STEVE HOLYOAKE EQUILIBRIUM2

EQUILIBRIUM 2

UNIFORM WIRES

A 10.0cm piece of uniform wire is bent at right angles at the 4.0cm mark. Where must the wire be supported if the 6.0cm piece is to be horizontal.













Soln.
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is proportional to its length.
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Eg.2.
What angle would the 6.0cm side make with the vertical if the wire was hung on a nail where it is bent.
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LAMINA PROBLEMS 

A lamina can be treated as a two dimensional wire problem. It has its centre of gravity determined through two axis and their intersection is the lamina’s centre of gravity.

Eg 3 Determine the centre of gravity of a letter L which is made from uniform wooden squares as shown below.


Soln: The weight of each section of the lamina is in

proportion to its area. Let each square equal one
  view A
unit area.

When looked at from view A we would see the following. 
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Let the pivot be a distance of x from the 2 unit force and apply (M = 0 about this point.
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x
 = 
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ie The centre of gravity lies 1.9 units from the top of the letter.

The calculation is now repeated from the perspective of view B.
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(x = 0.6 units) ie the centre of gravity lies along the line which is 1.1 units from the bottom left corner of the letter and 1.9 units from the top of the letter.


Mark the location of the CoG with an X on the diagram.



CYLINDER PROBLEMS

Eg4

A wheel with a radius of 0.6m 

is to be pulled up a 0.4m step

by a horizontal force.  If the





          0.6m

wheel weighs 100N, what horizontal






FH
force is required to just lift it?
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The top of the step will provide an unknown reaction force and must be selected as the pivot.

( M lifting up the step
=
Fx r





=
FH x 0.2               (0.6 - 0.4)


Let x be the torque arm for

the weight force
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.22 + x2 = .62
x = .56m
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RAMPS

Eg5

A 100N barrel is held in place on a 30o incline by a rope tied to the top of the barrel.  What tension does the rope have if the barrel has a radius of 1.0m and the rope is horizontal?
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IF the barrel was to SLIDE down the plane we could calculate the force down the plane then calculate the tension in the rope that would produce an equivalent component Force parallel to the plane.  Unfortunately the barrel ROLLS.



(M down the ramp = (M up.


The point where ramp and


barrel touch must be 

selected as the pivot because




300


we don't know the reaction


force here.
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i.e.
1.87 T    = 50



T
= 26.8N

PROBLEMS

Q.1.
A 4.0 by 4.0cm piece of metal is made into the letter T by cutting 3.0 by 1.0cm rectangles from two adjacent corners. How far from the BASE of the letter T is the centre of gravity?


(1.7cm)

Q.2.
A uniform wire 10.0 cm long has a right angle band made at the 2.0 and 7.0cm mark.  Where must the middle section be supported so it remains horizontal?


(4.75cm from end)

Q.3.
A small barrel weighing 600 newton is held at rest on a smooth ramp inclined at 30o to the horizontal by means of a force parallel to the ramp.  Find the magnitude of this force and also the reaction of the ramp on the barrel.  What force would be required if it were applied in a horizontal direction?

(300,520,and 346N)

Q.4.
A garden roller has a radius of 30.0cm, weighs 500 newton, and stands on level ground against a step 6.00cm high.  What horizontal force must be exerted to make the roller begin to rise off the ground?  What is the least force necessary to do this?


(377, 300N)

Q.5.
A cylinder of diameter 50cm and mass 5.0kg is prevented from rolling down a rough slope inclined at 300 to the horizontal by a string, one end of which is attached to the surface of the cylinder and the other to a point on the slope, the string being horizontal and tangential to the cylinder.  Draw a diagram showing all the forces acting on the cylinder and calculate the tension in the string.


(13.1N)

Q.6.
A uniform rod is 1.80m long and weighs 50.0N.  Its lower end rests on level ground to which it is inclined at an angle of 600, and it rests against a smooth rail at a point 60.0cm from its upper end.  Find the magnitude and direction of the reaction at the ground.


(43.8N at 680 to the horizontal)

Q.7.
A cylindrical steel shaft of radius 2cm and 50cm long is turned down on a lathe to one-half its radius for a distance of 20cm from one end.  Find the distance of its centre of gravity from the thicker end.


(18.6cm)

Q.8.
A rectangular block has a height of 20cm and a square base of side 10cm.  It is placed with its square base on a rectangular board so that one side of the square is parallel to the edge of the board.  When the board is tilted about one edge it makes an angle ( with the horizontal. Find the value of ( when the block is just at the point of toppling over.  


(26.50)

