Cl12 PhysicsAndMathsTutor.com

PMT
January 2015 (IAL)

1. Simplify the following expressions fully.
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Figure 1
. 12
Figure 1 shows a sketch of part of the graph of y = "J(_'_z) xz2
X -

The table below gives values of v rounded to 3 decimal places.

x 2 5 8 11
v 8.485 2.502 1.524 1.100
(a) Use the trapezium rule with all the values of y from the table to find an approximate
value, to 2 decimal places, for
T 12 h = 5 _2
————dx
: V(' -2) = 3

4)

(b) Use your answer to part (a) to estimate a value for
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Figure 2

Figure 2 shows a sketch of part of the curve with equation y = f(x).
The curve crosses the coordinate axes at the points (2.5, 0) and (0. 9). has a stationary point
at (1, 11), and has an asymptote y = 3

On separate diagrams, sketch the curve with equation

(a) y = 3f(x)
3)

(b) y = f(-x)
3

On each diagram show clearly the coordinates of the points of intersection of the curve
with the two coordinate axes. the coordinates of the stationary point, and the equation of

the asymptote.
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4. (a) Find the first 4 terms in ascending powers of x of the binomial expansion of

3 10
2+3)
4

giving each term in its simplest form.

“4)

(b) Use your expansion to find an estimated value for 2.025'%, stating the value of x which
you have used and showing your working.
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5. (a) Prove that the sum of the first # terms of an arithmetic series is given by the formula
n
S, = 5[20 + (n=1)d]

where a is the first term of the series and d is the common difference between the
terms.

4

(b) Find the sum of the integers which are divisible by 7 and lie between | and 500

Sn - &+ %"fd) *(ﬁ.*zo{)-( - 4[¢c+(r\~2)a(]—-( R—F"\-—O(;{}
S,\ < a.-4(r\-l)09 —{—[a—{(;\—Z)o{j#-.--/ @_424).{ (q.f,()_f «

25, %a+4a 4('\—_,)0_{] ~/—[a-w( +a +Q.-z)c<]+ -..+[q,(m,6__,)_(

= [2 a ,-,—(,‘,\ —l>cg n
[

S= 241k ... 4 &7

azz L4034 n= 4iZ 3]
7_

> 5= 2_ (7-(—%61?) S’—%C"‘"l)

| 7 897
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6. Given that
2log,(2x+3)=1+log,x +log,(2x 1), x> %

(a) show that

4 —16x-9=10
(5)

(b) Hence solve the equation

2log,(2x+3)=1+log,x +log,(2x-1), x> %

Zlajq. (1;4}} :l—"lejq_'x"(' loju CZ'x—D
laju Clx +3>1 ~ 10]”-’{ - laju(?.'x—-_o = |
o lo q[g’zx-d)l] = }

'r(?o(~()
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(l’x.-(‘;)l - L‘F?CCZZ'—O
Lex24 12047 = Frz -
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Yx2—(z2~9 = O
Lgx* —|ex ~ T =O
(22 4) (2x-79 =0
x= =l e UH

x = 1
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7. The circle C has equation

X2+ +10x—-6y+18=0

Find
(a) the coordinates of the centre of C,

(2)
(b) the radius of C.

(2)

The circle C meets the line with equation x = -3 at two points.

(c) Find the exact values for the v coordinates of these two points. giving your answers as
fully simplified surds.

“
ocuau 192-@+18’=O

Q)H*S)l—\’)_s %&] —3) -1y =o
(x-&@z '-t-gj -3){ = (£ 1‘//(1_

Cend~rt : (—“5/ 3) u&y‘o
ReoAdius = J\T < Lf- K’f"a
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8. A sequence is defined by

u  =3u—-12, n=1

n+l "

where & is a constant.

(a) Write down fully simplified expressions for u,. #, and u, in terms of k.

(C))
Given that u, = 15
(b) find the value of &,
2
(c) find iu,.. giving an exact numerical answer.
= 3
w, =k Uy = 3uy 12 =3(3k-12) 12
L, =3k, ~12 = Qe~4Uy
=3l-1 we = 3w, — 12 =3(2-4§) ~12

=2LZEe- (5S¢
\'S= 272E~156
[Z 1= 27k

e= [T
3

Y
> W; = WA U+, tu,
Y

= k+3L -2+ -49 22— (5L
=Yoot~ 2176
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Given that the distance between the centres of the circles 1s 12 cm,

(a) calculate the size of the acute angle XAB, giving your answer in radians to
3 significant figures,

()
(b) find the area of the major sector of circle C|. shown shaded in Figure 3.
3
(c) find the area of the kite AYBX.
~~N _ 2 o 3)
cos X AB = (412"~ §
T AL Xiox 12 cosné
cul\e

X% = 0.4 (3+f)
N \
XAY = 2 XAB = 2Xx©.42]1= O. FU43°

Ao oF MaJor Vcbr:%(lél(ln-a-gq'S) ¢<9

Aea of AXAB= dxlorsin(o.u2)=243

Aec ot bite = x4y % \ a-)’s

e

N,

= L(’Q-Ocvv\i
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10.
fx)=6x+ax*+ bx -5

where @ and b are constants.
When f(x) is divided by (x + 1) there is no remainder.
When f(x) is divided by (2x — 1) the remainder is —15

(a) Find the value of @ and the value of b.
O]
(b) Factorise f(x) completely.

