U6 FM Mock (Mechanics/Statistics) 25-26 SOLUTIONS [38 + 37 = 75]

Forms a dimensional analysis 3.3 M1 [a] = [m]* [p]ﬁ v
equation, with correct dimensions 5 38
for at least two quantities. LT2=M* > MPL x L'T7
O=a+p
Uses dimensional analysis to y—3p=1
deduce the value of at least one of 2.2a A1 Dy =9
a, f and ycorrectly. r="r
2-38=1> p= %
Uses dimensional analysis to 1
obtain correct values fora, fand y | 1.1b Al a=-=
Question total 3
2(a) u—> —0
(P) m 3m (Q)
V< —>w
Use of CLM M1
—mv+3mw=mu Al
Use of NEL M1
v+w=eu Al
Solve for v: M1
u(3e-1) , AT*
4
(6)
1
2(b) l>e>_ Bl
3
@
2(c) Use of impulse-momentum for P or Q M1
P: tm(v+u) OR Q: £3mw Al
Omu
or 1_mu Al
8 8
3




@) | @) 9 05x 1 gs.89 B1 3.3 | DR so some intermediate In this series condone 6-2(= 4 soi)
4= I e dx = E[e :L, working must be shown. Must seen as minimal working.
° be from correct integral with
= 2(e° 9 _ 0 ) = .2(e"‘3 —1) =4 correct limits.
M1 1.1 | DR. Correctly integrating xf(x)
0.5 0.5x 7~ 05 L ?
Ixe dv= |:2xe x] - jZe K using integration by parts.
Ignore limits here. Could have
_ [ero.Sx _4eo.5x] +c.
9 05+ 05¢ 0507129 Al 1.1 |oee.g. 6In9-8 Must see substitution of limits with
I xe” dx=[2xe T —de l, 4 terms seen. Must see 517 (%)
0 with x clearly substituted in both
= (2111 907129 _ 40319 ) - (0 —4e° ) times. Condone e"0 written as 1.
—6In9—12+4=6x2In3—-8=12In3—-8 Condone usge of previous
In . _—
L[e”"} =4 if full substitution
0.5 0
already shown.
_ 12In3-8 B1 3.3 | AG so calculation must be Condone 4X = - S0 X =
X= =3In3-2
4 shown but can be awarded after
MOAO for clear indication of use
[xfeodc
of ¥ ==——— in this context
J’f(x)dx
[4]
(a) | (i) 12 2 M1 3.3 | DR. Clear demonstration of i.e. include the Y2
1 J‘ ( eO.Sx) ax 1 ) 100 )
- 2 oe Ej(f(x)) dx 1 [ (e
4 use of y==———— in this _ 2 d
J' f(x)dx ¥ =—5¢— and attempt
05
context. I (e ) )ix
0
integration of numerator
l[e’ ]"*9 Al 1.1 | If MO then SCB1 for correct Minimally two terms seen on
Ly=2b 0 -1, answer www. substitution of limits.
4
2] _
(b) M1 33 ALT METHOD —use if Y

2
_ 1119><E+h19><11119
X=— 2 3
In9+1In9

L >m,
Forming <~—— . Condone one
m,
;

incorrect distance used.
Allow 2In9)X = -+

Ratio of areas is 1:1 so ‘In9’s
might be omitted

In9 2In9
1X T+ 1X 3

2

X =

Could also be by subtraction

3In9 xh%g—anXh)Tg

X
3In9 — In9

Table methods — m,x need to be
combined soi by answer

COM triangle is e.g. (;) =

1(0+22+22y _ (22/15
3\ 1+1+3 ‘( 5/3 )°r
exact equivalent using In 9.
Award method mark when used
in complete moments equation.

considered most completely

1 2
1119x—+l119><(1+—}
= 2 3
Yy=——_= N °/

In9+1In9
Allow 2In9)Y = -

or

1
__1><7+1><(1+§)
2
Or by subtraction

39 x%—ln9 x (3 —%
—
3In9 — In9
n9 ) 2
% J. (1:—1;+1J dx
Could be from =0~ 7

9 B
55
o \Un9

Must see correct limits (In9 or 2.2)




