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9795

@) X—-Y~N(10, 5) BI
z :ﬂ[=—0.894...]; Zzzﬂ[: 0.447...] Either. cc or o> M1AO MIALl
\/g \/g Both. FT on o
P (8 < Breadth < 11) = 0.487 CWO Al [4]
(i) X +X,+ 7Y, +Y,~N(80, 10)
L1380 =-1.58...] As above Bl
Vio [e.g. N(80, 20), 0.8681: 2/4] MI1A1Y
P (Perimeter > 75) = 0.943 cWo Al [4]
@) X ~N(p,—) stated or implied B1
n
+0.50 -
HTZ0 7 H 1 96 1.96 MIALl
0'/\/;
= 0.5+n >1.96 = n>15355= Leastnis 16 MI1AL1 [5]
. u—01o—-pu i
(ii) z= Ry a— =-04 FT on their integer », and M1
7 also —0.392: M1ATAO ALY
=P(X >u—0.10)=0.655 Al [3]
Q)] Let N be the estimated number; 400 _ 20 = N =8000 Bl [1]
N 400
(ii) 98% confidence: z = +2.326 Bl
ps=0.05 B1
0.05+2.326, 202093 Need ,/ﬂ MI1Al
400 n
0.05 and variance correct
= (0.0246(5), 0.0753(5)) Both, correct to 3 SF Al [5]
(iii) 400 +0.07535=5309 and 400 +0.02465 = 16228 400 = CV M1
Integer answers, a.r.t. 5310, Al [2]
16200
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. L —k S 2
i) F302] =1 =3eF+3=1 = - - [AG] MIALI [2]
. (1-1)x ¥
@) | My ()= [ 3¢ ax :{3_6 } M
0 (e-1)], Al
(t=1)k
B ey ey )
3 5 M1
=—|1-Z¢"| [AG] Al [4]
- 3
2 2 1.5, :
(iii) M, (t)= 3(1 +1+t (1 —5[1 + kt + Ek t D Both series correct B1
=1+(1 -2kt +(1-2k- k)’ [AG Deals with 2 Bl
=1+ -2+ (1 -2k-k)" [AG] cals with B1 [3]
(iv) EX)=1-2k= 1—21n(%) [AG] Allow longer methods if correct| Bl [1]
@) G(r)=e* P In tables
G'(f)= e Ml
> u=G'(1)=2 Al
G”(t)=ﬂ,2€’1(’_1) Ml
=G(1)=217 Al
Lo =EX)+pu—pt=1+A-A*=21 Al[5]
. 229.5-250
(i) a= \/ﬁ =-1.297 One cc correct M1Al
Both ccs, V250 Al
~260.5-250 0664
0 Correct handling of tails Ml
P(230 < X <260) = 0.649 Answer in range [0.649, 0.650] Al [5]
(iii) | We are approximating to B (250, 0.1). Distribution stated or implied Mil
Using N (25,22.5) or  Using Po(25) Correct CC and Al
30.5-25 30.5-25
S~ (=1.1595) s (=1.1) Exact binomial 0.125: MO Al1[3]
P(>30) = 0.123 P(>30) = 0.136 Exact Poisson 0.136691: 3
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i 0.41 0.41
@ i[tanf1 x]o = 0.495...,i[tan71 x]O =0.506... Correct integral MI
T Vs
= 0.41 <median <0.42 [AG] One correct output Al
Or: i[tan’1 x]o —0.5;:m=2=0414... Conclusion fully justified (need Al [3]
i 8 some comment if 0.41 and 0.42
used)
. 4 1 x
(i) E(X)= — - dx [ x f(x) dx attempted M1
T 901+ x
2 2
~Zmfl+x’] =22 [AG] Al [2]
Vs Vd
4 1 x° 4 ! 1
(i) | B = —j T dx —jl— ~dx [ f(x) dx seen Ml
7w 0l+x o0 ltx Method for integration Mi
1
= Ae—tan], =i(1—1j:i—1 (i_lj or 0.2732 Al
Vs Vs 4) /4 Ml
4 2. Y
Var(X) = (—— lj — (—anJ =0.0785 Answers from calculator can Al [5]
/4 V4
get full marks
. L 1 1 .
(iv) — [tan x] == Quotient of relevant M1
2 2 probabilities
ERE 21 One correct Al
—[tan x]m—l—g 3
T 7
P> 133 [X>2 —D=sel 254 6 _2 AL [3]
3 2 3 T 7 3
4 8
Recognising (3, 4, 5) triangle
Resolving vertically for P: 7=0.5¢g [can award B1 if answer Bl
3 correctly obtained without B1
Resolving vertically for Q: —T =mg use of 7= 5] MI
> Needs resolving with trig (if Al
Resolving horizontally for O: iT = 4mo’ resolve || OR must have Ml
> cos or sin X mro?) Al
= m=03 Al
g Al [8]
o= 3 or 1.83
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Components of speed || to AB are 12 and 3 ms . B1
CLM:2x12-3x3=2v,+3vg Any signs on RHS for Al MI1A1Y
NEL: —%(12 +3)=v, v, Consistent signs on RHS for MIAIY
Al
(both v on x-components)
