Further Pure 3 Past Paper Questions Pack A

Series and Limits

Pure 3 June 2001
Q Solution Marks | Total Comments
4 @ f'(x)= 3cos(3x +£) M1 Differentiate twice or use of
b 4 . sin( A+ B) =sin Acos B + cos Asin B
f”(r):—‘)sin(\f&x+%) Al
f(x)=F(0)+f(0)x+£"(0)x>
A2, 32 942 2 BI 3 | AG
2 2 2 2
(b) 23
g(r)zg ]+v+%](]+3\r—%x‘) M1
2
= T(] + 4 X A]
-x?) Al 3
Total 6
Pure 3 June 2002
6(a)(i) | flx)=In(l-2x)
M1 — attempt to differentiate to
rr R
f'(x)=-2(1-2x) MIAI .
1=2x%
£"(x) = —(1 —2x)7 Alft fronf’ a(l - 2x)"
£7(x) = —16(1 —2x) Alft 4 | fonf” b(l—2x)™"
() 1 £0)=0, £(0)= 2, £1(0)=—4, £7(0)=-16 | M1 Theliadmysetts
M1 Evaluate derivatives at x=0
4x*  16x° _
In(1-2x)=0-2x- i Al 3 AG convincingly obtained,
& derivation correct
Note hence — so use of formula
forIn (1 + x) is not allowed
(b) | 2ye* = 2.\([] +x +% AR ]
=2x+2x> +x Bl Allow expansion of xe" from first
8y principles.
2xe* +1n(l-2x) = »* . M1 M1 — add expanded forms.
) 3
-5
k= 3 Al 3 Allow — 1.67
Total 10

Prepared by Toot Hill School Maths Dept April 2007




Pure 3 January 2003

5 (a)(i) | f(x) = cos 2x
f’(x)=-2 sin 2x M1 cos2x, ksin2x, /cos2x
f”(x)=—4cos 2x Al 2
) | foy=1 f1O)=0 f£70)=- Bl1ft
Y )< MI Jse of [ ¢
S 2 > Use of £(0) f(0) f7(0)
~1-2x? Al 3 Convincingly obtained
Special Case
2
cosx=1-2_
2
f) 2
=cos2x=1- 2
2
=1-2x? BI
() | ¢2* 4 sinx
(-2 r)g M1 Use given e* approximation.
=1-2x+ H,) +x Al i.e. use £2x in given expression for
2 e’ , or attempt series for ¢ = from first
=l-x+2x Al 3 5 e
principles.
(@ | 1-x+2x" =1-2x7 MI
1
x= 1 Al 2 Accept 0.25
Special Case
Correct solution to a M1
soluble quadratic Al
Total 10
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Pure 3 June 2003

Q Solution Marks | Total Comments
5@ | f(x)=(G3x-2)" Ml
f(x)==1x33x-2)" MIAT1 M1 A0 for— 3x=2)7 or3 (3x-2)7
f"(x)=183x-2)" AIF 4 fton £ (x) =k (3x-2)7
(i) | f(x)=1(0)+f"(0)x +f”[0]£ MI Use x =0 in Maclaurin series (NB - need
2 to see attempt at subsequent use)
£(0)==2", £(0)=-3(-2)7,
£7(0)=18(-2)"
£(r) =~ x— oy A2LIE | 3 |fon(): —1EE
(b) | (x—D(x—2)=Ax(3x—2)+B(3x—2)+ Cx? MI Any equivalent method M1 (as is)
x=0.B=—1 x=2 C=1 Alternative:
3 MIAI ¥ —3x+2=(34+C* +(-24+3B)x—2B
MI1A1
X:], 0=A+B+C ml Ve ti=] Bi=rti
—2A+3B=-3}; ml A=0 Al
—-2B=2 =il
but B+C =0 = A=0 Al 5 A =0 convincingly shown
SC(i): I[f 4=0, then B=—1 and C =1
3 marks
-1 1 _(xE=0)(x=2)
Now 27%3; 3 7 3x—2
s04=0 2 marks
SC(ii): candidate introduces extrax’s
e.g Ax? (3x—2)+B(3x-2)x +Cx’
1 mark
standard method for 4. B, C 1 mark
(so max 2/5)
(¢) —1)x-2
(r. Jx—2) x2 —1—2—]——1r—2r2] M1 1 3 9 ,
3x-2) x 2 4 8 ) SC: x—-D(x-2)|——= x—=x"
2 4 8 )
)
] — % —ix" +£x" _E x' BI
§ 5 2 4 8 8
=-1 ]:X“ —ZXB —E.‘r4 Al 2 AG convincingly obtained
Total 14
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Pure 3 January 2004

