Vigyan Pratibha Learning Unit An experiment on measuring volumes

An experiment on measuring volumes
TS JTHIRAT Al

Learning from "The crow and the pitcher” story

ssamy:

Do you remember the childhood fable of the crow and the
pitcher? (See figure 1.) In this unit, we will imitate the crow in Lg /78
the story and use the concept that ‘a body submerged in ,,I [
water displaces an amount of water equivalent to its { 4
volume’, to carry out some measurements. The last task % \ ;

(#5) in this unit is closely related to the tale — and you may §
reach a surprising conclusion at the end of it!
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Are you familiar with these ideas?

i Image 1: The Crow and the P/ther
("
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e Volume

» Displacement of fluids by solid objects
WY ARG i BIVIR faveiTu

* Average/ Mean

IR

Materials required

FeRT ST wfe:

e Anarrow transparent cylinder (or a transparent 500 mL water bottle with the top cut off; the cylinder need
not have uniform diameter across its length)

318 AISId Udb URE3Id Arers (fdhar dietads dracsedt 500 e, arogrdt Re! aTees; ArsTararar M|

ST UhaHT SIUYTE] TR AT81)

e Glass marbles (~40) of similar size
TR UTYU] HIRYTT THIRTRT hTdT ITCAT (‘{:HN 80)

e Small irregular stone which can fit into the cylinder comfortably (see note in task 4)
AT Sl S5 31 ST, ATTIRT ATBRTET 7T (Pl 4 Hefies ST U18T)

e Ruler

FERED
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Marker pen (fine-tipped)
GUIT HRUYTATS] RIS Tl RIS 3T HIhR U

Straight edge (like another ruler or edge of a notebook)

A el eres] a¥] (A% peug! fbar agi Her)

Beaker (with graduated volume markings)

SMBRATTT GoT 3RTe3es AT

A tray or tough may be kept to collect water spills

arofl |ig T ISt ¢ b gRE HiS

Task 1: Creating your own volume measuring instrument (a graduated cylinder)

il 9: JMBRAT AISTUATATS! T ATEF TAR BT (373 ATSTaTT)

Use a beaker to carefully measure 50 mL water and transfer it to the transparent cylinder. Mark the height of
the water column on the cylinder using a marker pen.

50 FreST. TToft Sreehy vl HISTUYTRATST Qb <guTa BT 31101 JFel §eiidosed] YRG=Id AISTYTAT - HiSdT 1. IT
HISTATATT 50 fHeST. TToaTel Urces] 12 31Tg, <12 AThR U aTaas 50 fHes). FEU ol .

Repeat this till the cylinder is almost full, marking successive heights at the steps of 50 mL.
373 UHR, & AISITS gl WU &1 Pl BTY81 BRI TP dobt 50 ST, uroft wRearar qroar qrae! o

UTBI<Ies, I HISTATATER T B,

Label the markings with appropriate multiples of 50 mL (50, 100, 150,...).
313 TehTY, ATSTATATR T 50 fHeft. aroft 9RedT=icR 50 frest. , 100 fredt. , 150 fored., .. aramm gom &

Now you have a graduated cylinder which measures volume. You will notice that we can use this cylinder to
reliably measure any difference of 50ml and all readings recorded are multiples of 50 mL. Hence, 50 mL is
the least count of this graduated cylinder. If the water level is between two markings, we take the reading as
the mark that is closest to the water level.

3ITT JHATSIde Yeb 3i3Mifeha] AISTUTA 31T 30T JATBIRATT HAISTUATATS! ! Tl dTIR Ha Abell. A<l
ET 3TTe5 3T B AT e AISTUTAT HHIT BHT 30T Har 50 st =am USTdied JThRHAT AT HIS|
3B WU, AT 3A3MMfBd ASTITAT FHTH A9 50 ST 311, 3 UK Ish. SR U] Urcdedl &I

GUTTe] ST 33, IR UTUGTT UTcias] AISTITATIRIS ST GUIoTdes A1 e, o A9 JAT0T T,

The maximum volume your graduated cylinder can measure is (Highest marking on the cylinder)

JA 3fRTiehet HISTAT il ST febell STRTRAT A1 3l ?

Task 2: Measuring the average volume of marbles

il : ST ARTARY STBRAT HISTO!

Take the empty graduated cylinder and fill it up to the 200 mL mark.
3T RepT SfTihet HISTATS BT JATOT AT 200 FASHT. Forala uroft 4=y

Drop the marbles in the cylinder, one by one while counting them, until the water level rises up to the next
mark. Ensure that all the marbles are fully submerged in water. That is, the level of the water should be
above all the marbles. The water level rises because each marble displaces an amount of water equal to its
own volume.

HISTUTAT Ueh-Teb HISTd Il ST UTudTe Slebd Y81, SHudd qrodrdl yrde! ge<dr JYoradd dred Are!.
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QA BT B F ST YIvATd quivo] FSosed JATed. FUreid JIuardl el |4 Tediedl ar uslkac| s.
HISTIHNS 0T UTdas! died BIRY e bra<dr Ml o=y wam=ar e RAde umoft faenfug
.

Volume of water before adding marbles
T 0T SThUATgd T qTuT] UTeco!

Volume of water after adding marbles .

e YT SThdT-aR dIgore] UTuTl UTdos!

