F1
(@z=[4-(1+20?2=(4-9)?=(-5?=25
(b) z= 4x%y2 - axy(x +y)2 + (x +y)*
= 4x2y2 — 4xy (X2 + 2Xy + Y2) + (X2 + 2Xy + Y2) (X2 + 2%y + y?)
= 4x2y? — 4y — Bx2y? — Axy® + x4 + 4x3y + 6x2y? + 4xyS + y*

= x4 + 2x2y2 + Y

FLAP M11 Arithmetic and algebra
COPYRIGHT © 1998 THE OPEN UNIVERSITY S570 V1.1



F2
2 _2mil-2d _ 2(mu? - d)

@ 2mu-=d=
u u u
2 2 2
(b) &+D:4I +3h
3h 2 6h
© 3(h+f)? 3a(h?- 1?)
C =
2a® -21?

_Ahe ) (27)  e(h1)?
- 22 za(h?-12) ea’(h+f)(h-f)

_Bh+f) _ o \a(h+f)
= h-n - VAo
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F3

The value of v that will just permit escape is given by mu2/2 = Gm;my,/r. Cancelling a common factor of my on
both sides and multiplying by 2 givesv2 = 2Gmy/r.

Taking the positive square root gives v = /2Gm, /r .

Theinequality v > /2Gm, /r givesthe condition for escape.
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T1
(3 3+6/2-4=3+3-4=2

(b) 42x30-14=126-14=112

(© ab+c2=2x12+(-4)2=1-2=-1
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T2
@ 6+3/(9-7)2=(6+3/2)/2
=(6+15)/2=75/2=3.75
(b) 2[(3a—-4)b+2a(3b+1)]=2[(3-4)(-1) +2(-3+1)]
=2[(-D(-1) +2(-2)] =2(1-4) =-6.
© 2A[2-22+3)/(2-1)] +[1+(2+3)/2)/2}
=2[(2-10) + (1 +25)/2] =2(-8+ 1.75) =-125
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T3

@

2+4/F=2+4/9=2+044=244

(b) 2+(4-3a)2=2+(4-3)2=2+1=3

(©

C+2+x9)2=(2+(2+2)2)2=(2+4%)2=(2+16)2=182=324
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T4
(& 3x(4+ 3y) + 2x = 12x + 9xy + 2x = 14x + 9xy

(b) (X+2y)% = (X+2y)(X + 2y) = X2+ 2xy + 2yx + 4y? = X2 + 4xy + 4y?
(€ X+Y)(X-Y)=X—xy+yx-y2=x2 -y

(d) (3x+6y)/2=3x/2+6yl2=3x/2+ 3y

(€ (p+Q)/g=plg+aq=plg+1

(f)  (2xy)2/2 = 4x2y2[2 = 2x2y2
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T5

(8) 3x2y+6xy = 3xy(x + 2)

(b)

83 + 4x%y + 2xy? + 2x = 2X(4 + 2xy + y? + 1)
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T6

(@ 7/42=7/(6x7)=1/6

(b) 6X/(2X3) = (3 x 2X)/(2x % X) = 3/x
(©)  8(x+3)/(2x) = 4(x + 3)/x
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T7

(3 The denominator is (3x2y + 6xy) = 3xy (X + 2), so the numerator and denominator have a common factor
(x + 2) and the fraction becomes (x + 3)/(3xy).

(b) The numerator is (3xy + 3y?) = 3y(x + y), and the denominator is (4x%y + 4x3) = 4x2(y + X), so cancelling a
common factor of (x + y) in the fraction gives 3y/4x2.
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E+§—E+3—E (b) 5-}.5—%-}._)(—2
3 5 15 15 15 3 2 6 6 6
1,1_v,u_uvtu @ 2 cannot besimplified
u v w uw uv 3+a
21+x) _ 2 n 5/7_5 3_15
1+x)?  (1+x) 2/13 7 2 1

(g) i—:gxxg—%— (h) §+l—£+l—£
x/3 X X a 2a 2a 2a 2a

. 7x% _ 7x

i) (-7x®)+(-3x)=—=2

() (-7)+(-3) =3 -=7
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T9
(8 22x28=25=32

(b) 23 x 24 x 25= 212 = 4096

(© (-2*x(-22=(-2°=64

(d) (32=25=64

e [(-0.2)2]3=(-0.2)6 =64 x 10°6=6.4 x 105
() [(-)7])B8 = (-1)17*B = (-1)391 = -1
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T10
(8 2°4=1/2*=1/16=0.0625
(b) 1073 = 1/10% = 0.001

-3
MO _ s
(© R0 =23=8

d) (0.22=1/(0.2)2=1004=25
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T11
(a) 52 x55=52-5=-53
(b) (59)=3=57°
(C) 24/26=24x26=24-6=22
(d B3H1=31(.e 3
1053

© 50

Also 8l iscorrect.

is aready in the required form, with a = % However, it may be rewritten as (2713 = 23 if desired.

(f) D25 210

%E ><2><2 _EZ_HXZXZ3 . =210-5=25
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T12

(@ 9Y2 =3 or -3 (often written 9V2 = +3)
(b) 16Y2 =4 or -4 (often written 16V2 = +4)
(c) 16Y4 =2 or -2 (often written 16Y4 = +2)
(d) 27¥3=3

(6) /64 =8 or -8 (often written /64 = +8)

(f) /49 =7 = 2.65 or —2.65 (often written /49 = +2.65)
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T13

@ (-8r=-2

(b)
(©

01 72

0 160 cannot be found since it is the square root of a negative number.

