M2 2023 06 _MS

Question Scheme Marks Notes
Must be subtracting but
I =mv—mu M1 condone subtraction in
wrong order
. R N (s . correct unsimplified equation
L =0.3((7i+7j)-5i) (=0.6i+2.1j) | Al Allow +
[1|=+0.6" +2.17 M1 Use of Pythagoras
_ % Al 2.2 or better (2.18403...)
(C))
e.g. use of trigonometry or
Correct method for a relevant angle | M1 scalar product for their I
Hor90-6

From correct 1

7
Correct trig ratio for the required Al eg tanf= 5 Or

angle and no other angle involved. 10

cosf =
\/§x5
74° or better (74.0546..°)

0=74.1° Al or 360 — 74 (286)
(1.29... radians)

1b

3)
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Question \ Scheme \ Marks \ Notes

Accept column vectors throughout

Powers going up by 1.
Useof r = Ivdt Ml Allow one slip in the
powers

= 20220 4 alis (-5 1204 B)j a1 | Allowwithout
3 2 constant of integration

Use t=2 and r=2i+6j when 1 =0 :

2a i
M1 Correct use of given

r=(§x8—%x4+Zji+(—5><4—12><2+6)j value to obtain r

Correct answer only
8, . Allow 2.7 or better
-3 38) Al ISW if they go on to

find the magnitude.

Q)]

Use velocity and
direction to form an
equation in 7’
Condone if they have
(-)2 on the wrong side
of their equation

= —2(4T2 - ST) =(-107-12) Correct unsimplified
Al equation in 7 (or )
(87 -207 -12=0) only

=T7=3 Al Only. Allow ¢=3.

v in direction of i - 2 Ml

2b

(©)]

Powers going down
by 1
Allow one slip in the
powers
Correct use of their
2c Use of Pythagoras and #=2.5 M1 derivative to obtain
acceleration
Any equivalent

[ 2 _ simplified exact form.
|a| - (20_5) +10° = \/ﬁ(: 5\/§>ms S| Al Ign(I))re decimals after
exact answer seen.

Use ofa:i—‘; (a=(8:-5)i-10j) MI

(©))
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Question \ Scheme \ Marks \ Notes

They must have a dissection for which they should know or find the position of the
centre of mass (e.g. triangles and rectangles). A false assumption about the position
of the centre of mass of a trapezium results in (/5.

Correct distances
Large | Small | Small | Whole from PQ or a

tr1 tr1 tr1 parallel axis for
Dist 0 -2y 2y d Bl their complete

PO dissection

qus 27xy 12xy | 12xy | 27xy Bl Correct mass ratios
ratio for a complete

dissection

Or a parallel axis.
Dimensionally
correct. Need all
non-zero terms and
Moments about PQ: M1 no extras. Condone
sign error(s). Allow
for £d

Check the logic
carefully.

3a

Correct unsimplified
equation. Allow for
+d

Allow for correct
distance from a
parallel axis

(27xyx0)—12xyx(-2y)+12xyx2y =27xyd | Al

48 16 Obtain given result
=-y=—y * Al* from fully correct
27 ’ working.

There are many different approaches to this.
NB If they are using a trapezium they must show method for the distance. For POBC the

. .8
correct value for distance centre of mass from PQ is ?y

Possible alternative moments equations include:

15xy x S?y +9xy x 4?)/ +3xy x4y =27xyd using POBC, PODE and DEA

12xy X 2y + 15xy X = = 27xyd using PQA and POBC
2x3xyxy—3xyxy+2x6xyx1.5y+2x3xyx2y=27xyd working from BC for the folded
figure.

2x3xyx2y+4x13xyx y+2x6xyx1.5y+3xyx4y =27xyd working down from PQ

| Y
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Question Scheme Marks Notes
P
D
o
' Q
3b Trig ratio for a relevant
angle
Use of trigonometry M1 In their working they
need a valid attempt to
find & or 90°—a.
16 . .
tang = 22 — 64 Al Correfzt upmmphﬁed
x 81 equation in x and y
Correct only.
:ngy Al (x=1.125y) (Accept
8

x=1.1y or better)

€)]
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% u fu %
e —>
Correct use of I =mv—mu :
4a Evidence of subtraction (can go
Impulse-momentum equation for P: M1 | straight to + you do not need to
see —(—)) and dimensionally correct.
Use of 3m
15my =3m(2v- (—u)) Al | Correct unsimplified equation
Omv = 3mu =1 =3y * Al* Obtal‘n given answer from correct
working
CLM dimensionally consistent, all 4
. terms, condone sign error(s).
il:llé)lgiel\—/ll’{lomentum equation for O M1 Correct use of I =mv—mu:
' Evidence of subtraction and
dimensionally correct. Use of 5m
4a 15my = 5m(v+ku), k= ZX and
alt " Correct unsimplified equation in u
substitute into CLM: Al p q
v and v
3mu —5Sm—u = Smv—6my
u
=3y % Al* Obtal‘n given answer from correct
working
3
Impulse-momentum equation for Q or Dimensionally consistent. All
M1
use of CLM: relevant terms.
15mv=>5 —(—k
4b m m(v ( u)) A1l | Correct unsimplified equation
or 3mu —Smku = S5Smv—6my
2
10v =5ku =15kv = k = 3 Al | Correct only. Accept 0.67 or better
3 |
Use of impact law: M1 Must be us‘ed the right way round.
Condone sign error(s)
5 Correct unsimplified equation.
2v+v= + ki =ex3vx—
4c viv=e(uthu) [ . v><3j Alft Follow their 4.
3
=e= 3 Al | Correct only

(€))
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4d

Allow for gain rather than loss.
Dimensionally correct. Need to use

Change in KE MI all 4 terms and to be using the
correct values for mass.
Correct unsimplified equation.
L3mlu? =29V )+ L5 (far ¥ =2 Allow for gain rather than loss.
2% m(u (2v) ) 2 m(( u) v ) AL 1 A0 if an error occurs before they
form a single expression
(%x3m(5v2)+%x5m(3v2)=15mv2) NB: 15mv2=§mu2
A=15 Al | Correct only. Accept 15my?

