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Question Scheme Marks AOs
1(a) The horizontal component of 7 acts to the left and since the only Bl 24
other horizontal force is friction, it must act to the right oe ’
ey
1(b) Take moments about A4 or any other complete method to obtain an
equation in 7, M and 6 only. (see possible equations below that they M1 3.1b
may use)
T.2a =MgacosO@+2Mgx1.5acosd Al L1b
(A0 if a’s missing) '
Other possible equations but " and R would need to be eliminated.
(\),Rcos@+T = Fsin @+ Mg cos @ +2Mg cos 0
("), Rsin @+ F cos @ = Mg sin 6 + 2Mg sin 6
(=), F=Tsin@
M(B), R.2acos @ = Mgacos@+2Mg x0.5acos @+ F.2asin
M(G), Fasin@+Ta = Racos@+2Mg x0.5acos
M(C), Rx1.5acos@ =T x0.5a+ Mg x0.5acos@+ F x1.5asin
T =2Mgcos@* Al* 1.1b
3
1(¢c) e.g. Resolve vertically M1 3.4
(M), R+T cosd = Mg +2Mg Al 1.1b
57 M,
R=2178 % Al* | 1.1b
25
3
Other possible equations but F' would need to be eliminated.
(\),Rcos@+T = Fsin @+ Mg cos @ +2Mg cos O
(/"),Rsin @+ F cos @ = Mg sin 6 + 2 Mg sin
(=), F=Tsin8
M(B), R.2acos @ = Mgacos @ +2Mg x0.5acos @+ F.2asin 0
M(G), Fasin@+Ta = Racos@+2Mg x0.5acos €
M(C), Rx1.5acos@ =T x0.5a+ Mg x0.5acos @+ F x1.5asin 8
1(d) Find an equation containing /' e.g. Resolve horizontally M1 34
(=), F=Tsin@ Al | 1.1b

Other possible equations
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(\),Rcos@+T = Fsin @+ Mg cos @ +2Mg cos 0

("), Rsin @+ F cos @ = Mg sin 6 + 2Mg sin 6

(=), F=Tsind

M(B), R.2acos @ = Mgacos@+2Mg x0.5acos @+ F.2asin
M(G), Fasin@+Ta = Racos@+2Mg x0.5acos

M(C), Rx1.5acos@ =T x0.5a+ Mg x0.5acos@+ F x1.5asin

F = uRused 1.e. both /' and R are substituted. M1 3.1b
p=S Al* | 22a
19 '
“)
(11 marks)
Notes:
la | Bl Any equivalent explanation
1b | M1 | Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors
Al Correct equation, trig does not need to be substituted
(Allow: T.2a = Mga cos @ +3Mgacos 6 )
AT* | Given answer correctly obtained with no wrong working seen.
Allow 2Mgcos@=T
But not 7 =2cos OMg
le | M1 | For an equation in R, M, T and 6 only
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, 7 and trig do not need to be substituted
ATl* | Given answer correctly obtained with no wrong working seen
1d | M1 | For any equation with F in it
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, trig does not need to be substituted
M1 | Must be used i.e MO if merely quoting it.
ATl* | Given answer correctly obtained with no wrong working seen
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Question Scheme Marks | AOs
Part (a) is a ‘Show that..” so equations need to be given in
full to earn A marks
2(a)
C S |B
G
R / ymg
. D
A F
Moments equation: (M1AO for a moments inequality) M1 3.3
M(A), mgacos @ = 2Sasin @
M(B), mgacos @+ 2Fasin @ = 2Racos &
M(C), F x2asind=mgacosé Al 1.1b
M(D), 2Racosd =mgacosé +2Sasin 8
M(G), Racos@ = Fasin@+ Sasiné .
() R=mg OR (¢) F=5S Bl 3.4
Use their equations (they must have enough) and F < 4R to give an
inequality in zand @ only (allow DML for use of F = xR to give DM1 2.1
an equation in zand @ only)
,uzécote* Al* | 2.2a
()
C N B
G
R +Mmg
- . D
1 -« L
Emg A kmg
2(b)
Moments equation: M1 3.4
M(A), mgacos@ = 2Nasin @
M(B), mgacosé+2kmgasiné = 2Racos¢9+%mg 2asiné
M(D), 2Racosd =mgacosé + N2asiné Al 1.1b

M(G), kmgasin &+ Nasiné =%mgasin 6+ Racosé
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S.C. M(C), mgacose+%mg2asin6?:kngasine M1A1B1

1+ > = 5k M1
4 2
k=0.9 Al
N=kmg—F OR R=mg Bl 3.3
Use the_lr equations (they must have enough) to solve for k DML | 3.1b
(numerical)
k=09 oe Al 1.1b
(5)
(10 marks)
Notes:
2a | M1 Any moments equation with correct terms, condone sign errors and sin/cos confusion
Al Correct equation
Bl Correct equation
Dependent on M1, for using their equations (they must have enough) and F < xR to
DM1 | give an inequality in zand & only
(allow M1 for use of F = R to give an equation in zand & only)
AL* Given answer correctly obtained with no wrong working seen (e.g. if they use
F = uR anywhere, AQ)
2b | M1 Any moments equation with correct terms, condone sign errors
Al Correct equation
Bl Correct equation
Dependent on M1, for using their equations (they must have enough) with trig
DM1 X : .
substituted, to solve for k, which must be numerical.
Al cao
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Question Scheme Marks | AOs
3(a) Take moments about A M1 3.3
N x—2_ _ Mgx3acosa Al | 11b
sina
% * Al* 1.1b
25
©)
3(b) Resolve horizontally M1 3.4
() F = Mg, Al | 11b
25
Resolve vertically M1 3.4
M R+ Mg 5 9 cosa = Mg Al | 11b
Other possible equations:
(\),Rcosa +%: Mg cosa + F sina
(/"),Mgsina = F cosa + Rsina
M(C),Mg.2acosa + F.5asina = R.5acos a
M(G), 9I\/EISg 2a+F.3asina =R.3acosa
. 9Mg
M(B), Mg.3acosa + F.6asin « = R.6acos « +2—5a
(F = 36Mg ’R_98Mg)
125 125
F = uR used M1 3.4
Eliminate R and F and solve for u M1 3.1b

Alternative equations if they have at A:
X horizontally and Y perpendicular to the rod.

(\),Y +%= Mg cosa + X sina
(/"),Mgsina = X cosa

(T),%cow +Y cosa = Mg

(—),Y sin a+92%sina =X
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M(C),Mg.2acosa + X.5asina =Y.5a

M(G),%.2a+ X 3asine =Y.3a M1A1 M1A1
M(B),Mg.3acosa + X.6asin« =Y.6a+%a
(X =4M9,Y :98Mg)
3 75
Then F = 4R becomes: X —Ysina = uY cosa M1
Eliminate X and Y and solve for u M1
18
MU= ) (0.3673.....accept 0.37 or better) Al 2.2a
(7)
(10 marks)
Notes:
3a | M1 | Correct no. of terms, dim correct, condone sin/cos confusion and sign errors for an
equation in N and Mg only.
For perp distance allow any of : _Ll—a,i,Sa but
sina cosa
use of any of : 6a,5asina,4acosq,.... or anything involving tan« is MO
Also MO if no a’s in their first equation.
Al | Correct equation, trig does not need to be substituted
Al1* | Given answer correctly obtained.
3b | M1 | Correct no. of terms, dim correct, condone sin/cos confusion and sign errors
Al | Correct equation, trig does not need to be substituted but N does.
M1 | Correct no. of terms, dim correct, condone sin/cos confusion and sign errors
Al | Correct equation, trig does not need to be substituted but N does.
N.B. The above 4 marks are for any two equations, either resolutions or moments or
one of each. Mark best two equations.
Equations may appear in part (a) but must be used in (b) to earn marks.
Must be used, e.g. seen on the diagram. i.e. MO if merely quoting it.
ML MO E = ux MY geq)
25
M1 | Must have 3 equations (and all 3 previous M marks)
Al | Accept 0.37 or better

