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Preface
This guide gives basic advices and rules for lab experiment (TP) reports, integrated in a template. Of course, these are only guidelines and the template may be modified as appropriate.

Suggestions for improvements from teachers as well as students are welcome.

Harald van Lintel

Lausanne
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The title is a compact description of the experiment. 
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· Names of the authors 
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1 Purpose and theoretical background

Most or all of your preparation work can be put here.

Describe in detail the purpose of the experiment and explain shortly the background, preferably using consulted literature. 

A pleasant way of citing literature is to mention the name of the first author, e.g. “The measurement method as used by Ott [13] …”

Number equations that you use elsewhere. For example:
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Don’t forget to give the meaning of the symbols.

2 Description of the experiment

Here the experiment or practical training is described. You should include things as:

· Description of the used equipment

· The way the experiment is done

· Particularities of equipment or materials

· Note all details that may be relevant!

If needed, make use of appendices.

When you do the experiment, think of what you want to get in the report.

For example, make sure when you do the measurements that the measurement points will be well distributed. Around resonance peaks and so on there should be more points.

3 Results

Describe your observations, the results that you obtained, and how you dealt with unexpected problems. Often the results include sequences of numbers that can and should be shown in tables and/or figures. Don’t forget to indicate measurement accuracies where useful (see appendix 2 for help on that).  
And note: in the text write 25.3 mm/s, not 25.3 [mm/s]!


Also other types of information come here: oscilloscope images and photos are experimental results.

3.1 Figures

All graphics that are placed in-between the text (drawings, graphs and pictures) are called “figure”. Place them close to the related text. 

Give a clear, self-explaining description (figure caption). State what is shown: “Measured…”, ”Simulated…”, ”Theoretical…”, ”Comparison…”, …

3.1.1 Graphs

· Horizontally (x) you put the independent variable (the cause) and vertically (y) the dependent variable (the result)!! 
For example, if you measure the resistance as function of the temperature, put the resistance on the vertical axis. But put the temperature on the vertical axis if you measure the temperature as function of a heater resistance.

· The axes go preferably through the origin (0,0).

· Consider the use of logarithmic divisions; realise what is useful and/or common.

· Include all measurement points, also the ones that seem to be out of range. They must remain visible after you draw a line through them.

· Often it is useful to indicate  the inaccuracy with error bars.

· Draw a smooth line through the points consistent with theory (straight line expectation?) and using common sense (must it go through the origin or may there be an offset?). Sometimes it is not useful to draw a line at all.

· Use exactly the same layout for two results that you want to compare (identical axes).

Examples of a bad presentation (Fig.1) and a good presentation (Fig 2) are shown hereunder:
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	Fig.1. First results
	Fig.2. 
Measurement of evaporation rate as 
function of input power (third order fit).




3.2 Data analysis

Here belong:

· Calculations; where needed incl. accuracy estimations

· Extractions of measurement results from graphs. 

The results can be presented in graphs and/or tables. Clearly indicate to which measurement it applies. Preferably make vertical tables which are easy to read. 
For example (cause(s) on the left!):

	U [V]
	I [mA]
	Q[Cb]

	0
	0.4
	0.3

	2.00
	2.7
	2.4

	4.00
	4.2
	4.6

	6.00
	5.3
	6.4

	8.00
	5.5
	7.5

	10.00
	5.6
	8.3


Table 1. Calculation of accumulated charge for different applied voltages

As shown in Table 1, we obtained currents up to 5.6 mA at 10 V.
3.3 Number presentation

In general you should certainly not give less, but also not more decimals than what is meaningful or useful. A calculator usually gives too many digits!

How many digits you should take into account or present depends on:

· The specifications of the equipment, either explicit (specifications) or implicit (number of digits, instability, time since last calibration (!))

· Use at the start of calculations more digits than seem required, to prevent rounding errors. Watch out for dependence between errors: for example some systematic errors may have no effect on your result. Then one digit “too much” may be relevant after all!

An accuracy estimation may be required. Often a simple, so-called “worst-case” calculation will be sufficient. Such a calculation is valid for correlated or non-statistical errors. If applied to all errors, it easily results in overestimation (which may be acceptable however). 

See Appendix 2 for a discussion of accounting for statistical errors.

When you present values:

· Use prefixes (kV, mA, pF) or powers of 10: preferably multiples of 1000 (10-6, 109 etc.).

· Indicate absolute errors in the same unit and power of 10.

