

Topic 5 - Forces and Friction
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Teacher Notes
These Bronze, Silver and Gold worksheets are designed to be used either straight after the content has been taught or as part of a skills gap analysis.
They are drawn from the latest specification questions and legacy questions. The papers are between approximately 25 and 45 marks.
The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson Edexcel A Level Mathematics: Statistics and Mechanics Year 2’ textbook. 
Quick Links  
(Press Ctrl, as you click with your mouse to follow these links)
· Bronze Questions
· Bronze Mark Scheme
· Silver Questions
· Silver Mark Scheme
· Gold Questions
· Gold Mark Scheme
Extension and Enrichment
If you have students that have enjoyed the challenge of the Gold questions, then they should have a go at the more challenging question from our Advanced Extension Award (AEA) papers. The Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps students to develop high level problem solving and proof skills. It is entirely based on the content of the A Level Mathematics Course. No extra material needs to be covered to take the AEA in Mathematics. A second important difference is that marks are awarded for the clarity and quality of their solution. Developing this key skill, alongside the extra problem-solving experience, can pay dividends in the way they approach A Level Mathematics and Further Mathematics problems.
More information about the Advanced Extension Award can be found here on the Pearson Edexcel Website, or here on the Maths Emporium
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Calculator
The total mark for this section is 34
Q1

Three forces, (15i + j) N, (5qi − pj) N and (−3pi − qj) N, where p and q are constants, act on a particle. Given that the particle is in equilibrium, find the value of p and the value of q. 

(Total for Question 1 is 5 marks)
__________________________________________________________________________

Q2 
[image: ]

Figure 1
A particle P of mass 5kg is held at rest in equilibrium on a rough inclined plane by a horizontal force of magnitude 10N. The plane is inclined to the horizontal at an angle α where  , as shown in Figure 1. The line of action of the force lies in the vertical plane containing P and a line of greatest slope of the plane. The coefficient of friction between P and the plane is μ. Given that P is on the point of sliding down the plane, find the value of μ. 

(Total for Question 2 is 9 marks)
__________________________________________________________________________

Q3 

Two forces (4i − 2j) N and (2i + qj) N act on a particle P of mass 1.5 kg. The resultant of these two forces is parallel to the vector (2i + j).
(a) Find the value of q.
(4)
At time t = 0, P is moving with velocity (−2i + 4j)m s−1.
(b) Find the speed of P at time t = 2 seconds.
(6)

(Total for Question 3 is 10 marks)
__________________________________________________________________________
Q4
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Figure 1
A particle of mass 2 kg lies on a rough plane. The plane is inclined to the horizontal at 30°.
The coefficient of friction between the particle and the plane is . The particle is held in equilibrium by a force of magnitude P newtons. The force makes an angle of 20° with the horizontal and acts in a vertical plane containing a line of greatest slope of the plane, as shown in Figure 1. Find the least possible value of P. 
(Total for Question 3 is 10 marks)
__________________________________________________________________________
End of questions
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Calculator
The total mark for this section is 27
Q1
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Figure 1
A wooden crate of mass 20 kg is pulled in a straight line along a rough horizontal floor using a handle attached to the crate.

The handle is inclined at an angle α to the floor, as shown in Figure 1, where .
The tension in the handle is 40 N. 
The coefficient of friction between the crate and the floor is 0.14. 
The crate is modelled as a particle and the handle is modelled as a light rod.
Using the model,
(a)  find the acceleration of the crate.
(6)
The crate is now pushed along the same floor using the handle. The handle is again inclined at the same angle α to the floor, and the thrust in the handle is 40 N as shown in Figure 2 below.
[image: ]
Figure 2
(b)  Explain briefly why the acceleration of the crate would now be less than the acceleration of the crate found in part (a).
(2)

(Total for Question 1 is 8 marks)
__________________________________________________________________________





Q2
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A particle P of mass 2 kg is held at rest in equilibrium on a rough plane by a constant force of magnitude 40 N. The direction of the force is inclined to the plane at an angle of 30°. The plane is inclined to the horizontal at an angle of 20°, as shown in Figure 2. The line of action of the force lies in the vertical plane containing P and a line of greatest slope of the plane. The coefficient of friction between P and the plane is μ.
Given that P is on the point of sliding up the plane, find the value of μ. 
(Total for Question 2 is 10 marks)
__________________________________________________________________________



Q3
A rough plane is inclined to the horizontal at an angle α, where .
A brick P of mass m is placed on the plane.
The coefficient of friction between P and the plane is μ.
Brick P is in equilibrium and on the point of sliding down the plane.
Brick P is modelled as a particle.
Using the model,
(a)  find, in terms of m and g, the magnitude of the normal reaction of the plane on brick P,
(2)

(b)  show that .
(4)
For parts (c) and (d), you are not required to do any further calculations.
Brick P is now removed from the plane and a much heavier brick Q is placed on the plane.

