














7. The I’ of a spherical balloon with is given by the formula
A
620, 109
S Y 2
-y . g %
(a) Find = - giving your answer in simplest form. g ;
M £
S
At , the volume of the balloon is increasing according to the "_" :
differential equation 5
I .
A/ ann G :
>0 : ; .
u (4a+ 9 Sme
S
Given that S8
(b) (1) 1to show that
2t+3
(i) Hence find the to the volume of the balloon.
(3)
(c) Find the , glving your answer in cm to
3 significant figures.
3)
(d) Find the of the }, giving your answer to
Show your working and f your answer.
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Question 7 continued

(b) i.

dv _ oo
dt  (2t+3)?

‘1_ dv= S ! dt  Seporote Vaviales by Qrouping

Qoo (¢ +43)2

the Uke terms 0w one Side

[l dv=[(ate33’ e

¢ reverse choin rule: divide by derivative

-1
vz ee3) L ac ol the brocker.
06 -1 2

dyz-_1 ¢

Substitute the V=0,t:0 {0 got +c:

Substitute ¢=150 back:

V= -450 +159
2te

y= 450 +150(2k+3)
2643

vz %30 +300t+450
2t+3

- 300t At
2443

ii. Wpper linut means t—> oo

As t = o0, v=300
w3
0

BEC .

v=300t <t divide up and down byt

3 =t
y= 200
243
t
.3 no0, . v=200 o459
) 240
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Question 7 continued

(c) Let's Jirst qet by t=3 into \= 32‘:_?;-

e 300(3)
203)43

. 00
9 3

= 100CMm

T 3 =%l

N=100em?® ato V ?T(r to (‘p,\:
100 = ia“r

300 -3
4 23 300
©= \|4-11

r=2.898m to 2s¢

3

(d) We are asked to find %‘% .
dn . &V, dr
dv dr dv
\Ne !\d é\‘_ .\l\ (o) d\' =4.“‘.2
bou dr P ar

We Wexe av . dv . 900
at dt  (ee3)!

d__r = qO_O X 1_

at  (usa)!  4urt
de _ 900

dt  4nctae+3)?

'(.0 RN (C)

Sub - = AV‘
Sybshiuk tSWr_z.g%b%ztﬁ.

dr, oo
dt 4m(2.88)%(2(3143)2

dar _ p.llems™
at
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Question 7 continued

(Total for Question 7 is 12 marks)
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Figure 3

In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

A curve C has parametric equations

T
x = sin’t y=2tant 0<1<7

T
The point P with parameter ¢ = 7] lies on C.

The line / is the normal to C at P, as shown in Figure 3.

(a) Show, using calculus, that an equation for / is

8y+2x=17

The region S, shown shaded in Figure 3, is bounded by C, / and the x-axis.

(b) Find, using calculus, the exact area of S.

p 7 2 8 71 A 0 2 6 3 2
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Question 8 continued

(a) Let's first findthe coordinakes of P oy substituking {-"4-" into X=...and y=... :

%= Sint y= 2tant
xzsint () y:z2tan
- 1 -
X;E‘ %;l

dy

P(lz L) B dy - _de

ox ox

ot

Now let’s we povamokic differtnnokion w gek tne gradient at P

ﬂ = 15ectt

dt }——) dj_ P 2sectt
X 1Sintc

d_“ = 2sintcosk d ost

at

Substituke t=1 4o get dy g4 P:
4
& dy . 25ec*(%)
dx - 25in(B)cos()
- ()
T 2. iT
(A [

Y

= k3 3 .4
2 ax
4 MM

2. The mormok at R’ grodienk: M, Xm, =-1
q"m:'—'|

m,: -1

Use formu U-y smbo-x) Wit P 2) and m--.‘;:

y-2=-1@-2y
4% 2
4\5-8= -x-\-?‘ evex\jth\ng A2
8\5-\5 = -2x*\

CBy+2x =% nence showh

A\

mcrm L R T
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Question 8 continued

(b) ga
C To qet S, let's get the x-int t ol I:
3\5*21:\1
l 80Vt 2x=1}
/ et
2

L :. fet_axea of triangle
. (8-3).2
\ , A= ba‘e-hugm > A= T
S, S ¢ ¢
0 %_ % : x RS . \!!!l.tst
To Qet 5, W Porowmernc Ini'eg;o.tmn
___ % Parametric Integration: area: [ag %‘:dt
n u ’d_*.
r & (’ [ oF
5oz | (2tant) -(2simtcost) db a0
’n
& :
= SL(L*_ Ls -.S_‘lx
= o(z o) Rsiovsest) dt  fanas 00
n
&
4.
0

VAUV SIHLNI 3119 10N 0

Vi SR N 6
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Question 8 continued

(Total for Question 8 is 11 marks)
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9. A student was asked to prove, for p € N, that
“if p° is a multiple of 3, then p must be a multiple of 3”

The start of the student’s proof by contradiction is shown in the box below.

Assumption:

There exists a number p, p € N, such that p’ is a multiple of 3, and p is NOT a
multiple of 3

Let p=3k+1,keN.

Consider p’ = 3k + 1) =27k + 27k> + 9%k + 1
=3(9%" + 9k* + 3k) +1  which is not a multiple of 3

(a) Show the calculations and statements that are required to complete the proof.

3)
(b) Hence prove, by contradiction, that 3/3 is an irrational number.
)]
(a) Let p=3ke2— p* (3k+2)’ .
= (3K)43: (3K (1) 43 BRI+ (2)
= 23K+ 54k" + 36k+ 8
= 39K+ 9K*+ 3K)=1 -, nob o ywltiple ob 3

Hence p#3k+1 and pF3k+2 [or p? 10 be o multiple of 3. So, p must be a matiple of 3, which ‘Contvodicts

our Ossumption. . for all integers p, when pdisa multiple of 3, then p is o Muitiple of 3.

(b) Moake an Assumption: We_(oand ouy ¢ pric (opposite’ of wha
“{here exist \ntegers p and q Such that 3'=%, we ave tvyi Yove.
wheve p and q have 1o common factors"
Bt s =('_)3
9

3: %’_3 > 3g':p} . p‘ 15 o mwaltpleof 3. p is a multiple of 3.
3
p=3k — 3¢3 (3K
q;= qk3 .. qf 1s o mwltipleof 3.- q is a multiple of 3.
Hence, both p and q awre tultiples of 3 .. this contradicts our assumption that p and q don't have
any common foctors. Hente, 33 is an irrational Tuatwoer.
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(Total for Question 9 is 8 marks)
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