Q Solution Marks Total Comments
S (ﬂ)(i) f{.‘f) —e —x f’(.\”) i | 29 —2x B 1
£ (x) =de2* B1V 2
Gi) | fx) = £(0)+ £/ (0)x+ £ (0) -
2
f(0)=1 £(0)=-=2 MI Use x = 0 in Maclaurin series
7(0)=4
foxr) = 1—2x+2x2 Al 2 AG convincingly obtained
(b)(i) | cos 3x =1- quj Bl 1
-e 2 9 2 2 .
Gi) | 1 —2x+2x~ :I—:x‘ M1 Set up equation
13 ,
%x’ —2x=0 ml Rearrange to soluble form
=2 0308 Al T i
13 [gnore x =0
Total 8
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Pure 3 June 2004

Q) Solution Marks| Total Comments
. T . T
6(a)(i) | flx) = Sm[Zx + g} Alternative f(x) = Sm[Zx + g}
- M1 for ] T . T
f{x) =2cos 2x+— MIA] n =sin 2x cos—+cos2xsin —
6 ‘305[21’+—J 6 6
6
f"(.r)z—4si11[2x+£] Al 3 -3 sin 2x+lcos 2x
6 2 2
f{x)= /3 cos 2x —sin 2x MI1Al
£(x)=2+3sin2x—2cos2x Al
(cos kil & sin% terms need not
be simplified)
Iff(x)= sin[?x + g] expanded incorrectly
i =sin2x+sin =
6
f{x)=2cos2x
f"(x) = —4sin 2x, must be fully correct for
MIAOAO
’ JT
If f{x) =cos[2x+g] MI1A0
” . T
f{x) :—251n{2x+g} AlIF
i~
_ . l I . \."3 J/ o l
x =0, f{0) Ea f(O] Ta f(O] —E
MI1AO for part (ii)
(ii) , o X7
flx)=f0)+f(0)x+f (0]7
1 3 1 x> o .
flx)y=—4+2—x—-4—— Ml Use x = 0 in Maclaurin series, P.1.
2 2 22
o — 5
£lx)= 2 +V3x—x Al 2 AG convincingly obtained: show how x* term is
obtained
2 i X 2
X . B ; iv
(b) {1 _ [1 _?]] Bl Use of cosx =1 5 may be derived from
first principles
1 5 1,
(2 +3x—x } =—X" Either k= iexp]icit}* stated or expression in
MIAL | 3 R
| question written with  replaced by 1
,IC = Z 4
Total 8
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Pure 3 January 2005

Q Solution Marks | Total Comments
)i | f(x)=e  f'(x)=-3e™
£ (x)=9e™ MIAL | 2
(i) t(_t):T[O}—H (()).\ +1 (0]2!... M1
f(())zl £(0)=-3 £7(0)=9
9 2
f (t) =|-3x +:,\" Al 2 AG. Use of Maclaurin from (i) required.
(®) | In(1+3x) =3x- £ + (3x) M1 Al By o (or xs)
2 3 2 3
= 9 , 3 27 ,
=JX —?_r’+9_r’ Al 2 CAO butallow —x
2 3
2 9 2 3 2 3
(c) I +9x —(_2.\:— 6x” +9x ): 0.1 M1
1.5 +x—-0.1=0 AlF ft In(l + 3x) and simplification to f(x)=0.
Correct quadratic any equivalent form
—1++1.6
y=— 2 = 0.088 MIAL | 4
3
Total 10
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Pure 3 June 2005