3 4 Al 1.1 1 2
(?ngg 7In9 7In3 Accept awrt X =77/60 = 1.28... 7 ]119><(5+1+§] 13
2 12 o 6 In9+mn9 12
m9x1+m9x(1+3} B1 3.3 | AcceptY =1.08... ln9x£+h19x3h19
g2\ 3 13 o 2 3 73
In9+In9 12 In9+In9 6
[31
(¢) | (i) | Limiting case is when G is directly above O. M1 3.1b | May be implied by working. Te. About to topple when G is
May be implied by using 50° (or | above O — with use of this seen in a
40 degrees) and setting up a calculation
contact force at a point a
distance above O and then using
moments to show that this
distance is positive.
Worst case scenario is M1 3.4 | ie trying to make fas small as May find resultant moment. or
0 tan™ ( 3ln3-2-¢ ) possible to give the lowest angle | compare two moments. Condone
"1"+ € at which toppling might occur. & | mg not seen.
1.2558... is their version of the error. mg((31n3—2.04)cos 50° - (1.04)sin 50°
[= tan™" ( W} = 50-37---0] Signs of ¢ must both be correct. | (=0.01055mg...)
. % and y must be the right way | Or calculates both distances:
round for their angle. (3In3-2-0.04)=1.2558...
tan50° x (1+0.04) =1.2394...
Or using angle to the vertical
0= tan"! [ "'+ e ) (=39.63..°| Or 1.2558tan(40)=1.0537>1.04
3In3-2-¢
50.37... > 50 and so no matter what the error Al 3.2a | Must be correct justification, Or d = 0 from correct values
in ¥ and ¥ the sign will not topple may see from correct values, for not (3In3-2.04)cos50° - (1.04)sin 50°
39.6<40 using angle to the vertical toppling. =0.01055...
which is a clockwise moment so it
won’t topple
Or 1.25>1.239... so it won’t
topple
(c) | (ii) B1 3.5a | May see awrt 49.8° or 40.2° May see comparison of

Y 2
6=tan™ i =tan‘1(1"817"']=49.79...°(<
Y 1.0833...

50°) and so the simplified model predicts
toppling which means that it does not
predict the same result as in (c)(i).

without epsilon.

Allow for candidates who have
included +- 0.04 correctly

6=tan! &
Y+¢

- [ 1.2417...
1.1233...

(< 50°) so it does topple so does
not predict the same result as in

©@-

)=47.865...°

May see awrt 47.9° or 42.1° with
epsilon used

X= 7’6—"3 ~77/60 =1.28... and

_ 13
Y tan(50) = Etan(SO) =1.29..

(difference is -0.0093...)
Or X tan(40) compared with ¥

So it does topple so does not
predict the same result as in (¢)(i).

X—e=124..
(0% 50) 337 (50
+ &) tan( _300tan )
=1.338 ...

(difference is -0.0987...)

So it does topple so does not
predict the same result as in (¢)(i).

[1]




3(a)

2asin 1P
COS— M1
P 4
4
24 Al*
p
(2)
3(b) AD  BD Arc CD framework
2.5a 2a ma 8a+ma Bl
Moments about AC Ml
. . . 4a _ _
25a  a+2a a+ pa —= (8a+ pa)x Al
—_ 17a
X = Al*
28+ p)
)
3(c) Moments about D or any other complete method Ml
17a
kMg x2a =Mg| 2a — Al
g g( 28+ )
_ 15+ 4p
k= Al
48+ p)

&)




Statistics [37]

5

5(a) | One correct assumption in context from below B1
Two correct assumptions from below, with goals or matches mentioned at least once
o Goals are scored at a constant rate Bl
e Goals are scored independently/randomly or matches are independent
e Goals are scored not scored simultaneously or Goals are scored singly

