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How to write up a science lab report






(what to hand in)

1. Style: Labs should be neatly written in pen (NOT red pen!). Errors can be crossed out with a ruled line. Labs must have a title page with underlined title, the date, your name, the teacher’s name and the course code.  Headings should be underlined, with a blank line between sections.  Do not attach handouts to your labs. If your lab is messy it will be returned to you for rewriting, before it will be marked. If your writing is too messy, type up your labs.
(Should rough work be handed in as well? – to show that the student did the lab? No. Not necessary)
2. Purpose: Why is this lab being performed? What you are trying to discover?  
Know why you are doing the lab before you start. What is it intended to illustrate?
The Purpose must always be written down, even if you are just copying it from a handout of lab instructions.

3. Procedure: Do not duplicate the printed instructions or textbook procedure. Instead state in your own words what was actually done. Include any information that would be important for someone to know who wishes to reproduce the lab. Write the procedure in point form. 
A well-labeled cross-sectional diagram may make your written description of the experiment easier to understand.  Diagrams should be large enough for clarity and understanding (typically at least 1/3 of a page) and can be done in pencil. Good judgment should be exercised in the time spent on making diagrams. (Passive voice is recommended ( check with teacher.)

4. Observations/Data: Write what was observed in your own words. Observations should be pertinent to the lab. Observations should be complete. If a reaction produces yellow smoke, write that down, even if the questions do not ask about it. 
When recording measurements, be as accurate as possible (record as many significant digits as you can).
Format: point form, in a data table, or in sentences -- depending on the lab.

5. Calculations: If any calculations are necessary, write down the full solution, not just the answer.  If a calculation is repeated many times, one fully written solution is sufficient (you can just record the results of  the other similar calculations -- in a table). You must write the formula that you use before you put numbers into the equation. NOTE: calculations and conclusions are not observations and should not be included in the observation section.
Answers must have the correct number of significant digits, but for accuracy, carry an extra digit throughout the calculations and only round at the end.

6. Questions: Answer any questions in the lab instructions with a complete sentence, in such a manner that it is obvious what the question was. (The purpose of the questions is to help you think about and understand what is happening in the experiment.)

7. Conclusion and/or Discussion: State the conclusions that were drawn from the facts revealed by the experiment. Be careful to draw only those conclusions that are warranted by the facts. Your conclusions will normally relate back to the purpose of the lab. Comment on any patterns in results that you observe, even if the purpose doesn’t ask you to. You may also include what you learned from the lab in this section.  This section should also include a brief discussion about any errors in the experiment. You may separate “discussion” from conclusion into a separate section if you wish, as the other science teachers do.

Errors. When performing experiments, errors refer to inaccuracies in the lab, rather than mistakes. [See the handout on systematic and random errors.]
Errors must be real errors - normally ones that you could not avoid. What are the sources of inaccuracy in the lab? Could the lab have been designed better? Do NOT say "Human error was involved", or "there may have been rounding/calculation errors". It is understood that you are human and will strive not to make errors like this.  If your lab is completely wrong you will realize this because you understand what you are trying to do before you start (see purpose section). Don't hand in a lab where you know that you did everything wrong. Redo the experiment at lunch or after school.

% error = measured value – accepted value  (( 100%
 

accepted value

· The accepted value is also known as the calculated value or theoretical value.

· A negative % error means that your value is less than the accepted value.

% difference =  |  value 1 –  value 2   |   (( 100%
 

  average of 1 and 2

· This formula is used when there is no theoretical answer. You are comparing two measurements.

Hypothesis: I never require a hypothesis. If you write one, I may read it, but I won’t mark it.

Theory: In grade 12, more of your labs will be required to have a theory section, where you explain how the lab is going to accomplish what it is supposed to. For example: how will pulling a mass at constant speed allow you to determine the coefficient of friction. You will write out the formulas and derivations – justifying them (e.g. since Fnet = 0, Fap = Ff) , similar to doing a sample calculation(?).
Your write up should be clear and complete, so that anyone reading it would have no difficulty in understanding the experiment.

