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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
3(a)
C B
G
R mg
D
A F
Moments equation: (M1AO for a moments inequality) M1 33
M(A4), mgacosO =2Sasin@
M(B), mgacos@+2Fasin@ =2Racosf
M(C), Fx2asin@ =mgacos@ Al 1.1b
M(D), 2Racos@ = mgacos@+2Sasin 0
M(G), Racosf = Fasin@+ Sasin@ .
() R=mg OR (&) F=S Bl 34
Use their equations (they must have enough) and F < 4R to give an
inequality in 2z and @ only (allow DM for use of F = uR to give DM1 2.1
an equation in i and @ only)
,uZ%cotf?* Al* | 2.2a
)
C B
G
R mg
- . D
] | L
Emg A kmg
3(b)
Moments equation: MI 34
M(4), mgacos @ =2Nasin &
M(B), mgacos @+ 2kmgasin@ =2Racos 0 + % mg2asin@
M(D), 2Racos 8 = mgacos@+ N2asin 8 Al 1.1b

M(G), kmgasin@+ Nasinf = % mgasin @+ Racosd
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S.C. M(C), mgacos+ % mg2asin@ =kmg2asind MI1A1B1

1+ 53k M1
4 2
k=09 Al
N=kmg—F OR R=mg B1 33
Use the_lr equations (they must have enough) to solve for & DML | 3.1b
(numerical)
k=0.9 oe Al 1.1b
6
(10 marks)
Notes:
3a Ml 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 < uR to
DM1 | give an inequality in zzand @ only
(allow M1 for use of F = uR to give an equation in ¢ and & only)
Al Given answer correctly obtained with no wrong working seen (e.g. if they use
F = uR anywhere, A0)
3b MiI Any moments equation with correct terms, condone sign errors
Al Correct equation
Bl Correct equation
DM] Dependent on M1, for using their equations (they must have enough) with trig
substituted, to solve for k, which must be numerical.
Al cao
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Question Scheme Marks AOs
9(a) Moments about 4 (or any other complete method) M1 33
T2asina = Mga +3Mgx Al 1.1b
Mg(a+ M; +
p=Melat3) SMgBx+a) . GyEN ANSWER AlF | 21
2a % 6a
3
SMg(3x +
(b) g(6—xa)cosa =2Mg OR 2Mg2atana = Mga+3Mgx Ml | 3.b
a
2
x=22 Al | 22a
3
2
(c) Resolve vertically OR Moments about B M1 3.1b
5Mg(3.24 +a) .
Y =3Mg+ Mg- Msma 2aY =Mga+3Mg(2a—22)
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 BsinB 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)
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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
44— HF v
Possible equns M1 33
F Rsin@ =20gsi
(/"):Fcos@+Rsind gsinf Al L1b
(\):N+Rcos@=20gcos@+Fsinf
M1 34
(DR + Ncosd =20g
(—):F=Nsind Al [ 1.1b
M(A): 20g x4cos@=5N MIl 34
M(B): 3N+ Rx8cosf =F x8sinf+20gx4cosd
M(C): Rx5cosf =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@+Ncosd=20g
(—=): Xcos@=Ysin@+ Nsinb Al 1.1b
M(A):20gx4cos@ =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
)

(/") :Hcos@=20gsinf Ml 3.3
(\):S+N=Hsinf+20gcosd Al 1.1b
(T):Scos6’+.Ncosé?=‘20g Mi 14
(—):H=S8sinf@+ Nsinf
M(A):20gx4cos@ =5N Al 1.1b
M(B):20gx4cos@+ H x8sind =85S +3N Mi 14
M(C):20g xcos@+ H x5sinf =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 3.1b
OR =\/(H*+S> -2HScos(90° —0)  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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Question Scheme Marks AOs
4(a) Take moments about 4 M1 33
N2~ Mgx3acosa Al | L1b
sina
Mg Al* | L1b
25
3
4(b) Resolve horizontally Ml 3.4
Mg .
() F =22 Ging Al LIb
25
Resolve vertically Ml 34
(T)R+9]2V§gcosa=Mg Al | L1b
Other possible equations:
OMg .
(\),Rcosa +? =Mgcosa+ Fsina
(/"),Mgsina = F cosa + Rsina
M(C),Mg.2acosa + F.5asina = R.5acosa
M(G), 912\§g 2a+ F3asina =R3acosa
. M
M(B),Mg.3acosa + F.6asina = R.6acosa + 925g a
(F=36Mg ’R=98Mg
125 125
F = uRused M1 3.4
Eliminate R and F and solve for u Ml 3.1b

