Champlain College - St-Lambert! Physics 203-NYC

Lab #1
Measurements and Uncertainties

Objectives
To understandthe precision of measurementlevices,the uncertaintiesinherentto an
experimentaimeasuremeng&nd how theseuncertaintiesare carriedthrougha final result
when experimental data is used to calculate a physical quantity
¥ Plastic ruler

D‘Lz ( |
\ E { = | |
¥ Vernier caliper \

¥ Mi_crometer screw s’;{f“
¥ Triple beam balance

Material
¥ A stack ofindexcards
¥ Meter stick

Necessary eadings ] %wf
¥ Textbook: Section 1.8Bignificant Figures 3 L 4

¥ Textbook:Appendix B.8,Propagation of Uncertainty
¥ http://www.remi.poiriercom/Labs.html
¥ http://wwwremi.poirier.com/Labs/uncertainties.html

Experimental procedure
In this experimentyou will usedifferentmeasuringnstrumentsto study the index cards
providedto you. All measurementand relevantnoteswill be recordedin your logbook.
The recorded data and information will be used in a subsequent lab.

1) Evaluation of Area
The areaof the index card canbe calculatedfrom measurementsf the height andwidth
of a card.Usethe meterstick andthe plasticruler to makethosemeasurementandwrite
themin your logbookin a table like the following one. Eachcolumn or row of a table
shouldbe headedwith the properdimensionand unit, identified measuredand calculated
values All values should have an uncertainty next to it, such#! x.

Meter stick Plastic ruler
Height (cm) xx!lx xx!lx (measured)
Width (cm) yxly yxly (measured)
Area(cn?) zx!lz ztlz (calculated)

It is often difficult with a meter stick to reachthe precisionof the scale(! smallest
division), dueto the thicknessof the stick and worned-outedges.Use your judgementto
evaluatethe uncertaintyon quantitiesmeasuredvith the meterstick. It is mucheasierto
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reachthe precisionof thescalewith aclearplasticruler. Forthatinstrumentanuncertainty
of £ | smallest division is usually correct.

Using our simplestrules,the fractionaluncertaintyon the calculatedareais the sumof the
fractional uncertaintiesof the measurecheight and width. In the table however convert
this fractional uncertainty in absolute uncertainty Use your logbook to make your
calculations. It will be very useful in future labs to remember how it is done.

2) Evaluation of Thickness
The thicknessof a singleindex card,is too smallto be measuredisingthe meterstick or
eventhe plasticruler sinceit is smallerthanthe precisionof theseinstrumentsSo instead
of doing a direct measurementf the thicknessof a single card, it is possibleto measure
the thicknessof severalcards at once and divide by the number of cards. When an
uncertainvalueis divided by an exactnumber its uncertaintyis alsodivided by the same
number

Use all your instrumentson your stack of index cards,to evaluatethe thicknesswith
uncertainty of a single card in each case.The uncertaintyof the vernier caliper and
micrometer will be discussed in class.

Thickness of OnO index cards Thickness of a single card
(cm) (cm)
Meter stick
Plastic ruler
Vernier caliper
Micrometer screw
(measured) (calculated)

In your logbook, you may usewhateverunits is more convenientto recordyour data(as
long asyou alwaysnotewhich one).In reportshowever whenoneunit is chosensuchas
meters,centimeteror millimeters,alwayskeepthe sameunit throughoutthe lengthof the
report.

Answerthe following questionsin your logbook: Which is mostprecise?Are the values
for thicknessin agreementvith one another?dentify a possiblesourceof error that may
influence some of your measurements.

A graphicalmethodcanalsobe usedto evaluatethe thicknessof anindexcard.This is the
best method, since insteadof using a single measuremento get the thickness,several
measurementwill be used.The morevaluesare includedin the graph,the more precise
will bethe evaluationof the thicknessFor this specificcase makesureto haveat least10
measurementsTo furtherimprovethe precision,usethe mostpreciseinstrumentaboveto
make each measurement. In your logbook draw a table such as the one below:

RZmi Poirier! page 2 of 4



Describing title above the table, including which instrument was used.

number of cards Thickness
(units), = uncertainty

If you usethe sameinstrumentfor eachmeasurementhe uncertaintyshouldbe the same
every time. insteadof rewriting it eachand single time, write it in the column heading
alongwith the properunits. Without makingthe graph,answerthe following questionsin

your logbook: If Thicknessvs Numberof cardswas plotted, whatkind of graphwould it

be: (linear, exponential,sinusoidal,...)? How can the thicknessof one index card be
extracted from this graph?

The previousquestionsare essentialbecauseshould you haveto write a report on this
experiment, you would have to discuss these in the introduction.

Now, plot the graph using Excel and use the array function LINEST (see below), to
determine the uncertainties on the slope and intercept.

USING THE ARRAY FUNCTION LINEST

To makeExcel calculatethe slope,interceptand uncertaintief the bestfitting line, you
must use the array function called LINEST

Select4 cellsin the Excel spreadsheethereyou want the calculationto be performed.
Then enter the following command

=linest(Range(y), Range(XJrue, True)

Range(y) representshe cells containing the dependentvariable (here thickness),and
Range(x)the cells containingthe independentariable (here numberof cards).The two
next elementsarelogical operatorslif thefirst oneis True, it meansExcel doesnot force
the slopethrough(0,0). If it was False,it would force it throughthe origin. You should
have a very good reasonto choosethis. The secondTrue, tells Excel to calculatethe
uncertainties on the slope and intercept, shiz€point of all this.

To evaluatean array function you mustuse CONTROL+SHIFT+ENTER insteadof just
ENTER. It will then fill the four cells with the following information

Slope Intercept

Uncertainty on slope Uncertainty on intercept
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3) Evaluation of density
Density is a measureof massper unit volume. You have gatheredenoughdataso far to
calculate the volume of an index card. Make this calculationin your logbook including
propagation of uncertainties.

You must now use the triple-beam balance to measure the mass of an index card.

First, makesurethe balances calibrated

(indicateszero,whennothingis on it) as Mot Plaorms - — for Shdrg.  peep Grooved
discussedn class,then selecta method - / T o Mo
to best evaluatethe massof a single C D\ yeall g
index card. s i 71 i R
The bestmethodis the one leading to R ,q\ﬁ "4}-%?{\ :"'5":"‘«1"15;"%'"""5;:"”“\':‘{‘;:{E'""L:"ﬁ;"’
the most preciseevaluationof the mass. [ |[EES—————ie= )
In your logbook, describeyour method RN
and, as previously draw the necessary Pk " \- Vot taso

table in order to record your data
including units and uncertainties. Do not use a graphical method for this part.

Finally, calculate in your logbook the density of the index cardgpress your result in
kg/m?3 (with correct absolute uncertainties).
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