General instructions for performing and writing up labs

· Always measure as accurately and carefully as possible

· Make sure that your final answers have the correct number of significant digits (carry two extra decimal places in intermediate calculations)

· Your procedure must be clear enough for someone else to do the lab by following it.

· Your data and calculations must be neatly organized and clear enough so that I can follow it without any difficulty.

· Don’t write errors that could have been. Write down what the sources of inaccuracy actually were.

· If there is a theoretical value or formula, always determine it and compare your answers to it and comment on the difference or similarity.

· Determine the error using the correct formula. An error of less than 10% is good. More than 10% - you will need to be more careful – probably redo the lab. 
(except for Young’s DSD lab where <15% error is good) 

· If something unusual happens, or you get weird results, it is your responsibility to track down what went wrong and fix it.

· Most of the time you should be taking a number of measurements and then averaging them 
(( teach them good experimental technique). Never rely on just one measurement to write a conclusion – it may have been a fluke.

· Any time you are timing something with a stopwatch, try and time 20 or more cycles rather than just one. (You could experiment with other timing mechanisms – Pasco, photosensor, …)

· Make sure that in your procedure, you spell out exactly what you did to minimize experimental error and improve accuracy of results.

· Most of the time you will need a neat labeled diagram to show the experimental setup. Make sure that diagrams are done neatly with a sharp pencil.

· READ THIS WEBPAGE if you have time:

http://www.isd77.k12.mn.us/resources/cf/SciProjInter.html

Marks:

neatness, organization and units = 15 marks

…

Types of labs

1. Normal labs: These involve performing an experiment with care and attention to accuracy. You will need to have a grasp of what you are doing before you start. A compete formal write up is required.


2. Mini-labs: these involve doing something and making a diagram of it. Often there are calculations accompanying the diagram. All that is needed is the diagram, calculations and a one sentence conclusion. The instructions will tell you exactly what to hand in.

3. Activities: these are experiments done in class, just for learning. No write up is needed. Sometimes I will mark your experimental setup (e.g. being able to read an analog meter, being able to make a parallel circuit). Other times I will ask you to write observations in your notebook which I will then mark quickly.
Labs done with partners:

(i) Each person always hands in their own work for the lab or mini-lab. No ‘one-write up per group’.
(ii) You decide on your procedure together, and get your data together. Your write up will be individual (except for your data tables which can be identical). Your procedure, analysis and conclusions are completely your own.

Procedure:

· includes marks for explanation of how you eliminated /minimized all sources of error

Verifying an equation

(How to perform a lab when instructed to verify an equation.)

When you do a lab to verify an equation, you do two separate measurements/experiments to determine each side of the equation. 
Find the % difference between the two sides. If the two sides match, then the equation is correct. 

If they don’t match, then there are a number of things that you need to do: 

· make sure that the equation and calculations are correct; 

· make sure that your units are correct

· go over your lab procedure: how accurate were your measurements? Did something go wrong or get overlooked?

Example: Verify 
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( Determine k for the spring (from measurements).

( measure the mass

( for this mass and k, measure the frequency 

(or period or time and calculate the frequency)

So, in one column you have your measured frequency (Left Side of equation).
In another column you have your calculated frequency from your measurements of k and m. (Right Side of the equation)
Now you compare the two.

You should have a number of different values for the variables in the equation (k and m). (Hopefully they are independent.)

Other examples: 
Verify F = ma.
You would measure the force that causes the acceleration 

(L.S) as well as the acceleration and the mass (R.S.).

Verify Fc = mv2/r 
Again measure the force. … You will have trouble measuring

the speed, so you may need to rearrange the equation to use 

frequency or period which can be measured more easily.