The coefficient of friction between Q and the plane is also .
(c)  Explain briefly why brick Q will remain at rest on the plane.
(1)
Brick Q is now projected with speed 0.5 m s−1 down a line of greatest slope of the plane.
Brick Q is modelled as a particle.
Using the model,
(d)  describe the motion of brick Q, giving a reason for your answer.
(2) 

(Total for Question 3 is 9 marks)
__________________________________________________________________________
End of questions
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Calculator
The total mark for this section is 38
Q1
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A non-uniform rod AB, of mass 5kg and length 4m, rests with one end A on rough horizontal ground. The centre of mass of the rod is d metres from A. The rod is held in limiting equilibrium at an angle θ to the horizontal by a force P, which acts in a direction perpendicular to the rod at B, as shown in Figure 2. The line of action of P lies in the same vertical plane as the rod.
(a)  Find, in terms of d, g and θ,
(i)  the magnitude of the vertical component of the force exerted on the rod by the ground,
(ii)  the magnitude of the friction force acting on the rod at A.
(8)


Given that tan θ =  and that the coefficient of friction between the rod and the ground
 is , 
(b)  find the value of d.
(4)
 
(Total for Question 1 is 12 marks)
__________________________________________________________________________



Q2

A rough plane is inclined to the horizontal at an angle α, where .
A particle of mass m is placed on the plane and then projected up a line of greatest slope of the plane.
The coefficient of friction between the particle and the plane is μ.

The particle moves up the plane with a constant deceleration of .
(a)   Find the value of μ.
(6)
The particle comes to rest at the point A on the plane.
(b)   Determine whether the particle will remain at A, carefully justifying your answer.
(2)

(Total for Question 2 is 8 marks)
__________________________________________________________________________
Q3

A particle P moves with acceleration (4i − 5j) m s−2
At time t = 0, P is moving with velocity (−2i + 2j) m s−1
(a)  Find the velocity of P at time t = 2 seconds.
(2)
At time t = 0, P passes through the origin O.
At time t = T seconds, where T > 0, the particle P passes through the point A.
The position vector of A is (λi − 4.5j)m relative to O, where λ is a constant.
(b)  Find the value of T.
(4)
(c)  Hence find the value of λ
(2)
 
(Total for Question 3 is 8 marks)
__________________________________________________________________________




Q4
[image: ]
A ladder AB, of mass m and length 4a, has one end A resting on rough horizontal ground. The other end B rests against a smooth vertical wall. A load of mass 3m is fixed on the ladder at the point C, where AC = a. The ladder is modelled as a uniform rod in a vertical plane perpendicular to the wall and the load is modelled as a particle. The ladder rests in limiting equilibrium making an angle of 30° with the wall, as shown in Figure 2.
Find the coefficient of friction between the ladder and the ground.

(Total for Question 4 is 10 marks)
__________________________________________________________________________
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Gold Mark Scheme
Q1
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Question Scheme Marks.
Number
(A5i+J) +(5qi - pi) + (-3pi i) =0 M
. M1
3p-5 Al
prg=1
M1 Al Al

p=25g=-15

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 Al for TWO correct equations (in any form)

Ttis possible to obtain TWO equations by using A(3p — 5¢ —15) = su(p + ¢~ )with
TWO different pairs of values for Land 2z, with one pair not a multiple of the other

eg A-1, #=1AND A-1, =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)
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Question

Scheme Marks
Number
Fe R Bl
(\), R=10siner+ Sgeosar (452) by
(). F=5gsing - 10cosa (21.4)
sina -~ 2cos M AL
ESNE ST 047 or 0.473
2sina+ goosar 9
Notes

BlforF = /iR seen or implied

First M1 for resolving perpendicular to the plane with usual rules

First and second A1's for a correct equation. A1AO 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.

