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1 The cubic equation 2x> +8x2 +13x—10 = 0 has roots ¢, f and ¥.
(i) Write down the values of a+f+y, By+yx+of and ofy. 3]
(i) Find o + 2 +y2. [2]
(iii) By considering (o + S+ y)(By + yx + aff), or otherwise, show that

'a2ﬂ+azy+ﬂzy+ﬁ2a+72a+72ﬁ=—41. 3]

(iv) Find o’ + g2 +73. [4]

(v) Find a cubic equation with integer coefficients which has roots

B+ + +
Bry rte 4 2FB (8]
o B Y
2 (a) By considering.(cos9+ jsin9)4, express tan46 in terms of tan®é. [5]

' 2 4
(b) (i) By considering (z —1) (z+ 1) , where z=cos0+ jsin0, show that
z z

sin?@cos* 0 = i%+31—2cos29—i%cos49—-%cos69.r (8]

(ii) Use the substitution x = tan to show that

1 5 :
J’ —x~2-7dx=%+?‘g. [7]
0 (l+x )
3 (i) Given that k = 1 and coshx =k, prove that x =% ln(k +VEK2 - l). [5]

In the remainder of this question, f(x)= 2sinh? x — Scoshox.

(ii) Solve the equation f(x)= 10, giving your answers in an exact logarithmic form. 4]
(iif) Find the coordinates of the stationary points on the curve y = f(x). [6]
" rInl0 99
(iv) Show that J f(x)dx =——~1n10. [5]
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5505 June 2001




3

4 P(cp, %) and Q(cq, 2) are distinct points on the rectangular hyperbola 4xy =2,

The tangent at P meets the x-axis at A and the y-axis at B. The tangent at Q meets the x-axis at C
and the y-axis at D.

(i) Find the equation of the tangent at P. [4]
(ii) Show that P is the midpoint of AB. [3]
(iii) Show that the three lines AD, CB and PQ are parallel. [4]

The foci of the hyperbola are 'F(c 2, cw/i) and ‘G(—cw/i, - cw/i).

(iv) Sketch the hyperbola, and show the positions of F and G.
Using standard focal distance and reflection properties of the hyperbola, or otherwise, find
(4) |PF-PG],
(B) the gradient of the bisector of angle FPG,

giving your answers as simply as possible. [9]
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ARECOGNISING ACHIEVEMENT

June 2001 5505 MEI Pure Mathematics 5
1) Za=“4,zaﬂ=iz3-,aﬂ}’=5 B1BIBI ;
(i) 2 _ B 2 ol13 Ml Correct formula and substituting
Za (Za)z ZZaﬂ =7 -« 2) numbers
=3 Al cao
2
(iii) (ZaXZaﬁ):Zazﬁ+ 3afy M1Al
Ya’f=(-4)3)-3(5) =41 Al (ag)
3
@iv) (ZaXZaz)=Za3 +>.a’p MiAl or (Zaz)3 =Y a’+3> a’ B+ 6apfy
, or2) a’+8) a’+13) a-30=0
Za3 =(-4)3) - (4D M1 Dependent on previous M1
=29 Al cao
4
2
(V) Zﬂ+7=2aﬁ .._ﬂ Bl
a apfy 5
3 2
+ a + ) a’ f+3q
2(7 +aIa ﬁJ= Z Z d Pr M1A2 Give Al if one error
B Y afy
_3
5
(ﬂﬂ'IHaIaH}): 2 a’f +2apy M1ALl
a B ¥ afy
L
5
s 03 41,2 3 3 _
Equationis y" + 3y +sy+5=0 M1 Dependent on MIMI above
5% +41y% +3y+31=0 Al cao 8AOif‘:O’ismissing
OR Let y= =% -2 MiAl
S 1 y+1
4y 4 Y 4
2 —| +8——| +13 -10=0 M2
y+1 y+1 y+1
—1284128(y +1) = 52(y + )* —10(y +1)* =0
M2
10y° +82y? + 6y +62=0 A2 Give Al if just one error
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2(a)