T | EXPERT
IC | TUITION




Question Scheme Marks AO
4(a) Drum smooth, or no friction, (therefore reaction is perpendicular to BI
the ramp) 24
1)
N.B. In (b), for a moments equation, if there is an extra sin @ or
(b) cos @ on a length, give MO for the equation
e.g. M(A4): 20gx4cos@ =5N sinf would be given MOAO
=
Possible equns M1 33
F Rsin@ =20gsi
(/"):Fcos@+Rsin6 gsinf Al L1b
(\):N+Rcos@=20gcos@+Fsinf
M1 34
(DR +Ncosd=20g
(—):F=Nsind Al [ 1.1b
M(A): 20gx4cos@=5N MIl 34
M(B): 3N+ Rx8cosf =F x8sinf+20gx4cosf
M(C): Rx5cos@ =F x5sin0+20g xcos 6 Al 1.1b
M(G): Rx4cos@ =F x4sinf+ N
(The values of the 3 unknowns are:
N=150.528; F=42.14784; R = 51.49312)
Alternative 1: using cpts along ramp (X) and perp to ramp(Y) M1 33
Possible equations:
(/): X =20gsiné Al | 1.1b
N):Y+N =20gcosé
(N): 14 & Ml 34
(M : Xsin@+Ycos@+Ncosf =20g
(—=):Xcos@=Ysin@+ Nsinb Al 1.1b
M(A):20gx4cosf =5N
M1 34
M(B):20g x4cos@=8Y +3N
M(C):20 0=5Y
(€):20gxcos Al | LIb

M(G):4Y = Nx1

(The values of the 3 unknowns are:
N=150.528; X=54.88; Y =37.632)
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Alternative 2: using horizontal cpt (H) and cpt perp to ramp
S)

(/") :Hcosf=20gsiné Ml 3.3
("\):S+N =Hsin0+20gcosb Al 1.1b
(T):Scos6’+.Ncos6?=‘20g Mi 14
(—):H=S8sinf+ Nsinf
M(A):20gx4cosf =5N Al 1.1b
M(B):20gx4cos@+ H x8sind =85S +3N Mi 14
M(C):20g xcos @+ H x5sin0 =58 '
M(G):4S = Nx1+ H x4sin6 Al 1.1b
(The values of the 3 unknowns are:
N=150.528; H=57.1666...; S = 53.638666...)
Solve their 3 equations for Fand R OR Xand Y OR HandS MIl 1.1b
|F0rce| =R’ +F’ Main scheme
OR =+X*+Y? Alternative 1 M1 31b
OR =./(H> +S8*-2HScos(90° —~6)  Alternative 2
Magnitude = 67 or 66.5 (N) Al 2.2a
)
(¢ Magnitude of the normal reaction (at C) will decrease. Bl 3.5a
1)
(11)
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Marks Notes
4a | Bl Ignore any extra incorrect comments.
Generally 3 independent equations required so at least one moments equation.:
MIAIMI1AIMI1AL.
More than 3 equations, give marks for the best 3. For each:
M1 All terms required. Must be dimensionally correct so if a length is missing
from a moments equation it’s MO Condone sin/cos confusion.
A1l For a correct equation (trig ratios do not need to be substituted and allow e.g.
cos(24/25) if they recover
Enter marks on ePEN in order in which equations appear.
N.B. If reaction at C is not perpendicular to the ramp, can only score marks for
M(C)
Allow use of (uR ) for F
4b | M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
Al | Correct unsimplified equation
M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
Al | Correct unsimplified equation
M1 | All terms required, dim correct, condone sin/cos confusion
Al | Correct unsimplified equation
N.B. They can find F' and R using only TWO equations, the 1st and 7th in the list.
Mark the better equation as M2A2 (-1 each error). Mark the second equation as
MI1Al
Allt M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
Al | Correct unsimplified equation
M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
A1l | Correct unsimplified equation
M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
A1l | Correct unsimplified equation
N.B. They can find X and Y using only TWO equations, the 1t and 7™ in the list.
Mark the better equation as M2A2 (-1 each error). Mark the second equation as
MI1Al
Azlt M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
A1l | Correct unsimplified equation
M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
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10

A1l | Correct unsimplified equation

M1 | All terms required. Must be dimensionally correct.

A1l | Correct unsimplified equation
N.B. They can find A and S using only TWO equations, the 1% and 7" in the list.
Mark the better equation as M2A2 (-1 each error). Mark the second equation as
MI1Al
Substitute for trig and solve for their two cpts.

M1 | This is an independent mark but must use 3 equations (unless it’s the special case
when 2 is sufficient)
Use Pythagoras to find magnitude (this is an independent M mark but must have
found a value for £ (or X) and a value for R (or Y))

Ml
OR a complete method to find magnitude e.g. cosine rule
but must have found a value for 4 and a value for S

Al | Correct answer only

B1 | Ignore reasons
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Question Scheme Marks AOs
5(a) Moments about 4 (or any other complete method) M1 33
T2asina = Mga+3Mgx Al 1.1b
Mg(a+ M; +
poMelat3) SMgGx+a) . GryEN ANSWER AlF | 21
2a % 6a
3
SMg(3x+
(b) g(6—xa)cosa —2Mg OR  2Mg2atana = Mga+3Max Ml | 3.b
a
2
—— Al 2.2a
3
2
(c) Resolve vertically OR Moments about B M1 3.1b
5Mg(3.24 +a) .
Y =3Mg+ Mg - Msma 2aY = Mga+3Mg(2a—32)
a
Y Alft 1.1b
Or: Y:3Mg+Mg—( gjsina
cosa
S M
y=22%¢
2 Al 1.1b
N.B. May use Rsin # for Y and/or Rcosf for X throughout
SMg
Rsi — S
tanﬂzz op Bsing 2 M1 3.4
X Rcos 2Mg
_3 Al | 22a
4
6))
SMg(3x+
(d) g(6—xa) <5Mg and solve for x M1 24
a
x < sa Al 2.4
3
Sa
For rope not to break, block can’t be more than ? from 4 oe
5
Orjust: x< ?a , if no incorrect statement seen. Bl Al 2.4
N.B. If the correct inequality is not found, their comment must mention
‘distance from 4’.
3
(13 marks)

1
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Notes:

(2)
M1: Using M(4), with usual rules, or any other complete method to obtain an equation in a, M, x and T only.

Al: Correct equation

) . 3
A1%*: Correct PRINTED ANSWER, correctly obtained, need to see sm(ZIg used.

(b)
M1: Using an appropriate strategy to find x. e.g. Resolve horizontally with usual rules applying OR Moments
about C. Must use the given expression for 7.

Al: Accept 0.67a or better

(c)

M1: Using a complete method to find Y (or Rsin ) e.g. resolve vertically or Moments about B, with usual
rules

2Mg

cosa

Al ft: Correct equation with their x substituted in 7 expression or using 7 =

. 5M
Al: Y(orRsinf3) = 2g or 2.5Mg or 2.50Mg

. . . Y X
M1: For finding an equation in tan £ only using tan f = X or tan f = I
This is independent but must have found a Y.

Al: Accept _75 if it follows from their working.

(d)
M1: Allow T=5Mg or T < 5Mg and solves for x, showing all necessary steps (MO for 7> 5Mg)

5 5
Al: Allow x = ?a or x < ?a . Accept 1.7a or better.

