


Topic 4 - Moments

[bookmark: _Hlk72937975]Bronze, Silver and Gold Worksheets for 
A Level Mathematics


[image: ]




[image: Pearson blue A4 bottom]
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 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
[bookmark: BrQue][image: http://abbot.us/DD629/official/star_bronze.gif]Bronze Questions						41 Marks  
Calculator
The total mark for this section is 41
Q1
 [image: ]
A non-uniform rod AB has length 3 m and mass 4.5 kg. The rod rests in equilibrium, in a horizontal position, on two smooth supports at P and at Q, where AP = 0.8 m and 
QB = 0.6 m, as shown in Figure 1. The centre of mass of the rod is at G. Given that the magnitude of the reaction of the support at P on the rod is twice the magnitude of the reaction of the support at Q on the rod, find

(a)  the magnitude of the reaction of the support at Q on the rod,
(3)
(b)  the distance AG.
(4)

(Total for Question 1 is 7 marks)
__________________________________________________________________________

Q2

A plank AB has length 6m and mass 30kg. The point C is on the plank with CB = 2m. The plank rests in equilibrium in a horizontal position on supports at A and C. Two people, each of mass 75kg, stand on the plank. One person stands at the point P of the plank, where 
AP = x metres, and the other person stands at the point Q of the plank, where AQ = 2x metres. The plank remains horizontal and in equilibrium with the magnitude of the reaction at C five times the magnitude of the reaction at A. The plank is modelled as a uniform rod and each person is modelled as a particle.
(a)   Find the value of x.
(7)
(b)   State two ways in which you have used the assumptions made in modelling the plank as a uniform rod.
(2)

 (Total for Question 2 is 9 marks)
__________________________________________________________________________
Q3
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Figure 2
A wooden beam AB, of mass 150 kg and length 9 m, rests in a horizontal position supported by two vertical ropes. The ropes are attached to the beam at C and D, where AC = 1.5 m and BD = 3.5 m. A gymnast of mass 60 kg stands on the beam at the point P, where AP = 3 m, as shown in Figure 2. The beam remains horizontal and in equilibrium.
By modelling the gymnast as a particle, the beam as a uniform rod and the ropes as light inextensible strings,
(a)  find the tension in the rope attached to the beam at C.
(3)
The gymnast at P remains on the beam at P and another gymnast, who is also modelled as a particle, stands on the beam at B. The beam remains horizontal and in equilibrium. The mass of the gymnast at B is the largest possible for which the beam remains horizontal and in equilibrium.

(b)  Find the tension in the rope attached to the beam at D.
(4)

(Total for Question 3 is 7 marks)
__________________________________________________________________________

Q4
 
A beam AB has length 6 m and weight 200 N. The beam rests in a horizontal position on two supports at the points C and D, where AC =1 m and DB =1 m. Two children, Sophie and Tom, each of weight 500 N, stand on the beam with Sophie standing twice as far from the end B as Tom. The beam remains horizontal and in equilibrium and the magnitude of the reaction at D is three times the magnitude of the reaction at C. By modelling the beam as a uniform rod and the two children as particles, find how far Tom is standing from the end B.
(7)

(Total for Question 4 is 7 marks)
__________________________________________________________________________


Q5
[image: ]
A plank AE, of length 6 m and mass 10 kg, rests in a horizontal position on supports at B and D, where AB = 1 m and DE = 2 m. A child of mass 20 kg stands at C, the mid-point of BD, as shown in Figure 1. The child is modelled as a particle and the plank as a uniform rod. The child and the plank are in equilibrium. Calculate

(a) the magnitude of the force exerted by the support on the plank at B, 		(4)
(b) the magnitude of the force exerted by the support on the plank at D. 		(3)

The child now stands at a point F on the plank. The plank is in equilibrium and on the point of tilting about D. 

(c) Calculate the distance DF. 								(4)

 (Total for Question 5 is 11 marks)
__________________________________________________________________________
End of questions
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Bronze Mark Scheme

Q1
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(a)





First M1 for a complete method for finding , either by resolving vertically, or taking moments twice, with usual criteria (allow M1 even if = 2 not substituted) 
First A1 for a correct equation in either  or  ONLY. 
Second A1 for 1.5g or 14.7 or 15 (A0 for a negative answer)

(b)
First M1 for taking moments about any point, with usual criteria. 
A2 ft for a correct equation (A1A0 one error, A0A0 for two or more errors, ignoring consistent omission of g's) in terms of X and their x (which may not be AG at this stage) 
Third A1 for AG = 4/3, 1.3, 1.33,.....(any number of decimal places, since g cancels) need 'AG =' or x marked on diagram.


