Mark Scheme

Online Maths
Teaching

Q1.
Q.
Scheme Marks Notes
A
a
2 R Use of F=uR . Could be on diagram.
F=—R lied Bl : : =
3 T Allow 1n (b) if not seen before
Moments about C or alternative complete
method to find equation in Fand R or R
M(C):5g x3cosa+FxTsma=TcosaxR Ml 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 = Ri 7cosaf—%sinaﬂ |
Substitute for F and trig and solve for R
-+ 14 3| 14 / R =
15¢g ><—=R 7><———> = ‘——R dM1 Dependent on previous M1
R-Zlg-020V A
(6)
e.g. of alternative for M1A1A1L:
M(4): Tsin f+8Rcosax=8Fsina+20gcosa 0
and M(B): 7T sin 8 =20gcos&x 1)
(Al) At most 1 error
2 ) ok T
..(:}g cosir+ BR cosar=8F s+ 20g cos e (A1) Correct unsimplified equation in F and R or

R only
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Scheme Marks Notes
Resolve [: Tcosé+R=5g Need all terms.
b R+Tsin(f-a)=5g Ml Condone sin/cos confusion and sign error(s).
Al Correct i R or their R
Resolve «>: T'sinf=F(=28) Need both terms. .
5 M Condone sin/cos confusion
F(=§RJ=T005(,B—&)
Al Correct i R or their R
Solve simultaneous equations for -«
tan(f-a)=4, B=509° (51°) | Al cso. Max3sf
©)]
Moments equation.
Alt M(B): 7xTsin f=5gcosax4 M1 Dimensionally correct.
Condone sin/cos confusion and sign error(s).
(T sin B = ? g) Al
OR: resolve perpendicular to the rod:
_ 7 (M1)
Tsm,B+Rcosa=5gcosa+§Rs1na (A1)
Resolve parallel to rod:
Tcos B+Sgsma=Fcosa+Rsimna AT s ey
M1 3 ) : y
(= % Recosa+ Rsin a) Condone sin/cos confusion and sign error(s).
(T cosB= ? gJ Al
Solve simultaneous equations for 8
tan,B=% . B=509° (51°) Al cso. Max3sf
©)]
[11]
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Quesiion Scheme Marks
Number
T i'r.'
< é ad
N > B
4
d 1
1/ NB: If u and gare used
oA the wrong way round the candidate
/1 loses the first Al and the final Al.
1/
x / ¥
N/
A7\ ¢
— iR
Resolve horizontally or vertically: M1 Allow without friction = uR
1 = e s
R WERAEN Al With coefficient(s) of friction .
3 Condone Wg
All terms required but condone
Ml ._ "OT'S & d in/

Take moments about 4 or B. = e
confusion. Terms must be
resolved.

-1 each error. Could be in terms
. N o 1 . =
M(A): 2IN'sin @+ 21~ cos 8 =Wl cos & LI ,1 l,t o Wg in place of .
3 A2 | Any Friction force used should
M(B): be acting in the right direction.
2lcos@R=WIlcos@+ uR2lsmb Mark the equation. not what they
have called it.
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10 N.,.E N=W or Use tan8 =3 3 (substitute

& M1 values for the trig ratios)
2R=W +2uRx §

Equation in N and R (Eliminate

AN =W =>4N—-R= lN DMI1 one unknown)
3 Dependent on the moments

equation

1 Solve for
5 HR=R DM1 | Dependent on the moments
equation

3
p=17(=0273) Al | 0.27 or better

Alt1 Resolve horizontally or vertically] M1 Allow without friction = gR

1
HR=Nor W=R+ gN Al With coefficient(s) of friction

Take moments about 4 or B. All
M1 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.

N Mark the equation, not what they
M(A)Z 2INsin@+2l—cos8 =Wicos8 have called it.

2 Any Friction force used should
be acting in the right direction.
For this method they need two
moments equations — allows the
marks for their best equation.