· Be consistent with the number of relevant digits. Some examples:
Not  4.0872 +/- 0.1 

but:   4.1 +/- 0.1
Not  2.1 +/- 0.3 %

but:   2.100 +/- 0.3 % (or: 2.1 +/- 5 %)
Not  0.845 +/- 1.728 %
but:   0.845 +/- 1.7 %
4 Discussion of results 

This may be the most important part of the report, as from this should become clear what meaning and relevance the results have and what conclusions can be drawn from these.

Compare the results with the objectives, and, if applicable, with theoretical predictions or literature sources (give the value and the source!). 

Discuss the differences. 

Try to present clear conclusions.

Literature list 

Wikipedia refers to literature but is itself not literature!

· Books: 
Names of authors, book title, edition (if not first), place, year, volume number, first and last page that you refer to. 

· Journal articles:
Johnson A et al, 2010, Article title, Journal name, number, (volume), p.123.

· You may refer to professional websites; if possible link to a recently archived version (e.g. using archive.org)

You may number them or simply group the list alphabetically on name of first author, and chronologically for the same author.
Appendix 1
You must add a copy of your original notes as appendix.
In the appendices you may further put items that would interfere with the logic and the readability of the report, such as big tables (or too many), graphs or derivations, as well as computer print-outs, program code, process lists, data sheets and detailed component descriptions. 
Appendix 2 
SIMPLE APPLICATION OF STATISTICS TO MEASUREMENTS 







     
Modified September 2014
1. Sample standard deviation estimation:



S(N-1) = 
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2. Standard deviation of the sample mean (also called “standard error”):

Smean = 
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Statistical error decreases with √N.

3.  65% and 95% confidence interval
The estimated statistical error Ex of a single measurement is usually taken as twice the sample standard deviation S, corresponding to a 95% confidence interval. Note that 2 S is only valid based on a large number of samples; based on 3 samples you should take 4 S for 95% confidence [3]. Also the estimated error of the sample mean is then ± 4 Smean. 

However in reports about measurements often ± 1 standard deviation is indicated, corresponding with ca. 65% confidence interval for a large number of samples. 
Whichever you choose, you should make clear which confidence interval is implied.

4. Addition and subtraction of error estimations
For multiple independent errors you can simply add the uncertainties if they are small; however that is overly pessimistic. 

Some rules for worst-case calculations:

· Additions and subtractions: add absolute errors

· Multiplications and divisions: add relative errors (%)

· Square root: half the error

· If you don’t know or are not sure, calculate the extremes (sin x, ln x etc.)

If you have large independent estimated errors of a statistical nature, you may sum the squares of the errors, in accordance with standard deviation theory. 
Thus: 
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 with Ex= error. 
As above, work with absolute errors for additions, and relative errors for multiplications.
Further reading (Wikipedia is not a reference but it has good references):
[1] http://davidmlane.com/hyperstat/A16252.html
[2] http://mathworld.wolfram.com/Studentst-Distribution.html
[3] http://en.wikipedia.org/wiki/Student%27s_t-distribution
[4]https://web.archive.org/web/20130323051758/http://www.cartage.org.lb/en/themes/sciences/chemistry/miscellenous/helpfile/erroranalysis/AdditionSubtraction/AdditionSubtraction.htm 

_132242728.xls
mesures

		Q1:		750		Q2:		30

		U[V]		I[mA]		C[ppm]		P [mW]		Taux[nl/s]		R[Ohm]		R/R20		T[°C]

		0		0.00		6.2		0		80.6		201.5		1.000		21

		2		9.86		6.4		19.72		83.2		202.8		1.007		24

		4		19.48		6.8		77.92		88.4		205.3		1.019		31

		5		24.00		7.1		120		92.3		208.3		1.034		40

		6		28.50		8.3		171		107.9		210.5		1.045		46

		7		33.00		9.6		231		124.8		212.1		1.053		50

		8		37.50		11.1		300		144.3		213.3		1.059		53

		9		41.90		12.5		377.1		162.5		214.8		1.066		57

		10		46.00		14.8		460		192.4		217.4		1.079		65





mes. R

		T[°C]		R[Ohm]		R/R20

		20		194.9		1.000

		34		198.9		1.021

		46		203.3		1.043

		53		205.6		1.055

		58		207.5		1.065

		65		209.6		1.075

		73		212.5		1.090

		83		215.9		1.108

		92		219.2		1.125

		103		223.0		1.144





mes. R

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



R/R20

0

0

0

0

0

0

0

0

0

0



Model

		H:		2.50E-04

		L:		1.50E-03

		Phi:		5.00E-07

		Dab:		1.60E-05

		n:		1.00E+02

		R:		2.50E-06								Taux [nl/s]