cos 40 + jsin46 = (cosd + jsin 6)*

= cos’ @ + 4 cos’ O(jsin ) + 6 cos’ 6(jsin ) +... M1 Must have binomial coefficients
cos40 = cos* @ — 6¢cos Gsin® G +sin* & MIA1 ‘
sin460 = 4cos’ Osinf - 4cosPsin> @ Al
4cos’ @sinf - 4cos@sin’® O
tan40 = 2 > 5 .
cos § —6cos” Fsin” @ +sin” &
_ 4tan@ — 4 tan> @ Al cao
1-6tan’ 6 + tan* @
(b)(i) 1. 1
z—;=215m9, z+;=2c059 B1BI May be implied
(o 1y
— 64sin’ 9cos49=[z——J [z+—) Bl For — 64sin’fcos? 9
z z
=75 422452 *4_%+_27+_16_ M1A1 If terms kept separate, award for
z z z c0s 26 cos 46 = 1-(cos 66 + cos 26)
=(z6 +-16-J+ 2(24 +—1—4)—(22 +—1?J—4
Z z z
=2c0s60 + 2(2cos40) —2cos20 -4 M2 Give M1 for one cos term (or if 2’s
sin’ fcos* =L + 35€0520 — L-cos40 — 5-cos60 | Al (ag) omitted)
(ii)
. : tan @ Ml Substitution and %=sec2 7
P —— = 7————-— 2
-[o 1+ x%* -[o (sec? 6)* sec” 6do Al Limits not required
= J’ %sinz Ocos* 0do Al Limits required (may be implied by
0 later work)
= .[o‘ (% + 550526 ~ 1-cos 46 — -cos 6€)d0
_|a 1o 1 1 F
=[L6+Lsin20 - Lsinag - Lsin6g]*  |MiAl
- Z 1 1
“uteatie: M1
=z 1
st Al (ag)

5505 ME1 Pure 5

FINAL post-standardisation 26/6/01



3(]) %(e.r+e—,r):k M1
e?* —2ke* +1=0 Ml
er=2kiv4k2—4 (=k+ ,kz—l) Al ( * not required )
L N RS R
OR sinhx=4vk? -1 (when x >0) Ml
_____ k+\/_/f_z_:-"f_t_:(_).s_l}x+sinhx=e" ‘MIALI L
OR iln(k+Jk2 ly=m B2
dk Vi -1
In(k + V2 - 1)=coshtk+C
When k=1, 0=0+C, so C=0 Bl
k_‘/kz -1 k+\/;2 D=k —(ki-1=1 or since cosh(—x) =coshx,if x=1
( X ) (1 ) Mi is one solution, the other must be
VN AR/ A [P — x=-1
[,2
e+ vk -1 or (when x <0), sinhx=—-yk? -1,
x=In(k +vk>-1) or x= ——l——] k +vk* —1=coshx —sinhx=¢™*
k+k? -1
x=+lIn(k + Jk? —1) Al (ag) .
() | 2(cosh?x—1)-Scoshx =10 M1
2cosh? x ~ Scoshx ~12=0
(coshx — 4)(2coshx +3) =0 M1 Dependent on previous M1
coshx =4 Al Ignore cosh x = -—% if stated
x=zxIn(4 + V15) Al cao or x =1n(4 +15)
41Give A0 if any other solutions stated
(iii) | f'(x) = 4sinh xcosh x — 5sinh x MI1Al One term correct is sufficient for M1
= sinh x(4 cosh x — 5)
f'(x)=0 when sinhx=0, coshxz% Ml
x=0, x=%In2 Al
-15
Stationary points (0, - 5) Accept 0.69 or cosh™ = for x
(an _ﬂ) but y=-5.125 must be exact
841 A2 Give Al for one correct
(-2, -4) 6
>iv) In1o 1o
J’o f(x)dx = J’O (cosh2x —1-5coshx)dx M
. . In10
=[%smh2x—x-55mhx]0 MIAL
= %sinh(ZlnlO) - 1In10 - Ssinh(In10)
— %(100 _ ﬁ)_ In10 — %(10 _ .‘%) Ml Exact evaluation of sinh(In10)
or sinh(2In10)
=% _in10 Al (ag) Do not accept (e.g.) sinh(In10) =4.95
400 5| without any working
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4(i) < 2
YL MIAL  for Lo &
dr  ¢cp p’ dx  x
. C 1 . X 2c MIi1Al
Tgt is y——:——7(x——cp) Le. y=-—+—
P p p- P 4
(ii) 2¢
Ais (2¢p, 0), Bis|0,— Ml
d -y . [~
2cp+ 0 0+2¢ Or AP=| ¢ |, PB=| ¢
Midpt of AB is | ———, —£-|, whichis P MIA1 - -
3 p P
(iii)
Cis (2¢q, 0), Dis (O,EJ
q
e 1
Gradient of AD is ——— = —— M1
—~2cp  pgq
= 1
Gradient of CB is ——=—-— M1
—~2cq  pgq
c_c 1
Gradient of PQis -2 =P "4 ___° BI1
cq-cp pglcg—cp)  pq
Hence AD, CB, PQ are parallel Al
4
(iv)
Bl Hyperbola with branches in first and
third quadrants
Bi Foci F and G in approx correct
positions. Dependent on previous Bl
|PF - PG| is constant for all points on hyperbola, M2
|PF~ PG| =RS with R(c,c), S(~c,~c) 2411
=202
2 and
c
OR PF=\/(cp—cﬁ)z+(——cﬁ] Mi c 2
p PG = (cp+cw/5)z+(—+cﬁ)
p
PF = c[p + 1 ﬁj , PG = c(p + 1 + ﬁ] M2 Modulus not required
P p
|PF = PG| =2cv2 Al
Bisector of angle FPG is the tangent at P |M2 |
1 Al
Gradient1s — — 9
p
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Examiner’s Report