B1: Treat as Al. For any appropriate equivalent fully correct comment or statement. E.g. maximum value of

. Sa
xis —
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Question Scheme Marks AOs
6(a) Moments about A (or any other complete method) M1 3.3
T cos30° x (1sin30°) =20g x 1.5 Al 1.1.b
T cos30° x (1sin30°) =20g x 1.5 Al 1.1.b
T= 679 or 680 (N) Al 1.1.b
(4)
(b) Resolve horizontally M1 3.1b
X=T cos60° Al 1.1b
Resolve vertically Ml 3.1b
Y =T cos30° — 209 Al 1.1b
Use of tang= % and sub for T M1 3.4
49° (or better), below horizontal, away from wall Al 2.2a
(6)
(c) Tension would increase as you move from D to C Bl 3.5a
Since each point of the rope has to support the length of rope below it B1 2.4
)
(d) Take moments about G, 1.5Y =0 M1 33
Y = 0 hence force acts horizontally.* Al* 2.2a
)
(14 marks)
Notes:
(@)

M1: Correct overall strategy e.g. M(A), with usual rules, to give equation in T only
Al: (ATAO one error) Condone 1 error

Al: (AOAO two or more errors)

Al: Either 679 or 680 (since g =9.8 used)

(b)

M1: Using an appropriate strategy to set up first of two equations, with usual rules applying
e.g. Resolve horiz. or M(C)

Al: Correct equation in X only

M1: Using an appropriate strategy to set up second of two equations, with usual rules applying
e.g. Resolve vert. or M(D)

Al: Correct equation in Y only

13
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M1: Using the model and their X and Y
Al: 49 or better (since g cancels) Need all three bits of answer to score this mark
or any other appropriate angle e.g 41° to wall, downwards and away from wall

(©)
B1: Appropriate equivalent comment
B1: Appropriate equivalent reason

(d)
M1: Using the model and any other complete method e.g. the three force condition for equilibrium
Al*: Correct conclusion GIVEN ANSWER
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Question Scheme EL S AOs
7(a) Take moments about A4
(or any other complete method to M1 33
produce an equation in S, W and « only)
14 + TW2 =S 2asi Al L1b
acosa acosa =S 2asina Al L 1b
Use of tana = > to obtain S Ml 2.1
2
S=3W * AT* 2.2a
(©))
(b) R=38W Bl 3.4
1
F= > R(=2W) M1 3.4
Pyax=3W+F or Pin=3W - F M1 34
Pyax=5W or Pumw=W Al 1.1b
W< P<5W Al 2.5
(©))
() M(A) shows that the reaction on the ladder at B is
M1 2.4
unchanged
also R increases (resolving vertically) M1 2.4
which increases max F available M1 2.4
(&)
(13 marks)
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Question 7 continued

Notes:

(@)
15t M1: for producing an equation in S, W and « only
1%t A1: for an equation that is correct, or which has one error or omission
2" A1: for a fully correct equation
2" M1: for use of tanez = > to obtain S in terms of W only
2
3rd A1*:for given answer S = 3/ correctly obtained

(b)
Bl: forR=8W
1 M1: foruseof F= L R
4
2" M1: for either P = (3W + their F) or P = (3W - their F)
15t A1: for a correct max or min value for a correct range for P
2" A1: for a correct range for P

(c)
15t M1: for showing, by taking moments about A4, that the reaction at B is unchanged by the
builder’s assistant standing on the bottom of the ladder

2" M1: for showing, by resolving vertically, that R increases as a result of the builder’s
assistant standing on the bottom of the ladder

34 M1: for concluding that this increases the limiting friction at 4
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Question

M1 for a complete method to find Tc (MO if they assume Tc-Tp)

i.e. for producing an equation in TConly. Each equation used must have
correct no. of terms and be dimensionally correct.

First A1 for correct equation.

Second A1l for any of the 3 possible answers

Other possible equations:

(M), Tc+T, =60g +150g

M (A), (150gx4.5)+(60gx3) =(Tcx1.5)+ (T, x5.5)
M (C), (150g=3)+(60gx1.5)=T, x4

M (B), (150gx4.5)+(60gx6) =(Tcx7.5)+ (T, x3.5)
M(G), (T, x1)+(60gx1.5)=T, x3

Scheme Marks
Number

8.(a) M (D), (150gx1)+(60gx2.5)=Tcx4 M1 Al
Tc=75g or 735 N or 740 N Allow omission of N Al (3)

(b) M (B), (1509 x4.5)+(60g=x6)=T, x3.5 M1 A2
T, =2900 N Or 20709 Allow omission of N Al 4)
@)

Notes for Qu 8
8(a)

8(b)

N.B. (MO if Tc¢ is never equated to 0)

MI for a complete method to obtain an equation in T 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 T_ only. A1AO if one
error.Consistent omission of ¢ 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 (A), (150gx4.5)+(60gx3)+9Mg =T, x5.5
M (C), (150gx3)+(60gx1.5)+7.5Mg =T, x4
M (D), (150gx1)+(60gx2.5)=3.5Mg

M (G), (T, x1)+(60gx1.5)=4.5Mg

17
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Question Scheme Marks
Number
9(a)
A P G Q C B
(025 R 75¢g 30g  75g (S 5R
(=) R+5R="75g+30g+75¢g
M(A) 75gx+75g2x+30g x 3=5R x 4 ML A2
X =42 =2.3 or better M1 A2
Al
( N.B. Or another Moments Equation)
(M1 A2)
(7
(b)
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 B1 Bl
2)
rod - plank does not bend, remains straight, is inflexible, is rigid
9
Notes
(@ First M1 for either a vertical resolution (with correct of terms) or a moments equation (all
terms dim correct and correct no. of terms)
First A1 and Second A1 for a correct equation in R (or S where S = 5R) only or R and x
only or S and X only. (=1 each error , A1AO or AOAO)
Second M1 for a moments equation (all terms dim correct and correct no. of terms)
Third A1 and Fourth A1 for a correct equation in R (or S where S = 5R) only or R and x
only or S and X only. (-1 each error, A1AO or AOAOQ)
Fifth A1 for x=3%5 oe or 2.3 (or better)
(i) In a moments equation, if R and 5R (or S and 0.2S) are interchanged, treat as 1 error.
(ii) Ignore diagram if it helps the candidate.
(iii) If an equation is correct but contains both R and S, or S = 5R 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(B),R” 6+5R™2=75g(6-x)+75g(6-2x)+30g" 3
M(C),75g(4-x)+75g(4-2x)+30g" 1=R" 4
M(G),75g(3-x)+5R"1=R"~ 3+75g(2x - 3)
M(P), Rx+30g(3-x)+75gx=5R(4 - x)
M(Q), 75gx+30g(2x-3)+5R(4-2x)=R"~ 2x
(b) First B1 for first correct answer seen.
Second B1 for the other answer, but only award this second mark if no extras given.
18 I" | EXPERT
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Question Scheme Marks
Number
10.
dm
A 05m S G T 2m B
309
: - _ _ M1 Al
M(S): Mg ] 0.5 = 30g(d - 0.5) ML AL
M(T): Mg~ 2 = 30g(4-d)
dividing: a= B=d o Gy g=12 DMLAL
(d-0.5) AL
=> (i)M =42
7
10. Notes
N.B. They may use a different variable, other than d, in their moments

equations

e.g. say they use x = SG consistently, they can score all the marks for
their two equations and if they eliminate x correctly, DM1 Al (for M),
and, if they found x correctly, then added 0.5 to obtain d, the other Al
also.

First M1 for moments about S (need correct no. of terms, so if they
don’t realise that the reaction at T is zero it’s M0) to give an equation
ind and M only.

First Al for a correct first equation in d and M only. (A1 for both g’s
orno g’s but A0 if one g is missing )

N.B. They may use 2 equations and eliminate to obtain their equation
ind and M only

e.g. M(A) 0.5Rs = 30gd and (*) Rs = 30g + Mg and then eliminate Rs.
The M mark is only earned once they have produced an equation in d
and M only, with all the usual rules about correct no. of terms etc
applying to all the equations they use to obtain it.

Second M1 for moments about T (need correct no. of terms, so if they
don’t realise that the reaction at S is zero it’s M0) to give an equation
ind and M only

Second A1 for a correct second equation in d and M only. (Al for both
g’sorno g’s but A0 if one g is missing )

N.B. They may use 2 equations and eliminate to obtain their equation
indand M only

e.g. M(B) 2Ry =30g(6 - d) and (*) Ry =30g + Mg and then eliminate
Rr.

The M mark is only earned once they have produced an equation in d
and M only, with all the usual rules about correct no. of terms etc
applying to all the equations they use to obtain it.
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Third M1, dependent on 1%t and 2" M marks, for eliminating either M
or d to produce an equation in either d only or M only.

Third Al for (d =) 1.2 oe (N.B. Neither this A mark nor the next one
can be awarded if there are any errors in the equations.)

