Vigyan Pratibha Learning Unit An experiment on measuring volumes

LU 8.11 An experiment on measuring volumes
el ATHRATA AT

Learning from "The crow and the pitcher" story

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
the story and use the concept that ‘a body submerged in (/¢ [
water displaces an amount of water equivalent to its lf &
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?
Image 1: The Crow and the Pltcher

* Volume RIT 1: FIHT 3T JToTH TR
3TTHRHATT

» Displacement of fluids by solid objects
* Average/ Mean

T

Materials required
FAETSY WO Aifge:

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)

3% dlgr Teh RS AT (fhar disrere sderel 500 fAe. o Rer#T arealr; AlsTararr <amd
ATTIR ThGHTA U IR ATaT)

e Glass marbles (~40) of similar size

RO FREATT ITRTHT =T INeAT (FAR ¥o)

e Small irregular stone which can fit into the cylinder comfortably (see note in task 4)

AISTATTT HESTIOT STSeT T SIgTeT, ITATAT HThRTET &35 (Feht 4 Feliel €9 qreT)

e Ruler

Heycer

e Marker pen (fine-tipped)
GUTT FIUITHTS e Ereh Telell HIR Uel

e Straight edge (like another ruler or edge of a notebook)
TS T 3elell T (GET FeuedT fohar ggrT s

e Beaker (with graduated volume markings)
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HTHRATATIT ZUTT 3THelel TATT
A tray or tough may be kept to collect water spills

arofy |ig 74 ATy ¢ fahar wave s

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

Tﬂ-ﬁ? ITHRATA ANSTUITHTS TIA: D LT TIR HI0T (HAfHd ASTI)

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 fAe. wwmmmwwwmarﬁmﬂwawﬁmwm:—rwsm 37rar. ar
HYSTITTE 50 BT, qIUgTRIT gTdad 9 3R, "9 AT ST Aot 50 R, FEUTS GUT .

Repeat this till the cylinder is almost full, marking successive heights at the steps of 50 mL.

37T YehRR, § AT U7 SR &1 Fcll JoeTqeel 1. Tedeh dabt 50 fAel. aof siieareie’ aroar arae S
NI, I ASTIETER GoT &

Label the markings with appropriate multiples of 50 mL (50, 100, 150,...).
371 G, AISTUETER Fedeh 50 fAell. 9rofl $edr=ick 50 fAel., 100 e, 150 A, ... 3rem 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.

37T AT Teh 3NRATTehcd HISTIT 37T¢ 30T JTHRATT HSIUATHIS 6T ITaT dTR & Aehcll. JHATAT
aﬂmmmﬁrmmwﬁmmmﬂammwwmwmﬁwwm
Aehdl. FEUA, IT JHeMifeha AU TgdH AT 50 A, 378, 318 Forar Igd. SR qTOATET qIa@r &
GUITEAT AT 318, R A0 ATcfadl ASTArTadiel ST Yolslde e, d ATYe 90T g,

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

A 3TRATThet FAYSTATS Helled S el ATehRAT HYS[ Aehcl?

Task 2: Measuring the average volume of marbles

rt—chq MeaT FIEL ITHRATA Aot

Take the empty graduated cylinder and fill it up to the 200 mL mark.
37T Rehre 3ierifehed HISTITT €4 30T 41T 200 AT, oradd qrof aR.

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.

AT Ueh-Ueh HioTcl el INET TIUAT Elehel TgT, SHIAT IT0ITET YTl YoedT YOIadd dled =Tl T
wﬁwmwmmm mmmﬁmmmm
AISTATATAT IT0ITAT ITdad! died hIROT Tcddh i<yl el faedl Tad: T JThRATATIge groft faeanfad s d.

Volume of water before adding marbles
NEAT TIUAT TTHRUATYAT TTUAT ATcTadt
Volume of water after adding marbles .
INTIT YTUTd ThedTdd] digelell qrodral qrdedy

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

372 91X, TMNTHTHS YTUATEAT ATcTadlcd fAe. Tadl are sl
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Use this result to estimate the average volume of one marble, obtained experimentally (Vexp).
ST TSIl T aTeisiraT aTaR eIl 31TTOT TehT INEr HXTERT IThRHATS hral.