Alternative equations if they have at 4:

X horizontally and Y perpendicular to the rod.
9Mg
25
("), Mgsina = X cosa

Mg
M. 25

\N),Y +

=Mgcosa+ Xsina

cosa+Ycosa=Mg

Mg

(—)),Ysina+9 sina =X
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M(C),Mg.2acosa + X.5asina =Y.5a
M(G), 922\? 2a+X3asina =Y.3a MIAl MIALI
M(B),Mg.3acosa + X.6asina =Y.6a + 9j2\§g a
(X = 4Mg,Y: 98Mg)
3 75
Then F=puR becomes: X —Ysina = uY cosa Ml
Eliminate X and Y and solve for u MIl
18
M= 9 (0.3673.....accept 0.37 or better) Al 2.2a
(7
(10 marks)
Notes:
4a | 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 : .4a , 4a ,5a but
sina cos«
use of any of : 6a,5asina,4acosa,.... or anything involving tana is MO
Also MO if no a’s in their first equation.
Al Correct equation, trig does not need to be substituted
Al* | Given answer correctly obtained.
4b | 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.
MU Mo 7 = yx2ME sed)
25
M1 Must have 3 equations (and all 3 previous M marks)
Al Accept 0.37 or better
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Question Scheme EL S AOs

9(a) Take moments about A4
(or any other complete method to M1 33

produce an equation in S, W and « only)
, - _ §2asi Al 1.1b
acosa + acosa =S 2asina Al L 1b
Use of tana = > to obtain S Ml 2.1
2
S=3w * AT* 2.2a
©))

(b) R=8W Bl 3.4
= % R(=2m) M1 3.4
Pyax=3W+F or Pin=3W-F M1 34
Pyvax=5W or Puw=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

Scheme Marks Notes
Number
M(A) or alternative complete method to Must have all terms. Terms must be
4(a) an equation in 7 only M1 dimensionally correct. Condone sign errors
and sin/cos confusion.
T'x2a=mgx3asin60°+mgx6asin60°| Al Unsimplified equation with at most one error
Al Correct unsimplified equation
T = 9mg£ Al @) With trig. substituted. 3.90mg or better
4
_ o Resolve horizontally.
(b) R (_>) R=Tcos60 MI Condone sin/cos confusion
3 1
( 9mg %X 5] Alft | Follow their T. Allow with cos 60°
R= ﬂmg Alf(t3) 1.95mg or better. Follow their (a).
Alt 4(b) 2mg cos 60° = Rcos30° — F'cos 60° M1) Resolve parallel and perpendicular to the rod
T — F cos30 =2mg cos30°+ R cos 60° and eliminate
mgy3 \/_ R = _\3m mg + (A1ft) | Equation in R only. Follow their T
4
9J— . . .
R="m (Al1ft) | With trig. substituted. Follow their (a)
8
Resolve vertically. Need all terms.
() R (T) T cos30°—F =mg +mg MIl Condone sign errors and sin/cos confusion.
Allow for = F
Al Unsimplified equation with at most one
error. Allow for =F
\/g \/g 11 Correct unsimplified expression for F, with
F=9mg—x—- 2mg(— —mg) Al trig. substituted. Allow for £/ . Seen or
4 2 8 implied.
I,
,UZE 8 & IM1 Use of F'= uR
R 9\/§ Dependent on the two previous M marks
—m
3 g
11
\/_ (=0.710r 0.706 or better) Al 5) (g cancels)
(c) alt o o o Resolve parallel to the rod. Need all terms.
1"3 2mg cos 607 = Rcos 30° = F cos 60 (M1) | Condone sign errors and sin/cos confusion.
marks Allow for +F
27 1 (A1) Unsimplified equation with at most one
mg =—mg——F error. Allow for =F . sin/cos confusion is
16 2 one error
11 Correct unsimplified expression for F. Allow
F §mg (A1) for £F . Seen or implied.
[12]

