OCR AS Mathematics Surds and indices o

Section 1: Surds

Exercise level 1
Do not use a calculator in this exercise.

1. Write these in terms of the simplest possible surd.

i) 8 (i) /50 (i) /48
(iv) 216 (v) /63 (vi) /300
2. Simplify the following
(i) (1+J§)+(3—2J§) (ii) (5\/5—2\/5)—(J§+3J§)

(iii) 2(\/6—3\/§)+3(2\/§+J§) (iv) 18++72-+/98

3. Multiply out the brackets and simplify as far as possible.

(i) (1+J§)(3—J§) (ii) (2—J§)(3+2\/§)
(iii) (3-2V5)(1-3V5) (iv) (3-v2)
4. Rationalise the denominators of the following.
.3 1
() % (i) E
(i) 13%/5 (iv) J§L+1
v) —Z_ﬁﬁ
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OCR AS Mathematics Surds and indices o

Section 1: Surds

Exercise level 2
Do not use a calculator in this exercise.

1. Write these in terms of the simplest possible surd.

(i) Bxy27 (i) 12x+15 (iii) 10x+24x[15
2. Multiply out the brackets and simplify as far as possible.

(i) (V2+248)(5v2-3) (i) (N7+2)(V7-2)

(i) (V2 -B) (v) (3++3)(3-3)

() (1+243-\5)

3. Rationalise the denominators of the following.

. 1-3 . 1+245
(i) P (i) 3
(iii) L+y2 SCRRE]

NS A o

4. Express each of the following expressions as a single rational fraction, leaving a
rational denominator.

Q) i+i (i) L + 2
V7 V2 3-42 2-3

3 X : 1 1

(“I)ﬁ_T (iv) x+\ﬁ+x—\ﬁ
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MEI AS Mathematics Surds and indices o

Section 1: Surds

Exercise level 3 (Extension)

1. When a simple pendulum swings gently, the period in seconds of the swing is
given by the formula

T:27r\/E
g

where L is the length of the pendulum in metres, and g is a constant which is the
acceleration due to gravity. (Throughout this exercise, it is sufficiently accurate to
use the approximation g =10 ms2.)

The diagram shows an experiment in which PQ
is a simple pendulum, with a pendulum bob at Q,
and the pendulum swinging L metres below the
point P.

The end of a string of length 20 metres is fixedto _ -~
the bob Q and passes over a peg at the fixed C
point P, around another peg at point B, with the

other end fixed at A. Point A is 3 metres below

point P, so that ABP is a right-angled triangle.

The length L can be changed by sliding the point

B along the horizontal line AC. The length of AB is x metres as in the diagram.

(i) Write down a formula for L, the length of the pendulum PQ, in terms of x.

(if) Find the period of the pendulum when AB = 4 metres. Give your answer in
surd form.

(iii) Write down a general formula for the period in terms of x.

(iv) Find the period of the pendulum when AB = 8 metres. Give your answer in
surd form.

(v) If the period of the pendulum is T1 when the length is L1 and the period is T
when the length is L> then find a formula in terms of the lengths for the ratio
of the time periods. Check that your answers to parts (ii) and (iv) above are
consistent with your formula.
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OCR AS Mathematics Surds and indices o

Section 2: Indices

Exercise level 1

Do not use a calculator in this exercise.

1. Find:
M (i) 2° (i) 4Y2
(iv) 6 v) 5° (vi) 64%°
(vii) 1672 (viii) 8%° (ix) 36

1\ . (25" (271"
x) (Ej (xi) [?j (xii) (aj

2. Simplify the following:

. L oma s . 5\3  [n7)\2 5°

(i) 3"x3*+:3 (i) (2°)x(2")" (i) ]
3. Simplify:

. 3160 .. 3 x5°

M) 2°~16 N TOFE
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OCR AS Mathematics Surds and indices

Section 2: Indices

Exercise level 2
Do not use a calculator in this exercise.