M(B): 2lcos8R =Wicos@+ uR2lsin @

Use two moments equations to

2INsin@+2l X cos@=2lcosGR— M1 | eliminate W

3 Dependent on the moments
=2/cos @R — uR2lsin b equation
Use of tan@: Substitute for the trig ratios

'7zx5-l—2 =2 21><5 -
gyl Py

DM1 | Dependent on the moments

Sofve Barar 20 2 -
olve for s: ?+3 H=2, equation

3
M =H(:O.273) Al | 0.27 or better
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Alt2

Resolving horizontally or vertically:

M1

Allow without friction = uR

1
HR=N or W=R+§N

Al

With coefficient(s) of friction
(condone Wg)

lcos@xR= 1cos<9x%N+lsin€
x N+Isin6x uR

M1

Moments about the centre of the
rod. All terms required. Terms
must be resolved. Condone sign
errors and sin/cos confusion.

Allow without friction = %N .

Any Friction force used should
be acting 1n the right direction.

-1 each error. Could be in terms
of Fs. -1 if Wg used.

1 ,
IcosexR=1cos¢9x§,uR+lsu16x,uR
+/sm@x uR

DM1

4

\

Obtain an equation in g and 8

1
cos@zcosexg,u-i-sin 6><,u+sin6><,u)

Dependent on the moments
equation

cos@(l—%;t) =2usinb =

l—l,u
tan@ =

w | W

2u

M1

Use of tan@ (substitute values

for the trig ratios)

Solve for p2: 10u=3—pu.

DM1

Dependent on the moments
equation

3
= (=0.273
i 11( )

Al

0.27 or better

[]
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Q,u eStIOI-l Scheme Marks
Number
(a)
v
3mg  3mg
M(A) 3mgx2a+3mgx=TcosOx4a M1 A21.0
>
=1—:aT
5
12
-?aT=6mga+3mgx
, 25 225 M
=—m —ax-—mg = 6mga + 3mgx 11
P 4 : P 4 4 X
15a =6a+3x
x=3q ** Al
(5)
(b) R(—) R=Tsmé M1
25 4
—ngx? Al
=5mg ** Al
3)
25 3
(©) R(T) F+=mgx==3mg+3mg M1 A2.1.0
15 9
F =6mg—-—mg=—m
4 1 4 3 4
2",
,,=f=ﬁ=i DM1 Al
R Smg 20
(5)
13
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m(B):Rx4cosa = F x4sina+20g x2cosa
1
Useof F = ER

Use of correct trig ratios

R =160N or 157N

M1 A2

M1

B1

DM1 A1

[7]
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Scheme

(a) Take moments about 4
(or any other complete method to M1 33
produce an equation in S, W and « only)
W + TW2 = § 2asi Al .
acosa acosa =S 2asina %3 116
Use of tana = % to obtain § M1 21
S=3W * Al* 2.2a
&)
(b) R=8W Bl 34
1
T R(=2W) M1 3.4
PyMaAX=3W+F orPMW=3W-F M1 34
Pvax=5W or PMN=W Al 1.1b
W< P<5W Al 25
(5
(©) M(A) shows that the reaction on the ladder at B 1s
M1 24
unchanged
also R increases (resolving vertically) M1 24
which increases max F available M1 24
3)
(13 marks)
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(@)

15t M1: for producing an equation in S, W and « only

1°* A1: for an equation that 1s correct, or which has one error or omission
274 A1: for a fully correct equation

28 \1: for use of tana = = to obtain S in terms of W only
2

3'd A1=:for given answer S = 3 correctly obtained

(b)
Bl: forR=8W
1 M1: foruseof F= L R
4
28 \1: for either P = (3W + their F) or P = (3W - their F)
1°* A1: for a correct max or min value for a correct range for P
284 A1: for a correct range for P

(©

1% M1: for showing, by taking moments about 4, that the reaction at B is unchanged by the

builder’s assistant standing on the bottom of the ladder

224 \1: 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 A
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Question
Number Scheme Marks
(@) B:  2mg-T = 2mx4g M1 Al
= T = 10mg/9 Al 3
() A: T- pumg= mx4g? M1 Bl Al
Sub for Tand solve: u = 2/3%* DM1 Al (5)
(c)
When B hits: V' = 2x4g/9xh M1 Al
Deceleration of 4 after B hits: ma= Umg = a=2g/3 MI1 Al £t
Speedof 4 at P I# = 8gh/9 -2 x2g/3 x /3 DM1
= V= 3\(gh) Al (6)
(@) Same tension on 4 and B B1 (1)
15
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Q7.
Quetion Scheme Marks
Mumber

