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Question Scheme Marks AOs
N.B. Use the mass in the ‘ma’ term of an equation to determine
which part of the system (cage and block, cage or block) it applies to.
1(a) Translate situation into the model and set up the equation of motion M1 33
for the cage and the block to obtain an equation in T only. '
T -40g -10g =50x0.2 Al 1.1b
500 (N) Must be positive Al 1.1b
Some examples: T—-50=50x0.2 and T —40g —10g =509 x0.2
both score M1A0AO0
@)
(b) Use the model to set up the equation of motion for the block to obtain M1 34
an equation in R only. '
R-10g =10x0.2 Allow - R instead of R Al 1.1b
100 (N)  Must be positive. Al 1.1b
OR: Use the model to set up the equation of motion for the cage to
: A M1 3.4
obtain an equation in R only.
T-40g—-R=40x0.2 with their T substituted Al | 1.1b
100 (N) Must be positive Al 1.1b
@)
(6 marks)
Notes:

N.B. Only penalise the use of an incorrect value of g ONCE for the whole question, so
max (a) M1A1A0 (b) M1A1A1

la | M1 | Correct number of terms, condone sign errors
Al | Correct equationin T only
Al cao

1b | M1 | Correct number of terms, condone sign errors
Al | Correct equation in R only
Al cao
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Question Scheme Marks | AOs
2(a) (1) Equation of motion for P M1 33
T-2mg =2ma Al 1.1b
(i1) Equation of motion for Q M1 33
Smg—-T =5ma Al 1.1b
N.B. (allow (-a) in both equations) 4)
2(b) Solve equations for a or use whole system equation and solve for a M1 34
3
a= 9 4.2 Al 1.1b
7
3
V= 2><379><h —84h  or v2=2><79xh (= 8.4h) MI | LIb
6gh
0:%—29H MI | Llb
3h
H=— Al 1.1b
7
Total height=2h+h+H M1 2.1
_ 24h
Total height = KR Al 1.1b
(7)
2(c) e.g. The distance that Q falls to the ground would not be exactly h oe Bl 3.5b
1)
e.g. The accelerations of the balls would not have equal magnitude
2(d) (allow ‘wouldn’t be the same’ oe) B1 3.5a
BO if they say ‘inextensible => acceleration same’
1)
(13 marks)
Notes:
Translate situation into the model and set up the equation of motion for P (must contain
2a | M1
T and a)
Al Correct equation
M1 Translate situation into the model and set up the equation of motion for Q(must contain
T and a)
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Al

Correct equation

N.B. Allow the above 4 marks if the equations appear in (b).
If m’s are omitted consistently, max (a) MIAOM1AO (b)) MIAOMIM1AIMI1AO

2b | M1 | Solve fora
Al | Allow 4.2 (m s™) or must be in terms of g only.
N.B. Allow the above 2 marks if they appear in (a).
M1 | Complete method to produce an expression for v or V? in terms h, using their a
M1 | Complete method to produce an expression for H in terms of h ,usinga=-g and v=10
Al Correct expression for H
M1 | Complete method to find the total distance
Al | cao but allow 3.4h or better
2c | Bl B0 if any incorrect extras are given
2d | BI B0 if any incorrect extras are given or for an incorrect statement e.g. tension is not

constant so accelerations will be different
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Question Scheme Marks | AOs
3(a) Equation of motion for P with usual rules M1 33
4mg -T =4ma Al 1.1b
Equation of motion for Q with usual rules M1 33
T -3mg =3ma Al 1.1b
Solve these equations for T (does not need to be in terms of mg) M1 1.1b
24mg . .
T= — in any form (does not need to be a single term) Al 1.1b
Force on pulley = 2T M1 3.4
@ Accept 6.9mg or better Al 1.1b
(8)
3(b) Weight of the rope or extensibility of rope Bl 3.5b
Or: pulley may not be smooth
1)
(9 marks)
Notes:
(@) Ml Translate situation into the model and set up the equation of motion for P
MO if they omit m’s i.e. 49— T =4a
Al Correct equation
M1 Translate situation into the model and set up the equation of motion for Q
MO if they omit m’s i.e. T —3g = 3a
Al Correct equation
N.B. Condone either of the above equations being replaced by the ‘whole system
equation’: 4mg-3mg=7ma  (N.B.a=g9/7)
N.B. areplaced by -a consistently can score all the marks
M1 | Solve equations for T
Al T= 24mg oe
7
M1 | T does not need to be substituted.
48mg . .
Al oe Must be in terms of m and g and be a single term
(b) Bl B0 if any incorrect extras are given
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Question Scheme Marks | AOs
4(a) v=3t-2t>+14 and differentiate Ml 3.1a
a=%=3—4t or (7-2t)—2(t+2) using product rule Al 1.1b
3—4t =0 and solve fort Ml 1.1b
3
t== oe Al 1.1b
4
(4)
4(b) Solve problem using v=0 to find a value of t (t = %] M1 3.1a
v =3t—2t* +14 and integrate Ml 1.1b
2 3
s:l—2i+l4t Al 1.1b
2 3
Substitute t = % into their s expression (MO if using suvat) M1 1.1b
S= &=38£=38.79166..(m) Accept 39 or better Al 1.1b
24 24
()
(9 marks)
Notes:
(@ | M1 | Multiply out and attempt to differentiate, with at least one power decreasing
Al Correct expression
M1 | Equate their a to 0 and solve for t
Al cao
(b) | M1 | Uses V=0 to obtain a value of t
M1 | Attempt to integrate, with at least one power increasing
Al Correct expression
M1 Substitute in their value of t ,which must have come from using v = 0, into their S (must
have integrated)
Al 39 or better
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N.B. Omission or extra g in a resolution is an accuracy error not a method error
In 2(a), use the mass which appears in the ‘ma’ term of an equation of motion, to identify which particle that equation of motion applies to.

Question Scheme Marks AOs Notes
5(a) Equation of motion for Q Mi 33 Equation of motion for Q with correct no. of terms,
q ’ condone sign errors.
0.6g-T =0.6a Al 1.1b | A correct equation
Equation of motion for P M1 33 Equation of motion for Q with correct no. of terms,
’ condone sign errors.
T=0.8a Al 1.1b | A correct equation
Given acceleration obtained correctly.
a=42(ms?) * Al* | 2.2a | You must see an equation in a only before reaching
a=42
N.B. if they just use the whole system equation:
0.6g =1.4a, can only score max M1A1IMOAOAO
N.B. Use of g =9.81 or 10 loses final A mark only.
) N.B. Complete verification, using both equations, can
score full marks.
(b) Complete method (they may use more than one suvat
equation) to find time for Q to hit the floor
0.4=1—>< 42xt? or e.g. they may find v first and then use v =4.2t, Ml 2.1 | (MO if 0.4 not used as distance moved and/or if 4.2 is
2 not used as acceleration and this applies to finding Vv as
well if they use v to find t,)
t, =0.436(4357.....) Allow 0.43, 0.44, 0.436, or better, or any surd See alternatives
Al 1.1b
form e.g. %
Complete method to find speed of Q as it hits the floor
v=42xt of V=+2x42x04 or 04= O+v) <t (MO if 0.4 not used as distance moved and/or if 4.2 is
. N, .2x0. . ' X ] - )
' M1 3.4 | not used as acceleration and this applies to finding t,
(v=1.8330...) as well if they use t, to find v)
1.5-04 Uses distance/speed to find time for P to hit the pulley
t,=—— Ml 1.1b | after Q has hit the floor.
v N.B. This is independent of previous M mark.
Complete strategy to solve the problem by finding the sum of the two Complete method to solve the problem by finding and
times t +1 DM1 | 3.1b | adding the two required times, dependent on previous
170 three M marks
1.0 (s) or 1.04 (s) Al 1.1b
(6)
©) Clear statement. Allow negatives of these i.e. the rope
e.g. rope being light; rope being inextensible; pulley being smooth; BI 3 5h may not be light, the rope may not be inextensible etc
pulley being small; balls being particles ' Must be a limitation of the model stated in the question
Penalise incorrect or irrelevant extras
1) BO for: Air resistance, table being smooth
(12 marks)
6 T | EXPERT
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Question Scheme Marks @ AOs
6(a) Equation of motion for P MI 33
ng—T:2m'5—7g Al 1.1b
r-4mg Al | Llb
7
3
(b) Since the string is modelled as being inextensible B1 3.4
1)
() Equation of motion for 0 OR  for whole system M1 33
T—kmgzkm'57g OR 2mg—kmg:(km+2m)57g Al 1.1b
4mg - 5g
T_kmg:km 7 oe and solve for k DM1 1.1b
k:% or 0.333 or better Al 1.1b
“
) e.g The model does not .take account of the mass of the string (see Bl 3.5b
notes below for alternatives)
1)
(9 marks)

Notes: Condone both equations of motion appearing in (a) if used in (¢)

()

M1: Resolving vertically for P with usual rules, correct no. of terms but condone sign errors and a
does not need to be substituted (N.B. inconsistent omission of m is M0). Allow ma on RHS for M1

Al: A correct equation (allow if they use 7 instead of 57g)

Al: A correct answer of form cmg, where ¢ = g oe or 0.57 or better

(b)

B1: String is inextensible. N.B. B0 if any extras (wrong or irrelevant) given

(©)

M1: Resolving vertically for O or for a whole system equation, with usual rules, correct no. of terms
but condone sign errors and neither 7 nor a does need to be substituted
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(N.B. inconsistent omission of m is MO and MO if k is omitted from LHS or RHS or both.)

Al: A correct equation (allow if they use 7 instead of 57g)

DM1: Sub for T using their answer from (a), if necessary, and solve to give a numerical value of &
(i.e. m’s must cancel)

Al: k= % or 0.333 or better.

(d)
B1: e.g. Pulley may not be smooth
Pulley may not be light
Particles may not be moving freely e.g. air resistance
Balls may not be particles
String may not be light
String may not be inextensible
(but allow converses in all cases e.g. ‘pulley smooth’)

N.B. B0 if any extra incorrect answer is given BUT ignore incorrect consequence of a correct
answer.

Also note: BO : Use of a more accurate value of g
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Question Scheme Marks AOs
7(a)(i) Equation of motion for P with usual rules M1 33
T-15=04x2.5 Al 1.1b
T=25N) Al 1.1b
(ii) Equation of motion for Q with usual rules MIl 33
10M -T =2.5M Al 1.1b
M =0.33 Al 1.1b
(6)
(b) 2:%x2.5t2 Ml | 34
t=1.3 (s) Al 1.1b
)
(© e.g. the mass of the rope B1 3.5b
1)
(9 marks)
Notes:
(@) (i)

M1: Resolve horizontally for P
Al:  Correct equation

Al:  Correct answer. Ignore units
(a)(ii)
M1: Resolve vertically for Q
Al:  Correct equation

Al:  Correct answer

(b)
M1: Use s=ut +%at2

Al: 1.3. Ignore units

(©)
Bl: e.g. the pulley may not be smooth,
air resistance
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Question Scheme Marks AOs
8(a)() Equation of motion for 4 Ml 33
T-12.7=2.5a Al 1.1b
(ii) Equation of motion for B Ml 33
1.5¢-T =1.5a Al 1.1b
“4
(b) Solving two equations for a M1 1.1b
a=0.5 Al 1.1b
0]
(© = % <057 Ml | 34
t =2 seconds Alft 1.1b
2
(d) Valid improvement, see below in notes B1 3.5¢
Valid improvement, see below in notes B1 3.5¢
(2)
(10 marks)
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Continued question 8

Notes:

(@)@@)

M1: For resolving horizontally for 4

Al: For a correct equation

(a)(ii)

M1: For resolving vertically for B

Al: For a correct equation

(b)

M1: For complete correct strategy for solving the problem, setting up two equations in a, and
then solving them for a

Al: Fora=0.5

©

M1: For a complete method (which could involve use of more than one suvat formula) to give
an equation in ¢ only

Al:  Ft from their a to get time in seconds

(d)