1. Simplify the following:

5 Y2
(I) 2 X24 (") (35)3/2><977/4
2. Simplify:
. 16x oxixt
(i) ; (i)
2°x e
3. Simplify the following:
(i) 323”7 (i) 2Y24+29242%2
4. Simplify:
(I) 22 :22
22
7 3 7\2
. X* —X* 4+ XX X*
(ii) ;
XZ

i v__}
X
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(iii)
XY3 x X3

(iii) y¥2 -y

d

13/05/16 © MEI



OCR AS Mathematics Surds and indices o

Section 2: Indices

Exercise level 3 (Extension)

1. Kepler’s third law of planetary motion states that the square of the period T of an
orbit is proportional to the cube of the radius r. (The exact law is slightly
differently stated, but this version is correct for circular orbits.)

(i) Write down a formula for this law, in terms of T, r, and k, the constant of
proportionality.

(if) Using your formula, express T in terms of r and k, and also express r in terms
of T and k.

(iii) In the rest of this question, we measure T in days and r in kilometres. The
Moon orbits the Earth in 27.3 days, on a path which is nearly circular, with a
radius of 382300 kilometres. Find the value of k.

(iv) A geostationary satellite is one which orbits in exactly one day. What must
be the radius of its orbit?

(v) A circumpolar research satellite is in a circular orbit with a radius of 110000
kilometres. What is the period of its orbit?

(vi) A permanent Space Station orbits the Earth in a circular orbit taking just one
and a half hours. How high above the ground does it orbit? (The Earth’s
radius is 6371 km.)

2. My old copy of “The Young Person’s Guide to the Coast” states that for an
observer looking out to sea from a height of h metres above sea level, the horizon

at sea is at a distance of approximately 3.574/h kilometres.

(i) Inthe diagram on the right, R is the radius of the d
Earth, h is the height above sea level of the \
observer, and d is the distance to the horizon. Show N
that this leads to the formula

d=vhV2R+h.

(it) Explain how, if h is very small in comparison to the
radius of the Earth R, then this formula can be
approximated by d =+/2Rh.
The radius of the Earth is 6371 kilometres. Show that if h is measured in

metres, and d in kilometres, then this formula gives d ~3.57vh

(iii) Find the approximate distance to the horizon for
(a) an observer with eye-level 2 m, standing on the beach.
(b) the view from the edge of a 100 m high cliff.
(c) the view from the top of a 1000 m mountain on the coast.
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OCR AS Maths Surds and indices 2 Exercise

(d) the view from the cabin of an aircraft at altitude 10000 m.

(iv) The “Young Person’s Guide” tells the tale of two Cornish lighthouses at
Penvose and Tredeen, which are built many kilometres apart, but from
which, by coincidence, each can see the other’s light at low tide, but each is
obscured from each other by the curve of
the Earth at high water. The Penvose light
is 59 m above the high tide, and the
Tredeen light is 62 m above the high tide.
At low water, each is a further 6 m above
the sea. What is the greatest and least
distance apart for the two lighthouses for
this tidal anomaly to be true?

3. The ‘fast chiller’ in an industrial kitchen can cool hot food so that the change in
temperature 6° in a minute is given by the formula

k(6 +10)°
(i) When the chef places food at 30° in the chiller, it cools by 2° during the first
minute. Find the approximate value of k.

(if) A food scientist converts the formula above for the rate into a new formula

linking time, t minutes, and temperature 6 °, which is
t=C —3(9+1o)’%
2k

where C is a constant depending on the initial temperature of the food.
Initially, when t = 0, the food has temperature 30 °. Use the formula to find
the value of the constant C, and determine how long it will take the food to
be chilled to freezing point at zero degrees.
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OCR AS Mathematics Surds and indices o

Section 1: Surds

Solutions to Exercise level 1

1. ) JE=Jrxz=J#xJ2=2J2
(i) B0 =25x2 =25 x2 =52
i) JHg=Viexz=JiexJz=4/=

(tv) J2te =zexe =Jzexe =ee
V) \E:,/jx}tzﬁxﬁz:sﬁ

(M)  Boo =100x2 =100 x[2 =10J=

2. 1) (1+42)+(3-2¢2)=1+3+V2-22
=4-2

i) (5v2-2v3)-(V2+3V3)=5V2 -2z -V2-33
=42 -5z

() 2(V5-3V3)+3(2V5 +V3)=2V5 —eVz +6V5 +343
=gJ5 -3z

v) Jig+ 72 -[9g2 = [9x2+zex2 - [49x2
=zJ2+eV2-7V2
)