		T[°C]		Dab [m^2/s]		Xsat		Delta[m]		Mod1: Vd=V		Mod2: Vd=2*V		Mesures [nl/s]

		21		1.61E-05		0.0448		2.57E-05		55.1		39.1		80.6

		24		1.64E-05		0.0576		2.81E-05		66.0		46.8		83.2

		31		1.69E-05		0.0881		3.27E-05		89.6		63.6		88.4

		40		1.76E-05		0.1394		3.86E-05		125.0		88.6		92.3

		46		1.81E-05		0.1904		4.33E-05		156.8		111.2		107.9

		50		1.85E-05		0.2367		4.68E-05		183.8		130.3		124.8

		53		1.88E-05		0.2780		4.97E-05		206.7		146.6		144.3

		57		1.92E-05		0.3360		5.32E-05		237.5		168.4		162.5

		65		1.98E-05		0.4650		6.00E-05		301.3		213.7		192.4





Model

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Dab [m^2/s]

0

0

0

0

0

0

0

0

0

0

0

0

0



Xsat

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Delta[m]

0

0

0

0

0

0

0

0

0

0

0

0

0



Graph mesures

		T[°C]		P[kPa]		Xsat		Xsat calculé

		0		1.11		0.0111		0.0114

		20		4.4		0.044		0.0424

		25		6.02		0.0602		0.0596

		50		23.9		0.239		0.2360

		75		75.3		0.753		0.7279

		100		198		1.98		1.9105

		125		452		4.52		4.3462





Graph mesures

		0

		0

		0

		0

		0

		0

		0



Xsat

0

0

0

0

0

0

0



Graph model

		0

		19.72

		77.92

		120

		171

		231

		300

		377.1

		460



Taux[nl/s]

P[mW]

Evaporation rate[nl/s]

80.6

83.2

88.4

92.3

107.9

124.8

144.3

162.5

192.4



Graph comp

		20.7777777778

		24.4716200504

		31.3617563686

		39.6179579083

		45.6642288102

		50.0615167389

		53.4034555647

		57.4393053162

		64.5916855468



Mod1: Vd=V

55.1193111976

65.9638562101

89.6278843118

124.9631070082

156.8144404158

183.7825487062

206.7036869084

237.4661136358

301.2552498428



Eau

		20.7777777778		20.7777777778						20.7777777778

		24.4716200504		24.4716200504						24.4716200504

		31.3617563686		31.3617563686						31.3617563686

		39.6179579083		39.6179579083						39.6179579083

		45.6642288102		45.6642288102						45.6642288102

		50.0615167389		50.0615167389						50.0615167389

		53.4034555647		53.4034555647						53.4034555647

		57.4393053162		57.4393053162						57.4393053162

		64.5916855468		64.5916855468						64.5916855468



Mesures [nl/s]

Mod1: Vd=V

Mod2: Vd=2*V

Température [°C]

Taux [nl/s]

80.6

55.1193111976

39.0917100692

83.2

65.9638562101

46.7828767448

88.4

89.6278843118

63.5658753984

92.3

124.9631070082

88.6263170271

107.9

156.8144404158

111.2159151885

124.8

183.7825487062

130.342233125

144.3

206.7036869084

146.5983595095

162.5

237.4661136358

168.4156834297

192.4

301.2552498428

213.6562055623



Graph eau

		H:		2.50E-04

		L:		1.50E-03

		Phi:		5.00E-07

		Dab:		1.60E-05

		n:		1.00E+02

		R:		2.50E-06								Taux [nl/s]

		T[°C]		Dab [m^2/s]		Xsat		Delta[m]		Mod1: Vd=V		Mod2: Vd=2*V		Mesures [nl/s]