B1, B1 for any two of

e.g. Include the dimensions of the ball in the model so that the distance it falls changes
e.g. Include the dimensions of the pulley in the model so string not parallel to table
e.g. Include a variable resistance in the model instead of taking it to be constant

e.g. Include a more accurate value for g in the model
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Question Scheme Marks AOs
9(a)(i) | Resolve vertically M1 3.1b
F acting UP the plane: OR F acting DOWN the plane: Al 1.1b
(P Fsina +68.6cosa =5g —Fsina+68.6cosa =5g
Other possible equations from which X would need to be eliminated
to give an equation in F only to earn the M mark are shown below.
The equation in F only must then be correct to earn the A mark.
Possible equations:
(\)68.6=Xsina+5gcosa (leads to X = 49 with g = 9.8)
F acting UP the plane: OR F acting DOWN the plane:
(/')F+Xcosa:5gsina —F+Xcosa=5gsina
(=) Fcosa+X =68.6sina —Fcosa+ X =68.6sina
9.8 (N) (49/5is A0) Al 1.1b
N.B. If sin and cos are interchanged in all equations, this leads to an
answer of 9.8 in the wrong direction and can only score
(a) ))M1AOAO (ii) AO
3
9(a)(ii) Down the plane (Allow down or downwards or an arrow ., but Al 7%
must appear as the answer to (a) (i) not just on the diagram.) ’
ey
op) | B o . .
If they use R = 68.6 in this part, the maximum they can score is
M1AITMOAOMOAO
If they use F = 9.8 or their F from (a) in this part, the maximum they
can score is MIATMOAOMOAO
Equation of motion down the plane M1 2.1
S5gsina—F =5a Allow (-a) instead of a Al 1.1b
Resolve perpendicular to the plane M1 3.1b
R=5gcosa Al 1.1b
F =0.5R seen MI 34
a=1960r2.00r2(ms?)or %g Al | 1.1b
(6)
(10 marks)

12
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Notes:

9a | M1 | Complete method to obtain an equation in F only.
@) For each equation used, correct no. of terms, dimensionally correct, condone sin/cos
confusion and sign errors, each term that needs to be resolved must be resolved.
A1l | Correct equation in F only, trig does not need to be substituted
Al | cao (must be positive)
cao. Note that this mark is dependent on an answer of 9.8 or -9.8 for (a)(i) from a fully
9a correct solution unless they have used g = 9.81, in which case the answer will be 9.7 or
. Al | —9.7 (2sf) see SC2 below.
(i) N.B. Allow this mark, if their answer to (a)(i) is fully correct apart from a small error
due to use of inaccurate trig i.e using an angle 36.9°
SC 1: If they use xR at any point (with an unknown £¢) for F in part (a), can score
(a)(i) max MIA1AO0
(a) (i) A1, where they must have obtained R =9.8 or — 9.8, from correct
working.
SC 2:
If g = 9.81 is used consistently throughout 2(a), (leading to X=48.9...and F=9.7
(2sf)) can score max (a)(i) M1A1AO (a)(i1) Al
ob | Mi Correct no.of terms, dimensionally correct, condone sin/cos confusion and sign errors,
each term that needs to be resolved must be resolved.
A1l | Correct equation for their F.
Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors,
M1 | each term that needs to be resolved must be resolved.
(N.B. MO if R = 68.6 (N) is used in this equation)
Al Correct equation
M1 | Could be seen on a diagram (N.B. MO if R = 68.6 (N) is used)
Al Cao. Must be positive.
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Question Scheme Marks AOs

10(a) Q-+ (Ai+u)= 4+ Di+ 1+ p)j M1 34
Use ratios to obtain an equation in A and g only M1 2.1

1
@+4) 3 FGATAI
=7 or E E——— Al 1.1b
-1+ 1 1
) RGN
4
A-3u+7=0% Allow 0=A-34+7 butnothing else. Al* 1.1b
“)

(b) A =2=> u =3 ; Resultant force = (6i +2j) (N) M1 3.1a
(6i+2j) = 4a OR |(6i+2))| =4a M1 | 1.1b
Use of r :uz+lat2 withu =0, theiraandt=4:

2 DM1
Or they may integrate their a twice with u =0 and put =4 : )1
r =%XM42= (12i + 4j)
122 + 42 M1 1.1b
ALTERNATIVE 1 for last two M marks:
Use ofszupr%azz,withuzo, theiraand t=4: DM1
s = %x\/1.52 +0.5% x4°
Use of Pythagoras to find mag ofa: a= +1.5°+0.5 Ml
ALTERNATIVE 2 for last two M marks:
Use ofszut+%azz,withu20, theiraandt=4: DM1
1 [(V6P+22 ]
§= —X| ———— |x4
2 4
Use of Pythagoras to find |(6i + 2])| = 6" +2° M1
V160, 2\/4034\/E06 or 13 or better (m) Al 1.1b
(6))
(9 marks)

Notes: Accept column vectors throughout

10a | M1

Adding the two forces, i’s and j’s must be collected (or must be a single column

vector) seen or implied

Ml

Must be using ratios; Ignore an equation e.g. (4+ A)i+(—1+ w)j=3i+j if they go

on to use ratios.

14
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However, if they write 4+ 1 =3 and —1+ =1 then3(—1+)=3 so
4+ A=3(—-1+ u) with no use of a constant, it’s MO

They may use the acceleration, with a factor of i top and bottom, see alternative

Allow one side of the equation to be inverted

Al | Correct equation
Al* Given answer correctly obtained. Must see at least one line of working, with the
LH fraction ‘removed’.
106 | M1 Adding F, and F, to find the resultant force, 4 and 1 must be substituted
N.B. MO if they use x =2 coming from —1+ 4 =1 in part (a).

M1 'Useof F=4a Or |F| =4a , where F is their resultant. (including 3i + j)
This is an independent mark, so could be earned, for example, if they have
subtracted the forces to find the ‘resultant’

N.B. MO if only using F, or F,

DM | Dependent on previous M mark for

! Either: use of r=wur+ %azz with u = 0, their a and ¢ = 4 to produce a

displacement vector
Or: integrate twice, with u = 0, their a and ¢ = 4 to produce a displacement
Vector
Or: useof s=us +%at2 with u = 0, their a and 7 = 4 to produce a length
Use of Pythagoras, with square root, to find the magnitude of their displacement

M1 | vector, a or F (MO if only using F, or F,) depending on which method they have
used.

Al cao
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Question Scheme Marks | AOs
Mark parts (a) and (b) together
11(a) Equation of motion for A M1 3.3
3mgsina—F —T =3ma Al 1.1b
)
11(b) Resolve perpendicular to the plane M1 34
R =3mgcosa Al 1.1b
Fo % R Bl | 1.2
Equation of motion for B OR for whole system M1 3.3
T-mg=ma OR 3mgsina—F —mg =3ma-+ma Al 1.1b
Complete method to solve for a DM1 | 3.1b
a= % g* Al* 2.2a
(7)
11(c) v
Bl 1.1b
't
e.g. acceleration (of B) is constant; dependent on first B1 DB1 2.4
)
1 ooy e s
(1)
(12 marks)

Notes: N.B. If m’s are consistently missing treat as a MR, so max
(a) M1A0 (b) M1IAOBOM1A1M1A1 (c) B1B1 (d) B1

For (a) and (b), allow verification, but must see full equations of motion.

Equation in T and a with correct no. of terms, condone sign errors and sin/cos
11a | M1 confusion (If one of the 3’s is missing, allow M1)

N.B. Treat sin(3/5) etc as an A error but allow recovery

Al Correct equation (allow (—a) instead of a in both equations)
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Correct no. of terms, condone sign errors and sin/cos confusion

11b | M1 . .
Allow if appears in (a)
Al Correct equation
Bl Seen anywhere in (a) or (b), including on a diagram
Equation (for B) in T and a with correct no. of terms, condone sign errors and sin/cos
M1 confusion
OR Whole system equation with correct no. of terms, condone sign errors and
sin/cos confusion
Al Correct equation
DML Complete method (trig may not be substituted), dependent on M1 in (a) and second
M1 in (b) if they use two equations, or second M1 in (b) if they use one equation.
Al* Correct answer correctly obtained.
Straight line starting at the origin (could be reflected in the t-axis). BO if continuous
11c | B1 . .
vertical line at the end.
DB1 | Dependent on first B1, for any equivalent statement
11d | B1 BO if incorrect extras
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Question Scheme Marks | AOs
12(a) Resolve perpendicular to the plane M1 3.4
4
R=mgcosa :gmg Al 1.1b
(2)
12(b) Resolve parallel to the plane or horizontally or vertically M1 3.4
F =mgsina or Rsina=Fcosa Al 1.1b
Use F = xR and solve for u M1 2.1
3%
H=7 Al* | 2.2a
(4)
12(c) | The forces acting on Q will still balance as the m’s cancel oe
Other possibilities:
e.g. the friction will increase in the same proportion as the weight
component or force down the plane. Bl 2.4
The force pulling the brick down the plane increases by the same
amount as the friction oe
This mark can be scored if they do the calculation.
(1)
12(d) | Brick Q slides down the plane with constant speed. Bl 2.4
No resultant force down the plane (so no acceleration) oe Bl 2.4
These marks can be scored if they do the calculation. 2
(9 marks)
Notes:
12a | M1 | Correct no. of terms, condone sin/cos confusion
Al cao with no wrong working seen. mgcos36.86 is A0
12b | M1 | Correct no. of terms, condone sin/cos confusion
Al | Correct equation
M1 Must use F = xR (not merely state it) to obtain a numerical value for £ .
This is an independent M mark.
Al* | Given answer correctly obtained
12¢ Bl Must have the 3 underlined phrases/word oe
12d | B1 Must say constant speed.
B1 | Any appropriate equivalent statement
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Question Scheme Marks AO
13(a)
R=2mgcosa Bl 3.4
2
F=—R B1 1.2
3
Equation of motion for 4: M1l |33
T—-F —2mgsina =2ma Al 1.1b
Equation of motion for B: Ml |33
3mg—T =3ma Al 1.1b
Complete strategy to find an equation in 7, m and g only. M1 | 3.1b
T:12mg N Al* | 22a
5
®
(b) (F oylomg  10mg Ml 2.1
T3 13 '
...... so A will not move. Al 2.2a
2
() e Extensible string
e Weight of string
e Friction at pulley e.g. rough pulley Bl 3.5¢
e Allow for the dimensions of the blocks e.g. “Do not model BI 3.5¢
blocks as particles”; “(include) air resistance”;“include
rotational effects of forces on blocks i.e. spin”
2
12)
19 I" | EXPERT
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Marks

Notes

13a

B1

Normal reaction between 4 and the plane seen or implied, cos & does not need to be
substituted.

B1

2 S . .
F= 3 R seen or implied anywhere, including part (b)

Ml

Form an equation of motion for 4. Must include all relevant terms. Must be the
correct mass but condone consistent missing m’s. Condone sign errors and sin/cos
confusion

Al

Correct unsimplified equation (F does not need to be substituted). Allow consistent
use of (—a)

N.B. If T—2mg = 2ma is seen with no working, MOAO unless both B1 marks have
been scored.

Ml

Form an equation of motion for B. Must be the correct mass on RHS but condone
consistent missing m’s. Condone sign errors and sin/cos confusion.

Al

Correct unsimplified equation (F does not need to be substituted). Allow consistent
use of (—a)

N.B. Allow the ‘whole system’ equation to replace the equation for 4 or B.
3mg —F —2mgsina =5ma

Must be the correct mass on RHS but condone consistent missing m’s. Condone sign
errors and sin/cos confusion.

Ml

Complete method to give an equation in 7, m and g only. N.B. Allow @ in the

equation if they have defined what @ is: e.g. 6= tanl(%)

This is an independent mark but they must have two simultaneous equations in 7'
and a unless one of the equations is the whole system equation in which case one
equation will be in 7 and a and the other equation will be in a only.