Q Solution Marks | Total Comments
S@ad) | f(x)=2-3x)" Ml
£'(x)= 3(2-3x)7 MIAL —3(2-3x)" gets M1AO
£"(x)=18 2 — 3x)" AlF 4 ftonlyon f'(x)=-3(2-3x )
SC
Attempt to use quotient rule M1
f(x)=—— AlAl
{2-:3x).
) 6x(+3)(2-3x
£ ()= # AlF
(2—-3x)
ft only on earlier sign error
y 10 3 18 ) , o
(ii) | £f(0) = = £'(0)= I £"(0)= ul M1 use x = 0 in their derivatives
3 9 =
f(x) = l—lx+l /i.\"’ Al 2 AG
2 4 2 4
(b)(@) (2x)
cos2x=1-- = Bl 1 or from first principles
= brackets possibly implied further down
@ 3.0 . o8
Sty Te T A M1 Maclaurin series =cos series —2x
condone missing —2x
ml attempt to manipulate line above to form
g(x)=0
25x% +22x—4=0 Al
x=0.15(46...) Al 4 ignore other answer
SC
if simplified quadratic omitted:
x=0.15 2/4
x=0.154(6) 4/4
Total 11
Pure 5 June 2001
Q Solution Marks | Total Comments
1 (a) 3.3 5.5 3

Iimmi : -
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Pure 5 June 2001

5 (a) \k \ :
] 1y Iny .
(TJ In (TJ = _17 =—yp"Iny MI1AI
x—oco, y—0and lim _vk Iny=0 Al 3
(b) Inx d |:_ln__\r_l:| MIAL
1 x? XX
=1 Al 3
Total 6
Pure 5 January 2002
Q Solution Marks | Total Comments
l m -
J (]__ I Jd\rz{—l—tan'] _Y} Bl
lx T+x X .
=1 —% B2.1.0 3 Must be of the correct form
Total 3
Pure 5 January 2002
4 (a) 2 x 3
sin"x=| x——
{ 6 ]20]
o 2
0 i o " x ol £+ x M1 Any form
=x" +3x 6 120 X 6 120 A2.1,0 Also allow the M1 A2 for
¥
3 1o sinZx =32 ——x* +—x% 0.
=R ok 3 45
- Al Clearly shown
13x’ _ = )
120 Al 2 AG
(b) sinx’ =x’ i
A 6 Bl
T
.3 y kg M1 Ignore other terms here
1555 Sin- x—sinx ) 120
x—0 _\rs _YS
1
Y ATF 3
Total 8
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Pure 5 June 2002

Q Solution Marks Total Comments
4 (a) | x=cosf dr=-sinfdf MIA]
_ dx
[=]- f_\ AL, Jsign error
V2
= 2x +c =-2cos B(+c) AlY 4
(b) (i) | Clear explanation Bl 1 Essentially for “denominator is zero
1
when 8 = 57 " stated
(i) | &  sing f VA
f ,-00_9‘19=[—3'v'°05910‘ =2 MIAIY 2
Y ]
Total 7
Pure 5 June 2002
7 (a) x* x! B
cosx —1 :]_T_Fﬂ_] AR Bl 1 Toearn B1, 2! and 4! must be expanded
- - - - somewhere in the solution.
(b) S o
e P P
5 4 I ) 42 M1 For second method there must be two
1 +[_x_ A L] +_{_L+ % ] terms in each bracket for M1 i.e. use of
2 24) 2 2 24 2
% ’
- alone is not acceptable.
2wt &
=|l-——+—... | 1+—...|0r
2 8 24
: Al
substituted correctly as above
x* x* )
=gt e AlAl 4 | AG
©) | sin? x = x?2 MIAI [ignore higher powers of x|
i 1 _ tos x-1 1 \
. e Al 3
x—0 sm-x =
Total 8
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Pure 5 January 2003

Q Solution Marks Total Comments
1 (a) lim xf¢™* —0 for k >0 Bl ] Withhqld if evidence of incorrect
x—ses reasoning
(b) —-4x )" —4x
S xe g "
| xe‘“chr{ 1 - dx MIAIAL
0 _4 0 —4
B 00 Al i.e. use of limit PI
—4x |7
I AlF
16
0
- L Al 6 AG
]6 ’s 3 Al
(C) —4x ™ —4x
j vZe gy =| X ° ,J’ 2xe 74y | MIAL
4 0 —4
0
1
ED) AIF 3
Total 10
Pure 5 January 2003
Q Solution Marks Total Comments
3 (a) | Explanation El 1
(b) j2 dx .2 ’
ST s o MIAI
A4 —x" )
=sin”'1-sin"!(-1) == AIF 3 ft sin_li
Total 4
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Pure 5 June 2003

