Vigyan Pratibha Learning Unit An experiment on measuring volumes

An experiment on measuring volumes
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Learning from "The crow and the pitcher" story

Do you remember the childhood fable of the crow [ _ETH
and the pitcher? (See figure 1.) In this unit, we will ,'*
imitate the crow in the story and use the concept that =%
‘a body submerged in water displaces an amount of §i
water equivalent to its volume’, to carry out some J
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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Image 1: The Crow and the Pitcher
[er= 1: 1qesT S7I1OT YrogT=f &R

Are you familiar with these ideas?

TETS1 IE I b=l ATEId 312 B

¢ Volume

» Displacement of fluids by solid objects
Y IR T IoTR faermu

* Average/ Mean
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Materials required

WWW@W

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)
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e Glass marbles (~40) of similar size

HIERUI0] FREATE JTHRTT STl Ml (FAR go)

e Small irregular stone which can fit into the cylinder comfortably (see note in task 4)
AT eIl S5 65 311 ST, AT JATBRTET ST (Pl 4 Helles ST UT8T)

e Ruler
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Marker pen (fine-tipped)
GUIT HRUYTATS] (I Tl 3RA5 5T HIhR U

Straight edge (like another ruler or edge of a notebook)
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Beaker (with graduated volume markings)

SMHRATTAT oI SFRAcses AT

A tray or tough may be kept to collect water spills

arofl |ig T IS ¢ b gRE HiS

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

it 9: IMHRATH AISTUATATS] T ATEF TAR BT (373 ATTITT)

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.
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Repeat this till the cylinder is almost full, marking successive heights at the steps of 50 mL.
3731 TR, B AISTYTA Ui ¥R Bl el JreTgal BRI, Tdb dosl 50 FAeS]. roft wReam=iaR qroare
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Label the markings with appropriate multiples of 50 mL (50, 100, 150,...).
33 GBI, ATSTATATR Tcdeb 50 FAedT. Irofl YRed=eR 50 fAedt., 100 et 150 Sl , ... aram ggon
DX,

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

JA SfTifehet HISTATS |l ST febell SITRTRAT AT 3l ?

Task 2: Measuring the average volume of marbles

el 2: TS AR STBRATT HISTo!

Take the empty graduated cylinder and fill it up to the 200 mL mark.
3T RepTH 3fTiehe HISTAT 1 JATOT AT 200 ST, FGorala 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
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amount of water equal to its own volume.
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Volume of water before adding marbles
T U SThUATgd ! qTuTe] UTcco!

Volume of water after adding marbles .

T UTvTd SThdT-aR dIgores] UTuT UTdos!

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

Thus, marbles displace volume of water.
ITUT UTdes] YT Yoradid aISUATATIS! TodTd ool Meaia el _
MWMUBR, __ eI UTogT=AT UTdord ERIRCHEIFEIRE

iii. Use this result to estimate the average volume of one marble, obtained experimentally (Vexp).

TN STy eT arerie araR BT 301 UehT M AR JATHRHAT Ble].

Average volume of one marble .

THT M AR JHRATT

Task 3: Calculating the average volume of marbles

el 3: SMURH] TehT ool gl M HRATT HISU!

i. 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.)
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ii. Measure the end-to-end length of the line of marbles.
AR NI el Ul SIBIITg O=IT SIbTaid Gidl Alsil.

End-to-end length of ten marbles
BT ISl bl SIBTUTgA ST CIhIIId Sidl

iii. Use this measurement to estimate the average radius of the marbles.
T AT 9TYR e AT JiGTol ARIAR] 25T Brel.

Average radius of one marble

UHT M TR B =

iv. Calculate the volume of a marble (sphere) VCaIc:% ar’ using the radius you have obtained.

U] M (M) JATBRAT BISUATATS! JFal 2ATeTeseod! (T (VCale=) dTURT,

Volume of one marble (obtained using the formula)
T S HRAA =
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Comparing the volume of a marble estimated by two different methods

S e gl AoTored ST STHRATHE! 1 HOI

v. 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).

T Q] Ugliol Ty el SBRATTHE fhfd B iTe, B JHeT Bl 3MTes 3. 8T B
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Percentage difference =
R TR = _

Task 4: Measuring the volume of an irregular stone

Pelt 8: AT SMHRTAT TSI SMHRAT FIoTol

i.  Fill the cylinder with water to the 200 mL mark.
HISTATH 200 FHe3T. GO YToaTT 4RI,

ii. Putan 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 UT0YT Teb SfIAHAT MBRTE SIS (FHRUIU §exi=T ATBRITER) el (SUhead e

0T YOIT0] STeredT 31RTes STOT UT0T SITSTUETT fehaTT 1-2 HHI. AR 31, ATl Wil ).

iii. 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.

TreMe fenfia smoedr urogrEl Uil UIge SISl SPRAMEl AT &l SIudd
HISTUTATERIS UTUITHT UTcTes] hIvIeTE] GoERIGR Sbel ATal, AIadd & ard U a1l 3.

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

ST, HISTATAT YA ST TTehT Bl YTuaTe] UTddo! axed] Gl Sjoses.
SIS TTHUATYY! ITUITT UTeicd!

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

The irregular stone + marbles displaced volume of water.
ITUT UTdes] IR YOIaid ATSUATATS! 0T ST o3 el e Re]
g+ _ Menaiges et aroft e simes.

v. Use the mean volume of marbles, V., obtained in task 2 to determine the volume of the stone more
precisely.

SIS TBRAM e DI DISUATATST Pl 2 A fFdTosey M WA IMHRAM (

Vexp )AL

Volume of the irregular stone

I SIS ST RAT

Task 5: A challenge
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Fell 4: TP MM

i.  Fill up the cylinder with water to the 50 mL mark.

HIST9TTd 50 frest, groft ¥=T.

i. 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?

YN TSI YTUATd STl 3TTTOT YTl Tdiesl AT a)ed] SIhudd arefquardr et Bl
JFRTST UTvaTl UTdes] aid aved] Gorgd udTd I31 3fTes ATel, d-l qrudrel UTded! Haid ST
DIV GO T8I 3], & Jrel 1Y DT Pl?
Maximum marking to which the water level rises
TTUgTT YTcies] A el SR ST GUIgd ar@es! <t o
Number of marbles required to increase the volume by this amount
YTOAT] UTdos! AT@UATHTS! ST el el ]

iii. Can you think of an explanation for this?
T WEIHRMET faaR H1?

iv. Do you think the thirsty crow would have succeeded in quenching its thirst? Explain your answer.
TR BIaedTd! el AT A BT 7 delcsl eI dicd, bRl <I.

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

Credits

Main Authors: Ananda Dasgupta, Keyuri Raodeo

Contributing Author: Aniket Sule

Reviewers: Arnab Bhattacharya, Vandana Nanal

Editors: Beena Choksi, Geetanjali Date, Ankush Gupta, Reema Mani, K. Subramaniam
Marathi Translator: Abhijeet Malandkar

Marathi Editorial Team: Deepa Chari, Aaloka Kanhere, Vijay D. Lale

Creative Commons Licene: CC BY-SA 4.0 International, HBCSE

CC-BY-SA 4.0 license, HBCSE 5



	Learning from "The crow and the pitcher" story
	Materials required
	Task 1: Creating your own volume measuring instrument (a graduated cylinder)
	Task 2: Measuring the average volume of marbles
	Task 3: Calculating the average volume of marbles
	Comparing the volume of a marble estimated by two different methods
	Task 4: Measuring the volume of an irregular stone
	Task 5: A challenge
	Image sources