Al*

Obtain the given answer from correct working using EXACT trig ratios. (not
available if using a decimal angle)

13b

MI

2
Comparison of their F (5 R) and their component of weight down the slope, must

be comparing numerical values. oe e.g. if they consider the difference

N.B. Allow comparison of x andtan & with numerical values

Al

Correctly justified conclusion and no errors seen
N.B. If they equate their difference to an ‘ma’ term then A0

13¢

Bl
Bl

Deduct 1 mark for each extra (more than 2) incorrect answer up to a maximum of 2
incorrect answers. Ignore extra correct answers.

e.g. two correct, one incorrect B1 BO
one correct, one incorrect B1 BO
one correct, two incorrect BO BO
Ignore incorrect reasons or consequences.
Ignore any mention of wind or a general reference to friction.
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Question Scheme Marks AOs
14(a) Resolve vertically M1 3.1b
R+40sina =20g Al 1.1b
Resolve horizontally M1 3.1b
40cosa—F =20a Al 1.1b
F=0.14R Bl 1.2
a=10.396 or 0.40 (m s?) Al 2.2a
()
(b) Pushing will increase R which will increase available £ B1 2.4
Increasing F will decrease a * GIVEN ANSWER B1* 2.4
()]
(8 marks)
Notes:

(@)

M1: Resolve vertically with usual rules applying

Al: Correct equation. Neither g nor sin&need to be substituted
M1: Apply F' = ma horizontally, with usual rules

A1l: Neither F nor COS &need to be substituted

B1: F=0.14R seen (e.g. on a diagram)

Al: Either answer

(b)
B1: Pushing increases R which produces an increase in available (limiting) friction
B1: Fincrease produces an g decrease (need to see this)

N.B. It is possible to score BO B1 but for the B1, some “explanation” is needed to say why friction is
increased e.g. by pushing into the ground.
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Question Scheme Marks @ AOs
15 Differentiate wrt t MIl l.1a
a=Q2t-3)i-12] Al 1.1b

(2t —3)? + (-12)? M1 1.1b

(2t—3)*+ (-12)>=(6.5/0.5)* oe M1 2.1

42 - 12t—-16=0 Al 1.1b
t-4)@a+1)=0 M1 1.1b

t=4 Al 1.1b

()
(7 marks)
Notes:

M1: At least one power going down
Al: A correct expression

M1: Sum of squares of components (with or without square root) of a or F
M1: Equating magnitude to 6.5/0.5 or 6.5 as appropriate and squaring both sides

Al: Correct quadratic = 0 in any form
M1: Attempt to solve a 3 term quadratic

Al: 4

22
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Question Scheme Marks AOs
16(a) | Resolve perp to the plane MIl 3.1b
R + 25 sin30° = 3gcos20° Al 1.1b
Equation of motion up the plane MI 3.1b
25 c0s30° — 3gsin20°— F =3a Al 1.1b
F=0.3R B1 1.2
Correct strategy: sub for F and solve for a M1 3.1b
a=2.4or235(ms?) Al 2.2a
()
(b) e.g. Include air resistance B1 3.5¢
1
(©) R =3gcos20° so Fmax = 0.9 gcos20° B1 3.1b
Consider 3gsin20° — 0.9gcos20° M1 2.1
Since > 0, box moves down plane. * Al* 2.2a
®)
(11 marks)
Notes:
(@)

M1: Using an appropriate strategy to set up first of two equations, with usual rules applying
Al: g does not need to be substituted

M1: Using an appropriate strategy to set up second of two equations, with usual rules applying
Al: Neither g nor F need to be substituted (-1 each error)

Bl: F=0.3R seen

M1: Correct overall strategy to solve problem by substituting for F and solving for a

Al: Only possible answers, since g = 9.8 used.

(b)

B1: e.g. include air resistance, allow for the weight of the rope

(©)

B1: Correct overall strategy ( First equation could be implied)
M1: Must be difference or a comparison of the two values
Al*: Given answer
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Question Scheme Marks AOs

17(a) R = mgcosa Bl 3.1b
Resolve parallel to the plane Ml 3.1b
-F-mgsina = —0.8mg Al 1.1b
F =uR M1 1.2
Produce an equation in x only and solve for M1 2.2a
u= L Al 1.1b

4
()
(b) Compare p mgcosa with mgsina MI1 3.1b
Deduce an appropriate conclusion Al ft 2.2a
2
(8 marks)
Notes:

(@

B1: for R = mgcosa

18 M1: for resolving parallel to the plane

15t A1: for a correct equation

2"d M1: for use of F =uR

34 M1: for eliminating F and R to give a value for u

2 A1: for u = 1
4

(b)
M1: comparing size of limiting friction with weight component down the plane
Alft: for an appropriate conclusion from their values
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Question
Number

Scheme

Marks

18.

(Parallel to plane): Pcos50+ F =2g cos 60

MI1 A2

(Perp to plane): R—Psin50 =29 cos30

MI1 A2

Other possible equations:

(—):Rcos60—F cos30=Pcos20 M1 A2

(M :Rcos30+ F cos 60 = Pcos 70+2g M1 A2

F-1R
4

B1

Attempt to eliminate F and R to give an equation in P only

MI

Solve for P

DMI1

P=6.7 (2 SF) or 6.66 (3SF)

Al

(10)

Notes for Qu 18

First M1 for resolving parallel to the plane with usual rules.

2g term must be using 30° or 60° angle but allow sin/cos confusion.
First and second A1’s for a correct equation. A1AOQ if one error.
Second M1 for resolving perpendicular to the plane with usual rules.
29 term must be using 30° or 60° angle but allow sin/cos confusion.
Third and fourth A1’s for a correct equation. A1AO if one error.

B1 for F =% R seen or implied

Third M1, independent but must have two 3 (or 4) term equations, for
attempt to eliminate F and R to give an equation in P only.

Fourth DM1, dependent on third M1, for solving for P.

Fifth A1 for 6.7 or 6.66

Other possible equations:

First M1 for resolving horizontally with usual rules.

R term must be using 30° or 60° angle and F term must be using 30° or
60° angle but allow sin/cos confusion.

First and second A1’s for a correct equation. A1AOQ if one error.
Second M1 for resolving vertically with usual rules.

R term must be using 30° or 60° angle and F term must be using 30° or
60° angle but allow sin/cos confusion.

Third and fourth A1’s for a correct equation. A1AOQ if one error.

25
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Question

Scheme Marks
Number
19(a) R—-60g =60 x 2 M1A1
R =708 N or 710 N (must be positive) Al 3)
19(b) 75n B1
10000—Mg —100=M x3 MI1A2
using M =250 +75n => n=6.9.. DMI1Al
so 6 people Alft  (7)
10)
Notes for Qu 19
19(a)

M1 for equation in R only, with usual rules
First A1 for a correct equation
Second Al for 710 or 708 (N not needed)

19(b)

B1 for 75n oe seen or implied

First M1 for an equation in one unknown in the form

10000 — Mg —100 = M xa with usual rules (must be using 10000)
where M can be any (relevant) number e.g. 250, 75, etc

First A1 and second Al for a correct equation with a =3, A1AO0 if one
error (e.g. Use of a =2 loses 1 A mark)

Second DM1, dependent on first M1, for using M =250 +75n and
solving for n

Third Al for 6.9... (AO for 7)

Fourth A1ft for no. of people, ft on their n value (A0 for <7)

N.B. If no incorrect work seen, the third A mark can be implied by a
correct answer (N = 6)

SC: They may use Trial and Error to find the critical value of n, by
writing down equations for the tension when n =1, 2, 3,....

until the tension exceeds 10000 oe

This method can score the final DM1 A1 Al if done fully correctly up to
and including n = 7, with a correct answer given.

It could also score some or all of the first 4 marks.

26
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Question

Scheme Marks
Number
20.(a) | (4i—6j)+(pi+qj) = (4+ p)i+(q—6)j M1
4+ 2
ﬂ=—or—z (or lor—l) DMI Al
(q-6) 1 1 2 2
2q-12=4+p
p—2q=—16 GIVEN ANSWER ?51;’” Al
EITHER  0.5a = —6i—3j OR IR| = /(—6)* +(-3)’ MI
a=—12i-6j = J45 oe Al
|a| =/(-12)* +(-6)° 0.5a=+/45 Ml
a =180 =13.4ms™> a=.180=13.4ms2 | Al (5)
© |ee tan0=%=>t9=63.4° MIA1
e R R Alcao
Bearing =180° + 63.4° = 243° (nearest degree) ( 3)
(13)
Notes for Qu 20
Allow column vectors throughout
20(a)
First M1 for adding the two forces, with i’s and j’s collected, seen or
implied
Second DM, dependent on first M1, for an equation in p and q only.
Allow 1 or - 1 or - 2 instead of 2
2 2 1 1
First A1l for a correct equation in any form
Third DM1, dependent on the second M1, for (at least)one correct
intermediate line of working
Second A1 for correct given answer
20(b)
Bl for p=-10 seen or implied
EITHER
First M1 for use of F =0.5a with their resultant force (must be a sum of
the two forces)
First Al for a=—12i—-6j
Second M1 (independent) for finding magnitude of their a
Second A1 for /180 oe or 13.4 or better
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OR
First M1 for finding the magnitude of their resultant force R (must be a
sum of the two forces) R = 4/(=6)* +(-3)

First Al for /45 oe
Second M1 for using R = 0.5a to find a
Second Al fora =2./a5 oe 13.4 ms? or better

20(c)

M1 for use of a relevant trig ratio from their a or their R (may not be
the sum of the two forces) or —2i—j

First A1 for any relevant correct angle coming from a correct a or R or
from —2i—j

Second Al for 243

28
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Question
Number

Scheme

Marks

21(a)

Inextensible string

Bl ()

MARK PARTS (b) and (c) together

(b)

4mgsina—T —F =4ma

MI1 A2

T—-mg=ma

MI Al (5)

(©)

F=1R

B1

R =4mg cos

Bl

cosa =% or sina =32

Bl

Eliminating R,F and T

MI

a=ig=12o0r1.18 (ms™)

Al (5

(d)

Vi =2x2gh==%gh

Ml

0> =£ gh-2gs

— 3
s==h

MI Al

d>2h+h=2h GIVEN ANSWER

DMI1 Al
©)

(16)

Notes for Qu 21

21(a)
B1 for inextensible (and taut) string; BO if any extras given or if an
incorrect consequence of the inextensiblity of the string is given.

MARK PARTS (b) and (c) together

21(b)

N.B. Omission of m is a Method error i.e. MO for that equation

First M1 for equation of motion for P with usual rules (omission of 4 on
RHS is M0)

First Al and second Al for a correct equation, A1AO if one error
Second M1 for equation of motion for Q with usual rules

Third A1 for a correct equation

Use of e.g cos(4/5) instead of cos & is an A error unless they recover
correctly.

N.B. Allow consistent use of —d

21(¢c)

First Bl for F =1 R seen or implied

Second B1 for R =4mg cos« seen or implied

Third Bl for cosa =4 or sina =2 seen or implied or an appropriate
correct angle is used to give a correct trig ratio

First M1 for eliminating R, F and T and finding an a value

First Al a= 2% g=12or1.18 (m S_z) (must be positive)
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21(d)

First M1 for finding v or v* for P using their a (MO if g is used)
Second M1 for a complete method to find S, independent but must have
found v or v (MO if g not used)

First Al for s= 2 h oe

Third DM1, dependent on previous two M’s, for adding h onto their s
oe

Second A1 for GIVEN ANSWER

30
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Question
Number

Scheme

Marks

22

(15i+ j) + (5¢i — pj) + (-3pi—qj) =0

3p-5¢g=15

p+qg=1
p=25qg=-15

Ml

Ml
Al

MI Al Al

Notes

First M1 for equating the sum of the three forces to zero (can be implied by subsequent
working)

Second M1 for equating the sum of the i components to zero AND the sum of the j
components to zero oe to produce TWO equations, each one being in p and g ONLY.
First A1 for TWO correct equations (in any form)

N.B. It is possible to obtain TWO equations by using #(3p - 5¢g -15)= mp+ g - 1)with
TWO different pairs of values for fand /77, with one pair not a multiple of the other

eg [=1, m=1 AND [=1, m=2.

Third M1 (independent) for attempt (either by substitution or elimination) to produce an
equation in either p ONLY or g ONLY.

Second Al for p = 2.5 (any equivalent form, fractions do not need to be in lowest terms)
Third Al for g =- 1.5 (any equivalent form, fractions do not need to be in lowest terms)

31

T | EXPERT
"I | TUITION




Question Scheme Marks
Number
23
F=mR BI
. M1 A2
(\), R=10sina+5gcosa (45.2) M1 A2
(/"), F=5gsina-10cosa (21.4)
sin&@ - 2cosa ML Al
—&% =047 or 0.473
2sina+gcosa 9
Notes

B1 for F = /IR seen or implied

First M1 for resolving perpendicular to the plane with usual rules

First and second A1’s for a correct equation. A1AOQ if one error.

Second M1 for resolving parallel to the plane with usual rules

Third and fourth A1°’s for a correct equation. A1AO if one error.

If m is used instead of 5, penalise once in each equation.

Third M1 independent for eliminating R to produce an equation in x only. Does not need
tobe u=....

Fifth A1 for 0.47 or 0.473.
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Question
Number

Scheme

Marks

24

T-05g=0.5a
15- T-0.75g=0.75a
(OR: 15-0.5¢ - 0.75g = 1.254)
(@=22ms™)
T=6N

MI Al
MI Al

MI Al 6

Notes

First M1 for an equation of motion for either P or Q with usual rules i.e. correct no. of
terms, dimensionally correct but condone sign errors

First A1 for a correct equation (allow T replaced by — T and/or a replaced by —a)

Second M1 for another equation of motion (for either P or Q or whole system) with usual
rules as above

Second Al for a correct equation (allow T consistently replaced by — T and/or

a consistently replaced by —a)

Third M1 for solving two THREE term equations of motion for T

Third A1 for 6 (N). Must be positive but allow a change from — 6 to 6, if they have
consistently used -T instead of T.
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Question Scheme Marks
Number
25(a)
(i) ForA: T-F =2ma M1 Al
(ii) o T
ForB: mg-T =ma Ml Al (4)
(b)
R =2mg Bl
mg(1—24)=3ma MI
La-2p=a AL O
3
(©
2
2
/ gh (1-2m) Al 2)
(d)
- MR =2mat M1
2 e 2
0° = their u” - 2ats M1
2gh
0 = g (1__) 2(3g)s (or s=(d-h) Al (AD)
§ = %h Al
d=Lth+h=4%h Al ®)
()
A (or B) would not move; OR 4 (or B) would remain in (limiting) equilibrium; OR B1 (1)
the system would remain in (limiting) equilibrium 15
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Notes

25(a)(i)
(i)

First M1 for equation of motion for A with usual rules

First A1 for a correct equation (allow —T instead of T)

Second M1 for equation of motion for B with usual rules

Second Al for a correct equation (allow consistent —T instead of T)

25(b)

B1 for R=2mg
M1 for using F = /IR and eliminating to give equation in & and /77 only.