2(a)(i) cosX = ]_% ;—4 Bl 1 must show 2 and 24
(i) | n(1+x) used MI1
2
ll{]+(—L e \]
2 24)
2 4 2 402 . . Y2
| _x +L],l X~ L) M1 it MO allow B1 for -
2 24 2 2 24 <
2
— Al
2
4
X Al 4
12
(b)(i) | Insecx=—Incosx
2 4
X X B1 I
2 12
e
ii . Insee .
(1) lim n se:. Y lim 2 = 12 if —% 12 used give zero
x—0 x° x—=0 x° x° 4
2
= lim L4 X M1
x—0 2 12
1
= — AlF 2
2
Total 8
Pure 5 June 2003
Q Solution Marks | Total Comments
3(a) | Put y=1+x dy=dx M1 Alternative by parts:
_ y-1 )
[ = _‘- 5—dy Al __X + | 14 MIAIAL
y I+ x Letix
x '
_ }{]T_]_ﬁ] dy - - +In(l+x) Al
b
substitution ot limits A2, 1,0
iy _.
=|lny+— AlF
y
) k
= |iln{]+_r)+ ] }
1+x1p
y |
= In(l+k)+—-1 :
(+k)+ ATF
. k : -
= 1n(1+1r]—ﬁ Al 6 AG
() | Ask — oo, In(l4k)— o Bl
k
but — — 1 B1
1+k
-+ does not exist B1 3 dep on at least one of the previous two
B marks earned
Total 9
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Pure 5§ January 2004

2 (a)

(b)

(c)

u=1-2x* du = —2xdx
or x=siné dx=cosfdéd

I = _‘-_d“ or 1= jsin@dﬁ

When a = 1, denominator is zero

a=1,1I=1

M1

Al

AlF

AlF

El

MIATF

Limits not needed here

Limits not needed

ft provided 1{] - (] -d

integer

) -

] where p is an

Total
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Pure 5 January 2004

Solution arks ota omments
Q Soluti Marks Total C
4 (a)(i 2 4 : s - 3 s
@)D el Bl Sunplmcanon of factorials continued
2 24 sensibly
-1
b | ¥ Xt M1
cosX 2 24
22 Xt X XY
=1+ ——— |+ ———
2 24 2 24 M1
2
~E i AG
5xt
24 Al 5 AG
(ii) X : 22 5xt
tanx=|{x-——+—|1+—+— MI1AL
6 120 2 24
3
B X
=X+ ? AlF Incorrect sin series
] 5
2x - 16x AlF 4
15 120
(h) Fiig 8.‘(1 64.\”‘ 5
2x -2
fim| 102X =2x ) 3 15 MIAIF
tanx — x ¥ 2%
X+—+ —-X
3 15
8 [
—+0lx” ]
_3 ) AIF
|
—+0(x?*)
=
=8 AIF 4
Total 13
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Pure 5 June 2004

Q Solution Marks Total Comments
4 ! ! MIA1 Whole Q d d he PF
; =—— 114 "hole Q depends on the PFs
1@) x(x+4) x x+4 Qdep
I=Inx—In(x+4)(+c) AlF 3 ft incorrect PFs
M3 | I= [h] x—In(x+ 4)] 1] Bl attempt to put in limits
Inx — —eo as x — 0.~ no finite limit El 2
(ii) al 1 —lasx—ee El a clear explanation is required
X+ 4
. 1 o .
S I1=Inl- ln; M1 substitution of limits
=In5 ATF 3 O.E:no In 1 in answer
Total 8
Pure S June 2004
) 5 ok
2 | cosk xz[l—"’T...J Ml
=1- k\_- Al ignore higher powers of x
2
1- [ 1 —i
) 2 M1 award only if some function of k appears
lim . ~ =4
x—0 X
k=8 AlF 4
Total 4
Pure S January 2005
Q Solution Marks | Total Comments
1(a) | sin2x=2x —8% Bl 1 Ignore extra terms
0
o . 8
(b) | Useof | 1 * and | 2x — il M1
2 6
2_\-[1 {)_(2_\ R )+0(_\-5] _
L=1lim - - i AIF Condone 0(.\*’“ ) missing
x—0 X
3, 8’ 5
+ + 0
fim_ 6 *) AIF
xr—0 ’f]
1 ;
== AlF 4
kit |
Total 5
Prepared by Toot Hill School Maths Dept April 2007 14



