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Answer ALL questions.  Write your answers in the spaces provided. 

1.

A

O

B

Figure 1

Figure 1 shows a circle with centre O.  The points A and B lie on the circumference of the circle.

The area of the major sector, shown shaded in Figure 1, is 135 cm2.

The reflex angle AOB is 4.8 radians.

Find the exact length, in cm, of the minor arc AB, giving your answer in the form aπ + b, 
where a and b are integers to be found.

(4)
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PMT

egression

µµ '""

÷m
g.
§

/
-48)

'

µ
Arelesgbh : Gro

⑨fµy Area sector :# ""° "" ' """ ""
①

28.125=1/zrZ
length of the minor arc 56.25=7

1=7.512#4.g)

r= 7.5cm ①

MM = 151T-36cm ①

Bagg
_←-→-→
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2. (a) Given that θ is small, use the small angle approximation for cos θ to show that

1 + 4 cos θ + 3 cos2 θ ≈ 8 – 5θ 2

(3)

Adele uses θ = 5° to test the approximation in part (a).

Adele’s working is shown below.

Using my calculator, 1 + 4 cos (5°) + 3 cos2 (5°) = 7.962, to 3 decimal places.

Using the approximation 8 – 5θ 2 gives 8 – 5(5)2 = –117

Therefore, 1 + 4 cos θ + 3 cos2 θ ≈ 8 – 5θ 2 is not true for θ = 5°

(b) (i) Identify the mistake made by Adele in her working.

(ii) Show that 8 – 5θ 2 can be used to give a good approximation to 1 + 4 cos θ + 3 cos2 θ
for an angle of size 5°

(2)
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PMTso

a) For small angle esso = I - § ①
0
,
measured in1
radios

I + 40050+300508 It 411
-§) +311 -off

= I +4 - 42-2+34 -§ -⇒ +0¥ ) ①
= 5 - 282+3-35+30"

4

= 8-502 + 3¥
"

← Ignore high power
go

i. It 40050+300201 8- 502 ①

b ;) Adele is working is degrees not radios ①

boil 180% I 'd ÷ 36÷ -366 5° =É
8- 51%5=7.962 :O --5° gives a good approximation ①
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3. A cup of hot tea was placed on a table.  At time t minutes after the cup was placed on the
table, the temperature of the tea in the cup, θ °C, is modelled by the equation

θ  = 25 + Ae–0.03t

 where A is a constant.

The temperature of the tea was 75 °C when the cup was placed on the table.

(a) Find a complete equation for the model.
(1)

(b) Use the model to find the time taken for the tea to cool from 75 °C to 60 °C, giving
your answer in minutes to one decimal place.

(2)

Two hours after the cup was placed on the table, the temperature of the tea was measured 
as 20.3 °C.

Using this information,

(c) evaluate the model, explaining your reasoning.
(1)
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PMT

→ t=o

µ
t :O

A) 0=75 6--0 % 75=25 + Ae
-00310)

75=25 + A 2 hours = 120 minutes
A-50 C) when ts 120

0=25+50e-
°o°"

① 0=25+50e-
0.03420)

= 26.366 3dp
b) 60=25+50e-

003T

35=50e-
°-03£ 26.366 is not aproximabely

e-
0.03T equal to 20.3 , so the

= 0.7 ① model is not true for
large values oft ①

he-0-036=60.7
I hx^=nhx

- 0.03the -- 40.7

the =L
- 0.036=60.7

t = 40.7=11.889--11.9 minutes ①
'

-0.03
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4. (a) Sketch the graph with equation

y = |2x – 5|

stating the coordinates of any points where the graph cuts or meets the coordinate axes.
(2)

(b) Find the values of x which satisfy

|2x – 5| > 7
(2)

(c) Find the values of x which satisfy

|2x – 5| > x – 5
2

Write your answer in set notation.
(2)
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PMT

-

*Y
a)

s-x.gg/d
" "
"