(©)]
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Question Scheme Marks Notes
e
Ry
2, 15¢
75° 5
—= 5
s Dimensionally correct.
a
Moments about A- M1 Include all‘relevant terms.
Condone sign error(s) and
sin/cos confusion.
15g x3¢0s75° Al Unsimplified equation with at
o o most one error
= Fyx 608757+ Ry x65in 75 Al Correct unsimplified equation
Use of F, =0.2R, in their
15gx3cos75 ' M1 attempt at the moments
=Ry x1.2c0875%+ Ry x 6s1n75° equation. Seen in part (a), not
just on the diagram.
2 sfor3sf
R, =19(N) or R, =18.7(N) Al Ignore if go on to find the total
force at 4
)

They need to form 2 equations. Mark them in the order seen. M1A1 for each

correct equation
First equation. Include all relevant

Resolve horizontally: Ml terms. Dlmensmnally corre'ct.
Condone sign error(s) and sin/cos
confusion

F,=R,(=18.6925.....) Al | Correct unsimplified equation
Second equation. Include all

Sb . .

Resolve vertically: M1 relevant terms. D1menswnally
correct. Condone sign error(s) and
sin/cos confusion

R,+F,=15g (R,=143.26...) | Al | Correct unsimplified equation

M1A1 for alternatives e.g. 15g x3cos75°

moments about B =R, x6c0s75°—F, x6sin75°

_ D | Dependent on the 2 preceding M

Use F4 = uR4 to solve fi

se 4 = uR4 to solve for u M1 | marks
1 =0.13 or better Al | gcancels (0.1304784...)

(6)
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Question | Scheme Marks | Notes

Need all terms and

Equation of motion M1 . .
dimensionally correct

Correct unsimplified

F—600=900x2 Al .
equation

6a .
24000 Use of 24000 = FV

2 600 =1800 Ml Allow with 24 for 24000 or
with a 0 missing

V=10 Al Correct only

Q)

Need all terms and
dimensionally correct. Mark
omission of g as an
accuracy error, not a
dimension error.

Condone sign error(s) and
sin/cos confusion

If they form separate
equations for each vehicle
6b they need both equations
and to eliminate 7 to score
the M1

Equation of motion M1

Unsimplified combined
F —(700+900) gsin@—(550+600)=1600a | A equation with at most one

24000 error — allow with F
[—8 —(1600) gsin & ~1150 = 1600aj X Correct combined

unsimplified equation with
correct substitution for £

a=0456 (0.46)(ms”) Al 2 sfor 3 sf not {2

@

Must be work-energy.
Must be using the mass of
the trailer only and the
resistance for the trailer
only.

Work-energy equation M1 Dimensionally correct. All
relevant terms, no
duplication of terms and no
6c extras.

Condone sign error(s) and
sin/cos confusion.

Unsimplified equation with

1 2 . Al at most one error
5 x700x9° =550d + 700gd sin & Al Correct unsimplified

equation

d=27 (27.3) Al 2 sfor 3 sf

@
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Question Scheme Marks Notes
Q requires energy. Need all terms and
Energy equation Ml dimensionally correct. Condone sign
error.
7a 1 5, 1 . .
> my- = > m (9 + 4) +mg x20 Al Correct unsimplified equation
v=20(20.1) (ms_]) Al 2 sfor 3 sfonly. Not V5
(€)]
Complete method to find the direction as an M1 Complete method to find trig ratio for a
angle relevant angle
Correct unsimplified equation for a
cosa = th— Alft relevant angle.
b eir (a) Follow their part (a)
Or equivalent.
2 sfor 3 sf.
a =81°(81.4°) below the horizontal Al Needs to be clear on a diagram or in
words where the angle is measured.
Accept “to the horizontal”
A
Complete method to find the direction as a M1
vector in i and j or as a column vector
7b Correct unsimplified equation. Follow
— (a2 —
alt Component (@)% -9 Alft their part (a)
L . . 2 sfor 3 sf.
Direction 3i —19.9] Al ISW after correct vector seen
A
Form an equation in ¢ M1 Complete r_nethod using suvat
Condone sign errors.
1
e.g. 20=2t——gt’ or
Tc 2 Al Correct unsimplified equation
(-20.1...)sinax =2 — gt
t:2.2(2.23) (s) Al 2 sfor 3 sf only
(&)
. . . . Horizontal component unchanged and
Perpendicular velocity =3i— A P &
erpendieuiar velocity = 17 A Bl vertical not equal to 2. Seen or implied
Complete method to solve for vertical
. . T component
(31 +2] )'(31 /1") 0 Ml If using angles, they should be using
56.3° for the perpendicular direction.
oy = ((3i) . 2Jj(msl ) Al .Corr.ect vertical component seen or
2 implied
Complete method to find the vertical
7d Use of suvat or use of energy to find relevant IM1 component of perpendicular velocity.
distance Dependent on the previous M1 Working
with 3i — 2j is not equivalent work
2
9 2
(Ej =2"+2gs or Correct unsimplified equation for their
X . g1 Al distance
—m(13)+mgs=—m| 9+—
2 ( ) & 2 ( 4 j
h:20—5219(19.2) Al 2 sfor 3 sf

(6)