Pure 5 January 2005

oot | MI1AI
e i oz "Ddae e
3(a) | 1 [,_\/:ln .\]A_ L,_\/:I dx Al
1
[4\/71‘ AIF
=4(vk —1)-2Jk Ink Al 5| AG
(b) | Exists since vk Ink— Oas k— 0 El Clear explanation
value is — 4 AlF 2 [f MO earlier, allow Bl for — 4
Total 7
Pure 5 June 2005
3 ) . ¥’
]Jl(l+x]:.\‘—T—
' 2
and cosx=1- \T both used M1
_xIn(l+x) 2P +0(x) . . :
lim - =lim— Al lgnore errors in powers of x > 2
-0 ] —cosx =0
—+0(x*)
0 ¥
Dividing by x°, ie lm& ) ml PI
Toro()
=2 AlF 4
Alternative method:
L’ Hopital’s rule used twice M1
Correct differentiation Al
Putting x=0 ml
(allow this m1 if x=0 gives a
finite limit)
Result 2 AlF
Total 4
Pure 5 June 2005
du 1
5a) | u=lhx —=— Bl
X ox
I= J——hm =In(lnx)+e MIA1 3 M1 for Inu
Al for In(Inx)
condone omission of ¢
(b)(i) | Clear reason why improper El 1
(i) | When x=1. In(lnl)=In0
and does not exist E2 2 E2 for clear reasoning. E1 if vague
Total 6
Prepared by Toot Hill School Maths Dept April 2007 15



Polar Coordinates

Pure S June 2001
Q Solution Marks | Total Comments
1 (a) Sin @ = ax — a;_\f N az.\rrs B do not accept (a.r)B unless
: = multiplied out later
(b) | Substitution a=3,2 M1
30 37 ,
3| x—2 || 3x- 27.‘Y ]+ 0 (xs) AlV for numerator
Limit = llll}} N ~
) J— 23X ]+0 (rs) AV for denominator
) ) 6 ),
=4 M1 for cancelling stems and +x°
AN for accurate work and the answer
Total 6
Pure S June 2001
Q Solution Marks | Total Comments
4 i . '
@@ y=2(l+cos#)sind %%:20059+200529 MIAI
cos6 +2cos>0—1=0 MIALI
(2cos@—1)(cosf+1)=0 .‘.cosB:%,H:% Al 5
@ 5. (rm). i3 T BIBI 2
PIS(3,3),QIS(, 3) 2
iii) | rcos@=1.5 MI1 for OA
(iii)
Al 2
B | Areaof A0PQ =1 x95in2E M
NE] Al > |AG
4
(ii) | Area A = area of R + area of AOPQ M1
x
=25 [24(1+cos6)"do Al
< Jo
Use of 00529:%(]+c0529] MI
i )
Area A :4[3[(]+2c059]+%[]+c0529)}dB AN
) )T
1 )
=[66 +8sin6 +sin 26 AN
93 .
=2n+—== AN
Area R =2n+¥ Al 7 |AG
Total 18
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Pure 5 January 2002

Q Solution Marks | Total Comments
5(a)(i) | r values 1. 2 Bl
: T T T
Points shown [1,— —\ [2,——] q or (0,—1) (2cos— ,—1
2) 6) BIF 2 |or (0.1 ( L
Allow approximate positions
(ii) | Use of geometry to find y values MIAI 2
(iii) | Symmetrical about 8 = % Bl
Strategic points to be labelled or tabulated B1
Dent at 4 Bl 3
0, 35)
5
3 0O 3
(-3.0) ! (3, 0)
(U, _l) “1
b 0 )
(b) A:%f (3+2sinB)"d6o M1
1 g= ¥ )
::.E (9+12sinf + 4sin” 8)d@ Al
Use of c0s26 =1-2sin’ 6 ml If m0, allow B1 for integrating
2 o I ~Arrect v
A:%iﬁ]+]25in9—200529)d9 AIF DBy, Bomsel
=]:[]]9—]20059—5in29]%” ATF
=11lr AlF 6 For incorrect limits penalise
here
(c) | OP. OQ. OM, ON : any two MIAI
Other two; simplified AlAl
=9—4sin*@+9—4cos’ 6 Al
=14 Al 6
Total 19
Pure 5 June 2002
Q Solution Marks Total Comments
1 L pr 5 .51 .l
A :Ef a’ sin 36 de MIAIBI M1 for jzr d& used
AT if used correctly
B1 for limits
MO if cos26 used
1 pr ,(1-cos@
Ry
{1 .2[9 Sing]:rﬂ Al CAO
el
2 2 )
= < < 0
15
=5 AL 6
Total 6