11




wwmw. yest er daysnat hsexam comr

Q Scheme Marks Notes
Sa
A [
% F
Take moments about 4- M1 Must be dlmen510nally (;orrect.
Condone sin/cos confusion
SN =4cosOW Al
N = %W =0.48W *Given Answer* Al
(€))
1
5b G= ZN =0.12W B1 Seen or implied
Resolve vertically M1 Needs all terms. Condone sin/cos
confusion and sign errors
2: R+Ncos@+Gsin@=W Al (R=0.616/)
Resolve horizontally M1 Needs gll terms.. Condone sin/cos
confusion and sign errors
&: F+Gcos@=Nsinf Al (F=0312)
_ Nsinf@-Gceosd DMI Use F = uR to find u
"= W —Ncosf—Gsinf Dependent on 2 preceding M marks
_ 048Wx0.8-0.12Wx0.6  0.312
W —0.48W x0.6—0.12W x0.8 0.616
=0.51 (0.50649...) (ﬁ Al
77
(7)
[10]

NB, One of the two equations required for
part (b) could be a moments equation:
M(P) 1xWcos@+5Fsinf =5Rcosé
M(B) 3N +8Rcosf =4W cos@+8F sinf

10
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Question Scheme Marks
Number
4a Moments aboutA:O.5><2g+2><5g(=11g)=Tcos€><4=T><§><4 M1A2
T=11 ><i—ﬁ =449 (45) (N) Al 4)
SpTRfTT
Notes
N.B. If all g’s are missing, mark as a MR.
M1 for M(4), with usual rules
First A1 and second Al for a correct equation in 7 only i.e. must be
using a correct angle (but value of trig ratio not needed at this stage)
Deduct 1 mark for each incorrect term. (A1A0 or AOAO)
Third A1 for 45 or 44.9 (N) (AO for 45.0)
4b Resolving: <> H=Tsing gr M®D),H 3=2g 0.5+5g" 2 Ml
T Tcosg+V =7g OR M®),V 4=2g"35+5¢" 2 MIA1
Pythagoras: |R| =/41.65* +35.93* =55.0 (55) (N) MIAL (5)
Notes
First M1 for resolving horizontally or M(D) with usual rules to give
equation in 7 only. (7 does not need to be substituted)
Second M1 for resolving vertically or M(B) with usual rules
First A1 for a correct equation in 7 only. (7 does not need to be
substituted)
Third M1 (independent but must have found 2 components) for
squaring, adding and rooting their 2 components
Second Al for 55 or 55.0
4¢ Useof F<F_ =uR : V<uH (Musthave found H and V) MIl
41. 1
4 = 4165 = 5—, 1.2 or better. Al )
H 3593. 44
Notes

M1 for use of V < uH
MO foruseof V=H or V<H
v sl
H 44 Allow fraction (since g cancels) or 1.2 or better
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Question

Number Scheme Marks
5a Moments about A: 6g(x1)xsin70 =T'sin30x2 MI1A2
T =55.3(N) or 55 (N) Al 4)
5b Resolve horizontally: T cos50 = R(=35.5) B1 ft
Resolve vertically: Tsin50=6gtF MIAL ft
|F|=16.5 (16.473...)
Use F = LR : p=087T5030 itk their values) Mi
T cos50
= 0.464 or 0.46 Al (5)
. (355
5c Use of tan and their components: tan 165 Ml
=65.1°0or 65°to the upward vertical Al (2)
or equivalent (24.9° or 25° above the [11]
horizontal)
Notes
First M1 for a complete method to find 7, with usual rules, correct no. of
terms, allow sin/cos confusion, dim correct (missing g is an A error) and
S5a allow incorrect angles.
First A2 for a correct equation (A1AO for one error)
Third A1 for 55 (N) or 55.3 (N)
First B1 ft for resolving horizontally (7" does not need to be substituted)
First M1 for resolving vertically with usual rules, must be using 40° or
50°
First A1 ft for a correct equation (7 does not need to be substituted)
Second M1, independent, for use of F =uR, must have found an F and
Sb an R
Second A1l for 0.46 or 0.464
N.B. They may resolve in other directions e.g. along the rod or
perpendicular to the rod or take moments e.g. about B or C
First B1 for a correct equation seen
MI1AT1 for the better equation seen, usual rules etc.
5 First M1 for a complete method to find the angle (must have found the

two components) with either the horizontal or vertical

First A1 for 65° or 65.1° to the upward vertical oe (A0 for just an angle)

