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Connected Particles and F=ma A level Edexcel
Past Papers Answers

01. Question | Scheme Marks | AOs
a R =mgeosa Bl 31b
Resolve parallel to the plane M1 j.lb
- F-mgsing = — 0.8mg Al L.1b
F=uR M1 1.2
Produce an equation in g only and solve for g M1 22a
p=1 Al L1b
4
(6)
b Compare y mgeose with mgsing M1 3.1b
. Deduce an appropriate conclusion Al ft 22a
(2)
(8 marks)
Notes:
(2)

Bl: for R = mgcosa

1% M1: for resolving parallel to the plane

1% Al: for a correct equation

2 M1: for use of F =uR

3rd M1: for eliminating F and R to give a value for z

204 Al: forpr = 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 Scheme ‘ Marks ‘ AOs
d. | Resolve vertically . Ml 3 b
R+40sine =20g Al L1b
Resolve horizontally Ml 3.1b
Aeosa —F =20a Al 1.1b
F=0.14R Bl 1.2
a=10.396 or 0.40 (m s Al 22a
(6)
Pushing will increase R which will increase available F Bl 24
b ' Increasing F will decrease ¢ * GIVEN ANSWER BI* 24
2)
(8 marks)

(a)

M1: Resolve vertically with usual rules applying

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

Al: Neither F norcos arneed to be substituted

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

Al: Either answer

(b}
B1: Pushing increases & which produces an increase in available (limiting) friction

B1: Fincrease produces an a decrease (need to see this)

M.B. It is possible to score B0 Bl 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 ‘ AO
d.
R=2mgcoscx Bl 34
2
F==R Bl 1.2
3
Equation of motion for 4; M1 |33
T=F =2mgsing =2ma Al 1.1b
Equation of motion for B: M1 |33
Img =T =3ma Al L1b
Complete stralegy to find an equation in T, m and g only. M1 | 3.1b
TZIng . Al* |22a
5
(&)
b. lomg 10mg
E =)—>——= M1 |21
(Fows =) 13 13
...... s0 4 will not move, Al 22a
(2)
+ Extensible string
C *  Weight of string
# Friction at pulley e.g. rough pulley B1 3.5¢c
s Allow for the dimensions of the blocks e.g. “Do not model Bl 3 5¢
blocks as particles™; “(include) air resistance™;“mclude
rotational effects of forces on blocks i.e. spin”
(2)
(12)
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‘ Marks ‘ Notes
Bl Normal reaction between 4 and the plane seen or implied, cos « does not need to be
a. substituted.
Bl | F= %R seen or implied anywhere, including part (b)
Form an equation of motion for 4. Must include all relevant terms. Must be the
M1 | correct mass but condone consistent missing m’s. Condone sign errors and sin/cos
confusion
Correct unsimplified equation (F does not need to be substituted). Allow consistent
Al use of (-a)
N.B.If T—2mg=2ma is seen with no working, MOAO unless both Bl marks have
been scored.
Ml Form an equation of motion for 8. Must be the correct mass on RHS but condone
consistent missing m’s. Condone sign errors and sin/cos confusion.
Al Correct unsimplified equation (£ 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 —=2mgsing =5ma
Must be the correct mass on RHS but condone consistent missing mz’s. Condone sign
errors and sin/cos confusion.
Complete method to give an equation in T, m and g only. N.B. Allow & in the
equation if they have defined what & is: eg. = tan"(%)
M1
This 15 an independent mark but they must have two simultaneous equations in T
and a unless one of the equations 1s the whole system equation in which case one
equation will be in T and « and the other equation will be in & only.
Al* Obtain the given answer from correct working using EXACT trig ratios. (not
available if using a decimal angle)
2
b . Comparison of their F__ ( 3 &) and their component of weight down the slope, must
M1 | be comparing numerical values. oe e.g. if they consider the difference
N.B. Allow comparison of g and tan & with numerical values
Al Correctly justified conclusion and no errors seen
N.B. If they equate their difference to an *ma’ term then AQ
Deduet 1 mark for each extra (more than 2) incorrect answet up to a maximum of 2
incorrect answers. Ignore exira correct answers.
C. B e.g. two correct, one incorrect B1 BO
- one correct, one incorrect B1 BO

one correct, two incorrect B0 BO
[gnore incorrect reasons or consequences.
[gnore any mention of wind or a general reference to [riction.
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Question ‘ Scheme ‘ Marks ‘ AQs ‘
a. Resolve perpendicular to the plane M1 34
4
R=mgcosa =Emg Al L.1b
(2)
Resolve parallel to the plane or horizontally or vertically M1 34
b. F=mgsinag or Rsina=Fcosa Al 1.1b
Use F = xR and solve for g MI 21
3 4
H=7 Al* 22a
(4)
C. The forces acting on O 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 24

The force pulling the brick down the plane increases by the same
amount as the friciion oe

This mark can be scored 1f they do the calculation.

(1)
d_ Brick ( slides down the plane with constant speed. Bl 24
No resultant force down the plane (so no acceleralion) oe Bl 24
These marks can be scored if they do the caleulation. (2)
(9 marks)
Notes:
. E M1 | Correct no. of terms, condone sin/cos confusion

Al | cao with no wrong working seen.  mgcos36.86 is A0

| b | M1 | Correct no. of terms, condone sin/cos confusion

Al Correct equation

ML Must use & = pR (not merely state it) to obtain a numerical value for £
This 15 an independent M mark.