"y=2n ✗ unbecept
① when y=o

as
0=22-5

% ① showing 2x=5

points x=§

I

C) In-5 >X -
5

2
b) be-5>7 ③L 42m-572C -§d ↳ 2x-5 > 7- ① - (2n-5) >a-F- ④- 12N-5) >7

-2N +5 > 7- ② ①
③ Za > ✗ + 5-

① 22712
z

x > 6 ①Be > §

② 5 > 7- +
①

§ -2n+5 > x -§ ①
-272N / 573N -§
✗c- I

¥ > 3.x {x:x<E}v{x:X>I}
12C <5g
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5. The line l has equation

3x – 2y = k

 where k is a real constant.

Given that the line l intersects the curve with equation 

y = 2x2 – 5

at two distinct points, find the range of possible values for k.
(5)
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PMT

y

a ☒

xz)z(2x?5)=D( when 2 lines/curves 3×-420+10--6
intersect they have the -420+3×+10-6=0 ②same 'ycsodinabe

' so

we can get where line osd
b?4ac so no real roots

curve intersects by setting b?4ac=o one repeated not
'

bheys
'

equal to each other b2- Uac > 0 two real roofs

Intersects at two distinct pants when b2-4ac > 0

As -4 b= 3 c.=D - k ① →

3^-41-47110 -b) > 0 /

9+16110 -b) > 0

9 + 160 -16k > 0

169 -16k > 0 ①

169 > 16k

k<
'% ①
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6. 

A
O

B

y

x

Q

Figure 2

Figure 2 shows a sketch of the curve with equation y = f(x), where

f(x) = (8 – x) ln x,    x > 0

The curve cuts the x-axis at the points A and B and has a maximum turning point at Q, as 
shown in Figure 2.

(a)  Find the x coordinate of A and the x coordinate of B.
(1)

(b)  Show that the x coordinate of Q satisfies

x
x

=
+

8
1 ln

(4)

(c) Show that the x coordinate of Q lies between 3.5 and 3.6
(2)

(d) Use the iterative formula

x
x

nn
n

+ =
+

∈1
8

1 ln
`

  with x1 = 3.5 to

(i) find the value of x5 to 4 decimal places,

(ii) find the x coordinate of Q accurate to 2 decimal places.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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PMT

gradient at
d turning point

is Zero

"
11,07

P
18,0)

qf.tk)=o

✗
a
"

b

O
b Ans

a) 0=18-Dhx
d b⇒

8-N=o ↳ 2C :O

x=8 ① eh"=e°
" B

✗ = I

•A
-
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Question 6 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 6 is 9 marks)

PMT

Drones

µ
b) Differentiate using the product rule

JIN) = 18-Whn

f
'124=1-1 ✗ hoc ) +⇐ ✗ 18-24)

f
'(X) = -hx +

8-x ②
x

/ to find turning points⑨
,
let f'in = 0

0 = - bye +
8-x

x

0 = - Xbox + 8-x

ochre+ x = 8

fµ7C ( hat 1) = 8
①

✗ =
8

as needed
I + ha

c) Sogn change rule - If ya) us a continuous function and
a and b are numbers such that flu) changes sign between
a and b

,
bher the equation ftk) =0 has a root between a and b

←① is

f
'(X) = - hoc +

8-"

f
'
(3.5) = 0.03295 . . . f

'(3.6) = - 0.05871 . . .
x

•
: since charge and as ftse is continuous , these coordinate of Q
lies between ✗= 3.5 and X=3.6 ①

d) is as = 3.5340① Using
'Ans' button on calculator

d
ii) Has 3.54 Hdp) ①

PhysicsAndMathsTutor.com



14

*S60737A01432*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 

D
O

 N
O

T W
RITE IN

 TH
IS A

REA

7. A bacterial culture has area p mm2 at time t hours after the culture was placed onto a circular dish.

A scientist states that at time t hours, the rate of increase of the area of the culture can be
modelled as being proportional to the area of the culture.