Beware: If one g is missing consistently from each of their equations,
they can obtain d = 1.2 but award A0

Fourth Al for (M =) 42

Scenario 1: Below are the possible equations, (if they don’t use M(S)),
any two of which can be used, by eliminating Rs , to obtain an equation
ind and M only , for the first M1.

N.B. If Rt appears in any of these and doesn’t subsequently become
zero then it’s MO.

M(A) 0.5Rs = 30gd

M(B) 5.5Rs = 30g(6 — d) + 6Mg

M(T) 3.5Rs = 30g(4 — d) + 4Mg

*) Rs = 309 + Mg

Scenario 2: Below are the possible equations, (if they don’t use M(T)),
any two of which can be used, by eliminating Ry, to obtain an equation
ind and M only , for the second M1.

N.B. If Rs appears in any of these and doesn’t subsequently become
zero then it’s MO.

M(A) 4Ry = 30gd + 6Mg

M(B) 2Ry = 30g(6 —d)

M(S) 3.5R;=30g(d— 0.5) + 5.5Mg

*) Rr = 309 + Mg
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Question
Number

Scheme

Marks

11(a)

T,+T. =85¢

OR M(A), 25gx25+60gx5=45xT,
OR M(C), T,x45+60gx05=25¢x?2
OR M(B), T,x5 + T, x05=25g9x25
OR M(G), T,x25+60gx25=2xT,

T, =% = 44N or 436N; T, = %: 790N or 789 N

M1 Al

M1 Al

AL AL  (6)

(b)

M(C), 25gx2=Mgx 0.5

M1 Al

(i)

M =100

Al

(i)

T, =259 +100g
T, =125¢g (1200 or 1230)N

M1 Al

B1 (6) 12

Notes

11(a)

First M1 for a moments or vertical resolution equation, with correct no.
of terms and dimensionally correct.

First Al for a correct equation.

Second M1 for a moments equation, with correct no. of terms and
dimensionally correct.

Second Al for a correct equation.

Third Al for 44 (N) or 43.6 (N) or 40g/9

Fourth Al for 790 (N) or 789 (N) or 725g/9

Deduct 1 mark for inexact multiples of g

N.B. If they assume that both tensions are the same, can only score
max M1 in (a) for M(A) or M(C).

If a vertical resolution is used, please give marks for this equation
FIRST. If not, enter marks for each moments equation in the order in
which they appear.

11(b)

SCHEME CHANGE

B1 BECOMES THE FOURTH Al

First M1 for a moments equation with TA=0

First Al for a correct equation

Second Al for M =100

Second M1 for a(nother) moments or vertical resolution equation with
To=0

Third Al for a correct equation

Fourth Al (B1) for Tc =125g or 1230 (N) or 1200 (N)

N.B. Some candidates may need to solve 2 simult. equations in M and
Tc and so will earn the ‘equation’ marks before they earn Second and
Fourth A (B) marks.

If a vertical resolution is used, please give marks for this equation
SECOND. If not, enter marks for each moments equation in the order
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in which they appear.

The possible equations are:

Tc =25g + Mg

M(C), 25g x 2 =Mg x 0.5

M(A), 25g x 2.5 +5Mg = 4.5 T¢
M(B), 25g x 2.5 =Tc x 0.5
M(G), Tcx2=Mgx 2.5

Any two of these can each earn M1A1 (MO if incorrect no. of terms)
Then Second Al for M =100
And Fourth Al (B1) for Tc = 1259 or 1230 or 1200

N.B. No marks in (b) if they use any answers from (a) or M = 60
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Question

Scheme Marks
Number
12a | Resolving vertically: T +2T (=3T ) =W M1A1
Moments about A; 2W = 2T xd M1A1
Substitute and solve: 2W = ZW?d DM1
d=3 Al
(6)
b Resolving vertically: T +4T =W +kW (5T =W (1+k)) M1AL ft
Moments about A: 2W +4kW =3x4T M1A1 ft
Substitute and solve: 2W +4kW = %W (1+k) DM1
2+4k = 12 + 12 k
5 5
8 2 1 Al
k=2, k==
5 5 4 (6)
[12]

Notes for Question 12

N.B. In moments equations, for the M mark, all terms must be force x distance but take care in the

cases when the distance is 1.

Question 12(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 W and T and possibly d (either resolve vertically or moments about any

point other than the mid-pt), with usual rules.
First Al 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 marks, for solving for d
Third Al ford = 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 marks, for solving for d

Third Al for d = 3 cso

Question 12(b)

N.B. If Wg and kWqg are used, mark as a misread.

If they use any results from (a), can score max M1A1 in (b) for one equation.
If T and 4T are reversed, mark as per scheme NOT as a misread.

First M1 for an equation in W and a tension T; and possibly their d or their d and k (either resolve

vertically or moments about any point), with usual rules.
First Al ft on their d, for a correct equation.

Second M1 for an equation in W and the same tension T, and possibly their d or their d and k (either

resolve vertically or moments about any point), with usual rules.
Second Al ft on their d, for a correct equation.

Third M1, dependent on first and second M marks, for solving to give a numerical value of k

Third Al for k = 1/4 oe cso
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Question

Scheme Marks
Number
13a Resolving vertically: T+2T (=3T)=W M1A1
Moments about B: 2x 2T =(d -1)W M1A1
Substitute and solve for d : 2x 2T =(d —1)3T DM1
7 Al
d=—(m
3™ ©)
13b Moments about C: (T, x 2) + (kW x1) =W x% M1Al
(2-3k) _ Al
T,=W e or equivalent 3)
solving Tg>0 or Tg > 0O for k. M1
13c
0<k<2/3 or 0<k<2/3only Al 2
[11]
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Notes for Question 13

Question 13(a)

N.B. If Wg is used, mark as a misread.

First M1 for an equation in W 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 Al 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 centre of mass of the rod), with usual rules.

Second Al 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 marks, 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, 2T(3
- d) =T(d - 1), this scores M2A2 (-1 each error)

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

Third Al ford =7/3

Question 13(b)

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

First Al for a correct equation

Second Al for W(2 — 3k)/6 oe.

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

Question 13(c)
M1 for solving Tg >0 or Tg > 0 for k.

Alfor0<k<2/30r0<k<2/3only.

N.B.

T = 0=>k = 2/3 then answer is MO.

If they also solve Tc >0 or T¢ > 0, can still score M1 and possibly Al.
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Question Scheme Marks
Number
14.
(a) P Q
A7 T l TBm B
Mg
Xxm
M(P), 509 x 2 = Mg x (X — 2) M1 Al
M(Q), 509 x3 = Mg x (12— X) M1 Al
(i) M =25 (kg) DM1 Al
(i) X=6 (m) DM1 Al
(8)
(b) P _ Q
Aom T l X l T3m B
R 25 R
50g
(MR +R=25g +50g M1 AL ft
M(A), 2R+12R =25¢x6+50g x AX M1 A1 ft
AX =7.5 (m) DM1 Al
(6)
[14]
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Notes for Question 14

First M1 for moments about P equation with usual rules (or moments
about a different point AND vertical resolution and R then eliminated)
(MO if non-zero reaction at Q)

Second M1 for moments about Q equation with usual rules (or moments
about a different point AND vertical resolution) (MO if non-zero reaction
at P)

Second A1 for a correct equation in M and same unknown.