A1l for PRINTED ANSWER (Must be identical to printed answer)

25(c)

M1 for using V> = U+ 2as or any other complete method to find the speed of A
Al for correct answer in any form

25(d)

First M1 for equation of motion for A with T=0and F = /R e.g. MR = 2mat(must be

2m)

Second M1 for using v = u? + 2as with their u” from (c), v =0 and a new a (does not
need to be substituted)

First A1 for a correct equation in s, g and h with /7= /3

Second Al fors="'/h
Third Al for d=%3h

ALTERNATIVE using work-energy principle:

M2 for MRs =1 2mu” (their u” from (c)) (M1 if they use m)
2gh

First Al for 12mgs = %2m%(1 -2)

Second Al fors='/5h
Third Al for d=%xh

25(e)

B1 for any one of the alternatives listed above.
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Question
Number

Scheme

Marks

26(a)

T-059-1.50=2 x 0.5
T =20.6 (N) or 21 (N)

M1 Al

Al (3)

(b)

R-15¢g=15"05
Force = 15.5 (N) or 15 (N)

OR:T-R-05¢g=05"05
Force = 15.5 (N) or 15 (N)

M1 Al
Al (3)

OR
M1 Al

AL (3)
6

Notes

26(a)

N.B. In both parts of this question use the mass which is being used to
guide you as to which part of the system is being considered

M1 is for an equation for whole system in T only, with usual rules
First Al for a correct equation
Second Al for 20.6 or 21

26(b)

First M1 is for an equation for the brick only (1% alternative) or for the
scale pan only (2" alternative) with usual rules.

First Al for a correct equation (in the second alternative T does not
need to be substituted)

Second Al for 15.5 or 15

N.B. If Ris replaced by - R in either equation, can score M1A1. This
would lead to R =-15.5 or -15. The second Al can then only be scored
if the candidate explains why the —ve sign is being ignored.
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Question
Number

Scheme

Marks

27.

MmR
R=2gc0s20° +40cos60°
F =40c0s30° - 2gcos 70°

= 40 cos 30° - 2gcos 70°
2gc0s20° +40co0s60°
=0.73 or 0.727

Bl
M1 A2

M1 A2

M1 M1

Al

10

Notes

27.

B1 for 4R seen or implied.

First M1 for resolving perpendicular to the plane with usual rules
(must be using 2(g) with 20° or 70° and 40 with 30° or 60°)

First and second A1’s for a correct equation. A1AOQ if one error

Second M1 for resolving parallel to the plane with usual rules
(must be using 2(g) with 20° or 70° and 40 with 30° or 60°)

Third and fourth A1°’s for a correct equation. A1A0 if one error

Third M1 independent for eliminating R to produce an equation in
only. Does not need to be = ....

Fourth M1 independent for solving for u

Fifth Al for 0.727 or 0.73

N.B. They may choose to resolve in 2 other directions e.g.
horizontally and vertically.

N.B. If Fis replaced by —F in the second equ", treat this as an error
unless they subsequently explain that they have their F acting in the
wrong direction, in which case they could score full marks for the
question.
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Question Scheme Marks
Number
28(a)
F, = ki+ kj Bl
(-1+a)i+(2+D)j MI
-1+a 1
245 3 DMI Al
a=b=k=25 F,=25i+25j DMI1 Al; Al
7
ALTERNATIVE: "
F, = ki+kj B1
(-1+a)i+(2+b)j= p(i+3)) M1 for LHS
-l+a=p
DM1 Al
2+b=3p
a=b=k=25 F,=25i+25] DM1 A1;A%7)
(b)
v=3i-22j+3(3i+9j) Ml
=12i+ 5j Al
[v|= V122 +5% =13 ms™ ML AT eso (4)
11
Notes
28(2) | Bl for F, =ki+kj (k # 1) seen or implied in working, including for an
incorrect final answer, with the wrong k value.
First M1 for adding the 2 forces (for this M mark we only need
F, = ai+bj), With i’s and j’s collected (which can be implied by later
working) but allow a slip.
(MO if a and b both assumed to be 1)
Second M1, dependent on first M1, for ratio of their cpts = 1/3 or 3/1
(Must be correct way up for the M mark)
First Al for a correct equation which may involve two unknowns
Third M1, dependent on first and second M1, for solving for k oe
Second Al for a correct k value
Third Al for 2.5i+2.5j
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ALTERNATIVE: Using two simultaneous equations

Bl for K, = ki+kj (k # 1) seen or implied in working.
First M1 for adding the 2 forces (for this M mark we only need
F,=ai+bj), Withi’s and j’s collected (LHS of equation) (MO if a and

b both assumed to be 1) but allow a slip

Second M1, dependent on first M1, for equating coeffs to produce two
equations in 2 or 3 unknowns. Must have p and 3p (MO if p is
assumed to be 1 or k)

First Al for two correct equations

Third M1, dependent on first and second M1, for solving for k oe
Second A1 for a correct k value

Third Al for 2.5i+25j

ALTERNATIVE: Using magnitudes and directions

F, = ki + kj, seen or implied
Correct vector triangle

kN2 V5
—— = ——— , a=arctan2
sin4d5”  sin(90° - a)
2k=5

k=25 F,=25i+25]

ALTERNATIVE: Using magnitudes and directions

Bl for K, =ki+kj seen or implied in working.

First M1 for a correct vector triangle (for this M mark we only need

F, = ai +bj). (MO if a and b both assumed to be 1 and/or longest side is

assumed to be V10)

Second M1, dependent on first M1, for using sine rule on vector
triangle

First Al for a correct equation. 45° may not appear exactly.
Third M1, dependent on first and second M1, for solving for k oe
Second A1 for a correct k value

Third Al for 2.5i+2.5j

Bl
Ml

DM1 Al

DMI Al; Al
(7)
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(b) First M1 for use of v=u+atwitht=3

First Al for 12i+5j seen or implied. However, if a wrong v is seen A0
Second M1 for finding magnitude of their v

Second Al for 13
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Question Scheme Marks
Number
29(a)
F=4%R M1
R=15g Bl
T-F=15a Ml Al
3g-T=3a ML Al
T=12gorl1l8Nori12N DM1 Al
)
(b) Y ey 0 r
R=~NT*+T* or 2Tcos45" or 5 Ml Al
cos45
=16.6 (N) or 17(N) or 6gf Al
Direction is 45° below the horizontal oe Bl @)
12
Notes
29(a) | First M1 for use of F=1Rin an equation.

B1 for R = 1.5¢

Second M1 for resolving horizontally with usual rules

First Al for a correct equation

Third M1 for resolving vertically with usual rules

Second A1 for a correct equation

N.B. Either of the above could be replaced by a whole system equation:
39— F=4.5a

N.B. All of the marks for the two equations can be scored if they
consistently use — a instead of a.

Fourth M1 dependent on first, second and third M marks for solving
their equations for T

Third Al for 1.2g, 11.8 (N) or 12 (N)

(b)

First M1 for a complete method for finding the magnitude of the
resultant (N.B. MO if different tensions used),

First Al for T2 +7? or 2T cos45°

Second Al for 16.6(N) or 17 (N)

B1 for 45° below the horizontal or a diagram with an arrow and a
correct angle. Ignore subsequent wrong answers e.g. a bearing of 225°,
which scores B0, as does SW etc.
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Question
Number

Scheme

Marks

30

Tp 0555 =T, C0s35

Tpsin55+ T, sin35=2g

Eliminating T, or T,

T, =16Nor 16.1N; T, =1INor 11.2N

M1 Al
M1 Al

M1

Al Al

7

ALT1

(Along RP) T, =2gcos35°=16N or 16.1N
(Along RQ) T, =2gc0s55°=11N or 11.2N

M1 M1 Al1Al

M1 Al Al

Notes

First M1 for resolving horizontally with correct no. of terms and both
Trand Tq terms resolved. (MO if they assume Tp = To)

First Al for a correct equation.

Second M1 for resolving vertically with correct no. of terms and both
Trand Tq terms resolved. (MO if they assume Tp = To)

Second Al for a correct equation.

Third M1 (independent) for eliminating either Te or Tq

Third A1 for Te =16 (N) or 16.1 (N)

Fourth Al for To =11 (N)or 11.2 (N)

N.B. If both are given to more than 3SF, deduct the third Al.

ALT1

Alternative 1 (resolving along each string)

First M2 for resolving along one of the strings (e.g. Tp =29c0s35°)
First Al for a correct equation (Tp =2gsin35° scores M2A0AO0)
Third Al for TP =16 (N) or 16.1 (N)

Third M1 for resolving along the other string (e.g. To =2gc0s55°)
Second Al for a correct equation (Tq =2gsin55° scores M1A0AOQ)
Fourth Al for To =11 (N) or 11.2 (N)

ALT 2

Alternative 2 (using a Triangle of Forces)

Both of the equations in Alternative 1 could come from using
sohcahtoa or The Sine Rule on a triangle of forces, so mark in the
same way.

Note that, in either case, once they have found either Tp or Tg , they
could then use Tp = Tq tan55° or Tq = Tp tan55° to find the other one.
(Note that both of these are equivalent to the horizontal resolution) or

Pythagoras.
e.g. Tp=2gcos35° M2  First Al

=16 (N) or 16.1 (N) Third Al
To=Tr tan 35° or V{(29)%- (Tr)2} M1 Second Al
= 11 (N) or 11.2 (N) Fourth Al
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N.B. If they are clearly using The Sine Rule but have say 35°, 55° and
80° in their triangle, all 3 M marks would be available and at most 1 A
mark

eg. T,=28 M2 AOAQ
sin80
T, =123 M1 SecondAL A
sin55
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Question Scheme Marks
Number

31(a) For crate, 55g—473= 55a M1 Al
a=1.2ms™ Al (3)

(b) For system, 55g+200g +T —150 = 255a M1 A2

M agnitude =2040 N or 2000 N Al
OR

For lift, 200g+473-150+T =200a M1 A2

M agnitude = 2040 N or 2000 N Al 4)
Notes

31(a) | M1 for an equation in a only, with usual rules.
First Al for a correct equation
Second Al for 1.2 (ms2). Allow — 1.2 (m s?) if appropriate

31(b) | M1 for an equation, in T and a, for the system or the lift only, with
usual rules. (a does not need to be a numerical value)

A2 (-1 each error) for a correct equation (Allow + T). We do not need
to see a numerical value for a.

Third A1 for 2040 (N) or 2000 (N)

N.B. In both parts of this question use the mass which is being used to
guide you as to which part of the system is being considered.
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Question Scheme Marks
Number
32(a) R=4gcosa M1 Al
T -0.5g =0.5a M1 A1
4gsina—-T—-F =4a M1 Al
(OR: 4gsina—F—-0.5g=4.5a)
F:ER; sine=2 or cosa=> B1;B1
2 5 5
Eliminating a or finding a M1
Solving for T (must have had an a) M1
T= z?g N or 6.5N or 6.53N Al
(11)
(b) -
Magnitude =2T cos(90 a} M1 Al
2
29 3
=2 X — X —— (0.94868..)
3 \/E AlftonT
Al 4
—12N or12.4N [4—9’} @
V1o 5
Notes
32(a) | First M1 for resolving perp to plane, with usual criteria

First Al for a correct equation

Second M1 for resolving vertically, with usual criteria

Second A1 for a correct equation, interms of aand T

Third M1 for resolving parallel to the slope, with usual criteria.

Third Al for a correct equation , in terms of a, Fand T

N.B. Their a could be UP the slope in which case all 4 marks for the 2

equations are available with —a replacing a, provided they are

consistent. If they are inconsistent, then assume the vertical resolution

is the correct one and mark accordingly.

Either of the above two equations can be replaced by the ‘whole
system’ equation

N.B. If they use a =0, in any of the above 3 equations, and they
use the equation to find T, they lose both marks for that equation,
and they lose the two M marks for eliminating and solving.

