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C

α

2a
B

P
x

A

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.

 The angle between the rope and the plank is α, where tan α = 
3
4

, 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.

 (a) Using the model, show that the tension in the rope is 
5 3

6
Mg x a

a
( )+

(3)

 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.
(2)

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

 (c) Find the value of tan β
(5)

 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.

(3)

F-FE.EE?:::-:i..-pBfg
__g-_g___of--r_r-gAgBB
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Question 7 continued
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BE

--o⑧--o§②FEEa+*
-0

Caxmg ) + (xx 3mg) - ( Za ✗ Tsina) =0
I

µµ """⇒
"

①
°

µ
""

÷:÷÷⇒
.

"

÷ ÷÷÷÷p

1-cos ✗ = 2mg

Apµg÷÷÷÷÷:÷÷÷÷2om÷¥= 2mg µ
⇒ ""

÷÷÷ |
3K + a= za

'µµo€@o-__
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Question 7 continued
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-5--0--0--048②F÷-%¥§÷i%ms> -0

µg, :÷÷÷÷÷÷÷÷÷÷*÷÷§F=7Mg÷Mg
F= 5M¥ -①

say I
- I¥g - ①

⑨gqgE¥t→=÷
.

I a- 5mg

gang ,,, ,a, , gang ,
,, µ

3K Esa

⇐

÷:# -0

giftgq÷÷÷÷÷÷**÷.
'µµo€@o-__
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g-zth-o-IE-fgg.ggµ

{
"" " " "" " "" "" "" "" " "
have multiple forces acting on A

,
and they are all force from

builder →
Fic ••→Fz

in equilibrium since there is no movement.

✓

7W

Mµµy= >""""" "" " """"" " """"are in equilibrium . their sum will add to 0.

• the www.weigu-ofiadder.pusnbacaforce
• Yasin.I

⇒ 7W . La Cosa + WaCosa - 5. daSint = 0 2

⇒ 14W a cost + Wacost - 2 Sasin2=0

⇒ 15Wacost = 2a - 5. Sind

⇒ 15W - Cost = 2s . Sind LaCosa
⇒ 15W = 2.s - Sina (tana = % = %÷)

Cosaµµ= > isw-a.s.sn .

=) 15W = 5.5 =) 5 = 3W as required. I

=

b) Perpendicular Force = 1W -17W = 8W (F) 1

Friction = µF, = ' 14×8 = 2W I

>
3W Comes from

g-W

µµpµ
"" " " """"""⑨ ⇒ min . -

- ow - aw=w=w .

=) The range of P will be : wept 5W I
YW

=

p
>

c) By standing on the bottom of the ladder this helps to stop the

↳ µ ... .. .

⑧µµ•_⑥£•Unchanged. I
→
(F)

° More weight on the ladder
' " the perpendicular f"" "" increase " µy⑨• Since F, increases

,
Friction will increase since friction = F, -µ

.

'
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?⇒÷÷F÷÷÷÷xoo•
µ :÷÷÷÷÷÷: May
-

µµ"÷÷: . ⇒

RA

respectant
"" ^

resultant

µ
Resultant-_€É=2 - ① µ

⑥
=F÷É%÷I

µ = 66 'S N (3s.f.) - ①

c) centre of mass of AB has

clockwise moment about A

decreases (as distance from A to the

BBC.ae.. :÷÷÷÷µ¥
"

force deceases) - which means the.

The magnitude of the norma reaction at C will

→←
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4.

A

C

Į

6a

4a

B

Figure 1

 A ladder AB has mass M and length 6a.

 The end A of the ladder is on rough horizontal ground.

 The ladder rests against a fixed smooth horizontal rail at the point C. 

 The point C is at a vertical height 4a above the ground.

 The vertical plane containing AB is perpendicular to the rail.

 The ladder is inclined to the horizontal at an angle Į , where  sin Į = 
4

5
���DV�VKRZQ�LQ�)LJXUH���

 The coefficient of friction between the ladder and the ground is ȝ.

 The ladder rests in limiting equilibrium.

 The ladder is modelled as a uniform rod. 

 Using the model,

 (a) show that the magnitude of the force exerted on the ladder by the rail at C is 
9

25

Mg

(3)

 (b) Hence, or otherwise, find the value of ȝ.
(7)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

→ f-=µR

→ centre of mass is half -way .

↳ N
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Question 4 continued
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i
/ Take moments about A ✓

Nr

µ Moment = Force ✗ Distance to the Pivot (A)

① acw moment = cw moment

µ
""

;;
wisecw-ewcnwise.gg?fgEENx4a---Mgcosxx3a/✓

f- =/UR

N = Mycosis sik

)yosa=¥n=?¥a=¥ '

| = My ✗ f- ✗¥x¥ ^a ,,

Lia 01 |
| N= My Cas required)✓

"

%¥=µsins =L → h=¥✗
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Question 4 continued
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←

----→_=

IFN= 91¥ ?
Nv FL N (H) NH

✗(
Ca)

a cost
" " "

i ¥,¥:*
? Hg""""

T
""""↳"

Y
"

F = Na → f- = Nsint

>
f- =µR

i. f- =9zM÷sin✗✓

µ Resolving Vertically :✓Rt Nv -
- My → RtNcosa=Mg

Rt9Y§cosx=Mg✓④ using f. µ , §µ9I¥sin✗=µ(Mg-91¥ Cosa )

µ as;=r( ' -9%-4 I s ④,¥×¥=µ( 1- E- ✗ F)

1 m¥:÷¥÷- µ
⇐o--#•
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3.

B

θA

2a

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 θ, as shown in Figure 2.

 The coefficient of friction between the beam and the ground is μ

 The beam is modelled as a uniform rod resting in a vertical plane that is perpendicular 
to the wall.

 Using the model,

 (a) show that  μ  
1

2
cot θ

(5)

 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.

 Given that  tan θ = 
5

4
,  μ = 

1

2
  and the beam is now in limiting equilibrium, 

 (b) use the model to find the value of k.
(5)
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Question 3 continued
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Question 3 continued
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Question 3 continued
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(Total for Question 3 is 10 marks)
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