@

(b)

AO5~P0(0.9) and A]~Po( 1.8) B1
P(A 0s= 2) x P(A 05 1)
o2 M
0.92 e~ 0.9 09e™ 09
2! 1! X
P(4,, =21, =3)= _ op 0:164... X0.365... M1
03 ! 18% 1% 0.160...
3!
= =3)= ) > or ivalent | Al
P(Ao.s =2|A = 3) =3 O exact equivalen

“@

5 (b) | Ho: m = 1.52(x10° km), Hi: m > 1.52 where m is the B1 1.1 | Needs context. Can be in words; allow “median lifespan the same”, etc.
population median of the lifespan of new tyres If m or “median”, allow no mention of population.
Allow x or “mean” only if “population” stated. Noz “evidence that ...”
Ranks —7,-5,-3,1,2,4,6,8,9,10, 11, 12 M1 1.1 | Attempt to rank absolute differences from 1.52 and attach signs
1+2+3 = 6: max (B1)MOBI1. 6+8+10 = 24: max (B1)M1AOB1A1MOAO.
X0=15 Al 1.1 | Correct test statistic, allow P and Q interchanged if correct
P =63 souse 20 Bift 1.1 | Both £Q and TP (= 78 — £Q) considered (independent of previous A1)
15<CVv 17 Al 1.1 | Smaller signed rank sum (< 39) explicitly compared with 17. Allow <.
Reject Hy. Significant evidence that the new make M1 1.1 | FT on their 15 and on CV 13, if first M1 gained, but not other CVs
produces an improvement/median lifespan is Alft 2.2b | Contextualised, not too assertive (needs “evidence” or equivalent).
greater than 1.52x10°. Not “may have” improved. 3 and 9 (sign test): max BIMOBOMO
7 FT on their 15 provided both M1s gained.
5 (¢) | Wilcoxon uses more information/magnitude of B1 2.4 | OE. Allow “differences from median/mean”.
differences [1]

5(b) exemplars: Hypotheses:

Their hypotheses Comments Mark
i | Ho: there is evidence that ... Not “evidence” in hypotheses B0
ii | Ho: new tyres haven’t improved the lifespan, H;: they have improved it Needs some reference to parameter BO
iii | Ho: average lifespan of new tyres is 1.52x10°, Hy: average lifespan > 1.52x10° Not “average” BO
iv | Ho: g=1.52, Hy: #>1.52, where uis the average lifespan of new tyres Not u + average BO
v | Ho: 4=1.52, Hy: 4> 1.52, where w is the population mean lifespan of new tyres Needs “population” if z used Bl
vi | Ho: m=1.52, Hi: m > 1.52, where m is the average lifespan of new tyres BOD Bl
vii | Ho: median lifespan = 1.52, H: median lifespan > 1.52 Correct Bl
viii | Ho: new tyres have same distribution as old, H;: they don’t Wrong: that’s for the rank-sum test B0
ix | Ho: ma= 0, Hi: ma > 0, where mg is the difference in median lifespans BOD Bl
x | Ho: median lifespan of new tyres is the same, H;: it’s greater Bl




[5]