LD+ al-)+U-D-3 =0
—C ta -5 ~5 = e
a-b =1 (1 T
£(3)= (B 4a(u) 1b() -5 = I3
e
a—+2b= —43 ()
(D-(z): ~3L =34
b= — [8
b (): a=n+(-13)= —F
(0= €x> = 2= — [9x-3
= (x=«1) (6z*-13%-35) by inspection

poke

.
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11.

Ya

v

0] X

Figure 4
Figure 4 shows a sketch of the curve C with equation y = sin(x — 60°), —=360° < x < 360°

(a) Write down the exact coordinates of the points at which C meets the two coordinate
axes.

3)
(b) Solve, for =360° < x < 360°,
4 sin(x — 60°) = V6 — V2

showing each stage of your working.

(
Meeds e x-arm =f: (‘— 500, 0) ; (— 20, 0);

e (620, (2909

5

\Wh 2 x=08, J = STV\("'é@: ~Sm 60 = _-ZL?

5)

L Meeods e J—Q%FJ et (Q "‘/}Z)
\+.S'i n Cr - 6& = Je - JZ—
I Y

sin(>x-60) = G —JZ —
i |

x—-¢o = —34S ~195 |5, [€5

x = ~285~13% »>5° 225"
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12. A business is expected to have a yearly profit of £275 000 for the year 2016. The profit is
expected to increase by 10% per year, so that the expected yearly profits form a geometric
sequence with common ratio 1.1

(a) Show that the difference between the expected profit for the year 2020 and the expected
profit for the year 2021 is £40 300 to the nearest hundred pounds.

3

(b) Find the first year for which the expected yearly profit is more than one million pounds.

C))

(c¢) Find the total expected profits for the years 2016 to 2026 inclusive, giving your answer
to the nearest hundred pounds.

3
(/(_'\ - avy (r )

Ugz 2728000 x| 1" o022y

\)

Ug = 2L 25000x (L1° = w2 90
U —lee = U2 §10-U02 6258 = Y300
L25000x1. 1970 = [9s0 es0

R A ST

n—-| = /4/\ qu — )g-é
A |-
Co Ve & 2o+ IW = 2030
S, = AC,r“J)
=
S, = ?_7-5@@@( L1 =)
| -\—=1
< §0946 oo
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13. The curve C has equation
y=3x"—4x+2
The line /, is the normal to the curve C at the point P(1, 1)

(a) Show that /, has equation
x+2y-3=0

The line /, meets curve C again at the point Q.

(b) By solving simultaneous equations. determine the coordinates of the point Q.

Another line /, has equation kx + 2y — 3 = 0, where £ is a constant.
(c) Show that the line /, meets the curve C once only when

kK —16k+40=0

(d) Find the two exact values of k for which /, is a tangent to C.

3 = -t 2

,@:G'Z*’L‘f’

x

A (LD Ay = ¢(O-G=2

d
- '- (::-v-zh.¢=’1 o .(? ._‘IE;, 7S - f,/éz.

N

¥
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b) Question 13 continued

‘\']:37""‘%7—'?1 (() o<_~+’l(7—3—‘c9 (2)

1) wm @): x4 Cx*—9x+U4 -3=0
ex*—~ 22 +l=0O
(ex—1)(=~[)=0

>X= | or § 74

Whin 2= g g 3(%)' -4 (%)+2
= ,/,2 ——1/3__‘42
= Z

12

a (e, 17/n)

\coc+ZJ -3z0 (3
() 7n (3): kx+ 622-&x 4 - 5=p

éx"' + (lc»-%’)x +(=0

For ent solatron A =0
(k-9- 4 (9 =0
k* — bk +w¥o =0
k=167 [lir-4lw) ~ ?I@ - g
2

=€t L [Jexg =9 2J2
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_0%_: 3%x2 4+ [ Sx

y=x3+10x" +kx, x>0
where & is a constant.

dy
Find —
(a) Fin T

2)
The point P on the curve C is a minimum turning point.
Given that the x coordinate of P is 4
(b) show that k= -78

(2)
The line through P parallel to the x-axis cuts the y-axis at the point N.
The finite region R, shown shaded in Figure 5, is bounded by C, the y-axis and PN.
(c) Use integration to find the area of R.

(7)

=4 O+ kx

4

'\/‘/]r\_a,\ %:Lé %’_ - 36’-01"4 /SC‘{\)U“(’L:Q
2

Ny + 30 k=0
e =-%2¢
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Question 15 continued
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