N.B. if = 2 throughout, mark as a misread as follows: 
(a) M1A1A0 (resolution method) (b) M1A0A1A1, assuming all work follows through correctly.


Q2
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Q3
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Q4
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Q5
	                                                                  Scheme                                                                  Marks   

	
(a)      M(D):        20g x 1.5  +  10g x 1  =  RB x 3                                                       M1  A1                                                                                         
                                                 RB  =  40g/3    131 or 130 N                                 M1  A1
                                                                                                                                            (4)
     [NB  For moments about another point, allow M1 A1 for moments equation dimensionally correct and with correct number of terms;  second M1 is for complete method to find RB.]

(b)     R():             RD  + 40g/3  =  20g + 10g                                                           M1 A1
                                       RD  =  50g/3    163 or 160 N                                                A1
                                                                                                                                            (3)

      or  M(B):       20g x 1.5  + 10g x 2  =  RD x 3                                                        M1  A1

                                       RD  =  50g/3    163 or 160 N                                                A1
                                                                                                                                            (3)
[NB  For moments about another point, allow M1 for a complete method to find RD, A1 for a correct equation for RD.]

(c)                           RB  =  0                                                                                        M1

           M(D):         20g X x  =  10g X 1                                                                         M1  A1

                               x  =  DF  = 0.5 m                                                                                A1
                                                                                                                                            (4)
For weight/mass confusion, A0 A0 in (a) but allow f.t. in (b) (ans 50/3 = 16.7)
General rule of deducting max. 1 per question for > 3 s.f
(c)  2nd M1:  must have correct no. of non=zero terms, and equation in x only
       If use value(s) of R’s from (a) or (b):  M0.                                                                          Total 11 Marks
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Calculator
The total mark for this section is 30
Q1

A steel girder AB, of mass 200 kg and length 12 m, rests horizontally in equilibrium on two smooth supports at C and at D, where AC = 2 m and DB = 2 m. A man of mass 80 kg stands on the girder at the point P, where AP = 4 m, as shown in Figure 1.
[image: ]
The man is modelled as a particle and the girder is modelled as a uniform rod.
(a) Find the magnitude of the reaction on the girder at the support at C.
(3)
The support at D is now moved to the point X on the girder, where XB = x metres. The man remains on the girder at P, as shown in Figure 2.
[image: ]
Given that the magnitudes of the reactions at the two supports are now equal and that the girder again rests horizontally in equilibrium, find
(b) the magnitude of the reaction at the support at X,
(2)
(c) the value of x.
(4)

(Total for Question 1 is 9 marks)
__________________________________________________________________________


Q2
 
[image: ]
Figure 1


A non-uniform rod AB, of mass m and length 5d, rests horizontally in equilibrium on two supports at C and D, where AC = DB = d, as shown in Figure 1. The centre of mass of the rod is at the point G. A particle of mass m is placed on the rod at B and the rod is on the point of tipping about D.

(a) Show that GD = d.
(4)
The particle is moved from B to the mid-point of the rod and the rod remains in equilibrium.
(b) Find the magnitude of the normal reaction between the support at D and the rod.
(5)
 (Total for Question 2 is 9 marks)
__________________________________________________________________________



























Q3.
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Figure 3
A beam AB has weight W Newtons and length 4 m. The beam is held in equilibrium in a horizontal position by two vertical ropes attached to the beam. One rope is attached to A and the other rope is attached to the point C on the beam, where AC = d metres, as shown in Figure 3. The beam is modelled as a uniform rod and the ropes as light inextensible strings. The tension in the rope attached at C is double the tension in the rope attached at A.
(a) Find the value of d.
(6)
A small load of weight kW Newtons is attached to the beam at B. The beam remains in equilibrium in a horizontal position. The load is modelled as a particle. The tension in the rope attached at C is now four times the tension in the rope attached at A.
(b) Find the value of k.
(6)

(Total for Question 3 is 12 marks)
__________________________________________________________________________
End of questions
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Q1
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Q2
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Q3
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[image: http://upload.wikimedia.org/wikipedia/commons/b/b1/Silver_star.png]Gold Questions						 
[bookmark: GoMS]Calculator
The total mark for this section is 45
Q1
 