Prepared by Toot Hill School Maths Dept April 2007
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Pure 5 June 2002

3 ( b :
(@) cosH:l, sinf):l Bl 1
r r
- _ ,\’_ )_
(b) (i) r-E: 4r M
use of x> +y’ =r2 Ml
_\'2 + }:2 = 2_\'—4}: Al 3
() | (x=1) +(y+2)* =5 MIATS
Centre (I, —2), radius Js A1 3
Total 7
Pure 5 January 2003
2 (a) | Sketch: Correct starting and finishing Bl
points
Going the right way round the origin Bl
Steadily decreasing in distance from the Bl
origin 3
(b)(
o A:];E]—zdf? MIAI
<460
] (14
= {— —} ATF Provided of the form X
20 |z e
4
2 _1
:E Tha Al 4 AG
(| 2 1 1[2 1 W MI
T 2o 2\=m 41 )
1 2 1 1 Al
- = 4
20 m m 8=m
o = an AIF 3 o must be in range T _on
9 ) 4
Total 10
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Pure 5 Jupe 2903

Q Solution Marks Total Comments
6(@)1) | 2432 =42 =16 r=4 Bl I needs some explanation
(ii) | rcosf rsiné =4 M1
r?sin20 =8 Al
% =8cosec 20 Al 3 AG
(b) | At points of intersection
8 ___16 or 8cos20=16 M
sin26
. o]
sin2¢ = 2 Al
?r . .
20 =— 0= I7) Al withhold if calculator used
Or 28 = _?I 2] :J_?r BI 4
6 12
I o 5 1)
(c) | Area of sectorAOB= —4°| —n=x ——;:J
2 12 12
8t 5
= — BIF ft incorrect =
= 12
Area between xy =4 and lines 04, OB
o, LT 3;‘; 4 P i ]
= =F df = | 4cosec 26 d@ M1 treat missing — as A-error
i 12 <
12 ignore limits here
—= _i % ) i
5 In(cosec28 +cot -9) Al or 5 Intan &
5
= - "In{msea + cot iJ
6
7 7 T "
+2 In| cosec — + cot— ml For putting limits into their integral (not 0
_ 6 6 .
and & for limits)
=—2In " §)+"In("+\,3) AlF
. |n[3 3 AlF
2 3
= 4I11(3+\J"'3J Al 7
Total 15
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Pure 5 January 2004

Q Solution Marks Total Comments
3@ s 1 I %226 49 MIAI Al for e
2ant
_ L[cﬁké] 0y Al
4k b
1 [ e, s
=—7Ie" —¢
ke -]
= Lz-n) Al 4 | AG
4k
(b)) | atk.e? =2 MI
f=1In2
Kis(2,In2) Al 2 Accept (2, 0.69(3))
(1) Area of sector of circle is %x 2%1In2
=2In2 Bl
i ] ( 2 ->\
Area under curve by (a) is —{2 - ]‘_]
4 MI
_3
4 Al
. e 3
RS 4 MIAIF 5 MO it added or subtracted the wrong way
round
ft simple slips
Total 11
Pure 5 June 2004
4| 2=r+rcosé Ml
=r+x Bl ie. x=rcosé used relevanily
2-x=r Al
(2-xf =x*+)? M1 For relevant use of » = \-"'.\-2 +9°
4-4x+x? =x2 +‘1-': Al
2 =4(1-x) AIF 6 |Ory’=4-4x oe
ft simple arithmetical errors only
Total 6
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Pure 5 June 2004

“ ) M1 for use of formula
6(a) | it R2 :% I4[1 —cosg)dé MIAI Al for correct limits (appearing at any
“ —(n-ax) point)
(1-cos@)?> =1-2cos@+cos’8 Al
5 l+cos24d
cos"@=— used M1
2
. sin 26
I= [36)—45,111é3+E’m_J } AlF
a=3, b=-8 AlAl 7 CAO
M| 04=2 (1-cosa) Bl
OB = 2(1—cos(—n+a )) Bl Could use 7+«
AB=4 Bl 3
Total 10
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Pure 5 January 2005