		20		1.60E-05		0.0234		2.06E-05		35.6		25.3

		25		1.64E-05		0.0317		2.30E-05		44.4		31.5

		30		1.68E-05		0.0424		2.56E-05		54.8		38.9

		35		1.72E-05		0.0562		2.83E-05		67.2		47.7

		40		1.77E-05		0.0738		3.13E-05		81.8		58.0

		45		1.81E-05		0.0958		3.44E-05		99.0		70.2

		50		1.85E-05		0.1233		3.77E-05		119.0		84.4

		55		1.90E-05		0.1574		4.12E-05		142.2		100.8

		60		1.94E-05		0.1992		4.49E-05		168.9		119.8

		65		1.98E-05		0.2500		4.88E-05		199.5		141.5

		70		2.03E-05		0.3116		5.29E-05		234.4		166.2

		75		2.07E-05		0.3854		5.72E-05		274.0		194.4

		80		2.12E-05		0.4734		6.17E-05		318.8		226.1

		90		2.21E-05		0.7010		7.13E-05		425.9		302.1

		95		2.25E-05		0.8451		7.64E-05		489.1		346.9

		100		2.30E-05		1.0000		8.14E-05		554.6		393.3





		20		20

		25		25

		30		30

		35		35

		40		40

		45		45

		50		50

		55		55

		60		60

		65		65

		70		70

		75		75

		80		80

		90		90

		95		95

		100		100



Mod1: Vd=V

Mod2: Vd=2*V

35.6207004037

25.2629080877

44.3527074707

31.4558209012

54.8062153411

38.8696562703

67.2152681059

47.670402912

81.8447545139

58.0459251872

99.0147606194

70.2232344819

118.9990921512

84.3965192562

142.154398928

100.818722644

168.8563802024

119.7562980159

199.457303742

141.4590806681

234.3885393753

166.2330066492

274.0404994601

194.3549641561

318.8235438686

226.1159885593

425.8996456012

302.056486242

489.1048777755

346.8828920394

554.6010169265

393.3340545578
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mesures

		Q1:		750		Q2:		30

		U[V]		I[mA]		C[ppm]		P [mW]		Taux[nl/s]		R[Ohm]		R/R20		T[°C]

		0		0.00		6.2		0		80.6		201.5		1.000		21

		2		9.86		6.4		19.72		83.2		202.8		1.007		24

		4		19.48		6.8		77.92		88.4		205.3		1.019		31

		5		24.00		7.1		120		92.3		208.3		1.034		40

		6		28.50		8.3		171		107.9		210.5		1.045		46

		7		33.00		9.6		231		124.8		212.1		1.053		50

		8		37.50		11.1		300		144.3		213.3		1.059		53

		9		41.90		12.5		377.1		162.5		214.8		1.066		57

		10		46.00		14.8		460		192.4		217.4		1.079		65





mes. R

		T[°C]		R[Ohm]		R/R20

		20		194.9		1.000

		34		198.9		1.021

		46		203.3		1.043

		53		205.6		1.055

		58		207.5		1.065

		65		209.6		1.075

		73		212.5		1.090

		83		215.9		1.108

		92		219.2		1.125

		103		223.0		1.144





mes. R

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



R/R20

0

0

0

0

0

0

0

0

0

0



Model

		H:		2.50E-04

		L:		1.50E-03

		Phi:		5.00E-07

		Dab:		1.60E-05

		n:		1.00E+02

		R:		2.50E-06								Taux [nl/s]

		T[°C]		Dab [m^2/s]		Xsat		Delta[m]		Mod1: Vd=V		Mod2: Vd=2*V		Mesures [nl/s]

		21		1.61E-05		0.0448		2.57E-05		55.1		39.1		80.6

		24		1.64E-05		0.0576		2.81E-05		66.0		46.8		83.2

		31		1.69E-05		0.0881		3.27E-05		89.6		63.6		88.4

		40		1.76E-05		0.1394		3.86E-05		125.0		88.6		92.3

		46		1.81E-05		0.1904		4.33E-05		156.8		111.2		107.9

		50		1.85E-05		0.2367		4.68E-05		183.8		130.3		124.8

		53		1.88E-05		0.2780		4.97E-05		206.7		146.6		144.3

		57		1.92E-05		0.3360		5.32E-05		237.5		168.4		162.5

		65		1.98E-05		0.4650		6.00E-05		301.3		213.7		192.4





Model

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Dab [m^2/s]

0

0

0

0

0

0

0

0

0

0

0

0

0



Xsat

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Delta[m]