[image: ]
A uniform beam AB has mass 20 kg and length 6 m. The beam rests in equilibrium in a horizontal position on two smooth supports. One support is at C, where AC = 1 m, and the other is at the end B, as shown in the figure above. The beam is modelled as a rod.
(a) Find the magnitudes of the reactions on the beam at B and at C.
(5)
A boy of mass 30 kg stands on the beam at the point D. The beam remains in equilibrium. The magnitudes of the reactions on the beam at B and at C are now equal. The boy is modelled as a particle.
(b) Find the distance AD.
(5)
 
(Total for Question 1 is 10 marks)
__________________________________________________________________________


Q2
 
[image: ]
Figure 3
A non-uniform beam AD has weight W Newtons and length 4 m. It is held in equilibrium in a horizontal position by two vertical ropes attached to the beam. The ropes are attached to two points B and C on the beam, where AB = 1 m and CD = 1 m, as shown in Figure 3. The tension in the rope attached to C is double the tension in the rope attached to B. The beam is modelled as a rod and the ropes are modelled as light inextensible strings.

(a) Find the distance of the centre of mass of the beam from A.
(6)
A small load of weight kW Newtons is attached to the beam at D. The beam remains in equilibrium in a horizontal position. The load is modelled as a particle.
Find
(b) an expression for the tension in the rope attached to B, giving your answer in terms of k and W,
(3)
(c) the set of possible values of k for which both ropes remain taut.
(2)

(Total for Question 2 is 11 marks)
__________________________________________________________________________


Q3 
[image: ]
A beam AB is supported by two vertical ropes, which are attached to the beam at points P and Q, where AP = 0.3 m and BQ = 0.3 m. The beam is modelled as a uniform rod, of length 2 m and mass 20 kg. The ropes are modelled as light inextensible strings. A gymnast of mass 
50 kg hangs on the beam between P and Q. The gymnast is modelled as a particle attached to the beam at the point X, where PX = x m, 0 < x < 1.4 as shown in Figure 2. The beam rests in equilibrium in a horizontal position.
(a)  Show that the tension in the rope attached to the beam at P is (588 − 350x) N.
(3)
(b)  Find, in terms of x, the tension in the rope attached to the beam at Q.
(3)
(c)  Hence find, justifying your answer carefully, the range of values of the tension which could occur in each rope.
(3)
Given that the tension in the rope attached at Q is three times the tension in the rope attached at P,
(d)  find the value of x.
(3)

(Total for Question 3 is 12 marks)
__________________________________________________________________________
End of questions













Gold Mark Scheme


Q1
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A plank 4E, of length 6 m and mass 10 ke, rests in a horizontal position on supports
at Band D, where AB =1 m and DE =2 m. A child of mass 20 kg stands at C, the
mid-point of BD, as shown in Fig. 1. The child is modelled as a particle and the plank
as a uniform rod. The child and the plank are in equilibrium. Calculate

(a) the magnitude of the force exerted by the support on the plank at B, @
(5) the magnitude of the force exerted by the support on the plank at D. @

‘The child now stands at a point 7 on the plank. The plank is in equilibrium and on the
‘point of tilting about D.

(¢) Calculate the distance DF. @
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Nombier Scheme Marks
2X X
(a) Ly 2X+X=45g M1 Al
Leading to X =38 or 14.7 0r 15 (N) Al [€)
() M(4) 45gxAG=(2X)x08+Xx24 M1 A2 ft(1.0)

AG=§ (m), 1.3, 1.33,...

