(a) (b)
6 2k | 2
X -2 |3 = | 4-3 X | k| == |2-2
y y y y 3 | %
-1 -3y 6 | -6k
1 1—§y —4 —i
4 4 3k
2 3
1 _3 1
2 y 2

2. Remove the brackets in each of the following algebraic expressions.

(a)
(c)
(e)
(9

(i)
(k)

(m)
(0)

(@)

2(u-3)
4(2x + 3y)
~2(p - q)
-3(-2u - 3)

1
E(10p 6q)

—(b +¢c)
-x(p + q)
~(-p-q)
12 4bD

——a- —
23" 50

(b)
(d)
(f)
(h)

1)

8(v +7)
6(5a - b)
-5(a +b)

8(—2u - 3v)
% (20x - 15)

~(p-q)
~y(=x +y)
~(-t+r)

! 5 C
6a—b-—c
Hg) 6 C

3. Simplify each of the following algebraic expressions.

(a)
(c)
(e)
(9)
(i)

(3x - 2y) + (4x - y)

S{x ~ 2) + 3(4 - )

(b)
(d)

2(3m + n) = 3(m - 3n) ®
3a(b - ¢) + (30 - 2)a (h)

x(y - 2) +y(z-x) +z(x - y) ())

15

(p=m)+(m-2p)
(3a+2b) - (a-b)
(x-y)-(y-2-(z-%)
m(m = n) = n(n - m)

3(2y + 52) - 4(2y - x)

for
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4. Multiply out and simplify each of the following expressions.

(@ 6(3x+y) (b)  5z(z - 2y)
©  S(exy-4y) @ ofp+2r-3)
€ (p+a)(r+s) M (x+y)(z+2w)
(@9 (3a+b)(a+c) (h)y (m+2n)(2p + 3q)
() (a-b)(c+d) G) (2¢-f)(20-h)
) (3p-4q)(s+2t) () (a+7)(2b+5)
m) (x+3)(x+4) n) (a+5)(a-3)
(© (x=7)(x-6) M (3+c)(6-¢)
@ (1-3x)(4+3x) n (2p+3)(p+5)
(s) (4x +5y) (2x + 3y) ® (d-7)(d-5)
u (a+5)? v (x-3)?
w) (b+2) 0 (e-4)
v) (2x+2)? @ (3x-2)7
Factorisation
1. Factorise the following:
(@ 2x+4 (b)  9-3x
(c) 2+10x (d) -5-15x
(e) x*+2x (H  x-3x
(@) 4x+2x° (h)  3x*-9x
(i)  10x - 5x? G 7+21
(k)  3x*-x° (0 2x+8x®
(m) 2x°+10x? (n) 4x*-4

2. The following expressions have been partly factorised.

Complete the factorisation.
(@) 2x*-4x= 2(x2 - 2x) =? (b) 10x-5x*=x(10-5x) = ?
(©) 4xC+8x=4(x+2x)=72 (d) 8xy+16x*= x(8y +16x) = ?

(e) 5Sxy+10x%y*= 5(xy + 2x2y2) =

16
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3. Factorise the following:

(& 10a-15b (b) 50py -120p

(c) 24abc - 8ab (d) 6abc + 12bcd
(e) 16m*+12n® ()  p’y+p’y

(g) 18s%t - 12st? (h) 10a +15a®

(i) c-c? () 2a’b*-8a’b

(k) m’n-mnl ()  6xy-—3y+9x
(m) par + p+ pr (n) abc+a’b+bc
(0) 8abc + 6ab’c + 4abc? (p) 5s% — 3st — 4st?

Algebraic Manipulation

1. Makea the subject of each of the following formulae.

@ Aot (0 sa-b)=7
m X
N

2. Make the letters in brackets the subject of the following formulae.

(@ (x+pa=g@2x-q) ® G 2= @
© a=2re (®) @ YE=ax-7
@ T= P » O g+2=2 ©
© x=5* ) () x= ii—i;i )
0 w=222 @ 0 y=22 W
() =4-1 0 () xy-1=5(2x+3)

m SR8 M P W®

17
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2x -1
0 k =
©) X+ 4
2
(@) P-mg=2¥
(s) §:y—4a
5 y+7b
(U) l+3:§+ﬂ
a b ¢ d
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Make athe subject of the following formulae.

