
Episode 203: Turning effects

Many students will recall the principle of moments from earlier work. The application of moments to situations beyond the simple ‘see-saw’ examples met earlier in the school career can cause some students difficulty. It is important to ensure that each step in the argument leading to an application of moments to general equilibrium situations is made as clear as possible.

Summary

Discussion: Moments and turning effects. (10 minutes)

Student experiment: Weighing a broom / laboratory stand. (10 minutes)

Student experiment: Centre of gravity of a student. (5 minutes)

Discussion: Conditions for equilibrium. (5 minutes)

Student experiment: Forces on a bridge. (15 minutes)

Worked example: The bookshelf (10 minutes)

Student questions: Moments (15 minutes)

Discussion:

Moments and turning effects
Your students will have come across these concepts already but their understanding may be shaky. It is therefore worthwhile to clearly define a moment and a couple thus:
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It is also sensible to remind students of the equilibrium condition for moments (zero net moment about any point) before considering the first activity.
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Student experiment:

Weighing a broom / laboratory stand
TAP 203-1: Using the centre of gravity to find the mass of a broom
If you have insufficient brooms to go around you can use a lab stand with a weight of a few newtons hanging from it. (Take care that feet don’t get injured by dropping weights.)  This has the advantage of allowing all the students to have a go at the experiment and allowing for some useful comparison of results. For example, did all the students get the same result? If not, why not? To what degree of precision should the result be quoted?

The students will need to know the importance of the centre of gravity. Once this is established the experiment becomes fairly simple, but a little more interesting than see-saws.

Student experiment:

Centre of gravity of a student
[image: image7.bmp]Find the position of the centre of gravity of a student. This reverses the process of the preceding activity.

You need to be a little sensitive about who you choose for the student – you can always volunteer yourself. This activity can be adapted to work for Action Men and Barbie dolls!
TAP 203-:2 Centre of gravity of a student
Discussion:

Conditions for equilibrium
Careful questioning will encourage the students to formulate the conditions for equilibrium. They will readily state that the sum of the turning effects must be zero (or words to that effect such as: clockwise moments = anticlockwise moments) but they may need to be reminded that the resultant force must also be zero.  

Student experiment:

Forces on a bridge
This exercise gives practice in combining the two sets of equilibrium conditions. It can become as complex as required. The metre rule must be horizontal if possible (never that easy). There is a degree of practical difficulty which gives students an opportunity to develop practical skills, but some may need help.

The results will not match up particularly well (especially with lighter weights or weights far from the centre of gravity). Use this as an opportunity for discussion but emphasise the usefulness of the mathematical approach.

TAP 203-3: Forces on a bridge
Worked example:
The bookshelf
TAP 203-4: Worked example
This is a standard example and links equilibrium conditions with resolved forces.  This link is not obvious to all students – it is advisable to proceed with care! A non-mathematical class may lose confidence in the previous work if they are confused by this ‘synoptic’ question across Episodes 
1 – 3.  Check carefully whether the specification you are following requires this before proceeding and choose further examples with care.

However, mathematically-inclined AS students will enjoy such examples and should be encouraged to tackle them.

Student questions:

Moments

Various situations requiring the ideas of moments are used.  You may wish to set extra questions to more able students

TAP 203-5: Moments questions
TAP 203- 1: Using the centre of gravity to find the mass of a broom

Apparatus required:

· Broom

· Large wooden spoon

· string
This simple experiment emphasises that it is not just the mass on either side of a balance point that determines whether an object will be balanced but also how it is distributed. First demonstrate this with a wooden spoon. Balance it on your finger to find the centre of mass and then cut it into two pieces through the centre of mass and weigh the two pieces showing that their masses are not equal. Then go on to the main experiment. 

Hang up a broom from roughly the centre of its handle so that the head will go down - the centre of mass of the broom being on the side nearest the broom head. Now by loading the other end with masses bring the broom into a horizontal position. Locate the centre of gravity of the broom by removing the masses and adjusting the position of the string so that the broom balances. 

Theory:

weight of masses ( distance of weights from pivot = weight of broom ( distance of centre of mass from pivot

Now ask the students to repeat the experiment with lab stands and masses. They can balance one stand on the other find the centre of gravity.

Apparatus required:

· Retort stand 

· clamp  

· String   

· Slotted masses

· metre rules, 

· slotted masses.

TAP 203- 2: Centre of gravity of a student 
You can find the centre of gravity of a student by the following method using a strong wooden plank, a pair of bathroom scales and a brick (or block of wood the same height as the scales). Put the plank down with one end on the block of wood or brick and the other on the bathroom scales. Lay the student on the plank with their heels over the pivot (brick). Record the reading of the scales. Take moments about the brick having weighed the pupil first. 


Theory:

Reading on scales ( distance of scales from pivot = Weight of student ( distance of student's centre of gravity from the pivot + Weight of plank ( distance of centre of gravity of plank from the pivot.

Actually the weight of the plank can be ignored if you record the increase in the scale reading when the student lies down.

Apparatus required:

· Plank (2 m long)

· Bathroom scales

· Metre rule

TAP 203- 3 Forces on a bridge

Use the conditions for equilibrium to predict the forces acting on a bridge structure.