List of SPH 4U1 Labs

Lab 0: Period of a Pendulum

Lab 1: Acceleration down a Ramp


<insert lab instructions here>

Lab 2: Finding Coefficient of Friction


<insert lab instructions here>

Mini-Lab: Mobile

Lab 3: Centripetal Force


<verify equation>


Lab 4: Frequency of Simple Harmonic Oscillator


<verify equation>



Lab _: Double Slit Diffraction (mini-lab?)

Lab _: Electric Fields

(Temporary list of labs to do in SPH 4U1)

1. (Relevant Labs done in grade 11: F=ma, pulleys ?)

2. Measuring accurately; error analysis 
[do lab calculations with sig digits, then with error analysis – what difference is there?]

3. Friction – finding coefficient of kinetic friction?
Finding acceleration for objects moving down ramps

4. Mobile lab (mini-lab? Yes. No questions.)

5. Centripetal force lab: either SPHOAC lab or Mr. Hush’s lab. Which is better?

6. Momentum lab

7. Spring frequency lab.

8. double slit diffraction lab // diffraction grating

9. electric field lab.

Marking Schemes

Marking schemes / rubrics for each lab:

<to be completed later>

Lab 1: Acceleration down a ramp.

· Communication: (10) – neatness, good procedure, order of parts of lab, order of calculations diagram, 

· Inquiry: (25) – data, units (5), FBD, calculations (10), sig. digits (2), conclusion (& discussion of physics) (8)

Exemplars

Sample labs that are well done:

<to be completed later>

Title: Finding the Force Of Rolling Friction

Lab: #








Date: March 2005

This lab is included to show the care with which a lab should be done, as well as to find the amount of rolling friction that the dynamics carts have (Which may be useful in some other labs). It is also intended to show the thought that should go into analysing the results, and writing the conclusion.

Purpose: to determine the force of friction between a dynamics cart and an aluminum track.

Theoretical considerations:

When the cart is pushed lightly on a perfectly horizontal track it will slow down. The exact size of the initial force will not affect the force of friction and so it is irrelevant to the lab.  The only force influencing the motion is friction. ( FNET = Ff 
By finding the acceleration of the cart as it slows down, we can find the force of friction. Rolling friction is the friction which makes an object roll instead of slide. It is much less than sliding friction would be. 

We can determine a coefficient of rolling friction, (r, the same way that we find (k : (r = Ff/FN  However, it is not clear whether this is a constant number or if it depends on the mass or speed of the cart. (One assumes that a greater mass would increase the load on the bearings and hence increase friction.)
In this lab, the frictional force includes friction between the wheels and axles of the cart as well as the rolling friction of the wheels on the track.  This means that we would have to separate the two frictional forces if we desired to find (r .

Materials: aluminum track/ramp and dynamic cart, Pasco sonic motion detector, computer. 

Procedure: 

1. Level the track.

The ramp was placed with its ends on two adjacent lab benches. Since a spirit level was not available, I observed the motion of the cart to determine whether the ramp was level or not. A gentle push to the right produced a greater motion than a gentle push to the left. Sheets of paper were inserted under the right end until the motion was equal. I also observed that when the cart stopped, it made a minute jerk backwards if it was going uphill. I used this observation to assist me in leveling the track.
Once the track was as level as possible, it became evident that the ramp was sagging in the middle very slightly. No attempt was made to correct this. It is estimated that the sag was less than 4 mm over the 2.3 m length of the track. This is less than 0.2% (an angle of about 0.1o).


2. Set up the computer equipment with the Pasco sensor on the left end of the ramp.


3. Give a gentle push to the cart, recording the motion with the Pasco equipment. (The acceleration will be calculated from this – described below).


4. To reduce random errors: perform a number of trials and average them.
To reduce systematic errors: use different parts of the track, have the cart move in both directions, turn the cart around so that the front is in the other direction, repeat the experiment with different carts.


