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Moments in 2 Dimensions (Sheet 2) Mark Scheme

Q1.
Q Scheme Marks Notes
nic spis i Terms must be dimensionally correct.
. M(4): deos@x3g=4P Ml Condone trig confusion
Al
Resolving horizontally: Psinfd=F Bl
T N = Requires all 3 terms. Condone trig
Resolving vertically: Pcos@+ R=5g Ml : g
confusion and sign errors
Al Correct equation
DMI Substitute for P to find R or FF
] Dependent on both previous M marks
) One force correct. Accept equivalent
< Sgdcos 0 —Sod+2 2
R= BT Al formse.g R= 20g—5gd E)gtan 9
4(1 +tan” 0)
Sgd cos@sind Both forces comzct. Accept equivalent
F == Al Sgdtand
4 formseg F=—""——
4sec” @
(8)
; Needs all three terms.
M(B): ¢ :
a alt 5gcosfx(4—d)+ Fsin@x4 = RcosOx4 Ml Terms must be dupepsmnally correct.
Condone trig confusion
Al At most one error
Resolve parallel to the rod: M1 Requires all 3 terms. Condone trig
S5gsin@ = Rsin@+ F cos@ confusion and sign errors
Bl At most one error
Al Correct equation
. fFcosd
> R=5g-—
sinf
5gcos@x(4—d)+ Fsinfx4
' DM Eliminate one variable to find F or R
=4cosf| 5¢g- Feosd ’ Dependent on both previous M marks
sin@
4F(sin9+ o 9)
siné
=20gcos@-20gcosf+5gdcosf
Sgdcosfsind
F = 287005737 co: e Al One force correct
R=5g- Siponini Al Both forces correct

See next page for part (b)
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BE
Sgdcosfsing
- q .
= _ Use of F=uR
b / - _Sgdcm;"ﬂ‘ MI SE O i
g ===
e e A B e Al | (4-dcos’@=2dcosfsing)
2 4 4
5
4x169=120d + 1444 MI Use tand = B and solve for d
d= @ Al (= 2.6 m or better)
L
(4)
. 2 5 1 T5ed 3
balt | F=5gdx—x—=x—|= M1 Use tanf = —
. gx]EKIEXcI[ m@] T
R=5g —Exﬂ Al Both unsimplified expressions
4 169
T5ed = %{5 =169z —1 E{'}gd} Ml Use of # = xR and solve for J
- 169
150gd +180gd =B45g |, d= T3 Al (= 2.6 m or better)
(4)
2 3 : — : ; -
balt | R=Sg——P , F= 2 p M1 SLll‘.l?.T.]]_‘.utE trig in their equations from
13 13 resolving,
if‘—l 5 —EP M1 use ' = uRand solve for d
13 20 13 i
63
:P—Eg Al
Sgcosd B

[12]
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Q2.
Question
Number Scheme Marks Motes
o
e,
NB As the rod 1= not uniform,
N the use of moments equations
" 1s not helpful in part (a).
A
A—>
(a) R=F Bl Fesolve horizontally
_ Eesolve vertically (requires Q)
S+0= 3
= Bl acting upwards)
2 1 Use both coefficients of
Solve to find 5 1n terms of m &
? 2 1 1 6 M1 g. (Can be scored if O 1s acting
O=—R=—x-7, S+=—8=mg, S=—mg downwards)
3 i 4 6 7
Al
()
(b) . Moments equation — must
M [:;ij mg xxcosbl=0x2 cos60+ R =2 sin 60 . include all terms.
M (B) mg(2]—x)cos60+ Fx2sin 60=Sx2lcos60 |~ Condone sign errors and
M (c of m) sin'cos confusion
Sxcos60 = Fiesin 60+ R(2 — x)sin 60 +0(2] — x) cos 60 Correct unsimplified equation
A2 (for their 5)
-1 each error
1 6 1 _6 : Form an equation 1in x.
=—x— 2 — W= 2 :
mgxcos 60 . * ; meg x 2l cos60 + p X = mgx 2lsin 60 | DM1 Depends on the preceding M
1 1 1 3
—x=—=x2x—+—x[/3
2 7 2 14 \.'{_ _
e _ Al 1(2+343)
AG=x=1028...1 x=1.03] 3) 1.03] or better [ )
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Q3.