Third M1, dependent on first and second M marks, for solving for M

Q14?) | Third A1 for 25 (kg)
Fourth M1, dependent on first and second M marks, for solving for x
Fourth Al for 6 (m)
N.B. No marks available if rod is assumed to be uniform but can score
max 5/6 in part (b), provided they have found values for M and x to f.t.
on.
If they have just invented values for M and x in part (a), they can score
the M marks in part (b) but not the A marks.
First M1 for vertical resolution or a moments equation, with usual rules.
First Al ft on their M and x from part (a), for a correct equation. (must
have equal reactions in vertical resolution to earn this mark)
Second M1 for a moments equation with usual rules.
Second Al ft on their M and x from part (a), for a correct equation in R
and same unknown length.
Third M1, dependent on first and second M marks, for solving for AX
Q14(b) | (not their unknown length) with AX <15

Third Al for AX =7.5 (m)

N.B. If a single equation is used (see below), equating the sum of the
moments of the child and the weight about P to the sum of the moments
of the child and the weight about Q, this can score M2 A2 ft on their M
and x from part (a), provided the equation is in one unknown. Any
method error, loses both M marks.

e.g. 25g.4 +50g(x —2) = 25g.6 + 509(12 — x) oe.
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Question

Number Scheme Marks
15.
(@) R
2R
02m 0.8 1-x T Xm
A AN
50g
Vertical equilibrium: R+ 2R =509 , M1Al
Moments about C: 509 x0.8=(1.8—x)x2xR M1Al
3x0.8=3.6-2x, x=0.6 DM1A1
(6)
(b) s
48
0.2m 0.8 0.6 T 0.4m
A A
c J/ E
50g
S, 4S Bl
Vertical equilibrium: S+4S =(50+m)g =5S M1A1
Moments about B: 509 x1=4Sx0.4+Sx1.8=3.4S M1Al
50x > = (50+m) bM1
3.4
m = 400/17, 24, 23.5 or better Al
(7)
[13]
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Notes for Question 15

In both parts consistent omission of g’s can score all the marks.
First M1 for vertical resolution or a moments equation, with usual rules.
(allow R and N at this stage)

First Al for a correct equation (with N = 2R substituted)

Second M1 for a moments equation in R and one unknown length with

15(2) usual rules.
Second Al for a correct equation.
Third M1, dependent on first and second M marks, for solving for x
Third Al for x = 0.6.
S.C. Moments about centre of rod: Rx 0.8 =2R(1 —x) M2 A2
B1 for S and 4S placed correctly.
First M1 for vertical resolution or a moments equation, with usual rules.
(allow S and 4S reversed)
First Al for a correct equation.
Second M1 for a moments equation in S (and m) with usual rules.
15(b) Second Al for a correct equation.
Third M1, dependent on first and second M marks, for eliminating S to
give an equation in m only.
Third Al for m = 400/17 oe or 24 or better.
N.B. SC If they use the reaction(s) found in part (a) in their equations, can
score max BIM1AOM1AODMOAO.
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Question Scheme Marks
Number
16.(a) M (D), 8R=(80g x 6) + (2009 x 4) M1 Al
R =160g, 1600, 1570 Al (3)
(b)
B M1
(1), 2S=80g+200g AL @
S =140g, 1400, 1370
©) M(B), Sx+(S x10)=(80g x 8) + (2009 x 6) M1 A2
140 x +1400 = 640 +1200
140 x = 440
x=4% AL (4)
9
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Question Scheme Marks
Number
17. X% X
A J G Q T B
A A
<« 0.8m» 4.5g <0.6 m»
(@) 1 2X + X =4.5¢ M1 Al
Leading to X :339 or 14.7 or 15( N Al (3)
(b) M(A) 4.5gx AG=(2X)x0.8+ Xx 2.4 M1 A2 ft (1,0
4
AG=~ (m), 1.3, 1.33,... Al (4)
[7]

Question 17(a)

FirstM 1 for acomplete methotbr finding Ry, eitherby resolvingvertically, ortakingmomentstwice, with
usualcriteria (allowM1 evenif Rp =2Rqg not substituted)

First Al for acorrect equatiomn either Ry or Re ONLY.

SecondAl for 1.5gor 14.70r 15 (AO for anegative answer)

Question 17(b)

First M1 for takingmomentsaboutany point, with usualcriteria.

A2 ft for acorrectequation(A1AO0 one error AOAO for two or moreerrors, ignoringconsistenbmissionof
g’s) intermsof X andtheirx (whichmay not be AG & this stage)

Third Al for AG=4/3, 1.3, 1.33,..... (any number of decimal places, since g cancels)At&ed ‘or X
marked on diagram

N.B. if Ro= 2Re throughout, mark as a misread as follows:
(a) M1A1AQO (resolution method) (b) M1AOA1AL, assuming all work follows through correctly..
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Question

Number Scheme Marks
18 (a)
Y
«— d—»> G T« d-»
Ay
m 2
M (D) mgXGD:ngXd M1 Al
GD:gd %k DM1 Al
(4)
(b)
Y
<« d —»T G L d-»
5 D
= lmg l—mg
2
d 5 3
M (C) mng+—2mgx§d=Y><3d M1 A2(1, 0)
Leading to Y =i—;mg DM1 Al
(5)
9
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Question

Number Scheme Marks
19.
(@)
2m 2m 2m O 2m
1T 1T 177
X 40g 20g X Mg

(i) EITHER M(R), 8X + 2X = 40g x 6 + 20g X 4 M1 A2

solving for X, X=32g =314 0r 310 N M1 Al

(i) _ (1) X+ X =40g + 20g + Mg (or another moments ML A2

equation)

solving forM,M =4 M1 Al

(i) OR M(P), 6X=40gx 2 +20gx4+Mgx8 M1 A2

solving for X, X =32g =314 or 310 N M1 Al

. (1) X+ X =40g + 20g + Mg (or another moments M1 A2

equation)

(i) solving forM,M =14 M1 Al

(10)
(b)
Masses concentrated at a point or weights act at a point Bl
1)
11
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Number scheme ek
20. R R
(a_) C B
A 1m TC 2m 3m /I\B
JAN i/ JAN
20g
Taking moments about B: 5 x Rc =20g x 3 M1A1
Rc =129 or 60g/5 or 118 or 120 Al
Resolving vertically: R.+R; =209 M1
R,=8gor78.4o0r78 Al
®)
(b) R R
C B
A_lm [c 2m 3m /I\B
A \L A
X 4 20g
30g
Resolving vertically: 50g =R + R B1
Taking moments about B:
5x25¢ = 3x20g +(6-x)x30g MLALAL
30x =115
X = 3.8 or better or 23/6 oe Al
)
[10]
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Question

Number Scheme Marks
21 R 500 200 500 S
IR
M(B),
500x +500.2x + 200x3 = Rx5 + Sx1(or any valid moments equation) M1 Al Al
(¥) R +S =500 + 500 + 200 = 1200 (or a moments equation) M1 Al
solving for x; x=1.2 m M1 Al cso
[7]
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Question

Number Scheme Marks
22. (a)
XA AY
1.8 m
A
15m W 1.5m 20
M (A) W x1.5+20x3=Y x1.8 M1 A2 (1, 0)
Y =§W +@ b3 Cso Al (4)
6 3
(b) ) X +Y =W +20 or equivalent | M1 Al
X = 1W _40 Al )
6 3
1 1 4
(©) Sw +E=8(—w ——Oj ML AL ft
6 3 6 3
W =280 Al (3)
[10]
Alternative to (b)
M(C) X x1.8+20x1.2=W x0.3
1 40 M1 Al
X ==W-— Al
6 3
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Question

Number Scheme Marks
23 (a)
M(Q), 50g(1.4-x)+20gx0.7=T, x1.4 M1 Al
T, =588 —350x Printed answer Al (3)
(b)
M(P), 50gx+20g x0.7=T, x 1.4 or R(1), T +T, =70g M1 Al
T, = 98 + 350x Al ®)
(c) Since 0<x<14, 98< T, < 588and98< T, < 588 M1 Al Al
(3)
(d)
98+350x =3(588-350x) M1
x=1.19 DM1 A1l (3)
[12]
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Question

Number Scheme Marks
24 (a)
60g
P Q L R S
409 C  20g D
C+ D=120g
M(Q), 80g.0.8-409.0.4=D.1.6 M1 Al
solving ML AL
C=90g;D=30g M1
A1AL (7)
(b)
P Q x X R S
40g 2F 20g 60g F
2F + F =409 + 20g + 60g M1 Al
M(Q), 60gx +209.0.8=409.0.4+ F.1.6
solving M1 Al
16 M1
QX =x==m=1.07m
15 Al (6)
[13]
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Question