Apparatus required:

· 2 laboratory stands

· 2 newton meters

· metre rule

· 2 sets of 1 – 10 N weights

· string


[image: image1]
Conditions for equilibrium:  
W = R1 + R2    and    R1 x1 = R2 x2

Part one

Suspend a 3 N weight from the metre rule as shown. 

Set x1 = 0.2 m and x2 = 0.6 m

Ignoring the weight of the metre rule:

3 N = R1 + R2
and    0.2 R1 = 0.6 R2

Therefore, R1 = 3 R2   and so 4 R2 = 3 N

R2 = 0.75 N    and    R1= 2.25 N

Set up the apparatus to see if your value agrees with the experimental value.

Change the weight to 5 N and move it to a new position.

Recalculate the expected forces on the newton meters and compare with the experimental value.

Part two

Take two weights and place them as shown. Calculate the expected force on the newton meters and compare with your experimental value.
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Do you think your experimental results confirm the calculations? Give reasons for your answer.

TAP 203- 4: Worked example
A uniform horizontal shelf of width 0.38 m is attached to a wall a shown in the diagram.  The total weight of the shelf and books is 70 N. This weight acts from the middle of the shelf (0.19 m from the wall).


Calculate the turning effect of the weight about point P. 

Moment = 70 N ( 0.19 m = 13.3 N m

Calculate the tension in the support wire.

The component of T at 90( to the shelf must provide the moment to balance the moment of the weight.

T cos 50° ( 0.38 m = 13.3 N m

T cos 50° = 35 N

T = 54.5 N

Note that we take moments about point P. This is because there is a third force which acts on the shelf; this is the contact force (or ‘reaction’) of the wall on the shelf. We do not know its magnitude or direction but, since it acts through point P, it has no turning effect about P.

TAP 203- 5: Moments questions
1)
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The plank is set up as shown and the balance zeroed. When the student lies on the plank the reading is 600 N. The balance is 2 m from the student’s feet and the centre of gravity of the student is 1.5 m from their feet. What is the student’s weight?

2) 
A rigid beam is hinged to a wall and held horizontally by a string as shown in the diagrams below.  

Calculate the tension in the string T in each of the following situations.

In all calculations ignore the mass of the beam.

  (a) 
A weight of 200 N is hung from the beam as shown in diagram (a).


 (b) 
The 200 N weight is moved to the midpoint of the beam.


 (c) 
A second 200 N weight is added as shown in diagram (c). 
 
(d) 
The string is shortened and tied to the middle of the beam. 

The 200 N weights remain in position and the string remains tied to the same point on the wall so the angle between string and the beam is 50°.  (Diagram d)


3)
A van and trailer cross the bridge above, the axel loads and the position of the vehicles are shown.  The single span bridge is supported at points 21m apart.  

(a) 
Calculate the vertical forces at each of the supports caused by the van and trailer on the bridge.

 (b) 
The support forces are higher than you calculated, explain why.

4)
Walls can be used to hold back earth banks, for example in railway and motorway cuttings. Walls are also sometimes are used in gardens to provide different soil levels. Sometimes walls can tip over. 

IN this example the soil provides an average thrust T of 2.0 x 106 N and acts about a third of the way up the wall.  The weight acts 1.0 m from the right hand corner of the wall.

Calculate the weight of wall just needed for the wall to be stable and not topple over.

(b) 
It is suggested that a toe might reduce the quantity of concrete needed.  The average soil thrust remains as in part (a).

The weight of the toe is 1.6 X 105 N.

What weight W would be required to stop the wall
 tipping over?

 (c)  
Would you expect a wall half the size of that in 

part (a) to have the weight you calculated in (b)?

Answers and worked solutions

1 
Taking moments about the feet.

600 x 2 = W x 1.5 so W = 800 N

2 
Taking moments around the left hand edge of the beam near the wall

(a)
T sin 30° x 0.5 = 200 x 0.5 so T sin 30° = 200 and T = 400N

(b) 
T sin 30° x 0.5 = 200 x 0.25 so T x 0.5 = 50 and T = 200N

(c) 
T sin 30° x 0.5 = (200 x 0.5) + (200 x 0.25) = 150 so T = 600N

(d) 
T sin 50° x 0.25 = (200 x 0.5) + (200 x 0.25) =150 so T = 783N

3 
Taking moments about the LHS and working in kN.

(7 x 4 kN) + (10.5 x 10 kN) + (15.75 x 8 kN) = vertical force x 21

28 + 105 + 126 = 259.  So vertical force = 259/21 = 12.3 kN

A similar calculation can be performed by taking moments around the RHS of the bridge.

Alternatively In equilibrium upward force = Downward force 

So 22 kN = 12.3 kN + force on RHS of bridge.  Force = 9.7 kN

(b) 
The weight of the bridge has been ignored so upward forces will be larger.

4 
Taking moments about corner A

(a)
T x 3 = W x 1 so 2.0 x 106 x 3.0 = W   so W = 6 x 106 N

Taking moments about corner B.

(b) 
T x 3 = (W x 1.5) + (1.6 X 105 x 0.5) so 6 x 106 = 1.5 W + 8 x 104 and W = 3.95 x 106 N

(c) 
Not if it were the same type of concrete

External references

Questions 2 and 3 are based on Revised Nuffield Advanced Physics Chapter A questions 41 and 43.

Question 4 is based on an idea from Physics in Engineering 16-19 Mechanics and Heat by G Rait.
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