Question
Numher

(a) P | -~
) -
o
0.5q.

Scheme Marks

. LR >
R(T) R+Pcosa=W MI Al
M(A) Px2a=Wxl.5acosa M1 Al
| P=i}f¢"coaa'
! )
3 4
R=W—-Pcosa= H"—_IH"CD':" o DM1
1 2 o
=E|I4—3cos'af.]ﬁ % C50 Al (6)
2 2
(B) | Using cosar=—. R=—W Bl
3 3
R(—) wR=Psna MI1 Al

Leading to u =isma
4
(sinar=~(1-%)=E)

U :VT- awrt 0.56 M1 Al (5)

(11 marks)
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Q4.

Scheme Marks MNotes

2 e Useof F=uR . Could be on diagram.
=—R seen or implied Bl S
3 Allow in (b) if not seen before

IMoments about C or altemative complete
method to find equation in F and R or B
M{C)5g=3cosax+FxTsina=Tcosa xR 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
ligcosa = Ri 7cos Q—%E]ﬂ& |
< 4 ?|.- 4 014 3 14 M1 Elbatinl,lretfor F :uu;l trii ?;1(1 solve for R
w—=R| Tw———x—|=—1 ; ;
g X573 ependent on previous
'%
J JELPFLIN Al
(@)
e.g. of alternative for MI1A1AL:
M{A4): Tsin f+8Rcosar =8F siner + 20g cos o o0
and M(B): 7T sin §=20gcose (1)
(A1) At most 1 error
S , : —
20g cosar+8Rcos e =8F sina +20g cos (A1) CE ?;;;ET unsimplified equation in F and R or
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]3]
BE

Q Scheme Marks MNotes
Resolve [ : Tcos6+R=5g Need all terms.
b R+Tsin(f—-a)=5g M1 Condone sin/cos confusion and sign error(s).
Al Correct in R or their R
Resolve «»: Tsind=F(=28) Need both terms. _
IR Ml Condone sin/cos confusion
Fl=—R|=Tcos|f—o
Al Correct in R or their R
Solve stmultaneous equations for f—a
tan(f—a)=4, F=509° (51°) | Al cso. Max3sf
(5)
Moments equation.
Alt M(B): 7=Tsin f=5gcosax4 M1 Dimensionally correct.
Condone sin/cos confusion and sign erron(s).
gy 16
[T sin f= = gJ Al
OR: resolve perpendicular to the rod: oM1)
Tsﬂﬂ+Rcusw=ngsa+§Rsﬁm‘ (A1)
Resolve parallel to rod:
Tcos f+5gsina=Fcosar+Rsina All terms needed
) Ml ‘ S - .
(- 2 Rcosa+ Rsin ar] Condone sin/cos confusion and sign error(s).
L3
[T cos 3= % g ] Al
Solve simultaneous equations for &
16 -
tan,ﬁl‘=ﬁ , f=509° (51°) Al cso. Max 3sf

(5)

[11]
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\
S[E]

Scheme Marks AOs
(a) Take moments about A4
(or any other complete method to M1 33
produce an equation in S, W and o only)
e + T2 = § 2ast " L1b
acosa acosa =5 2asma Al 1 16
Use of tana = - to obtain S M1 21
2
S=3w * Al* 2.2a
(3
(b) R=8W B1 3.4
1
i B M1 34
Pvax=3W+F or PMN=3W - F M1 34
PMAX=5W or PMIN=W Al 1.1b
W< P<5W Al 2.5
&)
(c) M(.4) shows that the reaction on the ladder at B 1s
M1 2.4
unchanged
also R increases (resolving vertically) M1 2.4
which increases max F available M1 24
3
(13 marks)