@ +a=b

(d e=.5a-8
_ |2a

(9) x= S

() 2a°=b-3

(M b=yge

(M) 3Ya-b=c

%9 () 3=k -y
m 0 = k rJrEna

) © 2en=2

(b)

(b) ~2a=b ()
(e) {g=b (f)
h) \%—2={g ()
(k) 3°-2=3¢ ()
(n) m=n+%§ (0)

Make the letter in brackets the subject of the formula.

(@ a=.a+2b

© (x+y)P=x

(e) x=2w’+b

a’? b?
_+_:1
(¢)) 2y
. 4%
| t=
0 \m-3
1 1 1
k -
(k) a b c¢c-2

(b) (b) a?+bP=c?
) @ e=%-7a
() M 3Yy-1=z
(b) (h) ﬁm@—7:§
: 2_ /Mm+2
) O =0T
_onx
(© (0 y_a(T—f:‘)

)

(n)

(k)

(b)
(c)
v)

)

(m)

)

Find the value of by makingx the subject of each of the following.

2 _ 4
@ T x-D

2x
2x +3

©)

5 1 3
b —+ ==
(b) X 4 7
X+2 2x-1
(d) =
3 14

18
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3 1 3x x_1
+ = —_—— =
(©) (x+1) (2x+1) O 7472
Algebraic Fractions
1. Simplify each expression into a single fraction.
X X X X X | X
a) —+—= b) —-— c -+ —
@ 4 8 (b) 6 12 © 5 10
2X X X X 4x X
d —-= e) —--— f — -=
@ 3 6 © 2 8 ® 7 9
5 10 1 1 . 3. 2
=+ = hy —-— i -+ —
@ a b ) 2a 3 ® a 3
2. Express the following as fractions with a single denominator.
Xx x-1 y y-1
a) —+ by X - =
@ 2 4 (b) 4 2
Z X+2 1 1
c == d —-—=
©) 2 3 @ 3x 3y
€ —S+2 0 3-""P
ac ab m
4x3%y? X2 b ¢
-— hy a+—-—
@ 8xy* 4 () ca ab
. 3ab ab ab . 2y+1 3y-2
) T i O F=-2ted
X  2x 10X 5 10 2
(K) b+4_9+g () §+§_§
6 3 12 2 3 8
(m) c-1 2c+3 ") 2y—3+y—2
S 3 3 4
a+l a+l1l a e-4
0 —- -— +1
© 5 10 15 () 5
2 3 1 1
=(x-y)-=(x+ r —+ =
@ Fx-y)-gx+y) 0 5
3. Simplify the following algebraic fractions.
(@) §+X;3_X_4 (b) 2x—y+x—y
2 3 4 2 3
©) x+y_x+5y+5x—4y (d) 2x—3y_x—6y+5x+6y
2 4 8 5 10 15

19
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Express the following as fractions with a single denominator.

1+x x-5 1 2
+ b — - —
@ 3 6 (b) 3x 5y
XxX+1 x-3 2(x + X =3
© - @ 2y, A3
2 3 X 5x
5 7 1 2
— f i
(© X—-y Yy-—-X ® a a+b
X 1 X—-2
- h 3_
© a-b b-a () 3x
Simplify:
c ¢C X  2X
~ - = b o ==
@ 3 6 (b) 10 5
y 3 2x  x-1
c =+ — d — +
© 2 4 @ 3 5
2x+3 3x-2 u-2 2u+3
(e) - () +
4 12 3 9
1 1
+ = h) 2y+ =
@ v v (h) 2y y
. 2 . 1 1
- 4+
® m 3m ) 6x 3X
1 3 3 2
k —+ — | — -
() 2X 44X ® 4y y
1 1 1 5
- n 4+ —
(m) 2 X-2 " m mn
1 2 8 3
+ —
(©) p+gq 3p+3q (P) X+y A4x+4y
7 2 5 1
+ r — 4+
@ X—y 5x-5y " r-t 3r-3t
3 2 5 7
- = t +
() x+1 x-1 ® X—2 XxX+3
1 4 2 6
+ +
W X+2 x-1 V) X—-2 X-3

W) L 3x-2) ) 2y+3 2(y-1)
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