3, (1) (1+,\/§)(3_,\/§):3_\/§+3\/5_2

=1+22
i) (2-v3)(z+2v3)=e+4/z-3J3-2x3
==
(i8) (3—2E)(1—3E)z$—jﬁ—2€+éx5
=22—11./5
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OCR AS Maths Surds and indices 1 Exercise solutions

) (2-43) =(2—E)(=E)

= 9-3J2-3J2+2
=11 -2
y B BB
4. (1) NN ==
@ L. YE_E
5 E 5

XY

2 N2 (1+V2)V2 z+2

(tit) NG X\/E_ = =
(i) 1 J_ 1 N z-1 3-1
J_+1 -1 (J§+1)(J§—1)_ 2—1 2

V2 2442 _ V2(2+42) 2dz+2 2V2+2 _

W :2\/_:2+\/_ (:2 \/_)(:ZJM/_) -2 2

2+1
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OCR AS Mathematics Surds and indices

Section 1: Surds

Solutions to Exercise level 2

1. (1)

(L)

(tit)

2 O

(it)

(iit)

(tv)

W)

\/Zx\/gzx/gx\/gx\/_x\/g=\/5x3x3=j\/5
V12 x/15 =4 x3xz3 x5 =2x3xJ5 =65
V10 x 24 x 15 =[5 x 2 x4 x [z xJ2 X2 x5

=5 X2X2X3
=e0

(V2+242)(5v2-+3)=5%x2-J2V3 +10/2J/2 -2x3
=10-Jo +106 -6
=4+ 9o

(5 +B) 7 ~2) =7~ (72 + V27 -2

=5

(Va-&) =2-2/2.z +2

=2-8+¢

(1+2J§—J§)2 =(1+2J§—J§)(1+2J§—J§)

)

=(1+2v2 -5 )+ (243 +4(3) —2v3V5 ) +(—/5 —2v=V5 + 5)

=12+4\Vz —2V5 —4/z5
=2(9+2v3 -5 -2v2V5)
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OCR AS Maths Surds and indices 1 Exercise solutions

2. ()

(it)

(Lit)

(v)

4, (L)

1-V3 2+43 (1-V3)(2++3)

2z 2443 (2-v2)(2++3)
_2+J3-2V3-3
- 4-3
B 1

-3

1+2V5 345 _(1+2V5)(3+5)

z2-J5 3+J_ (3—J§)(3+J§)
_z2+J5 +65 +2%x5
9-5
12+ 75
4

1442 V3-2 _ (1+V2)(V3 -2

N—"

2—-2
2+ -2
Je iz ez _(Ye+z)(Ve+s)

2)(
iz E-r (ziR)(zE-2)
z-J2+V6-2
= - =

B
-z

Je
Vo= Ve (Ve—R) (e )
12 +12 +=

e—3

:3+2\/E

32
_orel o
32

2 2 27 =2
+——== +
> 2 F =2
_4fFr2u2
14
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OCR AS Maths Surds and indices 1 Exercise solutions

2 3+\/_ (2"‘\/;)
3- «/_ 2-J= 9-2 4-3

_zt+J2+22+1443

(i)

>
3t +V2 +1443
) 7
y ——_NX_IR—X
x4 4dx
Jx(12-x)
-
o) 1 y “J_
x+\/y X - \/_ X — X -y
24
X -y

30f3
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OCR AS Mathematics Surds and indices

Section 1: Surds
Solutions to Exercise level 3 (Extension)

1. (1) =3+ x°
and L =20—-h—x

zzo—x—,/x2+3

a4 L /
(LL)7_=27Z'\/:, with g =10, x =4
g

204 — |47 +
o eanfE

10
fii
=27, |—
10

w21t
J5
20— —a/ *+
(i£0) tn general, T::M\/ AN D
10
m/E\/zo—x—a/x2+3
B NES
) 212 - 7=
(V) x=2=7 = JE
2 2 2
W) 7, =2r /—1 and T, =27 /—2:>Q= /—2
g g 7y &
e
X, =4=7, =—F— =R 6.5898...
V5 Y
and L, =11
212/
X2=8:>7’2=7[\/_ \/g 72 R 3.693%...