Al* | Given answer correctly obtained

Bl Must have the 3 underlined phrases/word oe

Bl Must say constant speed.

Ll
2]

Bl Any appropriate equivalent statement
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Question Scheme Marks | AOs

Mark parts (a) and (b) together

Equation of motion for 4 M1 33
Imgsing—F—-T=3ma Al L.1b
(2)
IB Resolve perpendicular to the plane M1 34
R=3mgcosa Al L.1b
F= 1 R Bl 1.2
6
Equation of motion for B OR  for whole system M1 i3
T—mg=ma OR 3mgsing—F —mg =3ma+ma Al 11b
Complete method to solve for a DMI1 | 3.1b
ae % g * Al* | 22a
(7

Bl 1.1b
f
e.g. acceleration (of B) is constant; dependent on first Bl DEI1 24
(2)
e.g. the tensions in the two equations of motion would be different. Bl 1 5a
EI Tension on 4 would be different to tension on & ’
(1)
(12 marks)

Notes: N.B. If m’s are consistently missing treat as a MR, so max
(2) M1AO (b) M1AOBOM1ALIM1AL {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
M1 confusion (If one of the 3’s 1s missing, allow M1)
M.B. Treat sin(3/5) etc as an A error but allow recovery

Al Correct equation (allow {—a) instead of @ in both equations)
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Ml Correct no. of terms, condone sign errors and sinfcos confusion
|I| 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
Ml confusion
OR Whole system equation with correct no. of terms, condone sign errors and
sin/cos confusion
Al Correct equation
DM Complete method (lrig 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.
Bl Straight line starting at the origin (could be reflected in the t-axis). B0 if continuous
IEI vertical line at the end.
DB1 | Dependent on first B1, for any equivalent statement
m Bl B0 if incorrect extras

Question Scheme Marks | AOs

(i} Resolve vertically M1 3.1b

F acting UP the plane: OR F acting DOWN the plane: Al 1.1b
(T)Fsina+63.6cnsa=53 —Fsina +68.6cosa =5g

Other possible equations from which X would need to be eliminated
to give an equation in & only to earn the M mark are shown below.

The equation in & only must then be correct to earn the A mark.

Possible equations:

("\)68.6 = X sina +35g cosa (leads to X =49 with g = 9.5)

F acting UP the plane: OR f acting DOWN the plane:
(f)F+Xcosa=5gsina —F+Xcoser=5gsina

(—)Fcosa+ X =68.6sina —Feosa+ X =68.6sina
9.8 (N) (49/51s AD) Al L.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) ()MIAOAD (i) AO
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(3)
- Down the plane (Allow down or downwards or an arrow 7, but
(i) . : . Al 2.2a
must appear as the answer to (a) (i) not just on the diagram.)
(1)
N.B.
|E| If they use R = 68.6 in this part, the maximum they can score 1s
MI1AIMOAOMOAO
If they use = 9.3 or their F from (a) in this part, the maximum they
can score 1s MIATMOAOMOAQ
Equation of motion down the plane M1 2.1
Sgsing—F =3a Allow (-a) instead of @ Al 1.1b
Resolve perpendicular to the plane M1 3.1b
R=5gcose Al 1.1b
F =0.5R seen M1 34
a=1.960r2.00r2(ms'3)urég Al 1.1b
(6)
(10 marks)

Notes:

(i)

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.

Al | Correct equation in F only, trig does not need to be substituted

Al | cao (must be positive)

(ii)

Al [-9.7 (2sf) see SC2 below.

due to use of inaccurate trig L.e using an angle 36.9°

cao. Note that this mark 1s dependent on an answer of 9.8 or -9.8 for (a)(1) from a fully
correct solution unless they have used g = 9.81, in which case the answer will be 9.7 or

N.B. Allow this mark, if their answer to (a)(1) 1s fully correct apart from a small error

{a){1) max MIALAD
(a) (11} Al, where they must have obtained 4R =9.8 or—9.8, from correct
working.

SC2:

(2sf)) can score max (a)(1) M1A1AO (a)(11) Al

SC 1: If they use xR at any point (with an unknown g ) for F in part (a), can score

If g =9.81 is used consistently throughout 2(a), (leading to X'=48.9...and F=9.7
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Correct no.of terms, dimensionally correct, condone sin/cos confusion and sign errors,
M1
E each term that needs to be resolved must be resolved.
Al | 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. M{ if R = 68.6 (N) 15 used in this equation)
Al | Correct equation
M1 | Could be seen on a diagram (N.B. MO if & = 68.6 (N) 15 used)
Al | Cao. Must be positive.
Question Scheme Marks | AOs
Resolve vertically, R = 5g = 49 [N) B1 1.1b
(1)
|E| Equation of motion: 28— F=5x14 M1 3.a
F=21 Al 1.1b
(2)
E £¢=10.43 (2sf required) B1ft 3.4
(1)
(4 marks)

MNotes:

Bl

Allow either 5g or 49. No penalty for using g = 9.81 or 10.
lgnore any working. Must be a positive number.
BO if m is involved.

N.B. Could be seen on a diagram, provided it's clearly the reaction.

Equation with correct terms, dimensionally correct, condone sign errors.

Al

15g

cao but allow T . lgnore units.

E B1ft

_ their (b)
* their (a)
N.B.

. Answer must be a positive number given to 2sf.

BO if they use g = 9.81 or 10 in this part of the question.
Do not allow restarts.

Allow g>1.