(a) Show that the scientist’s model for p leads to the equation

p = aekt

  where a and k are constants.
(4)

The scientist measures the values for p at regular intervals during the first 24 hours after 
the culture was placed onto the dish.

She plots a graph of ln p against t and finds that the points on the graph lie close to a 
straight line with gradient 0.14 and vertical intercept 3.95 

(b) Estimate, to 2 significant figures, the value of a and the value of k.
(3)

(c) Hence show that the model for p can be rewritten as

p = abt

stating, to 3 significant figures, the value of the constant b.
(2)

With reference to this model,

(d) (i) interpret the value of the constant a,

(ii) interpret the value of the constant b.
(2)

(e) State a long term limitation of the model for p.
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________
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PMTas

← p
Tp

a) dp
xp ⇒ dp

①

dt dt
= KP

) use sepeabion of variables
tp ✗ dtmf = R * ehp , ekt

+ <

①
/f- dp =/kdt p = ekttc

y using fact xa×xb=
xatb

Up = kt + c * p= ektxec
① I let e'= a

p= aekt as needed ①

PhysicsAndMathsTutor.com
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Question 7 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT

b) p.ae?t ① ①
A- 0.14

hp.tn/aekt)IUsinghathbshlab) has 3.95

hp= hat hekt
✗
up ,y, y.mxi.cl#ttatthbeclPta=e3..as-

"

gradient) -

- 51.935 3dp
hpshattzt
Ry %

'
t "" =522g

①
g- mate : gradient :b

hpskttbaverfo-calinbecept.ba

area time hrs

c) psaekt d) pt-ab.tt
L when 6=0

p=a(ek)t
①

i)p=ab°
/ let b. e" psalm

p=abt psa : a represents the
initial area of bacterial

since b- 0.14 a- 52 Culture that was first
p=5zx(e

"")t b=e
""

placed onto the circular
Rb = 1.1538 ① dish ①

iirabeogincreaseperhowofbhe
area of bacterial culture ①

e) The model predicts bhatbheaeaofthebaebeia culture
wouuncrease indefinitely , but bike size of the circular dishwill be a constraint on Ennis area . ①
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8. 

h

Figure 3

A bowl is modelled as a hemispherical shell as shown in Figure 3.

Initially the bowl is empty and water begins to flow into the bowl.

When the depth of the water is h cm, the volume of water, V cm3, according to the model 
is given by

V = 
1
3

πh2(75 – h),     0 - h - 24

The flow of water into the bowl is at a constant rate of 160π cm3 s–1 for 0 - h - 12

(a) Find the rate of change of the depth of the water, in cm s–1, when h = 10
(5)

Given that the flow of water into the bowl is increased to a constant rate of 300π cm3 s–1 
for 12 < h - 24

(b) find the rate of change of the depth of the water, in cm s–1, when h = 20
(2)
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PMT

✗Tut
Ah
At

a) dv.no#dh 7

? ✓ ✓

↳ 5%42175 -h)
At

dt= °

= 257h
'
- 311Th

's

dtµ?=dhw×dvy dVµ=5Oñh -7h2 ②

dh 1 ①
dt
'

50th -a-ha
✗ 160%

① dh
,
1600

= 1601T

50th-Mhz

when ↳ 10
At 5011-1107-7/1012

= 0.4 ants ①
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Question 8 continued
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(Total for Question 8 is 7 marks)

PMT

b) Ah dh dry
*

dV
, 5017h - ith

'

df=dW×dt dh ←
From part a

dh
'

At
=50ñh⇒hz

✗ 300A

dh 300710
= 3007 When h=20 df

'

50%1201-71202
5017h -Ib2

= 0.5cm/s ①
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9. A circle with centre A (3, –1) passes through the point P (–9, 8) and the point Q (15, –10)

(a) Show that PQ is a diameter of the circle.
(2)

(b) Find an equation for the circle.
(3)

A point R also lies on the circle. 
Given that the length of the chord PR is 20 units,

(c) find the length of the shortest distance from A to the chord PR.
Give your answer as a surd in its simplest form.