(a)
R B2
F -1 e.e.o0.0.
(labels not
PN needed)
(2)
1.1g
(b) F=1R .
(F), Rcosa+ Fsma =mg
1.1
R g _ogN M1 A2
(cosa+ ysmna)
M1 A1 (6)
l s .
(). P+2Rcosa—Rsmaf M1 A2
- 1
P=R(sina—5cosa
( 3 ) »
=196
A (5)
[13]
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Q Scheme Marks
F=uN Bl Used. C ondone an
mequality.
R ( T ) 18g +60g =N M1 Resolve vertically
=78¢g Al
R(—) R=F=uN
Moments equation. Condone
P |25x18gcosc+3x60gcosa=5Fslhaa MI1A2 | sign errors. Condone sin'cos
confusion
A i8g x 25cosa+060g x3cosa=R x5slnex -1 each error
c ;cosax 18g +3sinaf +2sinaR = 3cosalN
B 5:0-:1N=531naF+2.5cosaX189+2coaax601
W | 6o0g X Scosa + 25N cosa = 25Rslma+25F slnc

3 3
45 % — e
4-><5g+180x5g 4R
R_ISS
7 g
35
T8gu=—-
g4 2 g
135 135
pu=——=—=0432..=043
4x78 312

DM1

DMI1

Al

Eliminate & . Dependent on
the second M1.

Equation 1n p only.
(Dependent on the first two
M marks.)

NB g cancels, 0.43269...,
225 48

520, T4, 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 AOs
(a) Take moments about 4 M1 3.1a
3
le.Sa:MgacosB:(Mgaxg) Al 1.1b
2
- 3 Mg* Al* 2.2a
3)
(b) N.B. Marks for the eguations should be awarded in the order in
which they appear on the script.
Resolve honizontally: M1 34
F=S8sinf Al 1.1b
Resolve vertically: Ml 33
R=Mg—-Scos@ Al 1.1b
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Other possible equations: (any of which 1s worth max M1A1)
(parallel to the rod): Fcosf+ Rsinf =Mgsinf

(perp to therod): Fsinf&+Mgcosf@=S5+Rcosb

M(B): (SXO.Sa)+(RX2ac059)=(Mg><acosl9)+(FX2asin0)
M(C): (RXI.Sacose)z(ngo.Sa cos9)+(Fx1.5asin 9)
M(G): (RXacose)=(SXO.50)+(FXasin0)

N.B. If they have more than two equations, mark only those that
they use to try to find u

F = uR and two of their equations used to solve for u DM1 | 3.1a
8
u=—=042105... Al 22a
19
(6)
(9 marks)

Notes:

a | M1 | Correct no. of terms. dimensionally correct. condone sin/cos confusion and sign errors.
Allow use of a different letter for the angle.

N.B. They may resolve the weight into two components. parallel and perpendicular to
the rod. and then take the moment of each about 4. one of which 1s 0. (see N.B. below)

N.B. MO if one or both a’s aren’t there originally.

: 3
Correct equation, cos# may or may not be replaced by g

Al
N.B. you may see: Sx1.5a=Mgcosfxa

Al* ) i 3
Given answer correctly obtained. need to see cosf= g used
Allow: § = M2 or 2‘&54g =S

A0 if S 1s missing

b | M1 | Correct no. of terms. dimensionally correct, condone sin/cos confusion and sign errors

Al Correct first equation. S does not need to be substituted

M1 | Correct no. of terms. dimensionally correct. condone sin/cos confusion and sign errors

Al Correct second equation. S does not need to be substituted

DM | Dependent on previous two M marks for using /' = 4R and two equations to solve for
1 H

Al Accept 0.42 or better (as g cancels)
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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

(a) ,
B

AR

Moments equation: (M1AO for a moments inequality) Ml 33

M(4). mgacos@ =2Sasm 6

M(B). mgacosé +2Fasin6 =2Racosé
M(C). F x2asmn 6 =mgacosf Al 1.1b
M(D). 2Racosf =mgacos&+2Sasmnb
M(G). Racos@ =FasmB+ Sasmb .

