












University of Wales Trinity Saint David School of Engineering
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Investigation of three forces in equilibrium
Science (M3X01513)
Rhodri Jenkins
1801396
4/12/18













1

2

3


Table of Contents
1	Rationale	2
2	Apparatus set up	3
3	Method	4
3.1	Carrying out the experiment	4
4	Results	5
4.1	Results in uncertainties	6
4.2	Percentage uncertainties table	8
5	Conclusions	9


































[bookmark: _Toc536119805]Rationale

In this practical investigation I’m going to investigate how the angle between two strings varies as the mass they are supporting is increased.
This report I’m going to prove that y=mx+c is correct for the experiment of weight and length through showing a directly proportional graph.
This report is going to show how to set up the experiment and also show what is needed to carry it out.
At the end of the report with all the data collected, this will be able to show 3 forces in equilibrium



[bookmark: _Toc536119806]Apparatus set up

Firstly, to carry out this experiment you will need the following apparatus 
· Retort stand
· Boss clamp
· 1m wooden rule
· Two springs, attached 0.6m apart
· 0.6m string
· 0.3m rule
· Protractor
· Spirit level
· 0.05kg mass hanger
· 11 x 0.05kg slotted masses
1.Place the Retort stand on a level table 
2. Attach the Boss clamp on top of the Retort stand
3. Place the 1m wooden rule into the boss clamp horizontally
4.Attach one spring 0.2m apart from the 0m part on the 1m wooden rule and measure 0.6m from the spring and then place the second spring which should be on the 0.8m mark on the wooden rule
5. Attach the 0.6m string on the both spring
And after doing that you are now ready to carry out the investigation
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Before carrying out the investigation you should reduce as much uncertainty in your investigation as possible to make this investigation a good quality, also create a results table to put your reading
Firstly, you could put a leveller on top of the 1m wooden ruler and adjust it if needed to make sure the ruler is level.
Make sure your 0.3m rule is clear and also your protractor.
While carrying out the test make sure you go to eye level to make sure your getting the correct readings.
Make sure all the weights (mass hanger and slotted masses) are 0.05kg / 50g
After checking all of this you should then do a results table so you can be able to write the results and then after being able to do mean values, the table must have 10 columns. One column for M (mass) and one for l1 and one for l2, and then another for the angle of the string, this will be your first reading and then next to it you add reading 2 and add another 3 columns for l1 , l2 and angle and then the last 3 columns will be derived data, this means you take an average of all your results and then the last column you’ll add an equation  for each value of mass then after reaching all this data, plot a graph with the average l on the y axis against  on the x axis.
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1) Measure the lengths of the springs with the ruler before adding weight and also the angle of the centre of the string.
2) Place the mass hanger in the centre between spring 1 and spring 2.
3) After that add 1 slotted mass to make the weight 100g, measure how much the string has increased in length on both sides and then measure how much of an angle the string is at the mass point.
4) Then add another 100g (2 slotted masses) onto the mass hanger and repeat the previous step and continue to add weight until the mass is 600g.
5) Repeat the experiment 2 times to get a reliable results table.
After doing the experiment you should be able to work out the mean value of lengths and angle and create a graph to see if the experiment is successful.
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After carrying out the method and repeat it 2 times I put the results in a table, I converted the (kg) into (g) and (cm) into (mm) because this helps show more of a figure and later on will help in 
showing uncertainties.
	
	                              READING 1
	                           READING 2
	                            Derived Data

	Mass
(g)
	LENGTH 1 (mm)
	LENGTH 2 (mm)
	ANGLE (θ)
 (°)
	LENGTH 1 (mm)
	LENGTH 2 (mm)
	ANGLE (θ)
 (°)
	Lm
(mm)
	θm
 (°)

	

	0
	44
	44
	180
	44
	44
	180
	44
	180
	0

	100
	69
	71
	126
	67
	72
	125
	70
	125.5
	218

	200
	97
	95
	107
	99
	97
	106
	97
	106.5
	334

	300
	117
	124
	96
	115
	127
	96
	121
	96
	448

	400
	139
	147
	87
	140
	148
	89
	144
	88
	556

	500
	160
	170
	79
	159
	168
	82
	164
	80.5
	655

	600
	182
	194
	76
	184
	196
	78
	189
	77
	767


Table 1- Results from the experiment

After a glance at the table the readings on 1 and 2 are very similar which means the experiment was a successful one. This shows that my results are reliable by the way I did it because the results after 2 tests are similar with similar figures. Now doing the both readings I worked out the mean (average) for the Length 1 and 2 for both readings and the Angle.

