Ans: Further (Statics-moment and equilibrium)

[image: image1.png]4. (a) Since only two forces are involved in setting up
the equilibrium, they must be opposite and along
the same vertical. From the geometry,
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The inaccuracy s due to the fact that X, #X,. \
When balanced, W, X, = W,Xy.
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Let the unknown mass be X.
“Tuke moment about the pivot, o
Xz(15) = (100)g(15) + (Dg(3) Take moment about the pivot O.

X =100+ % =1002¢g M(10)(0.5a) cos 26.6° = (10)[(0.5a) cos 26.6° + a sin 26.6°]
Moo 2660
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4Rsin 15°

X, =X,=R 15°; X,
=X, cos 15%; X, 3

Take moment about O,

Mg(4R sin 15
e

Problems in exercise are usually simplified versions of real situations. Words like
“light-weight'’; ‘negligible ...’; ‘smooth’ are significant hints in solving the

(25)gR cos15° + problems.

= (40)¢R cos 15°

M =132k

€ To begin with, look at a problem from the context of physics and extract as
much information as possible as illustrated in (a). The calculation will be much
simplified.
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[image: image2.png]At the point of sliding, F = 0.6 mg
At the point of toppling over, the reaction R s along the farther edge.
‘Take moment about O,

Fa=mg(0.5 a)

F=0.5mg

It means that for the cube to topple over, it requires a smaller force.
Hence the cube will topple as F increases.
If the force is applied at the level of the centre of mass of the cube, the equation on the moment
will be

F(0.5 a)=mg(0.5 @)
F=mg

Then it requires a smaller force to slide. The cube will slide.

| Tip: The line of action of R shifts from the centre to O as F increases. At the point of

toppling over, it must act through O as that is the only point of contact.

Take moment about X, A
R,@=W(0.8)
R,=04W 5 A
o7m 03m

The percentage of weight borne
by A and B are 40% and 60% respectively.

w
(@) Rcos 30° = 1000 N
F =Rsin30° = 577N X
® R=—20__ 155N perpendicular to the plane F—
cos 30°
() No. Since the resultant of the other two forces passes <

through the centre of the roller, the equilibrant F must
also pass through it.

@ S$=200N

Take moment about O, R
R(L sin 45°) = (200)[%} cos 45°
R=100N S

Hence reaction on floor = /(200)* + (100)*

=224N /N ‘
o 100] N
¢ =tan"| — | =26.6° Fo
{200 200N

i.e. at an angle of 26.6° with the vertical.

® F=R

The ratio £ =05

If the coefficient of friction is 0.5, the ladder will not slip.

Draw the force diagram and mark all the information you can obtain from the ques-
tion. This is the first step to solve a problem. F must point towards the wall as there

is a tendency for the ladder to slip down. R, a reaction force, must act in that direc-
tion to counteract F.

From the diagram, R must be zero and so is . The ladder cannot be remained in equilibrium.

F
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Tip:  Draw the diagram and you can see that the only horizontal force R must be zero in

order to be in equilibrium. However, this would leave a non-zero couple.
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Take moment about 4,
L
(50)| -5 |(sin 60°) = TL cos 60°
T=433N

S=50N
R=T=433N
Magnitude of the reaction =(43.3)' + (50" =66.1 N

R
6=tan"'| = |=40.9°
[S]
i.e. at an angle of 40.9° to the vertical, pulling into the wall. 10N

Moment of couple = (10)(0.3)
=3Nm

Y

Take moment about O,
F(0.5) =3
F=6N

R=F=6N, ina direction opposing F . F
10N

To balance a couple, another couple of the same moment but in opposite direction
is required.

In (b), since the object is in equilibrium, the total moment about any point is
zero.

The moment of a couple about any point is the same.

The problem reminds you of the reaction that usually exists, at the pivot.
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12. (@) Accelerating; climbing a slope.

(& Doing a left twrn; moving on a laerally sloping road with the right side facing downuards,

13,
-— A
-l = [o}
08m
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(@) To round the bend successfully, a centripetal force of "’TZ ~ is needed. This is provided by

the friction F. At the limiting speed, the normal reaction is at the outer wheels.
R=mg

Now take moment about O, the centre of gravity,

R(1) = F(0.8)
g < 0B
10

v=112ms"

F
() The ratio -
) e ratio -

1.25, which is larger than the coefficient of friction on the ground. Hence

the car slips.

[ Tip: To prevent from using the concept of ‘pseudo-force” which is abstract, take moment

k about the centre of mass.
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[image: image4.png](a) Friction provides the retarding force. So F = ma.
Similar to Problem 13, R = mg

Take moment about O,
R(.5) = F(0.8)
a= % =188ms?

(b) If the car overturns, it will topple over the front.

(¢)  No.The maximum friction before skidding occurs is when
F=0.9)R=09mg
Hencea=9ms™
mv?

(@ Cenipetal force required = "1

This is provided by the friction F.
R=mg

Take moment about O,

Risin B = Fh cos f

W;T = mgtan B

B= tan"[%]

wo?

b) F=Wtanf=——o
®) an fj = oo

© F=08W
= V@.s)(mo) =89ms”

Centripetal force =5
“This is provided by the horizontal component of R and F,

ie. 80 = R'sin 10°+ F cos 10° [¢5)
R cos 20° =800+ F sin 10° @

“Take moment about O,
Rhsin 20° = Fh cos 20°

‘With (2), we obtain
R[cos 20° - (tan 20°)(sin 10°)]=800

() R=913N
F=33%2N

(b) Substitute into (1), v =7.8 ms™
(¢)  Since both the centripetal force and the weight pass through the centre of gravity, the
resultant of F and R must also pass through it. So g =tan f.

Then maximum value of fis tan” 1 =11.3°

Similarly,
Rlcos 11.3°~ (tan 11.3%)(sin 10°)]=800
R=846 Nand F =169 N

v=63ms"