Q Solution Marks | Total Comments
2
5(a) =3+2cosb M1 or corresponding results in r
cos @
2c0s° 8 + 3 cos@—2=0 Al
(2cos&@—1)(cos8+2)=0 ml
1
cos€=;. cos @#-2 Al
s
at A, 0 =iz Al
J
5w
A and B are [4 e 1—,?[1 Al 6 Accept [4. T}
3 Z);
(b) | Area S bounded by C, 04, OB
| 2 s
= o _&(ﬁz cos 9) déo M1 Ignore limits here
“ 3
= [3(9+12cos6 +4cos*6)d6 Al
2 For an attempt to express cos” € in terms
Use of cos28 =2cos” 81 ml S P P
of cos26
§=[3(11+12c0s6 +2c0s26)d6 AIF
=[116+125sin8+sin26 |7 AIF
0
= Lz + b\/; AlF Correct limits needed here
3 2
Area of A OAB =%42ﬁ=4\/§ MIAI Allow M1 for [2tan 6],
3
11t 1343
Areaof R= T—i—%—élﬁ
2 ya
~n 5v3 AlF 9
3 2
Total 15
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Pure 5 June 2005

4(a)(d) | sin38=0 when 8=0, % n B1B1 2
1 ia
(i) | Area of loop = 1 J sin*36 dé M1 ignore limits
20
= j (1-cos 60)do ml
L e—lsmﬁa ’ Al
4 6 o
1 :
= EJT Al 4 AG
(®) | Areaof R= i mx1* —3x %) BIBI1 B1 for each part. ie for two relevant areas
12 to be subtracted
1
= 1 T Bl 3 OE: must be correct
Total 9
Pure 5 June 2005
Q Solution Marks | Total Cominents
7@ | 45 + 4_1-3 —x' —A4x+4 Ml or any correct method
Ax*+37)=(2-x) Al 2 |AG
() | Use of x=rcos@, x> +y* =7’ MIMI
4 =(2-rcos6)’ Al
2r=+(2-rcos) Al condone omission of * sign
=
Z=2+cosf mlAl 6 |AG
7
) |Iff=catP.8=a+matQ MI1A1 or x—matQ
>
) 1
Op = 2+cosa 1
N ik M1
=_=2+cos(a+m)
09 J
=2-cosa Al
G+ og=" M1
A g 5
OP T 00 Al 6 AG
Total 14
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Pure 3(B) January 2002

Question Solution Marks Total Comments
Number Marks
and part
10(a)(i) | max==6 Bl i %
when 8=— % Bl Z
min=2 Bl
when 8 =0 Bl 4 or
(ii)
Initial line
graph “correct’ 0 < 8 < & Bl or any other quadrant
2 condone cusps
symmetry about & =0 or 8 = % Bl
good attempt at graph Bl 3
(b)(i) | 2+4(1 —cos” 6= 5cos 8 Ml
43 +5¢-6=0
4c-3)(c+2)=10 ml factors or attempt to solve
p
—=cos @ = % Al 3
(ii) 15 . Bl
r=—-=375
4
0 =cos™' (3)=0.72 BI
@ =-cos ' (3) B1J/ 3 ft theircos @ in either
' equation,
coords or [r, 8 ]separately
Total 13
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Pure 3(B) June 2002

Question Solution Marks | Total Comments
Number marks
and part
6(a)(i) Max r=4 Bl orr <4
Min » =0 Bl 2 orr=>10
sc Allow Bl for0<r <4
(ii) €=0 at max Bl or T
T T
f=—  atmin Bl 5 Accept 90° ; or 8=— —  efc
2 = 2
(iii) Bl One quadrant correct
CB_. 9=0 Bl Symmetry about 8 =0
Bl 3 Symmetry about 6 :f—
(b)(i) 1 M1 Translated 1 in x-direction M1, Al
Translation through 0 Al 2)
Moved/shifted one unit to right M1, A0
Moved one unit MO
Translated in y-direction MO
(i) r?cos? @ —2rcosf +1 M or x -2x+1+)° =1
+risin?o=1 Al x4y =2x
Use of cos®> @ +sin’ 6 =1 ml X +y =1, x=rcosf
=r>=2rcos@ =r=2cosf Al 4 ag
() 4cos’ @=2cosf M1
cos@ =0 Bl
1 -
or C059=5 i o =
0,%| orf0,-Z
Intersection at pole , or stating » = 0 Bl | O R
Also at {1. }f} and[l,_ﬁ} Bl 5 T
= 3 May stater=1, 8= i?
(but must have both points)
B1 first correct point; B2 all three points
Total 18
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Pure 3(B) January 2003