\_

/

Subscribe To The Ultimate $tudy Tool For A-Level

Maths At ALevelMathsRevision.com/UST



Need more help with this topic? Go to ALevelMathsRevision.com for video tutorials and more! %
Q6.
Question Scheme Marks Notes
Number
Needs all 3 terms. Condone sign
S 5 - s M1 errors and sin/cos confusion.
(a) Resolving vertically: ¥ + Pcos&@ =W Condone g
Al
Terms need to be of the correct
Moments about A- W7 cos & = 2IP M1 ;tmcture: but condone [ implied
if not seen.
Al
Substitute for P to obtain
- . - ) simplified ¥
P= W enat) =¥ = H-'_M =—(2 —cos’ &) DM1 Fequires both preceding M
e 2 - 0 ) marls
Al {(6) | Obtain given result correctly.
NB W4T = Pcos# 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 thev score any marks
(b) 9=45°:}’=% Bl
X = Psin 45 Ml Resalvmg honizontally. Accept
in terms of .
Express X in terms of .
W cos45 f DM1 Accept in terms of 6.
=—— —sin45 =— Requires preceding M mark.
= ' Al Correct unsimplified but
substituted.
J_ Use of Pythagoras with X, ¥ in
_ W m—a W10 DM1 terms of " only. Dependent on
Fesultant at 4 = ?\B +1° = — the first M1
(0.797F) Al Or equivalent (0.797 or better)

(6)

Alternative moments equations: about the centre P/+ Xsm&] = ycos&

About the point where the lines of action of P and X intersect¥ x

2 F -2t
=]

cos&
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Q7.

Q.u"m'_' Scheme Marks Notes
Number
a F
M1 Moments about A. Requires all three
| Moments about A: terms and terms of correet structure (force
x distance). Condone consistent trig
confusion
1 bF = acosOmg + 2acos Omeg(=3acosOmg) A2 -1 each error
3 56
| F:M *Answer given* Al
‘ b [4]
M1 Resolve horizontally. Condone trnig
. 3amg cosfsmé confusion
| = H=Fsmf=—"2-—w_" ,
" | =* - b Al RHS correct. Or equivalent
‘ M1 Resolve vertically. Condone sign error and
| T 2mg=+V+ Fcosd trig confusion
Al Correct equation
‘ 3amg cosf ( 3amg cos’ 0 ) 1 RHS correct. Or equivalent
| ¥V =2mg — ————xcosé :.‘-mgf—b— [5] 4
. |
Q."“nm? Scheme Marks Notes
Number
c < 3amg cos’ 6 [
<mg b , Ml Use of tan, either wayup. V. H, F

?(nng cosPan 0. tan t subsmul_:d ' .

T e Al Correct for their components in € only
2b-3acos’  sind DM1 Simplify to obtain the ratio of a and b. or
3acosfsinf)  cosf cquivalent

2 .2 a 2 Al
=»2b-3acos’ @ =3asin" @ =2b=3a, —=— 4
b 3 [4]

. : Ja sl u
calt2 | The centre of mass of the combined rod + particle is —afrom4 | M1A1

S A Sy 3 Not on the spec, but you might see it.