Average volume of one marble .

TohT IS TRTERT 3TRRATT

Task 3: Calculating the average volume of marbles

Fell 3: ITOTE THT JaTedT GG MERY HFRHAT FHIGr

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.)

GBI IMNCAT UhHhIeT fOeheel Tehl Tes I . aﬁmmmqumm Ush TS Hal
mﬁaﬁquﬁaﬁﬂﬂ@wqwl & QUehcl TN AT TogAIHEY TNCAT TehHehloll [eehcel &g Aehell.
aﬁﬂwmﬁmmﬁmw

Measure the end-to-end length of the line of marbles.
End-to-end length of ten marbles

<ET AT TehT TIHTI GE-IT SIhIIAd oliely
Use this measurement to estimate the average radius of the marbles.
T ATIATT dTIX o] INCATIT JEToT TIE AT .

Average radius of one marble

Tehl AMET TUERT Bar =

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

THT TNET () HTRRATT FIGUITATST el Aererell Fsam (VCalc= ) TR,
Volume of one marble (obtained using the formula)
U IMNET HThRATT =

Comparing the volume of a marble estimated by two different methods
3T e geurdielt ASrorear MEAT FTFRATATE Jelell FHI0r

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).

e SIeg! UGHTleN fASTIedT ITHRATAHEY fhfad Bieh 31Tg, & JHTAT olafld 31Tl 3 e, 8T Bleh fohell <ok
A dl 'HRRAAA B (SFFATHALY HiSelel) HIOT 'MNET HRRHATA' (RIUTITET THI TSl Figerel)
e AUNRTa®e 3eTst Hredr Aar

Percentage difference =

T CFFATHEY =

Task 4: Measuring the volume of an irregular stone

Fell ¥: HIAAAT HTHFRTAT SIS HHERATT AYoror

Fill the cylinder with water to the 200 mL mark.
ArsrarT 200 A, GorgAd qroAre .

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 AT Teh HTAATAT ITHRIT gars (HIIRUTI0Y Se<dT 3HRITEST) HIST (S0t gaTs qIudTd quidor
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Tolell /e 30T qTofl EarsTdet fohafrel 1-2 Foft.a¥ 3r@¥er, Fr< @ &),

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.

aTsTHe fATATAT STelea IToaTd ATde! gt SaTsTedT 3TehREAT-ATAT 3eTeT €. i AT qroATdT
mmmmﬂﬁ AT & aTeT U 3iereT 3.

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

the stone

3T, AT TaGT INEAT Tehl T YTUATHT It =T GOl el

mEI%UHIq«di qrogTE! 9T

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

The irregular stone + marbles displaced volume of water.
AT EE + _ dMeamr IS el ol fawnfad g

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

EITSTY THRAT HTUh HIHIOT FIGUITATST Fell 2 HEY fAcTelel M T HHRAE (V) ) IR

Volume of the irregular stone

Jfafad SR ATeRAT

Task 5: A challenge
Fell 9: TH HTeglal

Fill up the cylinder with water to the 50 mL mark.
AT 50 Al grofr 8w

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?

QAT INCAT IO TR 0T AIOATET ATAST AISTITHIAT ST AHIadd ATGIIvATT SFeel 1. JFgrel
mmmmmmwma@ ﬁmmmmmm@a
TIETY A, & TFET HI3 AhTel HI?

Maximum marking to which the water level rises
IUAT GTcfesl Falfel ST ST Gorgdd areel o gor
Number of marbles required to increase the volume by this amount
Can you think of an explanation for this?

AT TASEIHIOTET AR aT?

Do you think the thirsty crow would have succeeded in quenching its thirst? Explain your answer.
dgTeToledT HIaedTdl dglel HTeTell 3ol hI? JFgTell 1Y dred, SROY &
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Image sources

SETREET T

¢ 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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