(2)

(d) Find the size of angle ARQ, giving your answer to the nearest 0.1 of a degree.
(2)
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PMT

A) 1km,ym)s(
"+"a Yityz )f-9,87 2

I 2

Midpoint PQ = f- 9+15 8-10) ①2 1 2
13
,-17

= 13
,

- 1) which is ①(15-10)
the cyber point A , so PQ is
the diameter of the circle

b) we need the centre point ord the radius
← (3

,

- 1) Er -15

✗
1-9,8)

8--1=9
, r 92+62=0 : 97123 r'

r? 225
7

✗ 13
,
- 1)

r = 15 ①
I -9-31--1-121=72

equation of a circle IX-a)
'
+ ly -b)

'
=P where centre la

,b)
and radius osr

1×-372 + ly + 1)2=152 ①
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Question 9 continued
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(Total for Question 9 is 9 marks)

PMT

C) (X -3)7- lytl )
? 152

The perpendicular from bhecesbre

Pl-9,8)

bsadsod.bosecbsbhechordpl-9.SI20
✗ R

Afb? Ed
y

'°
a 102+52=152 ①

'5
✗
A-13
,
-1) b? 125

b.555 ①

A to P SOHCAHTOA
d) a 1M

Pta.org?yTi;.MfR0is-css0=Ysy
H 0=005'l¥) ←15

×
^

= 48.1897 Kdp ①""" " ☒ "" "°) ✗

Angle ARQ --90-48.1897
= 41.8103
= 41.8° ①

1600.18A degree)
using thegactbhat the
asgleatbhe circumference
in a semicircle os always
aroghbesgle
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10. 

R
O ln 2

y

x

C

ln 4

Figure 4

Figure 4 shows a sketch of the curve C with parametric equations

x t y
t

t= + =
+

> −ln( ), ,2 1
1

2
3

(a) State the domain of values of x for the curve C.
(1)

The finite region R, shown shaded in Figure 4, is bounded by the curve C, the line with 
equation x = ln 2, the x-axis and the line with equation x = ln 4

(b) Use calculus to show that the area of R is ln 3
2





 .

(8)
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PMT

Is Ki

A) Since t >} x > in +2) : a > In# ①

b) f) da instead we need to f"y%£dt①dt

a ti
I ✓

✗ = lnlttz) Y= t.tl
da

' ✓

dt
'

1-+2 Fmdvngwmibs of integration
Hln / 1-+2)
L b

F- 1h12) Hln/4)
1- +2=2 1-+2=4
t:-O ✓ t;z ✓
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Question 10 continued
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(Total for Question 10 is 9 marks)

PMT

tz

4=0 tzsz
DX I

dt=t+z Y 't ! , fydsedtdt

2

,

t
,

+1kHz)at①
fuse partial fractions
bounbegrabe

1 A
+

B

11-+1711-+27=11-+17 (1-+2)

I = Alttz) +1311-+1 )d

,

①
letts -2 1=-13 1 I

13=-1a://.tn/ttz)=ttl-tt2lett=-l1=A
A- I |
1- +1

-

£+2
At

'

②
,

"

a) using JS
'm

fca)=h
/fla) / + c

✗

=/Lnlttl ) - lnlttz) ] *=ln(3¥)
0

=[1h13) - 1h14)] - [ LMD - Into]① =ln(%) ①← 0

= 1h3 - ln4+ln2A
=ln(3) as needed
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11. The second, third and fourth terms of an arithmetic sequence are 2k, 5k –10 and 7k –14
respectively, where k is a constant.