First B1 for F=1R seen or implied,

Second B1 for sing = 0.8 or cosa = 0.6 seen or implied. Allow close
approximations if ¢ =53.1°... used.

Fourth M1 independent for eliminating a or finding a.

Fifth M1 for solving for T but must have had an a.

Fourth Al for 29/3, 6.5 or 6.53.
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(b)

First M1 for a complete method for finding the magnitude of the
resultant (N.B. MO if same tensions used)

2T cos{gooz_a
OR /(T +Tsina)*+(T cosa)? . Allow sin/cos confusion and allow
omission of \ sign, but only if R2=....... Is included
OR JT?+T2-2T2cos(90° + ). Allow (90° — ') but must be cos and
and allow omission of  sign, but only if RZ=....... Is included

] Allow sin/cos confusion and allow 2T cos[%j

Tsin(90 + )
(90°— )
sink90 aJ
2
be sin
First Al for correct expression in terms of T and «

Second A1, ft on their T, for a “correct’ single numerical answer
Third Al cao for 12 (N) or 12.4 (N)

OR (Sine Rule) Allow sign errors in angles but must
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Question

Scheme Marks
Number
33a Resolving horizontally: T cos30° =6cos50° M1Al
T =4.45(N), 4.5 (N), or better Al
(©)
b Resolving vertically: W =6c0s40°+T cos60° M1A1
=6.82 (N), 6.8 (N), or better Al
(©)
[6]
Notes for Question 33
Question 33(a)

First M1 for resolving horizontally with correct no. of terms and both Tac and “6” terms resolved.
First Al for a correct equation in Tac only.

Second Al for 4.5 (N), 4.45 (N) or better. (4.453363194)

N.B. The M1 is for a complete method to find the tension so where two resolution equations, neither
horizontal, are used, the usual criteria for an M mark must be applied to both equations and the first
Al is for a correct equation in Tac only (i.e. W eliminated correctly)

Alternatives:

Triangle of Forces : _TAC =— J (same equation as -> resolution) M1A1
sind40°  sin60°
Or
Lami’s Theorem: _TAC =— 6 (same equation as -> resolution) M1A1
sin140° sin120°
Question 33(b)

First M1 for resolving vertically with correct no. of terms and both Tac (does not need to be
substituted) and ‘6’ terms resolved.

First Al for a correct equation in Tac and W.

Second A1l for 6.8 (N), 6.82 (N) or better. (6.822948256)

Alternatives:

Triangle of Forces : - 6 = _W M1A1l
sin60°  sin80°
., 6 W
Or Lami’s Theorem: = M1A1

sin120°  sin100°

Or Resolution in another direction e.g. along one of the strings M1 (usual criteria) Al for a correct
equation.
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%ﬁﬂgf Scheme Marks
34(a) R =mg cos40 B1
Use of F =R B1
mgsin40— F =+ma M1AL
acc =255 (ms?) or 2.5 (ms?) Al -
(b) vi=u®+2as=2xax3 SpeedatBis3.9(ms") or3.91(ms™) M1A1 @
[7]

Notes for Question 34

(Deduct only 1 mark in whole question for not giving an answer to either 2 sf or 3 sf, following use
of g =9.8)

Question 34(a)

First B1 for R =mgcos40°

Second B1 for F = pR seen or implied(can be on diagram)

M1 for resolving parallel to plane, correct no. of terms, mg resolved (F does not need to be
substituted)

First Al for a correct equation

Second A1 for 2.5 (ms™) or 2.55 (ms) Must be positive.

S.C. If m is given a specific numerical value, can score max BIBIM1AOAOQ
Question 34(b)

M1 is for a complete method for finding speed (usually v’=u?+2as)

Al for 3.9 (ms™) or 3.91(ms™)
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Question

Number Scheme Marks
35a
20
3X
60°
X
Resolve and use Pythagoras
(X = 20c0s60)? + (20c0s30)* = (3X)? M1 Al
8X 2 +20X —400=0 Al
-5+
" 5_\/i5+800 _5.93 (35F) M1A1 o
35aalt | Cosine rule (3X)* = 20° + X* — 2.20X cos60 M1A1
8X2+20X —400=0 Al
-5+
“ 5++/25+800 _5.93 (35F) M1A1
4 (5)
b | |P—Q| =202+ X2 2X x 20 x c0s120 M1A1
P-Q|=235 (N) (3SF) bM1 A(i)
35balt | |P-Q[ = (X+20c0s60)* + (20c0s30)° M1A1
IP-Q|=235 (N) (3SF) DM1 Al
(4)

[9]
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Notes for Question 35

In this question a misquoted Cosine Rule is MO.
The question asks for both answers to 3 SF but only penalise under or over accuracy once in this
guestion.

Question 35(a)

First M1 for a complete method to give an equation in X only i.e. producing two components and
usually squaring and adding and equating to (3X)? (condone sign errors and consistent incorrect trig.
in the components for this M mark BUT the x-component must be a difference)

First Al for a correct unsimplified equation in X only

e.g, allow (£(X - 20c0s60°))* + (+(20c0s30°))? = (3X)?

Second Al for any correct fully numerical 3 term quadratic = 0

Second M1(independent) for solving a 3 term quadratic

Third Al for 5.93

Alternative using cosine rule:

First M1 for use of cosine rule with cos60° (MO if they use 120°)

First A1 for a correct equation unsimplified e.g, allow cos60° and (3X)?
Second Al for any correct fully numerical 3 term quadratic = 0

Second M1(independent) for solving a 3 term quadratic

Third Al for 5.93

Alternative using 2 applications of the sine rule:
First M1 for using 3X/sin60 = X/sina AND

Either: X /sina =20/ sin (120° - a)
Or: 3X/sin 60° =20/ sin (120° — a)
(These could be in terms of b where b = (120° — a))

First Al for two correct equations
Second A1 for a = 16.778..° (or b = 103.221..°)
Second M1 for solving:
X /sina=20/sin (120°—a) or 3X/sin60° =20/ sin (120° - a)
with their a or b, to find X
Third Al for 5.93

Question 35(b)
First M1 for use of cosine rule unsimplified with cos120° (MO if they use 60°)

First Al for a correct expression for [P— Q| in terms of X (does not need to be substituted)
Second M1, dependent on first M1, for substituting for their X and solving for |P—Q|

Second Al for 23.5

Alternative using components:

First M1 for a complete method i.e. producing two components and squaring and adding (no square
root needed) (condone sign errors and consistent incorrect trig. in the components for this M mark
BUT the x-component must be a sum)

First Al for a correct expression for [P - Q|

(e.g, allow (+(X + 20c0s60°))? + (+(20c0s30°))>

Second M1, dependent on first M1, for substituting for their X and solving for |P—Q|

Second Al for 23.5
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Question

Scheme Marks
Number
36(a) 4mg —T =4ma M1Al
T -3mg =3ma M1A1l
Condone the use of 4mg —3mg = 4ma-+3ma in place of one of these MI1AL
equations.
Reach given answer a :% correctly  *** Al
Form an equation in T:
T
T=3mg+3[mg—zj,T:3mg+3m%,orT:4mg—4m% M1
24 . Al
T =—mg or equivalent, 33.6m, 34m
7 Moo )
b) | vi=u?+2as=2x3x07-1.96, v=1.4 ms® MIAL
7 )
3mg -T =3ma M1Al
© T -2mg =2ma Al
a=d Al
> (4)
(d) 0=1.96—2x%xs M1
S= 5196 =0.5(m) Al
29
Total height= 0.7+0.5=1.2 (m) Al ft
@)
: _ _1 2, 1 2
Alt d Using energy: 3mgs—2mgs = E3m x1.4 +§2m x1.4 M1
2
5= 22196 5 Al
Total height = 0.7+0.5=1.2 (m) Al ft
3)
[16]
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Notes for Question 36

Question 36(a)(i) and (ii)

First M1 for resolving vertically (up or down) for B+C, with correct no. of terms.
First Al for a correct equation.

Second M1 for resolving vertically (up or down) for A, with correct no. of terms.
Second A1 for a correct equation.

Third Al for g/7, obtained correctly. Given answer (1.4 A0)

Third M1 for an equation in T only
Fourth Al for 24mg/7 oe or 33.6m or 34m

N.B. If they omit m throughout (which gives a = g/7), can score max M1AOM1AO0AOM1AO for part
(@) BUT CAN SCORE ALL OF THE MARKS in parts (b), (c) and (d).

Question 36(b)

M1 for an equation in v only (usually v’=u?+2as)
Al for 1.4 (ms™) allow (g/5) oe.

Question 36(c)

First M1 for resolving vertically (up or down) for A or B, with correct no. of terms. (N.B. MO if they
use the tension from part (a))

First Al for a correct equation for A.

Second Al for a correct equation for B.

N.B. “Whole system’ equation: 3mg - 2mg = 5ma earns first 3 marks but any error loses all 3

Third A1 for g/5 oe or 1.96 or 2.0 (ms™®) (allow a negative answer)

Question 36(d)

M1 for an equation in s only using their v from (b) and a from (c).
either 0=1.42-2(g/5)s or 1.4°=0 + 2(g/5)s

First Al for s = 0.5 (m) correctly obtained

Second Al ft for their 0.5 + 0.7 =1.2 (m)

Alternative using conservation of energy

M1 for an equation in s only, with correct number of terms, using their v from (b):-
(3mgs — 2mgs) = % 3m (1.4)% + Y2 2m (1.4)?

First Al for s = 0.5 (m) correctly obtained

Second A1 ft for their 0.5 + 0.7 =1.2 (m)
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Question

Scheme Marks
Number
37(a) Resolving horizontally: 5=T cos65° M1A1l
T = 12, 11.8, or better(N) Al
@)
(b) Resolving vertically: W =T cos25° M1A1l
=11.8cos25°= 11, 10.7 or better (N) Al
(©)
[6]
Notes for Question 37
Question 37(a)

First M1 for resolving horizontally with correct no. of termsand T term resolved.

First Al for a correct equation in T only.

Second Al for 12 (N) or 11.8 (N) or better.

N.B. The M1 is for a complete method to find the tension so where two resolution equations, neither
horizontal, are used, the usual criteria for an M mark must be applied to both equations and the first
Al is for a correct equation in T only (i.e. W eliminated correctly)

Alternatives:

Lami’s Theorem: _T =— > (same equation as -> resolution) M1A1
sin90°  sin155°
Question 37(b)

First M1 for resolving vertically with correct no. of terms and T (does not need to be substituted)
term resolved.

First Al for a correct equation in T only.

Second A1l for 11 (N), 10.7 (N) or better.

Alternatives:

Triangle of forces: W = 5tan65° M1A1

Lami’s Theorem: _T = _W M1A1l
sin90°  sinl115°

Or Resolution in another direction e.g. along the string M1 (usual criteria) Al for a correct
equation.
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Question Scheme Marks
Number
38(a) | (4i-2j)+ (2i +qj) = (6i + (q-2)j) M1A1
6=2(q—2) ratio 2:1 DM1
q=>5 Al
(4)
(b) 6i + 3j = 1.5a M1
a=(4i+2j) ms? Al
V= U+ at= (20 + 4) + 2(4i + 2j) M1
= 6i + 8j Alft
speed =+/6° +8° M1
=10 ms™ Al (6)
[10]
Notes for Question 38
Question 38(a)

First M1 for (4i — 2j) + (2i + qj)

First Al for (6i + (q — 2)j) (seen or implied)

Second M1, dependent on first M1, for using ‘parallel to (2i + )’ to obtain an equation in g only.
Second Al forg=5

Question 38(b)

First M1 for their resultant force = 1.5a

First Al for a = 4i + 2j

Second M1 for (-2i + 4j) + 2 x (their a) (MO if force is used instead of a)
Second Al ft for their velocity att = 2

Third M1for finding the magnitude of their velocity at t = 2

Third A1 for 10 (ms™)

N.B. In (b), if they use scalars throughout, MOAOMOAOMOAO
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Question

Scheme Marks
Number
39a 3mg —-T =3ma M1Al
T-2mg =2ma M1A1
T =2mg+2(mg —%) DM1
12 : Al
T=—m *Given Answer*
5 (6)
b a=3 B1
5
At time of impact v? = u? + 2as = 2><%><1.5 ~0.69 M1A1
Vertical motion under gravity 0=0.6g —2gs M1
s=0.3(m)
Total distance 2x0.3=0.6 (m) DM1A1l
(6)
c Impulse = 3m(v—u)=-3mu M1
Magnitude = 3m,/0.6g =3.6 (Ns) (3.64) Al )
[14]
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Notes for Question 39

Question 39(a)

First M1 for resolving vertically (up or down) for B, with correct no. of terms etc (allow if they omit
m but have the 3)

First Al for a correct equation.

