Statics - Year 2 Mechanics

Questions

Q1.

Unless otherwise stated, whenever a numerical value of g is required, take g = 9.8 m s™ and give
your answer to either 2 significant figures or 3 significant figures.
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Figure 3

A plank, AB, of mass M and length 2a, rests with its end A against a rough vertical wall.
The plank is held in a horizontal position by a rope. One end of the rope is attached to the plank at B
and the other end is attached to the wall at the point C, which is vertically above A.

A small block of mass 3M is placed on the plank at the point P, where AP = x.
The plank is in equilibrium in a vertical plane which is perpendicular to the wall.
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The angle between the rope and the plank is a, where , as shown in Figure 3.

The plank is modelled as a uniform rod, the block is modelled as a particle and the rope is modelled
as a light inextensible string.

5Mg(3x + a)
(a) Using the model, show that the tension in the rope is 6a

The magnitude of the horizontal component of the force exerted on the plank at A by the wall is 2 Mg.

(b) Find x in terms of a.

The force exerted on the plank at A by the wall acts in a direction which makes an angle 8 with the
horizontal.

(c) Find the value of tan 8

The rope will break if the tension in it exceeds 5 Mg.

(d) Explain how this will restrict the possible positions of P. You must justify your answer carefully.

(Total for question = 13 marks)
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Q2.

Figure 2
A beam AB has mass m and length 2a.

The beam rests in equilibrium with A on rough horizontal ground and with B against a
smooth vertical wall.

The beam is inclined to the horizontal at an angle 6, as shown in Figure 2.
The coefficient of friction between the beam and the ground is u
The beam is modelled as a uniform rod resting in a vertical plane that is perpendicular to the

wall.

Using the model,

1
(a) show that uy = 2 cot®

A horizontal force of magnitude kmg, where k is a constant, is now applied to the beam at A.

This force acts in a direction that is perpendicular to the wall and towards the wall.

5 1
Given thattan 6= 4, y= 2 and the beam is now in limiting equilibrium,

(b) use the model to find the value of k.

(Total for question = 10 marks)
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Q1.
Question Scheme Marks AOs
(a) Moments about 4 (or any other complete method) M1 i3
T2asma = Mga+ 3Mgx Al 1.1b
rMelat3x) SMgGxta) GIVEN ANSWER ar* | 21
2a (—)} 6a
3
(b) wcosaﬂﬂgg OR  2Mg 2atana = Mea+3Mex Ml | 31b
a
x= 2_{1 Al 22a
3
&)
(c) Resolve vertically OR Moments about B M1 31b
SMg(3.%f +a) _
Y =3Me+ Mg—Mma 2aY = Mga +3Me(2a—28)
a
M Alft 11b
Or: Y=3Mg+Mg—[ g}sinrx
cosa
yo S5Mg
2 Al 11b
N.B. Mayuse Rsin § for ¥ andlor Rcosf for X throughout
SMe
anf=y o RSBP __2 M1 | 34
X Rcos 8 2Me
5
=— Al 22a
4
5
(@ w <5Mg and solve for x Ml | 24
a
x= S—G Al 24
3
For rope not to break, block can’t be more than 5—; from 4 oe
Or just: x-ﬁ_ij?a . if no mcorrect statement seen. Bl Al 24
N.B. If the correct inequality is not found, their comment must mention
“distance from 4"
3
(13 marks)
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Notes:

(a)
M1: Using M(A4). with usual rules. or any other complete method to obtam an equation m a, M, x and T only.
Al: Correct equation

: . 3
Al*: Correct PRINTED ANSWER. cormrectly obtamed, need to see sma’=§ used.

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

Al: Accept 0.67a or better
(©
M1: Using a complete method to find ¥ (or Rsin §) e.g resolve vertically or Moments about B, with usual

rules

2Me

cos

Al ft: Correct equation with their x substituted 1 T expression or using 7 =

ﬁdrg

Al: ¥(orRsmn ) =ST-:}1' 2 5Myg or 2. 50Mg

M]1: For finding an equation in tan § only using tan,ﬁ:% or tanﬁ:%
This 1s independent but must have found a ¥.

Al: Accept _TS if 1t follows from their working.

(d)
M1: Allow T'=5Mg or T = 5Mg and solves for x, showing all necessary steps (MO0 for T'= 5Mg)

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

Bl: Treat as Al. For any appropriate equivalent fully correct comment or statement. E.g. maxinum value of
da

X1 —
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Q2.

Question Scheme Marks | AOs

Part (a) is a 'Show that..” so equations need to be given in
full to earn A marks

(a)

4 F

Moments equation: (M1AOQ for a moments mnequality) M1 33

M(A4). mgacosf =25asm &

M(B). mgacos&+2Fasiné = 2Racos&
M(C). Fx2asinf =mgacosd Al 1.1b
M(D). 2Racos8 =mgacosF+25asin e
M(G). Racos8@=Fasm8+Sasm8b .

(I)R=mg OR (&) F=§ Bl 34

Use their equations (they must have enough) and F < 4R to give an
mequality in f and & only (allow DM1 for use of F = uR to give DM1 21
an equation 1n fl and & only)

] 2%(‘015* Al* |22a

(3)
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(b)

C N |B
G
Rt mg
~ oo D
l?‘J‘i‘ ) 4 'me
3= - 3
Moments equation: M1 34
M(A4). mgacos@ =2Nasiné
M(B). mgacos@+2kmgasinf=2Racosd+ %mgla sin &
M(D). 2Racosf =mgacosd+ N2asin Al 1.1b
. . 1 .
M(G). Jangasin 8+ Nasin & = mga sin &+ Racos &
1 . )
S.C. M(C). mgacos@+_—mglasinf =kmglasind MIAIB1
5.5
l—'—=£ M1
4 2
k=09 Al
N=lmg—-F OR R=mg Bl 33
Te, - - ' . .
Use rhe.n' equations (they must have enough) to solve for k& DMI 3.1b
(numerical)
k=09 oe Al 1.1b
(5)
(10 marks)
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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 < uR to

DM1 | gve an mequality in ¢ and @ only

(allow M1 for use of F = uR to give an equation in [ and € only)

Given answer correctly obtained with no wrong working seen (e.g. 1f they use

P F = uR anywhere. AQ)
b | M1 Any moments equation with correct terms, condone sign errors
Al Correct equation
Bl Correct equation
DMI1 Dependent on M1, for using their equations (they must have enough) with trig

substituted. to solve for &£, which must be numencal.

Al cao