Show that the sum of the first n terms of the sequence is a square number.
(5)
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Tz = 2h Is = 5k -10 1-
↳
= 7h-14

Tu -Ts =D
; common difference

Tz -Tz = d
①

17k - I4) - 15h-10 ) = 2k -4 =D : 2k-4 = 3k -10
15h - 10) - (2k) = 3h - 10 = d - 4 = k - 10

k= 6 ①

using b-6 we can work out first term and common difference
D= 2167-4=8 ← ① 2
a = Tz - 8=216 )-8s 4

Sn =L nfla + In - 1)d)
b h

5ns tnfl4) + In-17187] ①
= 4h + f-n In - 1) (8)

= 4h + 4h In - 1)

= 41h + 4h2-14h
= 4h2 = 12nF which is a square number as needed

①
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12. A curve C is given by the equation

sin x + cos y = 0.5 
2
π

− - x < 
3

,
2
π

–π < y < π

A point P lies on C.

The tangent to C at the point P is parallel to the x-axis.

Find the exact coordinates of all possible points P, justifying your answer. 
(Solutions based entirely on graphical or numerical methods are not acceptable.)

(7)
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→Gio

sunztcssy-0.si Implicit
① /differentiation assoc

dyGSR - sungLio y daso % o i:* ↳
"

⇒
$ 2

%

2

Cssa -Smyth -0
I

cssx=o① { use curve to find all
2=0.510) the possible solutions

=L , -1T ①
2

bsy= 0.5 - Suna

letx-E-cssy-o.si -1=-1-2 ① correct process

g- as
"

= 21T -2%10 •

•

• In specified range ①
3
'
3

ix. g) =/I. E) and /¥i¥)
let x= ⇒ cssys 0.5+1

= 1.5 because cssy
--1.5 has no

g- 0541.5 ) solutions there are exactly 2
= No solution possible points for P ①
-
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13. (a) Show that

cosec 2x + cot 2x ≡ cot x,   x ≠ 90n°, n ∈ ]
(5)

(b) Hence, or otherwise, solve, for 0 - θ < 180°,

cosec(4θ + 10°) + cot(4θ + 10°) = 3

You must show your working.
  (Solutions based entirely on graphical or numerical methods are not acceptable.)

(5)
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a) t.HS-csseczai-csbkycssec.sc
.

'

Suna

=
'

+ ASK ① csbzcscssse
Sunk Soma Sinn

= I + bS2x①

sinznysumn-2sonncs.sncssznscsszx- sink
=\ -254nsec
=2css3e - I

=Y+2css3eX
b) 2ns 48+100

Zsinscssn ②
22=20+50

= 2css4c Atl28+57sT3①

2sinoecs.sn I

csssetcnlzoi-57-B-sunn-cotx-RHS.IO
talks +50) ,

1
Of < 180°

Fs
5%28+50<3650 *

* 20+50=1-0
"

/⇒
28+50=35,2100 28+50=300 28+50=2100
tan 28=250 28=2050

b 0=12.50 0=102.50

② ②
-180° 0 180° ← use fact that

tasorepeabs ever 180°
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14. (i) Kayden claims that

3x . 2x

Determine whether Kayden’s claim is always true, sometimes true or never true, 
justifying your answer.

(2)

(ii) Prove that 3  is an irrational number.
(6)
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-

✓
-

→ Proof by contradiction

i) let se = 2 32=9 934 : 3
"
72
"

when x=z ①
22=4

let x= - l 3-
'
=

'

3 } f f : 3%2
"

when ✗ = - I ①

2-
'

=

'

2

so the claim 3
"
32
"

is sometimes thee

ii) Assume 53 0s rational -

① y p

53=4 where p,q are integers and q is in simplest form
3 = P2

qz
⇒ 3g? p

'

p
'
v5 divisible by 3 and so p os

② divisible by3

let p = 3k where k is an integer

3g? 13k)
'

⇒ 3g? 9k
'
⇒ qz = 3k

' ②

of v5 divisible by 3 and so qos
divisible by3

→ e.g ¥5 = :
As both p and q are divisible by 3 bhes § can't have
been in its simplest form ①
:. This contradiction umpires that 53 is irrational
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