Second M1 for resolving vertically (up or down) for A, with correct no. of terms etc (allow if they
omit m but have the 2)

Second A1 for a correct equation

Third M1, dependent on the first two M marks, for eliminating a

Third Al for T = 12mg/5 given answer

N.B. Either equation above can be replaced by the whole system equation
M1AL1 for 3mg — 2mg = 5ma ; any error loses both marks.

N.B. If m has been omitted in (a), which has led to a dimensionally incorrect value of a, can score
max BOM1AOM1M1AO in (b) and M1AO in (c).

Question 39(b)
B1 fora=g/5 found (possibly in part (a)) and used here.

First M1 for using suvat with their a from part (a), to find the speed v (or v?) of B at impact

First A1 for V(0.6g) oe, 2.4 or better (may be implied) found correctly.

Second M1 for using suvat with a = + g, to obtain an equation in s only, using their v (or v%) with
final velocity = 0

Third M1, dependent on second M1, for doubling their s value

Second Al for 0.6 (m)

Question 39(c)

M1 for £ 3m x (their v) or £ 1.5 x (their v) or
= m X (their v) or £0.5 x (their v)

MO if 3m missing or extra g

Al for 3.6 or 3.64 (Ns)
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Question Scheme Marks
Number
o R
40a
Perpendicular to the slope: R=2.7gcos40+15c0s40 M1A2
= 31.8 (N) or 32 (N) Al
(4)
40b | Parallel to the slope: F =2.7gsin40—-15c0s50  (F =7.366..) M1A2
Use of F = uR M1
_ 2.7gsin40—-15co0s50 093 0r 0.232 Al
R (%)
40c Component of wt parallel to slope = 2.7gsin40° (=17.0) Bl
F  =0.232x2.7xgx0c0s40° = 4.7... (N) MIAL
17.0 > 4.70s0 the particle moves Al
(4)
[13]

Notes for Question 40

N.B. Only penalise over- or under-accuracy after using g = 9.8,
(or use of g = 9.81), once in whole question.

Question 40(a)

First M1 for resolving perpendicular to the slope, with correct no. of terms, and both the 2.7g and 15
terms resolved.

First A2 for a correct equation; -1 each error.

Third Al for 32 (N) or 31.8 (N)

Question 40(b)

First M1 for resolving parallel to the slope, with correct no. of terms, and both the 2.7g and 15 terms
resolved.

First A2 for a correct equation; -1 each error.

Second M1 for use of F = pR

Third Al for 0.23 or 0.232

Question 40(c)
B1 for component of weight down the plane 2.7gsin40° (17 or better)

M1 for using their NEW R and p to find max friction (MO if they use R from (a))
First Al for 4.7( or better) (should be 4.701242531)

Second Al for comparison and correct conclusion.

N.B. If first A mark is 0, the second A mark must also be 0.
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Question

Number Scheme Marks
41.
(a) For system, (M, T-950g —50g =1000 x—2 M1 Al
T =7800 N Al
©)
(b) For woman, (M, R-50g=50x-2 M1 Al
R=390 N Al
3)
[6]
Notes for Question 41
(In both parts, use the mass to decide which part of the system is being
considered and M marks can only be scored if an equation contains only
forces acting on that part of the system)
Q41(a) | M1is for a complete method for finding T i.e. for an equation in T only,
dimensionally correct, with the correct number of terms.
First Al for a correct equation.
Second Al for 7800 (N).
M1 is for a complete method for finding R i.e. for an equation in R only,
dimensionally correct, with the correct number of terms.
Q41(b) | First Al for a correct equation.

Second Al for 390 (N).

N.B. Equation for liftonly is: T -950g - R =950 x (-2)
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Question
Number

Scheme

Marks

42.

T cosa — F =2gcos60°

M1 Al

Tsina+R=2gcos30°

M1 Al

F=1R

Bl

eliminating F and R

DM1

1
T=9g1+ %), 1.6g (or better), 15.5, 15 (N)

DM1 Al

(8)

[8]

Notes for Question 42

42

First M1 for resolving parallel to the plane with correct no. of terms and
both T and 2g terms resolved.

First A1 for a correct equation. (use of « instead of 30° or 60 ° or vice
versa is an A error not M error; similarly if they use sin(3/5) or cos(4/5)
when resolving, this can score M1A0)

Second M1 for resolving perpendicular to the plane with correct no. of
terms and both T and 2g terms resolved.

Second A1 for a correct equation (use of ¢ instead of 30° or 60° or
vice versa is an A error not M error; similarly if they use sin(3/5) or
cos(4/5) when resolving, this can score M1A0)

B1 for F = 1/3 R seen or implied.

Third M1, dependent on first two M marks and appropriate angles used
when resolving in both equations, for eliminating F and R.

Fourth M1 dependent on third M1, for solving for T

Third Al for 15(N) or 15.5 (N).

N.B. The first two M marks can be for two resolutions in any directions.
Use of tan ¢ = 4/3 leads to an answer of 17.83...and can score max 7/8.
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Question

Number Scheme Marks
43.
(a) For A, T =2ma Bl
ForB, 3mg-T =3ma M1 Al
3mg =5ma DM1
B?g =a (5.9 or 5.88 m ) Al
©)
(b) T =6mg/5; 12m; 11.8m Bl
1)
(©) F=~T?+T? M1 A1 ft
F= 6mg\/§ :1.7mg (or better);16.6m;17m Al
Direction clearly marked on a diagram, with an arrow, and 45° (oe) B1
marked
(4)
[10]
Notes for Question 43
B1 for T = 2ma
First M1 for resolving vertically (up or down) for B, with correct no. of
terms. (allow omission of m, provided 3 is there)
First Al for a correct equation.
43(a) Second M1, dependent on first M1, for eliminating T, to give an equation
in aonly.
Second A1l for 0.6g, 5.88 or 5.9.
N.B. ‘Whole system’ equation: 3mg = 5ma earns first 4 marks but any
error loses all 4.
43(b) | Blfor 6%, 11.8m, 12m
T T :
M1 {(T?+T?) or or or 2Tcos 45°or 2Tsin 45° (allow
( ) sin45°  cos45° (
if m omitted)
(MO for T sin 45°)
43(c) First Al ft on their T.

Second A1l cao for oe, 1.7mg (or better),16.6m,17m

6mg\/§
5

B1 for the direction clearly shown on a diagram with an arrow and 45°
marked.
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Question

Number Scheme Marks
44. A .
Resolve horizontally: T, cos 35° = T, cos 25° M1A1
Resolve vertically: T,sin35°+T,sin25°=8 M1A1
Equation in one unknown: T, cos ;: sin35°+ T, sin25°=8 DM1A1l
€0s35°
or T,sin35°+T, €083 sin25°=38
cos 25°
Ta=8.4,8.37,8.372 (N) or better Al
T =7.6,7.57,7.567 (N) or better Al
(8)
44alt | OR
Using Sine Rule on triangle of forces: T T
" sin60° sin65°  sin55° M1A1
8xsInbS® _ 1~ g4,837,8372 (N) or better M1AL,
sin60°

Al
8 x sin55° _
—Sne0° Ty, =7.6,7.57,7.567 (N) or better M1AL,

Al
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Notes for Question 44

First M1 for resolving horizontally with correct no. of terms and both Ta
and Tg terms resolved.

First Al for a correct equation.

Second M1 for resolving vertically with correct no. of terms and both Ta
and Tg terms resolved.

Second Al for a correct equation.

Third M1, dependent on first two M marks, for eliminating Ta or Tg

44 Third Al for a correct equation in one unknown

Fourth Al for Ta = 8.4 (N) or better.
Fifth Al for Tg =7.6 (N) or better.
N.B. The first two M marks can be for two resolutions in any two
directions.
N.B. If the two tensions are taken to be equal, can score max M1AOQ for
vertical resolution.

44 alt 1 See Alternative 1 using a Triangle of Forces and the Sine Rule.
Alternative 2 is to resolve perpendicular to each string:
The scheme is similar to Alt 1 and gives the same expressions for T and
Ts

44 alt 2 | M1A1 resolving perp to both strings as a complete method.

M1A1ALl for finding Ta
M1A1AL1 for finding Tg
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Question
Number

Scheme

Marks

45.

Equation of motion of B: 4g-T =4a

Equation of motion of A: T—-F —-2gsin30=2a

OR: 4g-F —-2gsin30=06a

Resolve perpendicular to the plane at A: R =2gcos30
Useof F=uR : F :ix 2gcos30(=Q)

V3

T-g-g=T-2g=2a
2T-4g=4g-T, 3T =8g, T :S?Q(zze) 26.1(N)

M1A1
M1A2

Bl
M1

DM1Al

(9)
[9]

Notes for Question 45

45

First M1 for resolving vertically (up or down) for B, with correct no. of
terms.

First Al for a correct equation.

Second M1 for resolving parallel to the plane (up or down) for A, with
correct no. of terms.

AZ2 for a correct equation (-1 each error)

OR: M2 A3 for the whole system equation - any method error loses all the
marks.

B1 for perpendicular resolution

Third M1 for sub forR in F = pR

Fourth DM1, dependent on first and second M marks, for eliminating a.
Fourth A1 for 8g/3, 26.1 or 26 (N). (392/15 oe is A0)
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Question

Number Scheme Marks
46.
@ | =%t 10 =2—;”’x3.5 M1AL
v=20 5.2 5o (ms?) Al
35 7
©)
(b) 26 M1A1
t 35 49
()
(c) Normal reaction : R =0.69 cos 25° Bl
Resolve parallel to the slope : 0.6gsin25°— ux R=0.6xa M1A2
1 =0.41 or 0.411 Al
()
[10]

Notes for Question 46

First M1 for producing an equation in v only.

46(a) First Al for a correct equation
Second Al for 26/7 oe, 3.7 or better (ms™)

46(b) M1 for producing an equation inza only.
Al for 24/49, 0.49 or better (ms ™)
B1 for R = 0.6gcos25°

46(c) M1 for resolving along the plane, correct no. of terms etc.
A2 (-1 eacherror) R and a do not need to be substituted
Third Al for 0.41 or 0.411
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Question
Number

Scheme

Marks

47
(@)

(b)

(©)

Use of v? =u® +2as
14% =20 - 2ax100
Deceleration is 1.02(m s?)

Horizontal forces on the car: £T cosd—300 =750 x —1.02 = -765
T =-1550/3
The force in the tow-bar is 1550/3, 520 (N) or better (allow —ve answer)

Horizontal forces on the truck: T cosd-500—- R =1750 x -1.02
Braking force R = 1750 (N)

800+ R =2500x1.02
R=1750

ALT: Whole system:

M1

Al

Al

M1A2 f.t.

Al

M1A2 f.t.
Al

M1A2 f.t.
Al

(3)

(4)

(4)
[11]

Notes for Question 47

47(a)

M1 for a complete method to produce an equation in a only.
First Al for a correct equation.
Second A1l for 1.02 (ms) oe. must be POSITIVE.

47(b)

M1 for considering the car ONLY horizontally to produce an equation in T
only, with usual rules. i.e. correct no. of terms AND T resolved:

+T cosd—-300 =750 x -1.02

A2 ft on their a for a correct equation (300 and a must have same sign); -1
each error (treat cos 0.9 as an A error)

Al for 1550/3 oe, 520 or better (N) N.B. Allow a negative answer.

47(c)

M1 for considering the truck ONLY horizontally to produce an equation,
with usual rules. i.e. correct no. of terms AND T resolved:

+T cosfé—-500-R=1750 x -1.02

A2 ft on their T and a for a correct equation (500, a and R must have same
sign); -1 each error (treat cos 0.9 as an A error)

Al for 1750 (N).

OR

M1 for considering the whole system to produce an equation in R only,
with usual rules. i.e. correct no. of terms.

A2 ft on their a for a correct equation (a.and R must have same sign) -1
each error

Al for 1750 (N).