vy=-3,vg=7 Both Al
Components of velocity L to AB are 5 and 4 ms . B1
Speed 4 = V32 +5% =+/34 or5.83 ms™!, cither Ml
Speed B= V7% +4% = J65 or 8.06 ms™ (OE) Both answers, correct to 3SF if A11[9]
necessary
1
@) 750=—G5+15)t=1t=175 2 Ml
2 If a [=—] found, need second Al
15
equation for M1
Or: (BI)
1
Energy: 750F = Em(IS2 ~5%) (BD)[2]
10m
15=5+0 4 == 275
m F
(ii) Let P denote the constant power of the engine. P B1
For FF= —seen MI
P dv P 15 v
Newton II: ST T, IO dr= L vdy If AKE used, must equate to Al
P 515 Pt
= —{V—} (=100) Al
mo L2 Al
750 15 Ml
Also £=mvﬂ:>£'[ dx = I vidy
v dx m Y0 5
750P [+? ”( 3250) Al
- — = — = —_—
m 3 3 Al
P 1
= — =—31 and tzﬂ or 69.2 seconds Al[9]
m 9 13
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. , 0.054
10 (@) Hooke’s Law: o5 2.5g=>A1=250N [AG] MIALI [2]
(ii) Let e m be the extension in the new equilibrium position. Find new e Ml
Al
_ 20 o _008m Needs 0.08Y Ml
. 2 . .
Newton II: 4x=4g—M = ¥=—125x SR: ¥=10-125x and then Al [4]
0.5 x=y-0.08:B2
(iii) (a) Amplitude of new motion is 0.08 — 0.05=0.03 m CWO B1[1]
(b) Maximum speed = +/125 x 0.03 =0.335 ms . Vonaor e BIV[1]
2r  2x
(¢) T=—=—— =0.562 seconds. Von w BIV[1]
@ 4125
1 T .1 2
(d) ——| —+sin" —| =0.206 seconds k2, / 12 )/ M1
125\ 2 3 sin” ( 3 )/ @ or cos ( 3 ) @ M1
Deal with quadrants Al[3]
11 (@) gx” tan’a— 2V tan o+ (gx” + 2V*y) = 0 or equiv v must be part of quadratic Bl
For boundary of accessible points B* —44C =0 Allow A>0 Ml
= 4V — 4gx’(gx’ + 2V%) =0 ™) Al
=gl =V o = y=— (V- g%?) [AG] Al [4]
2gV
dy ) g’ 2 « : e
Or: ——=xsec’ @ ———tanasec” Quadratic equation” required BOM1
da Vv . . Al
;2 . in question, so BO
=0= x= = y=— (- %) Al
gtana 2gV [max 3]
(ii) @) | Putting y = hand V= gh = —h=—-(g%h* - g°x*) y=h: MIAO MI
=x=3h Al [3]
(b) | Substituting for x in (*) gives
3gh® tan’c— 2~/3 gh’ tan .+ 3gh? — 2gh* = 0 Or quote tan = —> Mi
=  3tan’a—243 tana+1=0 24 Al
= tan0:=L = a=30°0r ~
NG) 6 Al[3]
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Notation: Speed of wind relative to: ground, w; cyclist at 15ms™', u; cyclistat 10ms ™, v
Angle of wind velocity with due west, 8 (see diagram in method &)
12 Method a: D 10 B 5 4
g 135° 120
ZABC = 45°
Z/BAC =120° w N
£BCA =15° Diagram, with all three Bl
C
> __ SRLLLEURTRE “__ 3 MIALl
sin120°  sin15° sin15° sin135°  sinl5° Al
5sin135°
w=10*+16.73* -2 x 10 x 16.73 x cos 135° U= e 13.660r5+5v]  MIALI
= w=2438(3) s Al
Sin9 _ Sin1350 M1
16.73  24.83 Al
= 0 =28.45°. A110]
= Wind blows from bearing 118°.
—sin30° -15 —sin45° -10
Method B: u + =W + MI1A1
cos30° 0 cos45° 0 MIAI
u w
—+15=— +10
5 \/5 Ml
u_ w
2 W2 Ml
u=5+5+3 =13.66 orv=§ﬁ(3+£)=9.66 Al
“2(7443)] (-21.83
Either side = 2 = (N.B. Accept this vector answer MIA1
§(3+\/§) 11.83 from any method) A1[10]
2
wsin @ .
Method v: 15+ \/_ =wcosé [Note: If @ and b for wsinfand | MI1A1A1
3 weos @ in the above equations,
10 + w sin 8=w cos 0 each equation gets M1A1, MI1AI1Al
9+243 - . followed by M1A1A1 for v and
tan @ = >3 = 6 =28.45°. MIATAL1 for 6]
Wind blows from bearing 118°. M1Al
v=24.8(3). Speed of wind is 24.8 km h™". MI1AI1[10]
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Method 5:
- v _ - 15 D w=— 15sin120 - Two equations for #and w MI1A1
sin120°  sin(60°—6) sin 60° cos & —cos 60°sin &
15v3
> w= —\/_ Compound angle formulae used MI1A1
\E cos@ —sin
W 10 B 10sin135°