3 forces in equilibrium must be concurrent = b= ~a Ml ’ pe - ges
_a_2 Al

b 3 , [4]
R acts along the rod, so resolve forces perpendicular to the rod. | M1 Resolve and substitute for F
F =mgcosf+mgcost

altc3 Al
% 3amg cosl .
2mgcos) = ——————
b
DM1 Eliminate 8

a_2 Al

b 3 1 (4]
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Question g >
Number Scheme Marks Notes
R acts along the rod. Take moments about C Moments about B gives
altcd mgcosf) 2a-b =mgcosf) b-a M1 Al 2a~b F =amg cosfand substitute for F
2a-b=b-a. === DMI1ALl
b 3
[4]
1ts Resultant parallel to the rod = R =2mgsiné M1 Substitute for ¥, H and R in terms of &
calt$ g S M
And V'+ H =R°
2mgsind * = [ 3amg cosfsin 6 I A ‘ 5 3amgcos’ 0| i3
\ b J b
Eliminate € DM1
a2 Al
b 3 [4]
Q8.
S Scheme Marks
Number - Notes
(a) M1 A complete method to find I, e.g. take moments about A.
M(A), F.4sin 40" =5g.2 cos 25° (;Undoﬂt’ sm.‘cus. confusion R(‘ql:llt(‘S correct ratio of lengths.
- Al Correct terms with at most one slip
Al All correct
F=35 Al 350r 345 (=3sf not acceptable due 1o use of 9.8, but only
= ; penalise once in a question)
(4)
(b) M1 Resolve vertically. Need all three terms but condone sign errors.
Feos75°+YV=5g 2 Must be attempting to work with their 75° or 15
Al Correct equation (their )
, ot 40 or 40.1
Y=40 ; 2 Apply ISW if the candidate goes on to find R
up Al cso (the Q does specifically ask for the direction, so this must be
3 clearly stated)
(4)
8
4mcos25xY M1 Taking moments about the point vertically below Band on the
(h) ORL: | | . = P ' " ' A.(Their F :
=5g%2mcos 25+ F cos15% 4msin 25 Al same horizontal level as A.(Their F)
elc,
OR2: Reosa = Feos40+5gcos 65 Resolve parallel & perpendicular to the rod
Rsina + Fsin40 =5gcos 25
Re52.1,0225.3" Solve for R, a
Y = Rsin(25+a) MIAL Need a complete strategy to find Y for M1
Ftc

363
BE
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Qo.
%":ﬁggp Scheme Marks

Taking moments about A:

35 =100 2% cos@ e
Resolving vertically:

R+Scosa =100 e
Resolving horizontally:

Ssma=F S
(Most alternative methods need 3 independent equations. each one worth
MI1A1l. Canbe done in 2 e g_ if they resolve honizontally and take
moments about X'then Rx2xcosa=8x(3-2x cos” @) scores M2A2)
Substitute trig values to obtain correct values for F and R (exact or decimal | DM1
equivalent).

' 3 Al

5= ED{I\@ , R= lﬂﬂ—@ = el #4074 . F = 20048 = 2095

9 ) 27 27 27
20058 248 e
F < uR, 2008 < ux1100, uz ===
/ s 5 1100 11
Least possible i 1s 0.514 (3sf ), or exact. Al
[10]
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Q10.
: :
Juestion Scheme Marks
Number
(a) N B
—
la__f'f
/300
a ':Img
R
a’f Img
4 F
M(A) Nx4acos30”=3mg xasm30°+mg = 2asm 30° M1 A2(1.0)
5 5
N=—mgtan30® (= mg =7.07...m DMI1 Al
4 43
— F =N R=4mg Bl. Bl
Using F, = uR Bl
5 .
—mg =uR for their R M1
= a awrt 0.18 Al
164/3 (10)
[10]
Alternative method:
M(B): mg = 2asm 30+ 3mg = 3asm 30+ F = 4acos30=R = 4asm 30
llmgasm 30+ F < 4acos 30 =R = 4asm 30
—.,.'{_ MI1A3(2.1,0)
11 4443
"8 L FY2 _oR
2 2 DMIAL
T R=4mg. Bl
Usmg F, = uR Bl
5 5
suN3=2. pu= Ml Al
2 16+/3
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]3]
BE

Q11.
m(B):Rx4cosa = F x4sma+20g x 2cosa M1 A2
1
Useof F = ;R M1
Use of correct trig ratios B1
R=160N or 157N DM1 A1

[7]
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