Report on Modules Taken — June 2001

LEGACY MODULES

Pure Mathematics S (5505)
General Comments

There were many excellent scripts, with about 15% of candidates scoring 50 marks or more (out of 60).
However, very many candidates found it to be a difficult paper, and about 40% scored 30 marks or less. The
great majority of candidates chose questions 1, 2 and 3.

Comments on Individual Questions
Question 1 (Roots of a cubic equation)

This question was attempted by almost every candidate, and was extremely well answered, with half of the
attempts scoring 18 marks or more (out of 20). The principles were well understood and the algebra was
handled competently.

(i) -4, B, 5; (i) 3; (iv) 29; (v) 59’ +41y* +3y+31=0.

)
Question 2 (Complex numbers)

The average mark on this question was about 12. In part (a), the techniques for finding cos46 and sin 46
were well understood, but many candidates were unable to use these to express tan4é in terms of tang . In
part (b)(i), most candidates knew how to proceed, and a good proportion carried out the work accurately. In

the final part, a very large number failed to transform it to the integral of sin’6cos* 6 , and so were unable
to make further progress.

4tan6 — 4tan’ @
1-6tan’f +tan*6

()

Question 3 (Hyperbolic functions)

This was the worst answered question, with an average mark of about 9. In part (i), the derivation of the
logarithmic form was well understood, but very few justified the £ sign convincingly. In part (ii), very
many candidates wrote the equation in terms of exponentials and were unable to deal with the resulting
quartic equation. Part (iii) was reasonably well answered, although few obtained all three stationary points.
There was a fair amount of good work in the final integration.

ii) x=+In(4+V15); (i) (0,-5), (In2, -4), (~n2, - 4).

Question 4 (Rectangular hyperbola)

This question was attempted by less than a quarter of the candidates. The first three parts were reasonably
well answered. In part (iv), the graph was usually sketched correctly, but the final parts (4) and (B) were
often omitted. These were intended to test knowledge of geometrical properties of the hyperbola, but only

one or two candidates gave the correct value for |PF — PG, and just a few knew that the angle bisector was

the tangent.

() y=-25+ 25 ) 2042, B) -
p p p
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