Number Scheme Marks
25. (a) A A
X
< 24 —
«— 08 —»
A B
SQI llZg
M (A) 80 x0.8+12gx1.2= X x 2.4 M1 Al
X ~85 (N) accept 84.9, 26?9 DM1 AL (4)
(b) A N
X +10 X
24 — &
«— 08 —»
X >
A B
8gI l 129
R(M) (X+10)+ X =8g+12g M1 B1 Al
(X =93)
M(A) 80 x0.8+12g x x= X x 2.4 M1 Al
x=14 (m) accept1.36 | Al (6)
[10]
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Question

Number Scheme Marks
S T M(A): Tx4 = 12gx25 M1 Al
26.(a) AT Tb B
l T = 7.5g0r735N Al
R(T)S+T=12g M1
= S=4.5g0r44.1 N Al (5)
U \%
t t
A l C B
b) 16 129 M(A) Vx4=16gxy + 12gx 2.5 M1 Al
V = 4gy +7.59 or39.2y + 735N Al 3)
V<98 = 392y+73.5<98 M1
() = y < 0.625=5/8 DM1
Hence “load must be no more than 5/8 m from A” (o0.e.) Al 3)
11
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Q Scheme Marks Notes
27
A% Fr
1 First equation
M(A): 2aT =mgacosd (T = mg cos 6’} M1aq | Need all terms. Condone sign errors and
_ sin/cos confusion
M(B): mgacosé+ Frx2asin@=Rx2acosé
1 Second equation
Resolve <> : Fr =T sin 9(: Emg cos@sin 0) M1AL | Need all terms. Condone sign errors and
sin/cos confusion
Third equation
T : R+Tcos@=mg M1A1 | Need all terms. Condone sign errors and
sin/cos confusion
Use Fr=uR: uR=Tsind Bl Condone correct inequality
Form equation in x and &: Eliminate T and R
. 1 Dependent on first 3 M marks
_mg—Emgcosacosa DM1
and xR :%mg cosgdsingd =
: Solve for
) mg cososing De endentﬂon revious M
mg —Emg cosécosb
cosgsin g Obtain givgn answer fr_om correct working
U= Al Must explain if inequality becomes
2-c0s" ¢ equality
[10]
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Alt | Moments (about B): M1
1 | mgacosé+ Frx2asind=Rx2acosé
Al Correct unsimplified
Resolving (parallel to rod): M2
Frcos@+Rsin@=mgsiné
A2 -1 each error
Use of Fr=uR :
mg cos @+ uRx2sin@ =Rx2cos O B1
H#Rcos@+Rsin@=mgsiné
Form equation in z and &
mgsind  uRcosd+Rsind
mgcosd 2Rcoséd—-2uRsing DM1
sind  pucos@+sind
cos@ 2cos@—2usinf
Solve for u :
2c0s@sin@—2usin* @ = pucos® @+cosPsing | DM1
_ singcos@®  sin@cosd AL Obtain given answer from correct working
M c0s20+25in°0  2—cos’ @
NB for alternatives using moments and
resolving: First equation M1A1
e.g. Resolve <> : Fr=Tsin# Sufficient equations to solve M2A2
M(centre): aT =acosédR —asin GFr
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Alt 3 concurrent forces
2 0
2atana
.
Re: B
a - mg
A
tan (0+a) = o+ tna M1A1
l1-tanftan o
tan@ = ana = M1
2atana 2tang
tan @ +
tan(0+a ) = 2tang
1—tan @ x M1Al
2tan@ Al
B 2(sin@ cos® j
cos@ 2sin@
F :,uR = B1
1
H= DM1
tan(0+a)
1( 2sin@cosd j _ cos@sin@ DM1 | Obtain given answer from correct working
2\ 2sin?@+cos?) 2-cos?O Al
(10)
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Scheme Marks Notes
28a
2 . Use of F =R . Could be on diagram.
F =—R seen or implied Bl . .
3 P Allow in (b) if not seen before
Moments about C or alternative complete
method to find equation in Fand R or R
M(C):5g x3cosa + F x7sina =7cosaxR M1 only.
Dimensionally correct and all terms needed.
Condone sin/cos confusion and sign error(s).
Al At most one error
Al Correct unsimplified equation
15gcosa = R(?cow —%sin aj
Substitute for F and trig and solve for R
4 4 14 3) 14 dMm1 .
15gx—=R| 7x———x—-|=—R
g 5 [ £ 3 5) s Dependent on previous M1
R= 3—70 g =42(N) Al
(6)
e.g. of alternative for M1A1AL:
M(A): T sin f+8Rcosa =8F sina +20g cosa M1
and M(B): 7T sin =209 cosa (M1)
(Al) At most 1 error
209 s s+ 8RCOS o — BF sin o+ 20g cos (A1) g%rrztla;t unsimplified equation in F and R or
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Scheme Marks Notes
o Resolve J: Tcosd+R=5g Need all terms. _ _
28 R+Tsin(f—a)=5g M1 Condone sin/cos confusion and sign error(s).
Al Correctin R or their R
Resolve «>: Tsind=F(=28) Need both terms.
5 M1 Condone sin/cos confusion
F(:gRj:T cos(f—-a)
Al Correctin R or their R
Solve simultaneous equations for -«
tan(f-a)=4, p=509° (51°) | Al cso. Max 3s.f.
(©)
Moments equation.
Alt 28b| M(B): 7xTsin f=5gcosa x4 M1 Dimensionally correct.
Condone sin/cos confusion and sign error(s).
(T sinf = ? g) Al
OR: resolve perpendicular to the rod:
. 2 (M1)
Tsmﬂ+Rc05a=5gc05a+§Rsma (A1)
Resolve parallel to rod:
Tcos+5gsina =Fcosa +Rsina M1 All terms needed.
2 . Condone sin/cos confusion and sign error(s).
IERCOSa—i— Rsina
(T cos f = g gj Al
Solve simultaneous equations for g
16
tan 5 = 3 B=50.9° (51°) Al cs0. Max 3 s.f.
()
[11]
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Q Scheme Marks Notes
292 | M(A): dcos@x5q = 4P M1 Terms must be dlme_nsmnally correct.
Condone trig confusion
Al
Resolving horizontally: Psind=F Bl
Resolving vertically: Pcosé&+ R =5g M1 Requwfes all 3 terms, Condone trig
confusion and sign errors
Al Correct equation
DM1 Substitute for P to find R or F
Dependent on both previous M marks
, One force correct. Accept equivalent
5gd cos“ @ _ 2
R=5qg_ 29960 ¢ Al forms e.g. R = 20g —5gd +20g tan® @
4(1+tan’0)
5qd cosdsin @ Both forces correct. Accept equivalent
F - > Al 5gd tan g
4 formseg. F=———
4sec” 0
8)
M(B): Needs all three terms.
29a alt 5g cost(4—d)+ Esin@x4 = Rcos x4 M1 Terms must be dlme_nsmnally correct.
Condone trig confusion
Al At most one error
Resolve parallel to the rod: M1 Requires all 3 terms. Condone trig
5gsin@=Rsin@+F cosd confusion and sign errors
Bl At most one error
Al Correct equation
— R=5¢-— F f:osé’
siné@
5gcos@x(4—d)+Fsinox4
DM1 Eliminate one variable to find F or R
= 40059[59 _F cosej Dependent on both previous M marks
sin@
2
4F Lsin6?+ cos QJ
siné@
=20g cosd—20g cosd+5gd cosd
F= w Al One force correct
2
R=5g —SQM%@ Al Both forces correct
See next page for part (b)
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5gd cosésing
4
= Use of F = uR
29b | 4 59d c0s? 0 M1 seo 7
5-————
4
2 -
1 5g — 5gdcos’ ¢ ) _ 5gd cosfsing Al (4—dcos® 6 =2d cossin )
2 4 4
4x169=120d +144d M1 Use tané :% and solve for d
d= 169 Al (= 2.6 m or better)
66
(4)
12 5 1( 75qgd 5
F=50dx--x—x—|=—"" ==
29balt g ><13><13><4£ 169 j M1 Use tand 1
R=5¢g —@x% Al Both unsimplified expressions
4 169
750d = %(5><1699 —180gd ) M1 Use of F = xR and solve for d
169
150gd +180gd =845¢g , d =66 Al (= 2.6 m or better)
(4)
29balt | R =5g 12 P F _9 p M1 Substitute trig in their equations from
13 13 resolving.
5 1 12
—P==|5g-—=P use F =R and solve ford
13 2( 9713 j M1 H
=P =§g Al
22
__ 4P 169 AL
5gcosd 66
[12]
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Question
Number

Scheme

Marks

30

s |

1 :
NB: If « and Eare used the wrong way round the candidate

loses the first Al and the final Al.