After working out the averages and the equation, we now can do a chart of the results and see what the line looks like, I’ve put the results on excel and put (Lm) on the y-axis and the equation on the x-axis and did a dot graph so I can print this off and do a line of best fit.

Figure 1-Forces in equilibrium graph results

This graph shows that most of my measurements mostly fit the line of best fit which also shows that increasing weight is proportional to the length
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After doing the results, now we need to do the uncertainties in our experiment and take those into consideration, this is important because it gives us other possibilities on what another measurement could be. Because we did our experiment with measurements not readings, our uncertainty is called zero error (lining up with zero 0) so to work out the uncertainty in our average results we will need to take the highest value, take away the lowest value and then divide them by 2 to give us an uncertainty in our average/mean value.






	
	                              READING 1
	                           READING 2
	                            Derived Data

	Mass
(g)
	LENGTH 1 (mm)
	LENGTH 2 (mm)
	ANGLE (θ)
 (°)
	LENGTH 1 (mm)
	LENGTH 2 (mm)
	ANGLE (θ)
 (°)
	Lm
(mm)
	θm
 (°)

	

	0
	44
	44
	180
	44
	44
	180
	44 (±) 0
	180 (±) 0
	0 (±) 1

	100
	69
	71
	126
	67
	72
	125
	70 (±) 2.5
	125.5 (±) 0.5
	218 (±) 1

	200
	97
	95
	107
	99
	97
	106
	97 (±) 2
	106.5 (±) 0.5
	334 (±) 1

	300
	117
	124
	96
	115
	127
	96
	121 (±) 6
	96 (±) 0
	448 (±) 1

	400
	139
	147
	87
	140
	148
	89
	144 (±) 4.5
	88 (±) 1
	556 (±) 1

	500
	160
	170
	79
	159
	168
	82
	164 (±) 5.5
	80.5 (±) 1.5
	655 (±) 1

	600
	182
	194
	76
	184
	196
	78
	189 (±) 7
	77 (±) 1
	767 (±) 1





Table 2-uncertainties table

After working out the uncertainties of my readings I can see that there are some high uncertainties in the length, this could mean that maybe I didn’t put the weight in the exactly same place on the repeat experiment or maybe that I wasn’t at enough of eye level to see the exact measurement that was on the length of spring or perhaps one spring was slightly different than the other. Overall the percentage difference in the average length isn’t high enough for it to be unreliable. 
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After doing the uncertainties figure in Table 2, I can now do a percentage uncertainty in this.
 
	                            Derived Data

	Lm
(mm)
	Θm
 (°)

	

	44 (±) 0 %
	180 (±) 0 %
	0

	70 (±) 2.86%
	125.5 (±) 0.40%
	218 (±) 0.46%

	97 (±) 2.06%
	106.5 (±) 0.47%
	334 (±) 0.30%

	121 (±) 4.96%
	96 (±) 0%
	448 (±) 0.22%

	144 (±) 3.13%
	88 (±) 1.14%
	556 (±) 0.18%

	164 (±) 5 3.35%
	80.5 (±) 1.86%
	655 (±) 0.15%

	189 (±) 3.70%
	77 (±) 1.30%
	767 (±) 0.13%


Table 3- Percentage uncertainties table

Doing the percentages, it’s clear to see that there isn’t a lot or high percentage of error in the measurements in my experiment. Perhaps the uncertainties increased because the second reading may have been slightly different to the first one.
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[bookmark: _GoBack]After doing the results and the graphs, the graph tells me there is a constant gradient as the weight is increased. Looking on the first graph the line of best fit from zero (g) doesn’t go through all the points, perhaps the weights wasn’t in the centre or maybe just out of centre but the gradient when the weight was on the string there is a straight gradient. Which means the y=mx+c form will show my graph is near correct.
Doing the uncertainties table and percentages I was able to see that there was near no major error in my experiment and by showing this I can prove that my graph proves that these 3 forces increase directly proportionally with each other showing equilibrium
PRACTICAL MEAN RESULTS

Lm	0	218	334	448	556	655	767	44	70	97	121	144	164	189	M/cos(θ_m/2)  (G)


iLENGTH (MM)