Number of marbles required to raise the water level to the next mark . Thus,
marbles displace volume of water.

e ¥os YTogTedT UTelalcl

Use this result to estimate the average volume of one marble, obtained experimentally (Vexp).
TN fHcTesedT araidT dTqR T ATIOT Uehl TS RN STHIRAT BIa].

Average volume of one marble .
ThT M I ARTAN JMHRAT

Task 3: Calculating the average volume of marbles

el 3: SV THT oA g < M BRATT BTSN

Keep ten marbles in a straight line touching each other. (You can create a long narrow channel by placing a
straight edge and a ruler parallel to one another with a gap in between, with the marbles lined up in the gap.)

S8BT INCAT U AT e Ul AR N Sdl. Je! Ul dI9[a] Beug! 30T AT ITSaT Udh IRS Hel
A I G B TR T Ha 31T 0T T T-g b e TSI UhHBIAT e T S 2Ahdl.
S eyl el Tl Ui I fHdhe odl.

Measure the end-to-end length of the line of marbles.
AR VIG5 STl UebT TIBIUTYA a1 SIbTIid S3idT AL,

End-to-end length of ten marbles
ST IICHTd! YT CIbTIRIT Ga=IT SIhTaId Sid]

Use this measurement to estimate the average radius of the marbles.
T AT ITYR ha] NS STl AN 1 BIel.

Average radius of one marble

T ST TR ey =

Calculate the volume of a marble (sphere) VCalczg ar’ using the radius you have obtained.

UehT TS (M) JATBRAT BIGUATATS] w61 AT 51 (VCale= ) dTURT.

Volume of one marble (obtained using the formula)
U] M MBRAE =

Comparing the volume of a marble estimated by two different methods
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S e gg il ArSTosed METAT BRATAE! o1 HROT

You may notice that the volumes obtained by these two methods differ slightly from each other. One can
estimate percentage difference as the ratio (expressed in percentage) of “the difference in volume” to “the
volume of a marble” (by either method).

IS Te! TG AwTesed AMHRAMHL fHhierd R 3, T a1 ST 31es 3. 8 B ol <o

3ME Al "SMBRAMRIS TR (CIIIAL ATSesed) AT NS SMHRAM' (HIUTITE! YT TG HIecied)

AT YUIIRTIRT 3&ToT BTadT Al

Percentage difference =
R h CIRITHEY =

Task 4: Measuring the volume of an irregular stone

go—cﬁx AR SMTHRTAT STSTA SMHRA Hlool

Fill the cylinder with water to the 200 mL mark.

HISTAT 200 e, GOIMRIT YTUAT R

Put an irregular stone in the water. (The stone should be completely immersed inside the water with the
water level at least 1-3 cm above the upper surface of the stone.)

T UTOYT Qb SR SATHRTAT TS (ATIROTI0] ST BRIYIRT) HIST (ST 3T YTuTd qofgoy
TS 3T 3145 ST Yot SIS TUeE fohHT 1-2 HHI. AR 31 e3, ATl WA BT).

Estimate the volume of the stone by observing the amount of water displaced. Unless the water level
matches with one of the markings, this will only be approximate measurement.

SSMw RIS SATesed] UTvgTEl UIde! UTge SITSIedl JATHRATTE] QTS BT, Sadd AISTarATasics
RINICIEIREI A RUR RCE ENERES GRS E AN IRURECI SRR IS KT

Now, immerse enough marbles to bring the water level up to the next marking. Volume of water before adding
the stone

3T, AISTYTATT YT e STl dI YTudTd] YTded! aRedT Goril Soves.

TS TTHUATYE! UTugTET UTeico!

Number of marbles required to raise the water level to the next mark

The irregular stone + marbles displaced volume of water.
ITOYTT UTcies] IR GOIaid ITSUATHTS! 0T SThos el e HRedT

JffEfaeTS +_ Meages fArest. Tt fererTie simes.

Use the mean volume of marbles, Vey Obtained in task 2 to determine the volume of the stone more precisely.

SITSTd JATHRATT 3D BT BIGUITATST Pell 2 A H@I3es TMedid IR AbprRAE (V
CIER

exp )

Volume of the irregular stone

I SIS ST RAT

Task 5: A challenge
Helt y: T S|
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i.  Fill up the cylinder with water to the 50 mL mark.

AT 50 frest. groft ¥Ry,

ii. By adding enough marbles, try to raise the water level to the top of the cylinder. If you do not succeed in
raising the water level to the top, can you estimate the maximum marking to which the water level rises?

Y3 ST UTogTd ST 0T YTl uTde! AISTaraTed] avedl Shladd dIeiqudrdl Y] BRI, el
IO qTdes] Haid IR Foradd AUATd J2A 3775 ATel, I UTogTdl YTdesl Haid SR BIvTed] Gorgid
UIBIg 2D, B el Al AP D17

Maximum marking to which the water level rises
IO UTTd! il SRR ST GOrgi ar@es! <l ol

Number of marbles required to increase the volume by this amount
YTugT] YTdas] aT@UATATS] BTesed] el W]

iii. Can you think of an explanation for this?
T TR faaR 6Her?

iv. Do you think the thirsty crow would have succeeded in quenching its thirst? Explain your answer.
TSN BIdedTd] T8I YT TS Bl ? JelA eI dicd, dIRUI €.

Image sources

BRIRETET ¥d

e Image 1: The Crow and the Pitcher: From The Aesop for Children, by Aesop, illustrated by Milo Winter,
Project Gutenberg etext 1994
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