Or the angle marked on a clear diagram with an arrow.
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Question Scheme Marks Notes
Number
7(a) M(A) S.2acos30° =mgasin30° Ml Correct number of terms.
Terms must be dimensionally correct
Condone trig confusion
Al At most one error
Consistent trig confusion is one error
Al Correct unsimplified equation
mg 3 Al Accept exact equivalent
S =
Accept 0.289mg or better
6 @)
(b) R=mg; F=8§ Bl Resolve vertically and horizontally - must be
stated or shown on a diagram. (Used here if
seen in (a))
mg\/g Use of F < uR (notfor F = uR followed
< umg M1 . .
6 by a fudge of the inequality)
\/5 Al *Answer Given* CSO
6 (3)
©
$ T
kmg
U
mg
L <
oy _ B1 Or equation in U and & from a second moments
T :U=mg+kmg=mg(1+k) equation.
3 I (M V3
M(4): T x2ax B =mga x 5 +kmg2ax 5 Need all three terms. Condone 1 = o
Terms must be dimensionally correct.
U~3 y
M(B): mg x a + I X \/ga =Ua Condone trig confusion.
2 5 \/_ Condone sign errors
a U3
M(X): kmga +mg x 5 = 5 X \/ga (X is point of intersection of lines of action of
a Tand U)
M(corner): aU = Ta\/g + ng
— 2T c0s 30° = mg sin 30° + 2kmg sin 30° Al Correct unsimplified moments equation
3 1 Al Correct equation in U (and k)
= gU - Emg +kmg u correct if used
3 1 DM1 Solve for k. Dependent on preceding M
= =(l+k)==+k
5 2
i 1 Al
=2 (©6)

13
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Question Scheme Marks Notes
Number
6a Taking moments about A4: Ml Requlrgs all terrps - condone frig
confusion and sign errors
bF =3mgacosd+mgx2acosb A2 -1 each error
5 *Gi *
bF =5mgacos® F=""8% 050 Al @) fvem answer
i Requires all terms - condone trig
6b Component of R parallel to AB: (R oS (¢ - 0)) Ml )
confusion
=3mg sin @ + mg sin 0 = 4mg sin 0 Al Correct unsimplified
Component of R perpendicular to 4B: Ml R.equlres al.l terms - .condone consistent
trig confusion and sign errors
( Rsin(¢- 9)) +F =4mg cosd Al Correct unsimplified
Alternatives for M1A1: M (B) 2aRsin (¢ - 67) +3mgacosd = F(Za - b)
bRsin(¢p—0)+(2a—-b)mgcosl
e (9-0)+(2a-P)me
=3mg(b—a)cosé
. 5
(R sin (¢ — 9)) = 4mg cos 0 -8 cos 0 Al Correct with F substituted.
ISW for incorrect work after correct components
seen ()
6¢c Use of Rsin(¢—6)>0 M1
Solve for b in terms of a:
454 . (2a2)b 52, Al 2a not required CSO
b 4
2)
[11]
SC Misread of directions in (b) NB This MR can score full marks
., dmga . Allow with . Requires all terms -
6(b) X =Fsinf = cos@sind Ml condone trig confusion
Al F substituted.
B B Smga Allow with F. Requires all terms -
Y =4mg — Fcos = 4mg — cos” & Ml condone trig confusion and sign errors.
Al Correct unsimplified
Al Correct substituted
6(c) For ¢ > 6, tan¢ > tan @
4-— a cos’ @
tango=—=5 > tan @ M1
>4 cosOsin
b
4—5—acos2 0> 5—asin2 0
b b
Sa 5 . 9 5
4>7(cos 0+sin’ 0) =b>Za Al | CSO