(I) R=mg OR (&) F=S Bl 34

Use their equations (they must have enough) and F < yR to give an
imequality in // and 6 only (allow DM1 for use of F = uR to give DM1 2.1
an equation in it and & only)

,uzécotﬁ* Al* |22a
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&
Rf
1 <
—m, A
> g
(b)
Moments equation: M1 34
M(4). mgacos@ =2Nasiné
3 1 :
M(B). mgacos 6+ 2kmgasin @ =2Racos 8+ ;nga sin@
M(D). 2Racos =mgacos &+ N2asiné Al 1.1b
: : 1 :
M(G). fangasm 8+ Nasin 6 = — mgasin 6+ Racos@
NG 1 : ;
S.C. M(C), mgacos &+ 5™ 2asmm @ =kmng2asind MI1A1B1
5: .5k
1+—=— M1
4 2
k=09 Al
N=kmg—-F OR R=mg Bl 33
Use their equations (they must have enough) to solve for k&
e e = DM1 | 3.1b
(numerical)
k=09 oe Al 1.1b
3)
(10 marks)
Notes:
a | 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 < 4R to
DM1 | give an mnequality in iz and & only
(allow M1 for use of F = 4R 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)
b | Ml 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
DMI1 : : :
substituted. to solve for k. which must be numerical.
Al cao
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Question Scheme Marks AOs
(a) The normal reaction at B is acting to the left so it must act to the right, B1
right as it needs to balance (oppose, counter) the force at B, right as it
prevents the rod from sliding (slipping, falling), right as the weight (mass)
of the rod will mean the rod tends to slip left, mass or weight will be
pushing the rod to the left so friction will oppose that. 2.4
N.B.
You may see an arrow on the diagram at A, instead of ‘right’.
BO if they say the rod is moving oe
Accept towards the wall instead of to the right.
(1)
(b) Take moments about A M1 3.4
S§x2asin@ = Mgacos@ Al 1.1b
1
S=;Mgcott9* A1* 2.2a
(3)
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(c)

Resolve vertically, R = Mg

Resolve horizontally, F= S

Other possible equations:

Resolve along the rod, Fcos@+ Rsm &= Scosf+Mgsmnb

Resolve perp to the rod, Rcos@+ Ssinf = F s 6+ Mg cosé

M(8B), Rx2acos@=F x2asin 8+ Mgacosf

M(G), Racos@ = Fasmn@+Sasinb
N.B. When entering these two B marks on ePEN,

First B1 is for a vertical resolution, second B1 is for a horizontal resolution,
and if either is replaced by a different equation, enter appropriately.

If both are replaced by other equations, enter in the order in which they

appear in their working.

F=uR

Bl 1.2

1 4+
EMg X = = uMg

dMm1 2.1

I =— oe Accept 0.67 or better

w | to

Al 2.2a

S.C.For F |, UR, BO

1

— M1
2

ngg,, uMg

» AO
3 H

2
NB. If u= 5 follows this, they could score all the marks.

(5)

(d)

JF2+R?

M1 3.1a

\/@Mg] +(Mg)*

M1 1.1b

?i- Mgs/l_i or 1.2Mg or better

Al 2.2a

(3)

(e)

would be larger

New value of S would be larger as the moment of the weight about A

B1 3.5a

(1)

(13 marks)

www.onlinemathsteaching.co.uk



Online Maths

reaching

Notes:

a Bl | Any equivalent appropriate statement.

b M1 | Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors.

N.B. If @’s never appear, MO

Al Correct equation

Al* | Correct given answer correctly obtained, with no wrong working seen.

Mgi‘ot@ or Mg cot & - . S=¥cot9 or similar

Allow %Mgcot@:S or §=

1
but NOT S = ;cot & Mg or similar

N.B. Allow m instead of M

Must be & in final answer but allow a different angle in the working.

[ Bl cao

Bl cao

B1 | Seen anywhere, e.g. on the diagram

dM1 | using F = 4R, their two equations and substitute for trig (not necessarily correctly) to
produce an equation in £ only.

This mark is dependent on the 3 previous B marks.

Al | Accept 0.67 or better

M1 | Use of Pythagoras with square root to find the required magnitude, but F and R do not need
to be substituted

M1 | Substitute for their F and their R in terms of Mg and take square root to obtain magnitude in
terms of M and g only.