0

0

0

0

0

0

0

0

0

0

0

0

0



Graph mesures

		T[°C]		P[kPa]		Xsat		Xsat calculé

		0		1.11		0.0111		0.0114

		20		4.4		0.044		0.0424

		25		6.02		0.0602		0.0596

		50		23.9		0.239		0.2360

		75		75.3		0.753		0.7279

		100		198		1.98		1.9105

		125		452		4.52		4.3462





Graph mesures

		0

		0

		0

		0

		0

		0

		0



Xsat

0

0

0

0

0

0

0



Graph model

		0

		19.72

		77.92

		120

		171

		231

		300

		377.1

		460



Taux[nl/s]

Power [mW]

Evaporation rate [nl/s]  +

80.6

83.2

88.4

92.3

107.9

124.8

144.3

162.5

192.4



Graph comp

		20.7777777778

		24.4716200504

		31.3617563686

		39.6179579083

		45.6642288102

		50.0615167389

		53.4034555647

		57.4393053162

		64.5916855468



Mod1: Vd=V

55.1193111976

65.9638562101

89.6278843118

124.9631070082

156.8144404158

183.7825487062

206.7036869084

237.4661136358

301.2552498428



Eau

		20.7777777778		20.7777777778						20.7777777778

		24.4716200504		24.4716200504						24.4716200504

		31.3617563686		31.3617563686						31.3617563686

		39.6179579083		39.6179579083						39.6179579083

		45.6642288102		45.6642288102						45.6642288102

		50.0615167389		50.0615167389						50.0615167389

		53.4034555647		53.4034555647						53.4034555647

		57.4393053162		57.4393053162						57.4393053162

		64.5916855468		64.5916855468						64.5916855468



Mesures [nl/s]

Mod1: Vd=V

Mod2: Vd=2*V

Température [°C]

Taux [nl/s]

80.6

55.1193111976

39.0917100692

83.2

65.9638562101

46.7828767448

88.4

89.6278843118

63.5658753984

92.3

124.9631070082

88.6263170271

107.9

156.8144404158

111.2159151885

124.8

183.7825487062

130.342233125

144.3

206.7036869084

146.5983595095

162.5

237.4661136358

168.4156834297

192.4

301.2552498428

213.6562055623



Graph eau

		H:		2.50E-04

		L:		1.50E-03

		Phi:		5.00E-07

		Dab:		1.60E-05

		n:		1.00E+02

		R:		2.50E-06								Taux [nl/s]

		T[°C]		Dab [m^2/s]		Xsat		Delta[m]		Mod1: Vd=V		Mod2: Vd=2*V		Mesures [nl/s]

		20		1.60E-05		0.0234		2.06E-05		35.6		25.3

		25		1.64E-05		0.0317		2.30E-05		44.4		31.5

		30		1.68E-05		0.0424		2.56E-05		54.8		38.9

		35		1.72E-05		0.0562		2.83E-05		67.2		47.7

		40		1.77E-05		0.0738		3.13E-05		81.8		58.0

		45		1.81E-05		0.0958		3.44E-05		99.0		70.2

		50		1.85E-05		0.1233		3.77E-05		119.0		84.4

		55		1.90E-05		0.1574		4.12E-05		142.2		100.8

		60		1.94E-05		0.1992		4.49E-05		168.9		119.8

		65		1.98E-05		0.2500		4.88E-05		199.5		141.5

		70		2.03E-05		0.3116		5.29E-05		234.4		166.2

		75		2.07E-05		0.3854		5.72E-05		274.0		194.4

		80		2.12E-05		0.4734		6.17E-05		318.8		226.1

		90		2.21E-05		0.7010		7.13E-05		425.9		302.1

		95		2.25E-05		0.8451		7.64E-05		489.1		346.9

		100		2.30E-05		1.0000		8.14E-05		554.6		393.3





		20		20

		25		25

		30		30

		35		35

		40		40

		45		45

		50		50

		55		55

		60		60

		65		65

		70		70

		75		75

		80		80

		90		90

		95		95

		100		100



Mod1: Vd=V

Mod2: Vd=2*V

35.6207004037

25.2629080877

44.3527074707

31.4558209012

54.8062153411

38.8696562703

67.2152681059

47.670402912

81.8447545139

58.0459251872

99.0147606194

70.2232344819

118.9990921512

84.3965192562

142.154398928

100.818722644

168.8563802024

119.7562980159

199.457303742

141.4590806681

234.3885393753

166.2330066492

274.0404994601

194.3549641561

318.8235438686

226.1159885593

425.8996456012

302.056486242

489.1048777755

346.8828920394

554.6010169265

393.3340545578
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