N.B. If 300 and 500 are given separately, penalise any sign errors only
ONCE.
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Marks

i
48, (7). Tcos30+ Fcos60 =29 M1 AL
(=), Tcos60—Fcos30=0 M1 Al

F=9=9.8 M1 AL

T =+/3g=17 0r17.0 M1 Al

(), F=2gcos60 M1 Al

OR: (\), T=2gcos30 M1 Al

| F=0=98 M1 Al

M1 Al

T =39 =17 0r17.0
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%ﬂ?ﬁggp Scheme Marks
49. 12.6° = 2a.50 (=a=1.5876) M1 Al
800gsinl15—-F =800a M1 Al
R =800gcos15 M1 Al
F= R Bl
. M1
800gsin15 - £800gcos15 =800 x 1.5876 Al
#=0.1,0.10, 0.100
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Question Scheme Marks
Number
50.(a) Inextensible string Bl 1)
(b) dmg—-T =4ma M1A1
T -2mgsina— F =2ma M1ALl (4)
F=0.25R B1
(©) R=2mgcosa B1
cosa =0.8 or sina =0.6
o Bl
Eliminating R,F and T M1
a=04g9=392 Al (5)
| v? =2 x 0.4gh M1
@ —-2mgsina — F =2ma’ M1
a’'=-0.8¢g Al
0? =0.8gh—2x 0.8g x s
i? J M1
XY =0.5h+h=1.5h Al
(6)
16
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%tiiggp Scheme Marks
51. R
MR
20
59
30°
(@) O plane R=20cos60+ § co0s30 M1 A2(1,0)
=52.4 (N) or 52| Al (4)
(b) F =uR Bl
P plane F + 20 s 30 = 5gco$0° M1 A2(1, 0)
Leading tou = 0.137 or0.14| A1 (5)
Bl

Question 51(a)

First M1 for resolving perpendicular to plane with usual criteria

First A2 for a correct equation (A1AO one error, AOAO for two or more errors)

Second Al for eitheb2 or 52.4

N.B. In part (a), the M1 is for a complete method, so they must have sufficient equations to be able to soly
for R. The A2 marks are then fall the equations.

Question 51(b)

B1 for use ofF=pR (could just be on diagram)

First M1 (allow if F is used rather thauR) for resolving parallel to the plane with usual criteria

First A2 for a correct equation (ALAO one error, AOAO for two or more errors)

Second Al for eithe0.14 or 0.137

N.B. If they resolve vertically AND horizontally, there are max 6 marks available (M1A2, M1A2) for the
TWO equations, but if they only have one equation, there are no marks available for that equation.
The marks for the horizontal resolution should be entered first on ePen.
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Question

Number Scheme Marks
52. (@) VV=ul+2as= 28 = U+ 2x 9.& 17.5 M1 Al
Leading tou= 213% cso | Al (©))
(b) s= ut+% af = 19= 21t - 4.92 —| M1 A1
4.9% - 21t +19=0
i V21 - 4%4.9.x19
9.8
t=2.990r 3.0 —| DM1 A1 Al
t=1300r1.3 (5)
() N2L 49 -5000= 4 M1 Al
(a=-1240.2)
Vv =u’+2as= OF = 28°-2x1240.Xs
Leading tos=0.316 (m) or0.32| MLAL (4
[12]
OR
1 x4 x 28 + 4gs=5000s M1 Al
Work-Energy: s=0.316 o 0.32 M1 Al
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Question 52(a)

First M1 for a complete method for findinge.g.
28 =u®+2gx17.5

or 28 =u’ + 2(9)x(-17.5)

or 28% = 2gs=> s=40 then0? = u® + 2(-g)x(22.5)

condonesign errors

First Al for a correct equation(s) with g = 9.8

Second Al forti = 21” PRINTED ANSWER
N.B. Allow a verification method, but they must state, as a conclusion, that “u = 21", to score the final Al.

Question 52(b)

First M1 for a complete method for finding at least bualue i.e. for producing an equationtianly.
(condone sign errors but not missing terms)

First Al for a correct quadratic equatiortionly or TWO correct linear equationstionly.

Second DM1, dependent on first M1, for attempt to solveghadratic or one of the linear equations.
Second Al for3.0 or 3 or 2.99

Third Al for 1.3 or 1.30

Question 52(c)
First M1 for resolving vertically with usual rules.
First Al for a correct equation

Second M1 for use of° = u* + 2as, with v= 0,u = 28 oru = 0 andv = 28 and theia, (or any other complete
method which produces an equatiorsimhich could be negative)

MO if they haven’tcalculated a value .
Second Al for 0.32 or 0.316. (must be positive since it's a distance)
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Question

Number Scheme Marks
53.
P(0.3 k 0.5k
(. 9 TN Q . 9 4N
1N 2N
(a) For system N2L 4 3 08 M1 Al
a=1.2% (ms?), 1.3 Al ()
(b) v=u+at = v=0+125x6=7.5( mg') MIAL (2
(c) ForP  N2L T-1=0.3 1.25 ft theira | M1 Alft
T=1.375(N) 1.38, 1.4 AL 3
OR ForQ N2L 4-2J3=05x1.25
P(0.3 kg) Q(0.5 kg)
, T T".
1N 2N
(d) For system N2L -3 08= a=- 3.75 M1 Al
vV =u’+2as= O =752-2x3.7% M1
s=7.5(m) Al (4)
(e) ForP N2L T'+1= 0.% 3.75 M1 Al
T'=0.125(N),0.13 Al ©)
[15]
Alternative for(e)
ForQ N2L 2-T'= 0.5 3.75 M1 Al
T'=0.125(N),0.13 Al ©)
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Question 53(a)(In parts (a), (¢), (d) and (e) use the value of the mass being used to guide you asto which
part of the system is being considered, and mark equation(s) accordingly)

M1 for resolving horizontally to produce an equatioa i@NLY.

First Al for a correct equation

Second Al for 1.25

Question 53(b)
M1 for a complete method to find the speed
Al cao 7.5

Question 53(c)

M1 for resolving horizontally, for eithd? orQ, to produce an equationTnonly.
First Alft for a correct equation,ft on thair

Second Al cao for 1.38 (N) or 1.375 (N)

Question 53(d)
First M1 for resolving horizontally to produce an equatioa @NLY.
First Alcao for-3.75 (or 3.75)

Second M1 for use of° = u* + 2as, with v = 0, u= their (b) and theia, (or any other complete method which
produces an equation gonly)

MO if they haven’tcalculated a value .
Second Al for 7.5 m

Question 53(e)

M1 for resolving horizontally, for eithd? orQ, to produce an equationTnonly.
MO if they haven'tcalculated a value i

First Alcao for a correct equation

Second Al cao for 0.125 or 0.13 (N) (must be positive)
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Question Scheme Marks
Number
54 (a)
750 kg > « 1000 kg—320
RN 800N
For the whole system
R(-) 3200- 800-R= 1756 0.88 M1 Al
Leading to R =860 % Al
®3)
(b) For the caravan
R(-) T -860= 750x 0.88 M1 Al
Leading to T =1520 (N) Al
3)
6
Alternative for (b)
For the car
R(-) 3200- 800-T = 100& 0.88 M1 Al
Leading to T =1520(N) Al
3)
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Question Scheme Marks
Number
55 (a) 7+5+p=0 or 9+6+¢0 M1
p=-12 Al
g=3 Al
o 3)
(b) R=12 -3
R|=+/(12* +(-97) =v 1530r 317 or 12.4 or bette((N) | M1 AL
(2)
(©)
3
tanf=— M1
12
i Al
0=1403... J 12
Angle with j is 104°, to the nearest degree cao \@A\ 3 Al
! 3)
8
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Question

Number Scheme Marks
56(a)
R+3639n30° = 4g cos 30 M1 Al
R=15.9 16 M1 Al
(4)
(b) Use ofF, = 1R B1
360s30=F + 4 sin30 M1 Al
_360s30- 4 sin30_
MU= = =0.726 M1 A1
0.73
(5)
(© After force is removed
R=4gces30C Bl
-u4gcs30 - 4 sin30= 4 M1 Al
a=(-)1106 ...
vZi=u’+2as = 0# =16°-2x11.06 ..xs M1
16°
s=————=116 (m
2x11.06 ... (m) Al
12
(5)
14
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Question

Number Scheme Marks
57.
M 4cosa+F=Wsina M1 Al
X. R=4sina+Wcosa M1 Al
F=0.5R Bl
cosa=0.8 or sina=0.6 Bl
R =20N ** GIVEN ANSWER M1 Al
W = 22N Al
©)
OR —» Rsina=4+Fcosa M1 Al
T Rcosa + Fsina =W M1 Al
F=0.5R Bl
cosa=0.8 or sina=0.6 Bl
R =20N ** GIVEN ANSWER M1 Al
W = 22N Al
)
9
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Question Scheme Marks
Number
58.
(a) R=0.3gcosa M1
=0.24g = 2.35 (3sf)=2.4 (2sf) Al
2)
(b) mg-T =1.4m M1Al
T-0.3gsina—F=03x14 M1 A2
F=05R M1
Eliminating R and T DM1
m=0.4 Al
(8)
(c) v=14x05 Bl
—0.3gsina— F =0.3a M1 Al
a=-9.8 Al
0=0.7-9.8t M1
t=0.071sor0.0714 s (1/14 A0) Al
(6)
16
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Question

Number Scheme Marks
59.
(@) | speed = /2% +(-5)° M1
— 29 = 5.4 or better Al
(2)
() | ((7i+10j)-(2i- 5j))/5 M1 Al
=(5i+ 15j)/5=i+3j Al
F=ma=2(i+ 3j)=2i+6] DM1 A1ft
(5)
(c) | v=u-+at=(2i-5j)+(i+3j)t M1
(-5+3t)j Al
Parallelto i= -5+ 3t = 0 M1
t=5/3 Al
(4)
[11]
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Question

Number Scheme Marks
60.
(a) S
30 N >
120N
Resolving perpendicular to the plane:
S =120cosa + 30sinx M1 Al Al
=114 * Al
4)
(b)
Resolving perpendicular to the plane:
R =120cos«a M1 Al
=96 Al
Frax =3 R M1
Resolving parallel to the plane:
In equilibrium: P, =F, , +120sinx M1 A(2,1,0)
= 48+72=120 Al
(8)
(c) | 30+ F =120sina OR 30-F =120sinx M1 Al
So F =42N acting up the plane. Al
(3)
[15]
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Question

Number Scheme Marks
61.
(a)
tanH:i
12
sin9=i
13
c039:E
13
9
For A: 79-T =7a M1 Al
For B: parallel to plane T — F -3gsind =3a M1 Al
perpendicular to plane R =3g cosé M1 Al
F=uR=3gcos@=2gcosd M1
Eliminating T, 7g - F —=3gsin# =10a DM1
Equationinganda: 79 -2 xg—3g£—7g—§g—4g—10a DM1
1979 T 13
29
a= ?oe or3.9o0r3.92 Al
(10)
(b) | After 1 m,
vZ =u? +2as, v2:0+2><2?g><1 M1
v=2.8 Al
(2)
() | -(F+3g sind)=3a M1
2 12 5
—x3gx—+3gx—=30g=-3a, a=— Al
3 g 13 g 13 J J
v=u+ at, 0 = 2.8 — 9.8t, DM1
t:% oe, 0.29. 0.286 Al
(4)
[16]
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Question

Number Scheme Marks
62 (—) 100co0s30 = F M1 Al
F=0.5R seen Al (B1)
() mg + 100cos60 = R M1 Al
m =13 kg or 12.6 kg DM1 Al
[7]
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Question

Number Scheme Marks
63 a Bl
@ | FotRr
(1) Rcosa—Fsina =0.4g M1 Al
R=%29g=6.530r6.5 M1 Al (5)
(b) | (»)P-Fcosa—Rsina=0 M1 A2
P=29g=5.660r57 M1 Al (5)
[10]
Question Scheme Marks
Number
64 (3) (4)0.4g-T =0.4a M1 Al
Mark (T)T-0.3g=0.3a M1 Al
together solving for T DM1
T=3.360r3.4 or12g/35 (N) Al (6)
(b) 0.49-0.3g=0.7a DM1
a=1.4ms?, g/7 Al (2)
©) | (T)v=u+at
v=05x14 M1
=07 Al ftona
(T)s=ut+2lat?
s=05x14x05 M1
=0.175 Al ftona
(¥)s=ut+1at?
1.175= —0.7t + 4.9t DM1 Al ft
4.9t°-0.7t-1.175=0
o 0.74+/0.72+19.6 x 1.175 DM1 Al cao
9.8
=0.5663..0r —...
Ans 0.57 or 0.566 s Al cao 9
[17]
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?\lﬁ;ggp Scheme Marks
65.
@) R(—) 20c0s30° =T cos60° M1 A2 (1,0)
T =204/3, 34.6, 34.64,... Al (4)
(b) R(T) mg = 20sin 30°+ T sin 60° M1 A2 (1,0)
40
m= E(z 4.1),4.08 Al 4)
[8]
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Question

Number Scheme Marks
1 ., 1
66. (@) s:ut+5at = 2.7:Ea><9 M1 Al
a=06(ms?) Al ©)
(b)
% R=0.89c0s30°(~6.79) B1
Use of F = uR B1
¥ 0.8gsin30°— xR =0.8xa M1 Al
(0.8g5sin30°— ££0.8g c0s30° = 0.8x0.6)
1 ~0.51 accept 0.507 | A1 (5)
()