—> uR
Resolve horizontally or vertically: M1 Allow without friction = 4R
1 . - -
UR=N or W=R +§N Al With coefficient(s) of friction . Condone Wg
Take moments about 4 or B. M1 AII terms requ_lred but condone sign errors and
sin/cos confusion. Terms must be resolved.
) N -1 each error. Could be in terms of Fs. -1 if see Wg
M(A):2IN'sin 0 + 213C039 =Wicos® A2 in place of W. Any Friction force used should be
) 3 . acting in the right direction.
M(B): 21c0s6R = W1cos6 + pR2lsin 6 Mark the equation, not what they have called it.
QNJFEN:W or 2R :W+2uR><§ M1 Use tanez% (substitute values for the trig ratios)
3 3 3
B 1 Equation in N and R (Eliminate one unknown)
= 4N =W =4N-R= §N DM1 Dependent on the moments equation
11 Solve for u
““uR=R _
3 i DM1 Dependent on the moments equation
3
u= E(: 0.273) Al 0.27 or better
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Altl Resolve horizontally or vertically: M1 Allow without friction = xR
1 . - -
uR=NoOr W=R +§N Al With coefficient(s) of friction
M1 Take moments about 4 or B. All terms required but
condone sign errors and sin/cos confusion. Terms
must be resolved.
-1 each error, Could be in terms of Fs. -1 if Wg
used.
M(A): 2IN'sin 6+ 21&:059 — WicosO A2 Mark the equation, not what they havg cal_led it
3 Any Friction force used should be acting in the right
M(B): 21cosOR =WIicosO + uR2Isin 6 direction.
For this method they need two moments equations —
allows the marks for their best equation.
. N 3 . DM1 | Use two moments equations to eliminate
2INsin 6+ Zl?cosﬁ =2/C0SOR — uR2Isind Dependent on the moments equation
Use of tang - Z,UX%_%# o Z#X% M1 Substitute for the trig ratios
Dependent on the moments equation
Solve for u : (§+Ejy:2, DM1 P a
3 3
3
u= H(: 0.273) Al 0.27 or better
Alt 2 Resolving horizontally or vertically: M1 Allow without friction = xR
With coefficient(s) of friction (condone ¥
iR =N orW:R+%N Al ©) ( &)
Moments about the centre of the rod. All terms
required. Terms must be resolved. Condone sign
1 errors and sin/cos confusion. Allow without friction
ZCOSQXR:ZC059X§N+ZS'n9XNHSIHQX”R M1 = %N . Any Friction force used should be acting in
the right direction.
A2 -1 each error. Could be in terms of Fs. -1 if Wg
used.
1 Obtain an equation in g and @
/COSOxR = lcosaxg,uR+lsin6’xyR+lsin¢9xyR (cos = 9x1y+sin9><y+sin9_><,u
( 3
Dependent on the moments equation
1—1;1
COSH(l—E,u] —2using = tand _~ 375 M1 Use of tan@ (substitute values for the trig ratios)
3 2u 3
Solvefor g 10u=3-u, DM1 | Dependent on the moments equation
3
H= ﬁ(: 0.273) Al 0.27 or better
[9]
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Question

Scheme Marks Notes
Number
M1 Needs all 3 terms. Condone sign errors and sin/cos
31(a) Resolving vertically: Y+ Pcos@ =W confusion. Condone Wg
Al
M1 Terms need to be of the correct structure, but
Moments about 4: Wicos@ = 2IP condone / implied if not seen.
Al
DM1 Substitute for P to obtain simplified Y
_ Wcoso . Wcos’o W 29 xk Requires both preceding M marks
P= =Y=W- 2 E(Z_COS 9) Al (6) | Obtain given result correctly.
NB W +Y = Pcosé with correct conclusion is possible
They need to find two independent equations that do not include X. If they have equations involving X they need to attempt to
eliminate X before they score any marks
(b) 6:45°:Y:STW Bl
X =Psin45 M1 Resolving horizontally. Accept in terms of 6.
Express X in terms of W. Accept in terms of 6.
Wcos45 . w
= 5 .sin 45(: ZJ DM1 Requires preceding M mark.
Al Correct unsimplified but substituted.
DM1 Use of Pythagoras with X, Y in terms of 77 only.
Resultantat 4 = W JF T - w10 079 Dependent on the first M1
4 4 Al Or equivalent (0.79/ or better)
(6)
Alternative moments equations: about the centre P/ + X sin/ = ycosé!
About the point where the lines of action of P and X intersect Y x 2l _ W(i—lcos 0)
cosé cosé
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Question
Number Scheme Marks Notes
32. Q
e
NB As the rod is not uniform, the use of moments
mg equations is not helpful in part (a).
S
A F
@ R=F Bl Re Ive horizontally
S+Q=mg B1 Resolve vertically (requires Q acting upwards)
Q =§R, F :%S B1 Use both coefficients of friction
5 5 1 1 6 M1 Solve to find S in terms of m & g. (Can be scored if Q
Q==R==x=S§, S+=S=mg, S=—mg is acting downwards)
3 3 4 6 7 Al )
(b) M (A) mg x X c0s 60 = Q x 21 cos 60 + R x 21 sin 60 M1 Moments equation — must include all terms.
. Cond i d sin/ fusi
M (B) mg (2l -x)cos60+ F x21sin60=S x 2l cos60 ondone sign errors and sinfcos coniuston
M (c of m) A2 Correct unsimplified equation (for their S.)
Sxcos 60 = Fxsin 60+ R(2l — x)sin 60+ Q(2l — x) cos 60 -1 each error
1 1 .
mgxcosGO:gxgmg x 2l 00560+ngmg x 21sin 60 DM1 Form an equation in x. Depends on the preceding M
1.1 1 3
—X==x2lx=+—xI1/3
2 7 2 14 V3
1(2+343
AG =X :1028 ..... I X :103| Al (5) 103' or better ( )
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Question

