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Q1

Bl bt rem
. 2 .2 6' 2,)\"’@‘”‘
"(z) = 2z~ — 223" ARL
(s) (AEF) e
f(z)=0=2=0,1,-1, only M1A1 4
P'(z) — 2z P(z) = z(z? — a?)(z? - b?) M1A1 2
P(z) of form —z%/2 4 pa? + ¢ M2 for « e bt M2A1A1

A’)A} r 2e0 c‘;ﬁA‘f‘(S)
= ...2p+2=2a®+b* and 2p — 2¢ = a?b? M1A1A1
== p=(a*+09)/2-1 ¢g=-1+4(a®+b?)/2 - a®b?/2 M1A2A2
P(z)=—z*/2+ (a*/2+b%/2 — D)z + ~1 + a*/2 + b /2 — a®b? /2 Al
L g amtgls L s/
1%

Other methods are marked similarly

¥ &b fuaf[,” D Mido ot + all ot )Lt 'u& /Ft M&x 19/,
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02
(a) (i) f(12) = 12(1 - 1/2)(1 - 1/3) = 4
F(180) = 180(1 — 1/2)(1 — 1/3)(1 — 1/5) = 48

() N =pf ... pP = ... f(N)=p 7 oo Hpy - 1) (pr — 1),
(’MH' neeessory do obsene ofi's >, )

No comment required

Give D2 for partial arguments - do not accept ’obviously true’

Condd M(/(nz) )f(«aa\ € -3

(b) (i) 'False™ counter example, e.g., f(3)f(9) =2 x 6 =12 # f(27) = 18

TRUE

(i) p, g prime = f(p)f(q) = p(1 — 1/p)a(1 —1/q) = pe(1 = 1/p)(1 = 1/q) = f(rq)

FALSE

(iii) Argument such as the following will earn available marks:

COVVJUC)‘WW\(UL

Wis/a/pl‘li,|11e such that prlpandp g thenpy =41 f(p) and-py 1| f(g¥so0that (p1 —1)%| flp) f(q).

wm F'M-V\ﬂ,«\‘ *L\?/L-Z:);st hrase

ﬂpﬂ;—‘(y{—/f)/( a,n)'m%/er}l{))/hayi'ug/p,/]/as a/féc/t,@r.

(¢) p™(1—1/p) = 146410 = li“'x o = //5(;70) - ,,r// =7
L’!’r’b‘ i AG.:,MJ Cauz,s.j

p=11,m=5 > Mex ¥s

M1A1
A1 3
M1A2
3
B1M1A1
3
B1M1A1
3
@)
M1A1
= 3
hvesgehet gy
CansAer |
B2B2



UNIVERSITY OF CAMBRIDGE LOCAL EXAMINATIONS SYNDICATE

STEP MATHEMATICS PAPER 2: 9470: JULY 2005

MARK 5CHEME

Q3

dy/dz = M lor 0 <z < 7r/2] Bl

y(0) =0, y(r/2) =1 B1
Hence 0 <y <lfor0<z <7w/2 Q«(AM‘U*‘I\“A . B‘ )
Sketch BL( D2>

Deduct 1 for each of: incorrect shape at O, incorrect curvature, point (1, 7/2) on curve not indicated

in some way Alo &) c/(z,yj),o steted = 5

() 7% sineds = ... =1 | B1

Jo wcoszde =m/2—1 D—D part & M1 22

fow/zyda::2—7r/2 Al

z;ﬁf/; sinfads = ... =r/4 MI1ALS® -

fow/z esin2zdz =...=7/4 M1A14%

fowﬂ zlcostzdr=...=7w3/48 — /8 l\/ﬁukl
dkle::;sl,f Z-‘:),Nh

‘[OW/Q v =w/d—7/d+73/48 — /8 (AG) J Al

0$3 £ =) jl‘j - (;t‘g\ ;’> \rjzﬂ(/w ¢\S\jx_‘j‘.r M)A
Gan Sl W\I!‘\]
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MLIB L oW g
Q4 LHS = tan~!( any correct form in a,b,¢) M1A1l
=...=tan"'(1/a) (AG) miar 4
.
tan"[1/(p+ g+ 8)] + tan " [1/(p 4 q + )] = tan" [1/(p + q)] M1A?Y
tan"'[1/(p+ 7+ w)]+ tan" [1/(p+ 7+ 0)] = tan " [1/(p + 7)) M1A1
tan"![1/(p+ ¢)] + tan ' [1/(p+ )] = tan"t(1/p) M1A1 (0
§=25,1=13 M1A1A1
u=25,v=130 M1A1A1
p=7,¢q=1,7r=50 M1A1A1A )
10