(a) | Would result in 0 degrees of freedom B1 2.3 | Or “there would be nothing to compare”, “test is for difference between
[1] these variables”, OE. Not just “only one row” — more needed.
(b) | Expected frequencies in one of the top-row cells is M1 3.1b | Find at least one relevant expected frequency (nof observed frequency).
3.75 (or 2.8125) Not for just stating “one value less than 57 (see next mark).
which is less than 5 Al 2.4 | 3.75 or 2.81 or better, and at least one stated as <5
2] SC: State “one expected frequency is less than 5”, no working: B1
Ho: no association between type of article and Context needed. Allow “type of article and background independent”, but
(©) § g SRR B1 1.1 . P -
background of author; H;: there is association not “no correlation between ...
ﬁFxpectgd 287.4536725 3 261' 54632755 33 Evidence for correct calculation method, e.g. p = 0.147 or 0.0806 from no
cquencies : T M1 i or wrong Yates. Not from wrong method for expected frequencies.
» o o No working (common): allow M1 only if one of these X7 seen:
X7 04449 105720 | | & | 4 1.33, 2.10, 2.13, 2.25 or 3.057, or corresponding p.
0.1362 | 0.1751 | 2oL 2L Can get M1 even if 0.5 wrong, e.g. [(6 — 8.4375)*/8.4375 - 0.5] + ...
So TX?=1.328(237) or »=0249 BC Al 1.1 | X2, awrt 1.33, or p (ZX? = 2.1022 from no Yates is M1AO0).
£X?<2706 or p>0.1 B1 3.4 | Correct comparison between their 1.328 and 2.706 or their 0.249 and 0.1,
like-with-like (e.g., not 1.328 > 0.1). Must be recognisable attempt at X2
Do not reject Ho. Insufficient evidence of M1 1.1 | FT on wrong £X? provided 1.3 < X2 < 3.06, or if correct working seen
association between type of article and background for first M1, but needs CV 2.706 or 3.841 (or 0.1).
of author Allow from combining first two columns (if clearly seen)
Not from omitting a column, or from just 2 cells combined.
Alft 2.2b | Contextualised, not too assertive, not “evidence of no association”.
“Insufficient evidence that they are not independent™ is correct
SC: combine first two columns: BIMOAOBIM1A1
[6] SC: combine two cells only (not columns): BIMIAOBIMO0OAO
SC: not combined, compare with 4.605:  BIMOAOBOM1A1
8.
@ | k. [k . ) . L
Io (k+Dx"dx= [x ]0 M1 3.1a | Attempt to integrate general f(x), limits 0 and 1 seen somewhere
=1 Al 1.1 | Correctly obtain 1, no conclusion needed. SC: “F(1) =1": B1.
f(x) >0 forall 0 <x <1 (and for all k> 0) B1 2.4 | OE, stated, no conclusion needed. Allow “F(0) = 0 and F(x) increases™.
3] Allow “f(x) > 0".
Not “k must be positive as otherwise f{xx) could be negative™
(b) (M Avtdr — 4 o M1 3.3 | Either this or integral expression for E(X?) correct, soi, limits 0 and 1 seen
ED) .[ 0 4x’dr=4 or08 BC Al 1.1 | Correct answer, exact only, allow (k + 1)/(k + 2)
E(x?)=14 BC Al 1.1 | Exact or awrt 0.667, allow (k + 1)/(k + 3). “Var(X) = 3" gets MIAL.
Var(X) = E(X?) - [E()]? M1 2.1 | Used, allow if no limits used, e.g. for %.\'6 —%.\'w
1
Or | Va()= [ 4x*(x—#)dx M1 Correct limits, their 4, their
1
= Io 4x° — %x‘ + %x3dx Al Or exact equivalent, can be implied by correct answer
_ % or 0.0266... Al 3.4 | Exact or awrt 0.0267
[5]
© 0.8203 . L . .
jo (k+1)x"dx=0.5 M1 3.1b | Correct limits seen somewhere. Allow if (£ + 1) omitted.
0.8203%1=0.5 and solve M1 2.1 | Equation of form 0.8203" = 0.5 and find solution, any method
k=2.5(2.4992...) Al 1.1 | Awrt 2.50, allow for £+ 1=3.50
m>=0.7 M1 1.1 | m™"23*1 Also allow for m>>, m*> etc.
m=0.903(11...) or 0.903(09...) Al 2.2a | Awrt 0.903, CWO

NB: SC: 0.5%1=0.8203 = k+ 1 =0.2857 = 0.7! = 0.903. This gets 0.
Use of normal distribution (which may give 0.906) is MO.
MR 0.823, giving k£ + 1 =3.558 and m = 0.9046: MIM1AOMI1A1