Q Solution Marks | Total Comments
8(a) | Max r=7, =0 at max BI1, Bl
(i)
Min r=3, @=m  atmin Bl,BI 4
(ii) J——— Bl One quadrant correct
/ \ Bl Symmetry about 8 =0
\ ) Bl 3 Good graph
. S
(b) | rcos@=x M1
x =3 is straight line Al 2
(e)(i) | 2cos’@+5cosf-3=0 MI
(2cos@—1)(cos@+3)=0 ml
cos@#-3 —=cosf =1 Al 3
il : T
W 1,6, 6== B1. BI
3
T
0=—— B/ 3
3 3
Total 15
Pure 3(B) June 2003
Question Solution Marks | Total Comments
Number
and part
6(a)(i) | sin(—@)=—sinf M1 Must be general angle
f(—8) =2(—sin @) =2sin” @ =f(H) Al 2
(ii) g~ Bl accept 90° or 1.57(0796.....rads)
2
i
- 7 Bl 2 Or —1.57(0796.....rads)
Must be radians for second mark
(ii1) | Range 0=f(@) <2 B2 2 B1 only for either “end” correct or < used
or 6 used instead of f( &)
(b)
> 9-0 Bl One quadrant correct
2 B1J/ Symmetry about 8 =0
Bl 3 Symmetry about & :%
(1) M1 “loop” generally above initial line
0=0 Al 2 single “circle” drawn fairly accurately
(i1) y=rsin@ Bl Seen or used
72 =2rsin@ M1 Or attempt to eliminate both » and &
. %
X2+ =2y Al 3 oesuch as \jx~ +y~ = — =
' ' JxT+yT
sc B3 for correct equation of circle with
no working.
Total 14
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Pure 3(B) January 2004

Question Solution Marks | Total Comments
number
and part
8(a) | rmax=2 when 6= Y7 and 6=-% 7 Bl Bl
Bl 3
() | sin20=-1 = 20=¥ 7. .. MI Al
giving = ¥ 7. O=-Y,r | AlAl 4 Penalise degrees max. once: ignore
correct out-of-range answers
© Use of r= \,-"xz +_1'3 Bl
. . ; . M1
Use of either sin 8= L, cos 8= =
r r
= 2xy Al 3 Any correct form at earliest stage
VYT Y =1 ———
xT+ T
Total 10
Pure 3(B) January 2005
Question Solution Marks | Total Comments
Number
and Part
_ ) - ) 2
8(a)(i) | Translation (// x-axis), vector {0} MI Al 2 B1 for equivalent correct description
without “translation”
(ii) | (rcos @—2)*+ (rsin 6> =4 M1 Backwards approach is fine
Fcos?@+ sin*6) —drcos B+ 4 =4 Al
Use of ¢*+5s*=1 Bl
(r#£0) = r=4cos 8 Al 4 ag
B | rmax=8, Fan=20 Bl Bl 2
(ii)
Bl Symmetry in 8= Y1
| Bl Symmetry in 8= 0
-8 o) 3 Bl 3 All correct
(¢) | Equating 8 cos*@= 4 cos 6 and solving M1
=Y and r=2 Al Al
gt point @=—-Ymx, r=2 ALV 4 Or ft 27— (1" ), same r
Total 15
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Pure 3(B) June 2005

Q Solution Marks | Total Comments
6(a)(i) | Maximum value of =3 Bl
when 8=r Bl condone angles mod 27
Minimum value of =1 Bl
when =0 Bl 4
(ii) | Symmetry about 6 =0 Bl
Correct graph — approx 5: 1 ratio Bl 2
M) | 8% +2¢-3=0
= (2c-1)(4c+3)=0 M1 Attempt to factorise or solve quad eqn
1 3
0059_5_ cost’:?_—z Al 2
(ii) | Use of »=3—2cos8 to tind r Ml or using r =8cos> @
T s Tl 4 ~ AlS one pair of matching »and & ft
3 T3 (=0.75) ALS second pair of matching rand € ft
9
5-—cos " (=0.75) Al 4 All 4 points correct
Total 12
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