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

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

Fifth A1 for 047 or 0473
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Question

Scheme Marks
Number
@ | @i-2)+Qi+q) =(6i+(q-2)) MIAL
6=2(q-2) ratio 2:1 DMI
g=5 Al
@)
@) 6i+3j=15a M1
a=(@4i+2j) ms> Al
i o M1
v=u+at=(2i+4j) + 2(4i + 2j)
=6i+8j Alft
speed =67 +8° Mt
=10ms* Al (©

(10

Notes for Question

Question (a

Farst M1 for (di - 2j) + (2i + gj)

First Al for (6 + (¢ — 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 for g =5

Question (b))

First M1 for their resultant force =1.5a

First Al fora =4i+2j

Second M1 for (-2i + 4j) + 2 x (their a) (MO if force is used instead of a)
Second A1 ft for their velocity at =2

‘Third M1for finding the magnitude of their velocity at r=2

Third A1 for 10 (ms™)

N.B. In (b), if they use scalars throughout, MOAOMO0AOMO0A0Q
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Question’

- Scheme Marks
Number
(Pasallel to plane): Poos50+ F = 2g 0560 M1A2
(eptoplane).__ R Psin50=2gc0s30 M1A2
Other possible equatious:
(—)Rcos60— F cos30 = Pcos 20 M1 A2
(1):Rc0s30+ Foos60= Peos70+2g MiA2
r-1z Bl
3
‘Attempt to climminate 7 and R 1o give an equation in P onl M1
Solve for P DML
P=67 2 SE) or 666 GSE) Al
a0

Notes

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. A1AO if one error.
Second M1 for resolving perpendicular to the plane with usual rules.
2g term must be using 30° or 60° angle but allow sin/cos confusion.

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

B for F =% R scen or implied

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

Fourth DM, dependent on third ML, for solving for P.

Fifth Al 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. A1AO 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. A1A0 if one error.
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Figure 2
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Question Scheme Marks | 405
(@) | Resolve vertically M |31
R+40sina=20g Al |11
Resolve horizontally Ml |31
40cosa—F =20a A1 |1
F=014R Bl | 12
@=0396 or 040 (ms?) Al |22

©
() | Pushing will increase R which will increase available Bl | 24
Tncreasing F will decreasea * GIVEN ANSWER BI* | 24

@
(8 marks)

Notes:

@

MI: Resolve vertically with usual rules applying

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

Al Neither F nor cos crneed to be substituted.

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

Al: Either answer

®)

BI: Pushing increases R which produces an increase in available (limiting) friction

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

N.B. Itis possible to score B0 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
Number
HR Bl
R=2gc0s20° +40 cos 60° I
F=40c0s30° ~2gcos 70° MI A2
_ 40005 30° - 2gcos 70°
H= g c0s20° = 40cos60° .
~0730r0.727 Al
10

Notes

BI for 4R seen or implied.

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

First and second A 1’s for a correct equation. A1AQ if one error

Second M 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. A1AQ if one error

“Third M1 independent for eliminating & to produce an equation in
only. Does not need to be 1=

Fourth M1 independent for solving for 4

Fifth A1 for 0.727 or 0.73

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

N.B. I{ " is replaced by - 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 | AOs
(@) | Resolve perpendicular to the plane Ml | 34
R=mgcosar = Al |11
[
() | Resolve parallel to the plane or horizontally or vertically M1 | 34
F-mgsina or Rsina=Fcosa Al |11
Use F — uR and solve for 4 Ml | 21
Al* |22
@
(&) | The forces acting on O will still balance as the 7'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 friction o
This mark can be scored if they do the caleulation.
o
@ | Brick Q slides down the plane with constant speed. Bl |24
No resultant force down the plane (so no acceleration) oe Bl |24
These marks can be scored if they do the calculation. @

(9 marks)
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Notes:

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

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

b [MI1 | Correct no. of terms. condone sin/cos confusion

Al | Correct equation

Must use F = 4R (not merely state if) to obtain a numerical value for £
‘This is an independent M mark.

M1

Al* | Given answer correctly obtained

¢ |B1 | Musthave the 3 underlined phrases/word oe

d (Bl | Mustsay constant speed

BI | Any appropriate equivalent statement
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q Scheme Warks Notes
oo “Terms must be dimensionally correct
8 | M) deosgxsg=4P ML | Condone trig confusion
Al
Resolving horizontally: Psind=F- BI
Resolving vertically: Peos6+ R=Sg My | Requiresall 3 iems. Condone trig
confusion and sign errors
AT Conmeet equation
v | Substitute for P 0 Tnd Ror F
Dependent on both previous M marks
‘One force correct. Accept equivalent
., _Sgdcos’0 20g -5gd :
R=s5g- 252 Al formseg p=208=38d+20g "0
4(1+1an’0)
- Toih forces correct. Accept equivalent
Sgdcosfsing - pctangs
n forms e.g. F= 24100
500
®
NG Necds all e terms.
33| Sgcos0x(4=d)+ Fsindxd—Reosgxa | M1 | Terms mustbe dimensionally coneet
Condone trig confusion
AT Atmost one crror
Resolve parallel 0 the rod. M1 | Requiresall 3 terms. Condone trig
Sgsing=Rsinf+ F cosd confusion and sign crrors
B[ Atmost onc crror
AT Conmeet equation
)
sing
SgcosOx(4-d)+ Fsindxd
Dyt | Eliminate one variabl to find F or R
= 4costf 5g- 1050 Dependent on both previous M marks
sind.
4F{sing+ <20
sind
=20gcos-20gcos O+ Sgd cost)
Sedcostsing
L Al | One force correct
Al | Both forces correct

