
Lab Report FAQ        Advanced Lab 

How should I draw sketches of experimental apparatus? 

You should use the most illustrative combination of hand-drawn diagrams, digital drawings, schematics, 

and photographs you can to make the experimental set up clear and comprehensible to someone who 

has not yet performed the experiment.  Make several sketches, if needed, of different views or close-ups.  

If relevant, include circuit diagrams and algorithm flow charts.  Your sketches needn’t be an artist’s 

drawing using forced perspective or a draftsman’s drawing of every panel layout – that’s not necessary.  

What is necessary is that you show how pieces were connected, what controls you manipulated, and 

how someone else could set up the same equipment in the same way, without having to guess at things.   

For example, you usually do not need to draw knobs on the oscilloscope schematic, since most 

experimenters would be familiar with those controls, but you should represent such details for the NMR 

control box – try to use good judgment about what level of detail someone unfamiliar with the 

experiment would need to operate the instrument.  In your sketches, arrange the instruments in 

schematic blocks in a way that represents the relevant geometry/connectivity clearly, rather than 

slavishly following the spatial layout of instruments on the table.  Be sure to label all relevant 

components and their functions, and make sure all measured quantities associated with an instrument’s 

output are labeled on the appropriate sketch or photo and referred to in a uniform way throughout your 

report.  You may also glue or tape (into your report or in an appendix) copies of instrument diagrams 

from manufacturer’s manuals or other sources. 

How should I write the procedural record? 

Your procedural notes should make it clear why you chose to do the experiment in the way and order 

you did.  Think about this as recording the decisions you had to make and the things you had to know to 

make those decisions.   To start, glue or tape the lab handout into your lab notebook and make (legible) 

annotations in the margins.  Then, as you go along, provide the rationale for the steps you are taking as 

you do the experiment.  Provide details of steps beyond what has been mentioned in the lab handout.  

You might explain why a particular step in the procedure is important.  For example, if you were 

describing part of the procedure for the X-ray fluorescence experiment, you might write, “Before we 

checked the angle calibration of the x-ray machine, we inserted the nickel filter in front of the detector.  

Because one of its absorption edges is below and the other above the energy of Cu Kβ, a nickel filter 

absorbs most of the undesired Cu Kβ, leaving only the Cu Kα, thereby ensuring that only peaks from this 

monochromatic beam are recorded.”  That’s a much more illuminating comment than the following 

amateurish phrase:  “we used the nickel filter which was provided to us.”  You may compare and 

contrast various ways of doing something or consider the suitability of an apparatus for the experiment 

at hand; record your thought process, with mis-starts and mistakes right there for your reader to see.  

For example, you might say: “Initially we tried to measure the energy with a sodium iodide detector, but 

we found that we needed to work with the germanium detector instead, because its semiconductor -

based technology offers the energy resolution we need to resolve the closely-spaced peaks more clearly.”    

Also, don’t assume the instructions in the handout are the only way to do the experiment.  In reading 

other references, you might find a better way of making a measurement, and in that case, describe the 

procedure in full detail, explaining why it’s better than what was suggested in the handout. 



What is a hypothesis and why do I need one? 

The “real” world of physics works roughly like this:  a physicist calculates (proposes) a prediction and 

presents it in the form of a hypothesis.   A hypothesis is a statement of an outcome that can be observed 

or tested using experimental evidence.  For example, a hypothesis can be a prediction of single number, 

“Coulomb’s law has an exponent of -2,” or a prediction that a phenomenon follows a particular 

relationship: “momentum of a fast moving electron goes as         .”  There are interesting 

philosophical arguments about the rigors of how to define  a scientific “hypothesis” which we will not 

consider here; just know that each of your labs should state a hypothesis and then gather and evaluate 

physical evidence, e.g. measurements, tables, graphs, figures, etc, that serves to confirm or falsify the 

hypothesis.  

Do I really need to give uncertainties for each measurement? 

In a word, YES.  This is one of the most important conventions of experimental work in our discipline.  