Give B1 for each of p,q,7,s,t,u,v, il written down (Max 7/10

) :
F\OH/JU 3/]0 ‘FO‘ (/(/\LM

ﬂ i ! Srluimn  oe uiw\ e et ol *’W/J clioo se
-'/f“[w,- 5;(!3’2“. \

4
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If Sy touches sides BC, CA, AB it P, @, R, respectively, then:

AQ=AR=r=BR=c-71,CQ=b—r

=>b—r4+c—r=a=...=>2r=b+c—a

MI1A1

M1A1

r=a(g—1)/2 B1
de= Te" 81 9
R =[2bc — ma*(g — 1)?]/@ra® (AEF i B1IM2A1A1
-Vl am) R
a? = b? + ¢ B
.va,.\gor""*
= 2bc=(a+b+c)btc—a)=...=bc/a® = (¢* - 1)/2 M)LA1A1
M2 &1 dolare
TR=¢q¢*-1-n(g—1)* M1A1
noT THGS Foert
— (1 — 1)a? 1 _
> rR=(1-m)¢"+2rg—1-7 (AG) — "(T'.”)iq"'z"'i -(TT-H\ Al |?)
W
Shows that Rpyee = 1/(7 — 1) (AG) M1A1A1 ?)

n 5 7%;—{(:’

L
bt ao }«X\\éauﬁ';-'ﬂ "‘9‘\.)
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~
Q6 (i) 2", (n + 1)z™, (1/2)(n + 1)(n + 2)a" PN B1B1B1

b’\ — e by -'(,ar m{{ghlj

\‘“‘—(DJ‘ corhodded " o 3ZangS

:>E7io:1n2—n:,,,:2 MlAl
2
g =
Sooro n(n+1)27" = W (OR BQUIVALIENT) _ \ - 5|
oy ok Ml eV,

Yoee ni27r =6 Ansoer AL

(ii) General term of (1 — z)~1/2 (ACT") wns e K V’\U‘ B1

Obtain required result (AG) M foe IV‘*W‘LN;“Q e Yot ,\5’—‘{ M1A1

Puts 2 = 1/3 to obtain first series = /3/2 Ml‘Af

S v

Differentiates displayed result in line minus 2 of question . M2A1
Db

Puts z = 1/3 to show that sum of second series = {EJZ LHs MIA1ER
| WS i Al

kJﬁA'f?ﬁ ]Cm,hr «;} [

;
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t-g
(i)(P describes circle centre O and radius%n the z — y plane > B1B1 )
'S 5 and N _': + U — )~

(Q describes circle centre O and radins :)in the plane\3z — z = 0 (B Q\r[l Al 3
(ii) cos 8 = [(1/2) cost cos(t + m/4) + sintsin(t -+ 7/4)| M1A1A1
=...=[3/4v/2 ~ (1/4) cos(2t + 7 /4)] MI1A1A1 é
(ili) 0 3 /4 = YN 3 /42 — /A< 1/V3 (¢ = cos(2t + 7 /4) M1A1

= ~1/v2 < c iyl Al

=t € [r/4, m/2] and ¢ & [57/4, 37w /2] M1A1IM1A1

= T = 31/2 M1A1
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Use method of separation of variables to obtain:

A—1/y=—(1/3)22(1 4 a?)=3/% — (2/3)(1 + z?)~1/2 M1A

[y = =(1/3)a*(1+2%) 7/ — (2/3)(1 + 2*) (Lis;%m
y(0)=1=>A4=1/3 M1A1
Uy =1/3+(2+32%)/[3(1 + 22)°7°] (AG) Al

_ , 1)z Co.
y=1/3+1/x+0(1/2®) M2 for gedarig L %DM M1A1
(D2 fp ot bern - wrenbereffim e o(h Yo b 24emm
= ...y~ 3-9/z (AG) (NI Y PRV RS M1A1
Sketch LQ g LHS (3¢ o) q gl bt B D2
(?W flﬁ' '.'; 0 ot x =0 R Mjuﬁ%*’»ﬁb}? ) ——————
y = 2% leads to second DE Ml Seo Nert. M2A1
Vg ‘(‘-\’ i
Sketch D‘)bb olyove. D3

'Z’L - &,)’tv\ é‘ [P >(—a\.><:u

Am)wq%m« r= 22 W" ~
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- d
(i) Diagram P> ol re?/) B2
Il direction of P makes an angle 6 -+ 7 /6 with horizontal, then
[
NaL Ws Fs —
Pcos =mg+mg/2+ (1/2\/{;)(777,g\/3—/2) + (],/ﬂ)(mg\/g — Psin ) MlAlAlél
[PWQLM S5eeld AR S/&::{

= ...= Psin(6 + 7/3) = (11/3/8)myg M1A1A1

Prin = (114/3/8)myg M1A1

oo = o s foe iy ’0/”““5" T

P then acts at a direction making an angle of x/3 with the horizontal Al
(ii) Pcosf = mg + mg/2 — (1/2/3)(mg\/3/2) — (1/+/3)(mg\/3 — P sin §) M1A1A1
(£ hneoamtak M1&1AD wnk 215 )
= ...=> Pcos(d + 7/6) = (+/3/8)myg M1A1A1
Minimum of P achieved when 6 = —x/6, i.e. when P acts horizontally M1
In this case, Ppin = (v/3/8)myg Al
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Iy = 80t
y1 = 60t — 512

Ty = 180 - 120t - T) (t>7T)

yp = 160(t — T') — 5(t — T')?

zy =y = 200t = 1207 + 180 (AEF) (H)

Y1 = Yo = 60t — 5¢* = 160(t — T) — 5(¢t — T')?