Al @
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Question Scheme Marks
Number
@
A P G c B
025)R 758 305 T5g (5)5R
(1) R+5R="T5g+30g+75¢
M(4) 75gx+75g2x+30g x 3=5R x 4 MiA2
M1 A2
Al
(N.B. Or another Moments Equation)
142)
m
®)
uniform — mass is or acts at midpoint of plank; centre of mass is at middle of plank;
‘weight acts at the middle of the plank, centre of gravity is at midpoint Bl Bl
)
10d - plank does not bend, remains straight, is inflexible, is rigid
9
Notes
(@) | First MI for either a vertical resolution (with correct of ferms) or 2 moments equation (all
terms dim correct and correct no. of terms)
First Al and Second Al for a correct equation in R (or S where § = SR) only or R and x
only or Sand x only. (—1 each error , A1A0 or AOAO)
Second M1 for a moments equation (all terms dim correct and correct no. of terms)
‘Third A1 and Fourth A1 for  correct equation in R (or S where S = 5R) only or R andx
only or Sand x only. (—1 each error, ALAO or AOAO)
Fifth A1 forx =) oe or 2.3 (or better)
(i) In a moments equation, if R and SR (or S and 0.25) are interchanged, treat as 1 error.
if) Ignore diagram if it helps the candidate.
(ii) I an equation is correct but contains both R and S, or § = SR is never used, treat as 1
error.
(iv) Full marks possible if all g°s omitted.
(v) For inconsistent omission of g, penalise each omission.
M), Rx6+5Rx2=75g(6-x)+T55(6-2x)+30g x 3
M(0), 584 —x)+ T5p(4-2x)+30g x 1= Rx 4
M(G), T5(3-x)+ 5SRx 1= Rx 3+ 75g(2x - 3)
M(P), Rx+30g(3 - x)+T5gr=SR(4 —x)
M), T5ge+30g(2x—3)+5R@-2x) = Rx2x
(b) | First B for first correct answer seen.

Second B1 for the other answer, but only award this second mark if no extras given.
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Question

3 Scheme Marks
Number
) | MD). A50gxD)+(60g=25)=Tcx4 MIAL
Tc=75g or 135Nor 740N Allow omission of N Al
) | ). A50gx4.5)+(60gx6) ~T,x35 MIA2
17, — 2000 or 20702 Allow omission of N' Al @
[G]

Nates

(@
Ml for a complete method to find Te (MO if they assume Tc=Tp)
ie. for producing an equation in Tconly. Each equation used must have
correct no. of terms and be dimensionally correct
First Al for correct equation.
Second Al for any of the 3 possible answers
Other possible equations
(1), Te+T, =60g +150g
M), A50gx4.5)+(60gx3) = Tex1.5)+ (T, x5.5)
M(C), (150gx3)+(60gx1.5) =T, x4
M(B)., (150gx4.5)+(60g6) = Tex7.5)+ (T, x3.5)
M(G). T, xD+(60gx1.5) =T, x3

(b)
N.B. MO if T is never equated to 0)
Ml for a complete method to obtain an equation in 7, only.
If they use more than one equation, each equation used must have
correct no. of terms and be dimensionally correct.
First and second A1 for a correct equation in 7, only. ALAO if one
error. Consistent omission of g is one error except in M(D) where it’s not
an error
Third A1 for either answer
Other possible equations:
(M, T,=60g +150g + Mg
M. (150gx4.5)+(60gx3) +9Mg =T, x5.5
M(C). (150gx3)+(O0gx1.5)+7.5Mg =T, x4
M(D), (150gxD)+(60gx2.5)=3.5Mg
M(G), (T, x1)+(60gx1.5) =4.5Mg
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R 500 200 500 s
M(B).
500x +500.2x + 200%3 = RxS + Sx1(or any valid moments equation) M1 AT AT
() R +5 =500+ 500 + 200 = 1200 (or a moments equation) M1 A1
solving forx: x=12m M1 AT cso
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Question Schemo Marks
Number
@ M(D), SR=(80g x6)+(200g x4) M1 AL
R=160g, 1600, 1570 Al @)
®
35 <5551 M
™). 25=80g+200g )
§=140g. 1400, 1370
© M(B), Sx+(Sx10)=(80g X )+ (200g X 6) M1 A2

1407+1400 = 640+1200
140x=440

Al @)
9
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Question

ot Scheme Marks
(@)
Y
«d—> g d>
A B
D
€ ymg %ms
5
M(D) mgxGD=2mgxd M1Al
CD%J * DM1 AL
@
®)
M(C) M1 AX1,0)
Leading to DM1 Al

®)
9
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Question

e Scheme Marks
a Resolving vertically: T +27 (=3T) = MI1A1
Moments about 4: 2 =2T xd Mi1AL
Substitute and solve: 277 = 2%.1 DMI1
d=3 Al
©
b Resolving vertically: T+4T =W +kWW (ST =W (1+k)) MIAL ft
Moments about A: 27 +4kW =3x 4T MIAL ft
Substitute and solve: 207 +4kW :%W(Prk) DM1
2+ak=22,12;
55
8, 2 1 Al
k=2, k==
55 4 ©