N.B. Must be using Pythagoras

ALTERNATIVE: Using trig on triangle of forces

Mg

M,
- g or
sind  cosa

M1: X =

to obtain X in terms of M

’ Mg 3
M1: substitute for sina or cos« and S, where tana = ?g (= 3 )

and g only.

Al | Any equivalent surd form or 1.2Mg or better
Must be in terms of Mand g

e Bl Correct answer and any equivalent appropriate statement.
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Question Scheme Marks | AO
(a) Drum smooth. or no friction, (therefore reaction is perpendicular to B1

the ramp) 24
(6Y)

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(4): 20g x4cos8 =5N sinf would be given MOAO

Possible equns M1 33
(/"): Fcos@+Rsin8=20gsin 8 Al L1b
(\):N+Rcos@=20gcos@+Fsinf :
(THR+Ncos8=20g -l
(=): F=Nsin@ Al | L1b
M(4): 20gx4cos@=5N Ml |34
M(B): 3N+ Rx8cos@=F x8sinf+20gx4cos8

M(C): Rx5cos@=F x5sm8+20gxcosb Al 1.1b

M(G): Rx4cos@=Fx4sm@+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(¥) M1 33
Possible equations:

(/"): X =20gsin8 Al |11b
(\):Y+N=20gcosé
(M):Xsin@+Ycos@+ Ncosd=20g
(—): Xcos@=Ysinf+Nsinb Al 1.1b
M(A4):20g x4cos@=5N
M(B):20g x4cos8=8Y +3N
M(C):20g xcos@=5Y
M(G):4Y =Nx1

M1 34

Ml |34

Al 1.1b

(The values of the 3 unknowns are:
N=150.528; X=54.88; Y=137.632)
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Alternative 2: using horizontal cpt (H) and cpt perp to ramp
()

(/"):Hcos8=20gsin@ M 3
(\):S+N=Hsin0+20gcos8 Al 1.1b
(T):Sc056+.Nc056=.20g Ml 3.4
(—):H=Ssmf+Nsinb
M(A):20gx4cos@=5N Al 1.1b
M(B):20gx4cos@+ H x8sin@ =85 +3N M 3.4
M(C):20g xcos @+ H x5sin@ =55 '
M(G):4S=Nx1+H x4sin 6 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 Hand S M1 1.1b
|F0rce| = \/Rz +F? Main scheme
OR =X’ +7* Alternative 1 M1 | 3.1b
OR =J(H * +8% —2HS cos(90° —6) Alternative 2
Magnitude = 67 or 66.5 (N) Al 2.2a
®
(c) Magnitude of the normal reaction (at C) will decrease. Bl 3.5a
(1)
(11)
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Ignore any extra incorrect comments.

a | Bl
Generally 3 independent equations required so at least one moments equation.:
MIAIMIAIMIAL
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.
Al For a correct equation (trig ratios do not need to be substituted and allow e.g.
c0s(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 (R ) for F
b | 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
MIA1
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.
Al | Correct unsimplified equation
M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
Al | Correct unsimplified equation

N.B. They can find X and ¥ 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
MIA1
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Alt

5 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. Must be dimensionally correct.

Al | Correct unsimplified equation
N.B. They can find H 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
MIALl
Substitute for trig and solve for their two cpts.

M1 | This 1s an independent mark but must use 3 equations (unless it’s the special case
when 2 1s sufficient)
Use Pythagoras to find magnitude (this 1s an independent M mark but must have
found a value for F (or X) and a value for R (or ¥))

M1
OR a complete method to find magnitude e.g. cosine rule
but must have found a value for H and a value for S

Al | Correct answer only

B1 | Ignore reasons
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%‘;:E:: Scheme Marks
(@)
R(T) R+Pcosa=W M1 Al
M(A4) Px2a=Wx15acosa M1 Al
( P="Wecos a}
\ 4 J
R=W—Pcosa=W—-§Wcosza DMI1
=i(4—3cos:a)ﬁ’ * cs0 Al (6)
5 g
(b) | Using cosa=— R=—W B1
3 3
R(—) UR=Psmna M1 Al
Leading to u= '—;sm o
({sin o= (1 - %) = J,E)
[ i e
u =“‘T' awrt 0.56 M1 Al (5)
(11 marks)

www.onlinemathsteaching.co.uk