0 Rcos30° = 1R cos60°+0.8g M1 A2 (1,0)
(R z12.8)
— X =Rsin30°+ #Rsin 60° M1 Al
Solving for X, X ~12 accept 12.0 DM1 A1 (7)
[15]

Alternative to (c)

% R = Xsin30°+0.8x9.8sin 60° M1 A2 (1,0)
¥ 1R +0.8gcos60° = X cos30° M1 Al

X = 10.8gsin 60° + 0.8g cos 60°
c0s30° — xsin 30°
Solving for X, X ~12 accept 12.0 DMLAL  (7)
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Question

Number Scheme Marks

67. (@ N2L A: smg-T = 5mx% g M1 Al

T :%mg E 3 Cso Al ?3)
1

(b) N2L B: T—kmg=km><zg M1 Al
k=3 Al 3
(c) The tensions in the two parts of the string are the same B1 Q)

. 11 2
(d) Distance of A above ground s, :Eng x1.2° =0.189g (= 1.764) M1 Al
Speed on reaching ground v =%g x1.2=0.3g (=~ 2.94) M1 Al
_ ) (0.3)°

For B under gravity  (0.3g)" =2gs, = s,= ¢ (=~ 0.441) M1 A1
S=2s,+5,=3969~4.0 (m) Al @)
[14]
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Question

Number Scheme Marks
68 (@) | tang=L = 0=266° M1AL (2)
(b)
R=(i-3]) + (pi +2pj) = (1 +p)i +(-3+2p)j M1 Al
R isparalleltoi = (-3+2p)=0 DM1
=p= 3 Al (4)
[6]
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Question

Number Scheme Marks
69 0.5gsind-F =0.5a M1 A1 Al
F=2R seen B1
R=0.5gcosé M1 Al
Use of sind=¢ or cos@=2 or decimal equiv or decimal angle e.g 53.1° or 53° B1
_ 39 2 2
a_? or 588 ms* or 5.9ms DM1 Al
(9]
70 F = Pcos50° M1 Al
F=0.2R seen or implied. Bl
Psin50° + R=15¢g M1 Al Al
Eliminating R; Solving for P ; DM1;D M1;
P=37(2SF) Al
[el
1 (a) For whole system: 1200 — 400 — 200 = 1000a M1 Al
a=0.6 ms? Al 3)
() For trailer: T-200=200x0.6 M1 Al ft
T=320N Al
OR:
OR: For car: 1200 -400-T =800 x 0.6 M1 Al ft
T=320N Al (3)
() For trailer: 200 + 100 = 200f or -200f M1 Al
f=15 ms? (-1.5) Al
For car: 400 + F — 100 = 800f or -800f M1 A2
F =900 Al (7)
(N.B. For both: 400 + 200 + F = 1000f)
[13]
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Question

Questio Scheme Marks
72 (a)

/F -le.e.o.0.

(labels not

PN ;/ needed)
A 4 (2)
1.1g
(b) F=2R
' Bl
(1), Rcosa + Fsina = mg
__ L9 gy M1 A2
(cosa + isina)
M1 A1 (6)
1 _ b
(=), P+3Rcosa=Rsina M1 A2
P=R(sina - % cosa
( 2 Cosa) M1
= 1.96
Al (5)
[13]
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Question

Number Scheme Marks
73 ()
2 0
tan9:1:><9:63.4 M1 Al
angle is 153.4° Al (3)
(b) "
(4+p)i+(q-5)j
(@-5)=-2(4+p) M1 Al
2p+q+3=0* AL @
« g=1=p=-2 B1
= R=2i-4j M1
:>|R|:‘/22+(_4 2 _ 20 M1 A1 f.t.
J20 = msy5 M1 Al f.t.
= m :% Al cao
@)
[14]
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Question

Number seneme e
74 (a)
T -5gsina =5a M1 Al
]:Sg —T=15a M1 Al
solving for a M1
a=0.69 Al
solving for T M1
T —6g Al (8)
(b)
ForQ: 59 - N = 5a M1 Al
N = 2g Al f.t. (3)
()
90° - o
( ) 90° — ¢
F = 2T cos( ) ML Az
_ 0
=129c0s 26.56.. Al f.t.
T =105N Al (%)
[16]
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Question

Number Scheme Marks
8
75. (@) tand = 5 M1
0 ~53° Al (2)
(b) F=0.4(6i+8j) (=24i+3.2j) M1
Fl=v(@4 +3.2%)=4 M1AL (3)
The method marks can be gained in either order.
() v = 9i - 10j+5(6i + 8j) M1 A1l
— 39i + 30j (ms‘l) Al (3)
[8]
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Question

Number Scheme Marks
76. @)
(T) 15sin30° = Rsin50° M1 Al

R~9.79 (N) DM1AL (4)

(b) (—>) X —15c0s30° = Rcos50° fttheirR | M1 A2 ft
X ~19.3 (N) DMLAL (5)

[]
Alternatives using sine rule in (a) or (b); cosine rule in (b)
(a) _R - _15 M1 Al
sin30°  sin50°
R 15 R~9.79 (N) DMLAL (4)
50° 30°
g (b) X 15 R M1 A2 ftonR
sin100° sin50° sin30°
X
X ~19.3 (N) DM1 ALl (5)
X% =R*+15° -2 x 15 x Rcos100°
OR: cosine rule; any of R* = X*+15* -2 x 15 x X cos30° M1 A2 ftonR
15° = R* + X* =2 x X x Rcos50°
X ~19.3 (N
93 ( ) DM1 Al (5)
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Question

Number Scheme Marks
77. @)
R = 45c0s40° + 4g cos30° M1 A2 (1,0)
R ~ 68 accept 68.4 | DM1 Al (5)
(b) Useof F=uR M1
F + 4gsin 30 = 45c0s50° M1 A2 (1,0)
Leadingto x=~0.14 accept 0.136 DM1AL (6)
[11]
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Question

Number Scheme Marks
78. @)
. T T 30
o u2g pZELY
s=ut+zat” = 6=2ax9 M1
a=14 (ms?) Al @)
(b) N2L for system 30— 159 =5a ft their a, accept M1 ALft
symbol
U= 14_10 or awrt 0.48 | DM1 Al (4)
3g 21
(c) N2L forP T - u2g=2a ft their &, their a, accept symbols | M1 A1l ft
T- 14 x2¢g=2x 4
39 3
Leadingto T =12 (N) awrt 12 | DM1 A1 (4)
Alternatively N2L for Q
30-T - u3g=3a M1 Al
Leadingto T =12 (N) awrt 12 | DM1 Al
(d) The acceleration of P and Q (or the whole of the system) is the same. Bl (@)
4
ev=u+at = v=§><3=4 Blftona
N2L (for system or either particle)
—5ug =5a or equivalent M1
a=-u9
v=u+at = 0=4-ugt DM1
Leadingto t= g (s) accept 0.86, 0.857 | Al 4)
[15]
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Question Scheme Marks
Number
79.(2) R (// plane): 49 cos @ = 6gsin 30 M1Al
= cos @ =3/5 * Al (3)
(b) R (perp to plane): R = 6gcos30 +49sin 4 M1Al
R ~ 90.10r9N DM1 A1l (4)
© R (// to plane): 49 cos 30 - 6g sin 30 = 6a M1 A2,1,0
= a=~ 2170r22ms> Al (4)
11
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Question
Number

Scheme Marks
80.(a) B:  2mg-T = 2mx 4g/9 M1Al
= T = 10mg/9 Al @)
(b) A: T- xmg= mx4g/9 M1B1 Al
Sub for Tand solve: u = 2/3* DM1 Al (5)
(c)
When B hits:  v* = 2x4g/9xh M1 Al
Deceleration of A after B hits: ma= gmg = a=2g/3 M1 Alft.
Speed of Aat P: V2 = 8gh/9 -2 x 2g/3 x h/3 DM1
= V = 2+(gh) Al (6)
(d) Same tension on A and B Bl 1)
15
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Q Scheme Marks Notes
81a | Differentiate v: a=(4—6t)i+(—8+2t)] M1A1 | Anywhere in (a)
Use of F=ma and substitute t=3: )
F:0.5((4—6><3)i+(—8+2><3)j)=—7i—j DM1 | Dependent on the first M1
Use of Pythagoras’ theorem: DM1 Dependent on the first M1
NB Could use Pythagoras and then use
F=ma. 1M1 - 1% step.
2" M1 - 2" step
[F|=/49+1=50(=512=7.07... Al | 7.10r better
For v, icomponent=j component: _ _ o
(4t—3tz) :(—40—8t+t2) M1 With no incorrect equations in t seen
Solve for t: DM1 Dependent on the previous M, Must see
A2 _12t—40=0. = t2—3t—-10=0 method if solving an incorrect quadratic
(t _5)(,[ N 2) ~0, t=5 Al Only - could be implied by later rejection
of -2
a=(4-30)i+(-8+10)j=-26i+2j (ms?) |A1 |Only
9)
Integrate v:
81b | r=(2t"—t*(+p))i+ —40t—4t2+1t3(+q) i ML e
3 A2
(&1 @)
2. — 3’ 3
n=i —4351 , = —93§J AB=r,—r, | DM1 | yUse limits in a definite integral or to
evaluate a constant of integration
Dependent on the previous M1
— 2. . 149 .
AB =—I—49§j(= —I—TJJ Al 49.7 or better
()
[14]
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Scheme Marks Notes
30 ms* P
qms?
82a ? x
60° o
A 40m B
Equation for horizontal distance
2 2=4 .
30€0560>2+gc0s 0 0 M1 Need to be using the 40 m
Al Correct unsimplified
30sin60x2—-4.9x4=qsin@x2—4.9x4 Equal vertical distance or initial vertical
30sin60 =qsin @ M1 components of velocity
Al Correct unsimplified (no error seen)
gcosfd =15
qsing = 15«/§
tan 9 =33 Solve forq or &
(tan @ = 65in 60) DM1 Dependent on both preceding M marks
0=179.1 (79) (1.38 radians) or better
(= 26.45..= 26,5 Al (26 or better) (10V7)
Both correct and no error seen
(6)
Must be working towards speed of P (or v?)
82b | Vertical component of speed = M1 (condone if working on Q - they equal
vertical components of velocity)
30sin 60—29(: 6.38...) Al Correct unsimplified. Accept +
_ 2 > Use Pythagoras. Dependent on previous M
speed _\/(30C°S60) +6.38 DM1 Follow their vertical component.
Alft Correct unsimplified equation in v or v,
= «/152 +6.38° =16.3(ms?) | Al or16 2or3sfonly
(©)
82b alt| Vertical distance = M1 Must be working towards speed of P
30sin60x2—4.9x4 =32.36 Al Correct unsimplified
. ) Dependent on previous M.
Conservation of energy.: DM1 Follow their vertical distance.
1 1 e .
Emv2 +mg ><32.36:§mx900 Alft Correct unsimplified equation in v or v2.
v=16.3 (ms?) (16) Al
©)
[11]
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Question
Number Scheme Marks Notes
83
(@ A complete method to find Fe.g. take moments about A
M1 Condone sin/cos confusion. Requires correct ratio of lengths
. _ . P
M (A), F.4sin40 =5g.2c0s 28 Al Correct terms with at most one slip
Al All correct
F=35 Al 35 or 34.5 (>3sf not acceptable due to use of 9.8, but only
penalise once in a question)
“4)
(b) M1 Resolve vertically. Need all three terms but condone sign er
Fcos78+Y =5g Must be attempting to work with their 75° or 15°.
Al Correct equation (their)F
Al 40 or 40.1
Y =40 ; Apply ISW if the candidate goes on to find R.
UP Al cso (the Q does specifically ask for the direction, so this mug
clearly stated)
4)
8
4mcos 25¢Y M1 Taking moments about the point vertically belBvand on the
(b) '=5gx2mcos 25+ F cos184msin25 | Al same horizontal level @ (Their B
etc.
OR2:Rcosa = F cos 40+ 5g cos 65 Resolve parallel & perpendicular to the rod
Rsina + F sin 40=5g cos 25
R=52.1, &25.3° Solve for R, «
Y = Rsin(25+ a) M1A1 Need a complete strategy to findor M1.
Etc.
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Question

Nurnber Scheme Marks
84. |(a) N2L  (6¢-5)i+ (¢’ —2¢)j=0.5a M1
a=(126-10)i+ (20" —4¢) Al
v:(6t2—10t>i+(§t3—2t2jj (+C)  fttheira | M1 Alft+Alft
v:(6t2—10t+1)i+(§t3—2t2—4jj Al (6)
(b) When =3, v, =25i—-4j M1
—5i+12j=0.5(v—(25i-4j)) ft theirv, | M1 Alft
v =15i +20j Al
v]=V(15*+207)=25 (ms™) cso | MI AL (6)
[12]
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