= ... = T4 (32-20T - 20t =0 (AEF) (V)

(H) and (V) = 7% + [(1561 - 6T)/5]T — 127 — 18 = 0 (AET in T only)
T? — 917490 =0

=T =1,90

. C
Required value of 7' =1 : explanation _ "
k="to

L jw -89 <T
e ks 2 ‘W‘"‘;u
(anncttd b

B1

MlA“j)
B1
M1A1
M7 48
Ve
M1A1

Mi1A1A”™ |
Al

aGpt dradee

~
M1A1l

Blﬂl

o _t=10 \_é: £ 99 Sbku(}/)‘/?vf Jod s he

kb . O
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Complete diagram B2
Frictional force opposing motion of B is 2myg/5 B1

If 7' is tension on the string and the acceleration is a :

T —2myg/5—3myg/5 = mia M1A1
(ords NZL {w Shate s)x}c»

mog — T = moad = My a ‘ )‘_Q . l>\“ ‘La(g@‘n\ﬂ} \ Al

a = [(mg —m1)/(ma 4+ m1)]g (AG) M1A1

If u, Ty are the initial velocity and time for the second phase, then

uw=AgT, Ty = AT, where A = (my — my)/(my + my) B1B1
Total time to highest point is (14 \)7T' (AEF) B1
For downward motion the key equation is:

(g/10)(1 + A)? = (Ag/2)T? + (\2g/2)T? B1B1B1M1A1l

> ..o A=4= ... =m/my=3/5 MI1A2A1

11
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T ~ true, /'~ false , a ~ heads , f ~ tails

(i) P(T) = ap + bq

Play=1/2 & ap+bg=1/2

(it) Write G = ap - by

P(e) = P(a1'F)/[P(aT F) + P(BT F)]

= [G(1 = G)/2/[GO = GY/2+ G — G)/2) = 1/2

(iit) P(a) = P(aTT)/[P(aTT) + P(BIT)]

= [G2/21/[G2/2+ (1 - G)2/2) = 12

G=1/2= .= Pla)=1/2

=

M2A2

MIATAL [

M2Az2

A2

M1A1 Qé
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X ~PoilA=p=P(X <2)=e>1+)) M1
Y ~ Bin(n,p) = P(Y = k) = ()pqr* (AG)  Juwbfy bun. Distn. e A
I “{!;,.]N-Q CW\’)+ ;‘-613 $—¢ 2
| odgpavdgaT «
Deg=1-Q+N)I-A+2/2+ 0] as A =0 M1
L§ Lat bt e :
L= (EN e ) g
== a2+ 00~ N2 (AG) VRS X Ablk|
T g et 10 AR e
- T ——
{)PY =n)=p">1-A=e™(1+A)">1-) M1A1
= —nA4+nd=nA2/2> —A - A?/2+ O()?%) M2A2
.= n<2/A A2 8
(iii) P(Y > 1Y > 0) = P(Y > 1)/P(Y > 0) = (1 - ¢" — npg"~1)/(1 — ") M2
~ 1 — np(A2/2)" /[1 - (A2/2)"] M1A2
o l=n(A?/2)"1 (AG) A2 7

13
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k=1/(1+ ) B1
2
B(X)=(0+22/2)/(1+ ) = N/2(1+)] = k%\ M1A1
E(X%) = k+k\3/3= (7% 43)/[3(1+ )\)] M1A1
V(X) = (A + 3)/B(1+ ) - X/[4(1 + ) M1
A -
= ..o= (AT 4N 4120 + 12)/[12(1 + M) Al 7
X =2 esserchnl
(i) Graph: B1 for each segment: plus Bl if correct overall Lo de LN B1B1B1B1
MM*ﬁa\,Lf Lt
(ii) F(z) = ®(z)/3 for z <0 B1
Flz)=®(z)/3+z/3for0 <z <2 M1A1
F(z) = ®(z)/3 + 2/3 forz > 2 Al
L
(iii)u:%02:7/9, both \,_;.Z 4.0\ B1 .
¥ (o] F> maeh o )
P(0< X < p+20) = .9921/3+2/3 = 0.9974 ~ T M2A2
= 0.8 -