See next page for part (b)
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Sgdcostsing

b Ml |Useof F=uR
Sgdcosfsing Al
0
5
MI | Use tan0= and solve ford
U (=2.6 m o better)
3
@
bt | F=sgdx 2 () ML | Use ano=2
AT e 0t
R=s5g-28d, 144 Al Both unsimplified expressions
FT)
75gd=1 (5169 18084 Ml | Useof F=uRandsolve for d
B 169
150gd +180gd =845 , d =1 Al | (=2.6m or better)
@
ot M1 | Substitute rig in their equations from
resolving
MI | use F=puRand solve for d
Al
L) Al
Sgoosd 66
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Scheme Marks  AOs

(@ R =mgeosar Bl 31b
Resolve parallel to the plane M1 310
-F-mgsina = - 0.8mg Al 11b
F=uR M1 12
Produce an equation in 4 only and solve for M1 22a

1
H= Al 11b
©)

®) Compare umgcosa with mgsina M1 3.1b
Deduce an appropriate conclusion Alft | 22a

@
(8 marks)
Notes:

@

Bl: forR =mgeosa

15 M1: for resolving parallel to the plane

1% A1: for a correct equation

28 M1: for use of F =uR

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

AL foru = L
3

comparing size of limiting friction with weight component down the plane
for an appropriate conclusion from their values
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Question Scheme Marks | AOs
@) Use of V=U+Aal or integrate to give: v =(-2i+2j)+2(4i—5j) M1 3la
(6i—8) (ms™) Al 11b
@
Solve problem through use of r = .m%.r' or integration
MO ifu=0) Ml |3la
Or any other complete method ¢.g use v=u+aTand y = 8= VT
on Lo
«15,:2:,—5:'51 (j terms only) Al 11b
The first two marks could be implied if they go straight fo an
algebraic equation.
Attempt to equate j components to give equation in T only
(<45-21-21%) ML 2t
2
T=18 Al |11
)
(c) | Solve problem by substituting their T value (MO if T = 0) into the
i component equation fo give an equation in /only.
1 Ml |3la
=—2T+_T" x4
2
A=290r2880r 22 oe Al |11
25
@
Notes: Accept column vectors throughout (8 marks)
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Notes: Accept column vectors throughout (8 marks)

For any complete method fo give a v expression with correct no. of terms with 7 = 2

2a | M1 | used. soif integrating. must see the initial velocity as the constant
Allow sign errors.
Al | Cao iswif they go on fo find the speed.
For any complete method to give a vector expression for j component of displacement
in (or T) only. using a = (4i - 5)) so if integrating, RHS of equation must have the
2 (M1
correct siructure
Allow sign errors
Al | Correct j vector equation in for T. Ignore i terms.
M1 | Must have earned 1* M mark
Equate j components to give equation in T (allow 7) only (no j's) which has come from
a displacement. Equation must be a 3 term quadratic in T.
Al | cao
Must have camed 1% M mark in (b)
s |1 | Complete method - must have an equation in 7 only (no i's) which has come from an
N

appropriate displacement... (e.g MO if
Expression for A must be a quadratic in T’

0 has been used)

Al

cao
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Question

Nimber Scheme Marks
)
4 F
M) Nx4acos30°=3mg xasin30°+mg x 2asin30° M1 A2(1.0)
7.07 DMI Al
BLBI
Using F, = 4R Bl
5
—_mg=uR fortheir R M1
43
awrt 0.18 Al
0
[10]
Alternative method:
M(B): mg  2asin30 + 3mg x 3asin 30 + F x 4acos 30 = R x 4asin 30
1lmgasin30 + F x 4a.cos 30 = R x 4asin 30
MIA3(2.1.0)
1img. f
+F2
2 DMIAL
T R=4mg Bl
Using F, = uR BI
83 MI Al

B
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