121
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Nates for Question

.~ In moments equations, for the M mark, all ferms must be force x distance but fake care in the
cases when the distance is 1
Question (a
N.B.If Wg is used, mark as a misread. If T and 2T are reversed, mark as per scheme NOT as a
misread,
First M1 for an equation in ¥ and T and possibly d (either resolve vertically or moments about any
‘point other than the mid-pt), with usual rules.
First A1 for a correct equation.
Second M1 for an equation in W and T and possibly d (either resolve vertically or moments about
any point other than the mid-pt), with usual rules.
Second Al for a correct equation.
‘Third M1, dependent on first and second M matks, for solving for d
Third A1 for d =3 cso
N.B. If a single equation is used (see below) by taking moments about the mid-point of the rod,
2T =2T(d—2), this scores M2A2 (-1 each error)
‘Third M1, dependent on first and second M matks, for solving for d
Third A1 for d =3 cso
Question ("
N.B.If I7g and k77 are used, mark as a misread.
If they use any results from (a), can score max MIA1 in (b) for one equation.
IfT and 4T are reversed, mark as per scheme NOT as a misread.
First M1 for an equation in 7 and a tension Ty and possibly their d or their d and k (either resolve
vertically or moments about any point), with usual rules.
First A1 ft on their d, for a correct equation.
Second M1 for an equation in 7 and the same tension 7; and possibly their d or their d and k (either
resolve vertically or moments about any point), with usual rules.
Second ALl ft on their d, for a correct equation.
‘Third M1, dependent on first and second M matks, for solving to give a numerical value of k
Third A1 for k= 1/4 oe cso
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] Scheme Marks
R R
@ & &
4 Im|c 2m 3m -
208
Taking moments about B: 5xRe=20gx 3 MIAL
Re=12g or 60g/5 or 118 or 120 Al
Resolving vertically: ~ Rg+R,=20g M
R, =8gor7840r78 Al
©)
(b)
Resolving vertically: S0g =R +R Bl
Taking moments about B:
5x25g = 3x20g+(6-x)x30g MIALAL
30x=115
x=3.8 or better or 23/6 oc Al
©)

[10]
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Question

iy Scheme Marks
a Resolving vertically: T+2T(=3T)=W M1A1
Moments about B: 2x 27T = (d —1)# MiAL
Substitute and solve for d - 2x2T =(d —1)3T DML
7 Al
=2
5 ©
2
b Moments about C: (T x 2)+ (kW x )= x 5 MIA1
2-3k it A1
T,=W— or equivalent ®
solving T3>0 or 75> 0 for k. M1
<
0<k<2/3 or 0<k<2/3only A1 &
2

[11]
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Notes for Question

Question _(a)

B.If g is used, mark as a misread.

First M1 for an equation in ¥ and T and possibly d (either resolve vertically or moments about any
‘point other than the centre of mass of the rod), with usual rules.

First A1 for a correct equation.

Second M1 for an equation in ¥ and T and possibly d (either resolve vertically or moments about
any point other than the centre of mass of the rod), with usual rules.

Second A1 for a correct equation.

N.B. The above 4 marks can be scored if their d is measured from a different point

‘Third M1, dependent on first and second M matks, for solving for d

Third Al for d=7/3 , 2.3 (m) or better

N.B. Alternative

If a single equation is used (see below) by taking moments about the centre of mass of the rod, 27
- d)=T(d~ 1), this scores M2A2 (-1 each error)

‘Third M1, dependent on first and second M matks, for solving for d

Third Al ford =7/3

Question (b

First M1 for producing an equation in Tp and ¥ only, either by taking moments about C, or using
two equations and eliminating

First A1 for a correct equation

Second Al for W2 ~3K)/6 oe.

MO if they use any information about the tension(s) from part (a).

Question _(c)
M1 for solving T3 > 0 or T >0 for k.

Al for 0<k<2/3 or0<k<2/3 only.
B.
T'=0=>k=2/3 then answer is M0.
If they also solve Te > 0 or T > 0. can still score M1 and possibly A1
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Question

peie Scheme Marks
(@
M(Q), 50g(14-x)+20gx07=T,x14 M1A1
T,=588-350x Printed answ A®
(b)
M(P), S0gx+20gx07=T,x14 or RN, Tp+Tp=70g M1AY
T,=98+350x Ae
© Since 0<x<14. 9S< T,< 588and98< T, < 58 M AT AL
0]
(@
98+350x =3 (588-350x) M
x=119 DMI AT (3)

2]
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