Physicists are human – a physicist doing an experiment might have a strong expectation regarding a 

particular hypothesis or result and might inadvertently present the analysis in a way that skews the 

interpretation of evidence in favor of that hypothesis.  Under some circumstances, unscrupulous 

scientists might even manipulate data to suit their hypotheses – a process sometimes referred to as 

“baking” or “cooking” the data (look up the infamous physicist Hendrik Schön).  In most of our labs, we 

deal with experiments whose outcomes are well known, and so you might operate under a strong bias 

of “expectation” and might try to present results to suit (rather than test) these expectations.    The 

rigorous estimation and reporting of uncertainties is a safeguard against such inadvertent or advertent 

biases.  To avoid such personal biases, measure your data with sufficient statistical analysis to place 

uncertainties on each result.  Recall that uncertainties do not always need to be laboriously measured.  

You may estimate them (tweak and twiddle), or give them based on some statistical property of the 

process (e.g., a Poisson-like “count” might readily be assigned the square root of “count” for its 

uncertainty).  Example: you plot data that show a 1/x4 trend, confirming your hypothesis.  But could the 

exponent actually be -4.1, or even -5?  You can’t really tell, unless you quantify the uncertainty of the -4 

power from your fit.  So claiming in your report that you have confirmed that your data follow a 1/x4 

dependence is insufficient; you must discuss every result in the context of its uncertainty. 

Do I always need to “propagate” uncertainties? 

Any uncertainty of a number you obtain by measurement must be taken into account in subsequent 

calculations, but there may be more than one way to do this.  For example, using a purely calculational 

method for propagating uncertainties through a Fourier Transform might be a laborious task.  Instead, 

you could make many measurements of the relevant data, perform the FT on each set, and combine the 

results of the multiple FTs in the usual statistical way (mean ± std error).  Sometimes performing a 

calculation multiple times on repeated sets of measured numbers is easier than propagating 

uncertainties through a single set of measurements.  But one way or another, you need to quantify the 

uncertainty that applies to each of your results! 

  



What should go into the discussion? 

First and foremost, discuss your results in the context of your uncertainties; in the above example, you 

might discuss how sensitive your fit was to the choice of the exponent.   Link your experimental results 

to your theoretical expectations, predictions, or hypotheses.  Discuss which aspect of the measurement 

(which instrument, technique, or factor) contributed most to the uncertainty and which ones 

contributed less, or contributed neglibly.    Discuss how one might improve the measurement technique 

or instrumentation to reduce the uncertainty.  If the suggestion for improvement is feasible to perform 

in our lab, implement it; collect new data, re-analyze, and discuss again.   

Pay special attention to distinguishing between systematic and random effects; having both a fit to the 

data and a theoretically- derived curve on each of your graphs should help with this.  Identify and 

classify the different sources of errors and describe what evidence you have used to make the 

classifications.  If possible, make calibration measurements that would allow you to correct your data for 

any systematic effects you discover (and make the corrections!).  Such systematic effects might be 

caused by instrumental, geometrical, or physical factors that you didn’t realize would skew your results.  

Your discussion must include quantitative reasoning.  When you identify a source of systematic error, 

also provide a numerical estimate of how much your final result would change were you to correct for 

the effect.  For example, the statement “Air drafts in the room skewed our measurements” is 

insufficient because the statement is not quantitative.  Instead you might write: “I’ve noticed that when 

fellow students walked by, the draft from their passage caused the plates of my apparatus to oscillate 

with an amplitude of about 0.5 mm about their equilibrium positions.  These oscillations skewed my 

measurements by [you would provide a quantitative estimate of the effect on your result here].”  After 

accounting for such systematic effects, did your revised measurement move closer to your predicted 

value (i.e. did the correction go the right direction?)?  And by how much?  After accounting for these 

errors, did you obtain a measurement in better agreement with your hypothesis? 

 Remember, in the “real” world of physics, your ultimate goal might be to provide feedback to the 

theorist on whether his or her hypothesis makes any sense, and he or she will most likely fight you, so 

have ample, statistically convincing evidence ready. 

What should not go into a discussion? 

Avoid personal opinions that are irrelevant to the experiment.  Examples of personal views include 

thoughts concerning the administration of the lab, such as “this lab was too long and hard,” or 

statements justifying  failure by shifting responsibility to another person or external agent, such as “I 

feel that we were not given enough information to complete this lab,”  or “we had an error because our 

function generator had impedance that was not given to us,” or “I just did not know what to do.”   