and L, =20 -8 —\[72 =2.4559...

| ~

-
Check: 2 = 0.560... and 2 x «/0.314... ~0.560...
7 \l 4

(\

as expected,
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OCR AS Mathematics Surds and indices

Section 2: Indices

Solutions to Exercise level 1

1}

)
(it)
)
(tv)
V)
(Vi)
(vit)

(Viit)

(tx)

)

(xi)

(xib)

(©)

(it)

(LiL)

(©)

¢y

3t =3x3x3Xx3=21
2% =2X2X2X2XRX2 =64

3°x5° 3°x5°
Jeix25 [zt xs5?
3" x5°
C 2x5
=3°x5% (=675)
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OCR AS Mathematics Surds and indices

Section 2: Indices
Solutions to Exercise level 2

1/2

27 x4 2% x(2°)

y 2° x2* -
1’ (L) — — :25+1 1 __

(LL) (35 )3/2 xj_?ﬂ _ (35 )3/2 % (32 )*7/4 _ 315/:2 x377/:2 — 3%

s X 4_1 8 5 _5\3 s
I v G Ll ) et
’ 1ex* 2t xE
2, (@ . =——
25 2°x*
5 iy 1
. X* X X*
(£0) =—
Ny X*
:/(75
’ 5/2 /2 _ _1/2 2 1/2
= (1) 3T 37T =3""*"%x3* -3
:31/2(32 _1)
=Jzxg
=gJ=
() 2¥+2% 427 =22 122 x 0" + 273 x 27
=2Y*(1+2+2%)
=72
1 y-1
(LLL) 51/:2 g y2 _ '—g__:
NZANY
’ 28 2% 2% (a-1
4- (L) - ( — )
23 23
=2
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OCR AS Maths Surds and indices 2 Exercise
solutions

@ (" A A L %[K 1+x ]J

HE[ X+ - 1])

X(K +X— 1

(i) {g: ‘Z} | £ g; ]
x* gi X*,

mu
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OCR AS Mathematics Surds and indices o

Section 2: Indices

Solutions to Exercise level 3 (Extension)

1. () 7=k

win

7

@) 7 =Jkr® and » =

i
E}

2

s 7
() 72 =kr® > k=—
r

_ (2#3)°
382300°

=k =1.334x10"*

(iv) 7 =1 = geostationary satellite radius = 42200 (3 s.f.)
(V) ¥ =110000 = circumpolar satellite period = 4.21 days

(Vi) Period = 1.5 hours = 7 =0.0625 olagjs
(0.0625)¢

(1.234 x107*)?
so the space station Is 6640 - 6371 ~ 270 kw above the ground,

= 6640 R

>R =

2, () mthediagram, (R+h)* =R +4?
SR+ 2Rh+1 =R + 47
= d% = h(2r + k)

:d:\/z\/273+h

(t)f nis very small tn comparison with =, thew the term tn /= can be
neglected in comparison with the term tn R4, leading to d = \2=RA

h .
n wetres = Rilometres , so A = \/2 X 63F1 X

1000 1000
~3.57\n

(iit) (@) h==2 = d =5.048 km
(o) h=100 =>4d=3571 km
(¢) h=1000 =>d=1129 kwm
(d) h=10000 =d=35%1 km
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(v) Using the formula:

OCR AS Maths Surds and indices 2 Exercise solutions

Penvose

Tredeen

High tide

Low tide

High tide

Low tide

height (m)

59

65

62

68

distance (k)

2742

2272

211

29.43

S0 2742 + 28.11) < distance apart < (22.78 + 29.43)
55.3 ki < distance apart < 58.22 km

2, (1) —2=4k(20+10)?

2
= k=——7F=-0.004275
403

2k
2k

_ _[3(40)3 J(M);
4

=—2(40)
So ¢t =2(40)*(0+10) * —2(40)

and when 0 =0, t =2(40)*(10)* —2(40)

403
= %(40) 7 —1
103

= 30(4° —1)

= 45.6 minutes
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