(-2)Y2 cannot be found. It too is the square root of a negative number.
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T14

(@ 74/9=237

(b) 273272 =27)32=27)'=27

© 2 x 39 = 9l2 (21/3) = Ql/2+1/3 _ 55/6 _ 1 7g

d) % —gl2 (31/5)‘1 = 3U/2-1/5 _ 33/10 _ 1 39
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T15
(@ 1/+r =1rv2=y-12
(b) r3r =r3xr¥2=72
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T16
(a 4><2y224 = (2xyz2)?

thZL2 1 ghncf
b —— R/ D =—- =2
(b) 8m smUL O

Dsﬁz( 507 _rgrez2ayoe
D \FE B s

Z\FTTZ2/6|5/4 EBD1L nzY3|5/4

(©

V3 B0
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T17

If acommon factor of oz 0 > isextracted from each term on the right-hand side
-a

2 2 2, ZD
q):a)zvr_b \r/a _aZUr+an 6

r Hb? - a2

If a common factor of b2V is extracted from the first two terms and a common factor of —a2U from the second
two terms

2 2
2 _a_l] D - o
m VH r E 2V H b’ - a’
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T18

F= ZW%rzg(p— G)—3I]U§

So, when F = 0 and v = vy we have
0= %rzg(p— o) -3nu,
If 3nv,isadded to both sides
3nu, = % r?g(p - o) - 3nv, +3ny,
The last two terms on the right-hand side cancel, so if both sides are divided by 3n

2 2
UF#Q(P—U)
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Fy (4/3)mpg  p
F 61nrv _ 3nv _ 9nv
F, (4/3)m’pg  2r’pg/3  2r’py

_(413)w30y _ 2r20g
y 61INrv 9nv

(b)lfizlo whenv = vy
Fp
F 9nvu
10=—->=1(F,/F,) = L
Fb ]7/( b/ V) 2r20.g

(2 = 9N,

2
If we multiply both sides by r_,
10 2009
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Since r2 is positive we can take square roots of both sides, and since we know that r itself (a radius) is also

. . 19nu
0sitive we can neglect negative roots. Thu r=—Lt
p eg g S, \ 2009
O O
(©IfFg=F, H’.e.i:lH whenv=o; 1= 1%
Fq 2repg
If both sides are multiplied by r2, r? = 9wy
2pg
. _ 190y,
If positive square roots are taken asbefore  r = \ 200
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T20
(a) If y=2ax+ b?
2

then2ax=y-b? so x= y-

provided a # 0
(o) If (y—b)+(x—a)=5xn2+3

then (x—a) —5xh2=3 - (y—-h)

s0 x-5x2=3-(y-b)+a

i.e Xx(1-5¥)=3-y+b+a

If both sides are divided by (1 — 5h?)
= 3-y+a+b

W provided (1 - 5h?2) 20

(The condition (1 — 5h?) # 0 is required to make sure we have not unwittingly divided by zero.)
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+ 1 ma?then L=z 1
x—-a y-b X—a y-b
1 _3t(y-b)-

X—a y-b

If both sides are multiplied by (x-2a)(y=b)

3t*(y-b)-1
_y=b x—a provided 3t?(y —b) -1 #0
3t*(y-b)-1

_ y-b )
thus x= —-"——-——+a rovided 3t2(y —b) - 1#0
3%(y-b)-1 o P =0)
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(dIft+a= 3—b then(t+a)2=3_b
(x-v) Xy
If both sides are multiplied by -
(t+a)
x—y:(t 3b)2 provided (t + a) Z 0
+a
3b .
thus x= W+y provided (t+a)#0
+a
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T21
it F= S then 2 :—G”I':lm2

r2

All of the quantities involved are positive, so we can take positive square roots of both sides to find
- “;‘Gn“hmz
vV F
To check this out with some simple numbers, let m; = 2, m, = 3, r =4 and G = 5. (This is nothing like the

correct value of the constant G, but that does not matter; we are not carrying out a physical calculation, we are
just checking algebraic manipulation.) With the assumed values for G, my, m, and r we find

F- 5x2x3 _ 30

16 16
If these same values are used in the rearranged equation
_ [9%2x3

~\30/16

r

=16=4 which is consistent.
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T22

(@ V=IR whereRisaconstant
(b) R= k_l2_ where k is a constant
r

(c) E+ @=hf wherehisaconstant

G .
(d) Fga = lemz where G is a constant

(Of course you may have used different symbols for the constants.)
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T23

(@), (b), (c), (d) and () are true, (f) and (h) are false, (g) is ambiguous since v/2 = +1.41 (This is why some
authors prefer to use the root to denote positive square roots only.)
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T24
@If2x+4>6 then2x>6-4
i.e2x>2 sox>1

(b) f2(@a-x)<7 thena-x< % i.e.—x<

N~

—a

If both sides are multiplied by —1 and the inequality isreversed x> a — g

(c) If2(a—-x)<3x+b then2a<3x+b+2x

2a-b
<X

i.e.2a-b<bx =0

2a-b

which may be rewritten x>
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T25
If R:%l,then R > R, implies that ’O—A|> Ry

(& Itfollowsthatif p and Aaregiven | >%

(b) Itasofollowsthatif | and p aregiven A<

pl
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