Instead write a constructive assessment of your difficulties, along these lines:  “We discovered that the 

function generator has some internal impedance that we originally had not considered.  It affects our 

measurement in the following way: [you’d put details here].  We therefore made the following 

correction in the analysis [more details here].” Focus your discussion on interpreting how well your 

results go along with your hypothesis within the bounds of your uncertainty and the limits of the 

experimental technique.  If you have not accounted for a particular aspect in the measurement and you 



get an unexpected result, do not blame yourself (or others) but be constructive: account for the 

discrepancies in your analysis or re-do your measurements with alterations in your procedure to reduce 

or eliminate the effect you identified as the source of the difficulties. 

Can my discussion include any personal statements? 

Absolutely!  You may voice surprise, amazement, disbelief, etc., but describe your emotions as they 

relate to the experiment.  It is not uncommon to read in professional articles remarks with a personal 

tone.  For example, authors once wrote in a paper something like, “while we initially looked for a small 

superlattice, as is commonly observed in these systems, we were surprised to find a huge 

superstructure.”  Objectively, nature does not care that the authors were surprised, but phrasing the 

comment this way gives it some flair and impact.  It piques readers’ interest.   An example of a weak 

statement concerning personal belief might be, “Our results have not come out as expected by theory.”  

Notice that this statement implies (in the passive voice) that you had a (personal) expectation of a 

match between your results and the theory; furthermore, it implies that your measurement is wrong (or 

that the theory is wrong, but that’s much less likely to be the case in a teaching lab than it might be in a 

research setting).  Consider that nature does not give theorists nor experimentalists (or anyone, for that 

matter) a guaranteed license to being right.  Do not shape your discussion (even by implication) into 

what is expected, or right or wrong.  Instead, focus your discussion on to what extent your results, 

within their uncertainty and the limitations of the experimental technique, validate or falsify your 

hypothesis.  A theory may ultimately turn out to be wrong, not because one might have expected it to 

be wrong, but because repeated measurements or observations do not provide sufficient statistical 

basis to support the theory’s claims. 

If I find something I personally did not expect in the experiment, should I pursue it?  Can you give an 

example? 

Of course you should pursue it – that’s the fun part!  A good example of this occurred several years ago 

in intro lab.  A student was using a mercury thermometer to measure temperature as a function of time.  

For a small cup of warm water cooling down toward room temperature, the student made 

measurements of temperature versus time by eye.  When it came time to do the experiment for a 

thermometer heating up by being plunged into a small cup of much hotter water, though, the student 

was frustrated by trying to measure such a rapidly rising temperature.  So he decided to monitor the rise 

of mercury by camera instead.  As soon as he submerged the thermometer into the hot liquid, he found 

that, contrary to his expectation, the mercury column dropped for a fraction of a second and then rose, 

as he thought it should have in response to the hot temperature.  In his lab report he might have written, 

“We discarded the first few data points because they did not come out as expected.”   But expected by 

whom and on what basis?  If that had been his discussion, it would have scored pretty low.  But he 

continued his investigation.  He made sure the effect was reproducible.  He switched out thermometers.  

He tried some different (still hot) temperatures.  With more research into the topic, the student realized 

what must have happened: the glass of the thermometer bulb contacted the hot water first.  It heated 

up and expanded a tad sooner than the mercury, so the interior volume of the bulb grew slightly, 

allowing the mercury to fall a bit, but once the heat diffusion time of the glass allowed the mercury to 

start heating, too, the mercury started expanding much faster than the glass, and the mercury 



recovered and shot up the thermometer tube. The student devoted a good portion of his write-up to 

confirming this additional hypothesis, which other students did not see because they had not tried using 

the video cameras.   

Whenever something interesting (or unexpected) shows up, propose explanations (or modify your 

hypothesis) and think about how you could test your new statements.  Do not leave the discussion at “I 

did not get what I expected.”  A creative approach, like of the student above, may seem like going off on 

a tangent, but when the tangent yields fruit like that, it’s exciting, rewarding, and noteworthy.  You will 

discover hoards of interesting twists in advanced lab experiments, worthy of such exploration, and you 

are encouraged to explore these tangents (in addition to completing the “standard” experiment!). 

What should go into a conclusion? 

Write a short paragraph that restates your hypothesis and summarizes whether you were able to 

validate it (quantitatively) and to what extent.  Do not introduce any new insights that would raise 

questions and open ideas for a discussion in the conclusion. 

 