=>w= i
sin135° sin(45O - 0) sin45°cos @ —cos45°sin 6 Correct values of sin and cos

10
W
cosf —sinf
Equate: 15+/3 cos® —15+/3 sinf=10+/3 cosf—10sind
= tan @ = V3 _9+2V3 [=0.5419]

15J3-10 23

= @ =28.45 = Wind blows from bearing 118° Solve

and  w=24.83 Correct &, correct bearing
Correct w

Method &: Components:

Wy =u,+15=v,+10 Any two

w, = U, = All four

w w
Y = tan(60°) = \/g, Y —tan(45°)=1
w,—15 w,—10

we—10 = /3 (wy— 15) = wx=§(7+\/§),

w},=%(3+\/§)

= speed = 24.8(3) ms '
Angle is tan™' (0.5419) = 28.45°
= wind blows from bearing 118°.

MIA1

M1
AlAl
A1[10]

MI
Al
Mi
Al
Al

MIA1

Al
M1
A1[10]

_2(74+43)] (-2183
Summary of answers: w = 52 = ,w=2 16+ 543 =24.83
Sv3) ] Lnss

0= tanl[3 - \/EJ or tan{%} =28.45° = wind blows from bearing 118(.45)°

7443
‘2(”\/5) ~6.83 —2(1“/5) ~11.83

u= 52 =( j,u:13.66 y= 52 :( j,v:l6.73
v3) | A Bev3) | LI
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