5. The mass of the cart was found using a triple beam balance.


6. The acceleration of the cart was found by using the computer (more below).

Data:

Cart 1. (mass 502.3 g)

Direction of motion: forwards = to the right 


	Trial #
	Direction of Motion
	Location 
(descriptive)
	Distance along track
(d)
	Acceleration
(m/s2)

	1
	right 
	first third
	0.142 – 0.845
	-0.022

	2
	right
	middle
	0.845 – 1.396
	-0.042

	3
	right
	last third
	1.327 – 2.12
	-0.074

	4
	left
	last half
	2.078 – 0.834
	+0.043

	5.
	right
	first 2/3 
	0.140 – 1.411
	-0.034

	6
	right
	first 2/3
	(roughly the same)
	-0.035

	7
	right
	whole ramp
	( 0.14 – 2.5
	-0.053

	8
	left
	whole ramp
	?
	+0.047


Cart 2. (mass 508.2 g)

	9
	right
	first 2/3
	0.140 – 1.373
	-0.033

	10
	left
	last 2/3
	?
	+0.032


Cart 2 – rotated (so the opposite end goes first)

	11
	right
	first 2/3
	0.141 – 1.280
	-0.037

	12
	left
	whole ramp
	2.097 – 0.412
	+0.059

	13
	right
	whole ramp?
	0.141 – 1.785
window rescaled *
	-0.0498
-0.0505


Analysis of results:

Altogether, thirteen trials were done. There is no obvious difference between the cart moving to the right and to the left. (The + and – signs simply indicate the direction that the cart was moving.)

The acceleration was determined by plotting d-t and v-t graphs on the computer (part of the Pasco software). The acceleration was calculated (by the computer) from the slope of the line of best fit on the v-t graph.  The d-t graph was used to select the region on the v-t graph to use. By looking at the d-t graph it was obvious which part of the graph corresponded to the steady deceleration of the cart. I was able to avoid the initial section where the cart was still being pushed, and data points where the cart went right off the end of the ramp.

In trial #13 I maximized the v-t graph and reselected the points to graph. This changed the value of the acceleration by about 0.001 m/s2 .
 

A sample v-t graph is attached.

The average mass of the two carts was 505 g.

Trials 1,2,3 involved the different parts of the track.  From these 3 trials appears that the acceleration (force of friction) increases towards the right of the ramp. However, this is not borne out by other trials. It seems like trial #1 and #3 were slightly anomalous. They have the lowest and highest values respectively. I am not sure what caused this. One possibility is that the first three trials had the shortest distance covered and so were more affected by the sag of the ramp. Over longer distances this would be averaged out.

Calculations: 

Using all 13 trials: 
mean acceleration = 0.0431 m/s2

standard deviation = 0.0136 m/s2 

Ignoring the two extreme values (trials #1,3) 
mean acceleration = 0.0423 m/s2 

standard deviation = 0.0090 m/s2 








or 
mean acceleration = 0.042 ( 0.009 m/s2 


(From the standard deviation – variation in the results – there is no point in keeping all of the digits that Pasco provides. Two significant digits seems more reasonable.)

Fnet = ma
( Fnet = (0.505 kg)(0.042 m/s2) = 0.021 N

Ff = Fnet
( Ff = 0.021 N

Conclusion:

The force of friction as the dynamics cart rolled on the aluminum track was found to be 0.021 N. 

Diligence was exercised in trying to reduce errors. One thing that was not checked was the calibration of the Pasco equipment. It was assumed that this worked properly and was accurate.

The method of finding the acceleration from the slope of the best section of the v-t graph seemed to be completely reliable. 

Improvements:
Next time this lab is performed I would do the following things that I overlooked:
1. Clean the whole track and the wheels of the cart carefully with alcohol.
2. Try and obtain a spirit level. See whether the spirit level gives a more exact level than careful observation of the cart
3. Switch tracks. Try and find one that isn’t sagging in the middle. Repeating the experiment with different tracks would eliminate the track as possible source of systematic error.
4. If tracks that sag are unavoidable, try and determine the depth of the sag.

Main Parts
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