Number Scheme Marks Notes
33a
M1 Moments about A. Requires all three
Moments about A: terms and terms of correct structure (force
x distance). Condone consistent trig
confusion
bF =acosémg +2acosédmg (= 3acosémg) A2 -1 each error
3amg cosé . Al
F=———— *Answer given*
b | [4]
M1 Resolve horizontally. Condone trig
) i 3amgcosdsind confusion
33b — H=Fsing= b Al RHS correct. Or equivalent.
M1 Resolve vertically. Condone sign error and
T 2mg=4V +Fcosd trig confusion
Al Correct equation
2 Al .
4V = 2mg - 3amg cosé N cose[: omg — 3amgt;305 9} [5] RHS correct. Or equivalent
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%uestion Scheme Marks Notes
umber
33c 3amg cos® &
2mg — b ng M1 Use of tan, either way up. V, H, F
Ty Al Correct for their components in 6 only
2b—3acos?d sind DM1 Simplify to obtain the ratio of a and b, or
3acosdsing  cosd equivalent
2 ) a 2 Al
=2b-3acos*d=3asin“"d=2b=3a, = [4]
b 3
33c alt 2 | The centre of mass of the combined rod + particle is 2 afromA | M1A1
F
3 forces in equilibrium must be concurrent =b = ga M1 Not on the spec, but you might see it
_a_ 2 Al
b 3 [4]
R acts along the rod, so resolve forces perpendicular to the rod. M1 Resolve and substitute for F
I F =mgcos&+mg cosé
alte3 3amg cosd Al
2mgcosé = B
DM1 Eliminate 6
N a 2 Al
b 3 [4]
R acts along the rod. Take moments about C Moments about B gives
altc4 mgcosd 2a—b =mgcosd b-a M1 Al 2a—b F =amgcosdand substitute for F
2a-b=b-a, =2-2 DM1AL
b 3
[4]
Resultant parallel to the rod = R =2mgsin& Substitute for V, H and R in terms of 6
calts s 12 o M1
And V°+H*=R
- 2 2 2
2mgsing z=(3amgcosesm9j +[ng_Samgcos 9] AL
b b
Eliminate 6 DM1
. a 2 Al
b 3 [4]
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%ﬂﬁgg? Scheme Notes
34.
4a
(a) AC = 4atan60° = 4av/3. M1 Al Or or 4/(8a)’ —(4a)’
tan30
@
(b) use of F = 4R at either Aor C M1
3 independent equations required. Award M1A1 for each in the order seen. If more than 3 relevant equations seen, award the
marks for the best 3.
W
M (A), R..4a/3 =W 3a+/3c0s60° M1 Al R. = <
o o 5W
M, R, +R.c0s60° + F.c0s30° =W M1 Al R, = =
(=), F,—R.c0s30° + F.cos60° =0 MIAl | F =R
3
M(C) a~/3 cos 60W + FA.4a\/§sin 60 = RA.4a\/§COS 60
Parallel: F,cos60+ R, cos30+F. =W cos30
Perpendicular: R +R, cos60=F, cos30+W cos60
Ng DM1 Equation in # only. Dependent on 4 M marks for their
solving to give 4 =— 0.346 or 0.35. equations.
3 Al
Reactions in the wrong direction(s) — check carefully
9)
[11]
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Q Scheme Marks
P
R\ B
2
05
35
N 60g
25
189
(¢4
p F
F=uN B1 Used. Condone an
inequality.
R(T) 18g +60g = N M1 Resolve vertically
=78g Al
R(—) R=F=uN
Moments equation. Condone
P 25x18gcosa+ I x 60gcosa = SFsina M1A2 | sign errors. Condone sin/cos
confusion
A 18g x 2.5 cosa+ 60y x 3cose = R x5sina -1 each error
1
C 5Cos QX 189 + 3sinaF + 2sinaR = 3cosalN
B S5cosaN =5sinaF +25cosa X 18g + 2cosa X 60
1
w 5ngx5c05n:r+2.5hfcusnx= 25Rsina + 25F sina

3 3
45%> ¢ +180x> o = 4R
58 58

135
R="2
2 8

135
18gu= 2 ¢

135 1% 0.432...=0.43

H=4x78 312

DM1

DM1

Al
®

Eliminate « . Dependent on
the second M1.

Equation in p only.
(Dependent on the first two
M marks.)

NB g cancels. 0.43269...,
225 45

520, 104, awrt 0.433
Do not accept an inequality.

NB If use just two moments equations, M1A2 for the better attempt, M1A1 for the other.

Remaining marks as above.
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Question Scheme Marks
Number
36
€)] Taking moments about A: M1
gx 0% co0 =14T Al Al
T=18.4N Al
(4)
(b) T R+T co20=4g
R= 4-T co0° M1 Al
— F =T sin20 M1 Al
F=R=T sin20= u( 4-T co20°) DM1 Al
_ T sin20° — 029 Al
4-T cox0®
(7)
11
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Question

Number Scheme Marks
37.
(@) D
3a
F4
A >R ?
2a l 2a
v
3mg 3mg
M(A) 3mgx2a+3mgx =T cosédx4a M1 A2,1,0
_Lar
5
%aT = 6mga + 3mgx
T:Em E<31><§mg:6mga+3mgx M1
4 5 4
15a = 6a +3x
Xx=3a ** Al
()
(b) R(—) R=Tsing M1
25 4
=—mgx— Al
4 5
=5mg ** Al
3)
25 3
(©) R(T) F+ng><§:3mg +3mg M1 A2,1,0
15 9
F=6mg——mg=—m
g 4 g 4 g
Im
p _F 4™ 9 DM1 Al
R 5mg 20

()
13
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Question

Number Scheme Marks
38.
Taking moments about A:
35 =100 x 2x COS @@ MLAL
Resolving vertically:
R+ Scosa =100 ML AL
Resolving horizontally:
Ssina=F ML AL
(Most alternative methods need 3 independent equations, each one worth
M1A1. Can be done in 2 e.g. if they resolve horizontally and take
moments about X then Rx2xcosa =S x(3—2xcos” ) scores M2A2)
Substitute trig values to obtain correct values for F and R (exact or decimal | DM1
equivalent).
Al
S :—200\/§ , R :100——1600 _ 1100 ~40.74 | F = 20048 ~ 20.95...
9 27 27

200v8 248 M1

F <uR, 20048 < 4x1100, p>——=—=——.
HR, 2008 < 1 #5100 T 11
Least possible z is 0.514 (3sf), or exact. Al
[10]
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Question Scheme Marks
Number
39 D
0
2a
F 4
A E 2a a a l
mg mg
() _ M1
M(4) 3axTcos=2amg+4amg AL AL
o _ { 2 =‘*. s B1
:05 7 !h"g T 4 Jﬂ."lE
—T = 6m
V13 g -
T =mgvl3d = Al (5)
(b) | 3axT xcosé =2amg +4aMg M1
(2 + 47 g) —
= yﬂa = 2mgv13 Al
mg + 2M g < émg
3
M= —m Al 3
z 7 cso (3)
[8]
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?ﬁﬁggp Scheme Marks
40.
m(B): Rx4cosa = F x4sina + 209 x 2cosa M1 A2
1

Use of F = > R M1

Use of correct trig ratios B1

R = 160N or 157N DM1 Al

[7]
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Question

Number Scheme Marks
Q41 (a) Taking moments about A:
T
R ° . 3gx0.75="x03 M1A1A1
T:3\/ng?5: */_g( 62.4N) | AL
c 4)
(b) T O9g
 +H="—(=25 ~ 44.1N)
\/5 B Bl
T 9g _—3g M1A1
tV+—=3 = V=3g-—= ~—-147N
T 78 ( 8-> " )
= |R|=«/81+9x§z46.5(N) M1AL
1
-1 _ 0 . .
at angle tan 3° 18.4” (0.322 radians) below the line of BA M1A1
161.6° (2.82 radians) below the line of AB
(108.4° or 1.89 radians to upward vertical) : 1(3
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Question

Number Scheme Marks
42 @ R(M): R =25g +75¢(=100g) B1
S% F:yR:F:;—;XIOOg M1
c =44¢ (=431) A1
3)
(b) M(4): "
25gx2cos f+T75g%x2.8
A gx2cos f+75g x28cosf A2,1,0
75¢ =S x4sin S
R(©):F=S
B 25g O
A——> F 176gsin g = 260g cos M1A1
B =56(°) A1
(6)
(c) | So that Reece’s weight acts directly at the point C. B1
[10]
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Question

Number Scheme Marks
43. (a)
R(T) R+ Pcosa=W M1 Al
M(A) Px2a=Wx1.5acosa Ml Al
(P:EWcosaj
4
R:W—Pcosa:W—%Wcosza DM1
1 2
22(4—3005 a)W E 3 cso | Al (6)
) 2 2
(b) Using cosaZE, R ZEW B1
R(—)) UR =Psina M1 Al
Leading to ,u:%sina
(sina=\/(1—§)=g)
\5
u="2 awrt 0.56 | DM1 Al (5)
[11]
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Question

Number Scheme Marks
44. (a) N B
2a
30°
a/ |mg
R v
Vy3mg
4 F
M(A4) N x4acos30°=3mg xasin30°+mg x2asin30° M1 A2(1,0)
5 5
N=—mgtan30° (= —=mg =7.07...m) DMI1 Al
4 43
- FE=N , T R=4mg B1, Bl
Using F. = uR B1
5
——mg = uR for their R M1
438 TH
=2 awrt 0.18 Al
16+/3 (10)
[10]
Alternative method:
M(B): mg x 2asin30 + 3mg x 3asin30 + F' x 4a cos 30 = R x 4asin 30
11mgasin30+ F x4acos30= R x4asin30
" 43 M1A3(2,1,0)
"8 L P oR
2 DMI1A1
T R=4mg, Bl
Using F. = uR Bl
M1 Al

5 5
S R
N TNE
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