Vigyan Pratibha Learning Unit An experiment on measuring volumes

LU 8.11 An experiment on measuring volumes

ST ITHRAT HroAT!

Overview

AlcIdl

The story of crow and the pitcher (a kind of pot for holding water) from the collection of Aesop’s
Fables is very popular among children. Using this simple story, we can explore the concept of
volume of solids and liquids with the students. In this Learning Unit, students learn how to
estimate the volumes of different bodies by immersing them in water. We also introduce the idea
of the packing of solids, i.e., when you try to pack together (or put together) many solid objects,

there may be some gaps in between. Due to this property of solids, the crow may not be
successful in raising the level of water beyond a certain limit.

AT SAHATUD] TEITered] DI TN YUITH BNR & AT TTADBHL GU SID 0 e, AT HE]
HAGT TR - T faenedi=n Wiy AT gd YerA=dl AThRAME Hbou-l AT o bal. I
Y TCHId, faermell drdiedl a% IIvgTd geq- il JBRATTET TS BT ST, B Rrebeiies.
Y YU WY geri=al o= (packing) Hed-dTad JAlwg B HUMR ATEI. AT 372, STe@T {907
3 IR LIS IR Yehl Jiguara (fhd1 gehsl Sauare) W B!, @] T Hlal qided ST
RTg B Y UTATAT YT UIEH IS, HITeodTe3T YT UTclos] Yehl fAfRIE UrcesIver s1iereh arequara
Tl 3T A Te.

Minimum time required: Three sessions of 40 mins each.

fPUTE 3Taza® A : 40 AR T3

Type of Learning Unit: Classroom
YA Y<hHEI YhN & I1d

Unit-specific objectives:
eI gTHAl ST

¢ To make a marked transparent cylinder and use it to measure the volume of liquids

Qe TUTT heses (3T, TRG=ID AISTITH Se07 JTIOT AT TR SaTd SATHRATT AISTUITAIST BRI

¢ To use the volume of fluid displaced by submerged bodies to measure the volume of solids that
do not dissolve in water

qTogTe  fAREUIT=IT I YT UrvdTd Jededrar, [t siesedn urvdrer arqR &, T I
HC{IQJI%S{IC#)NHH HIGIY]

e To understand the importance of the least count of a measuring instrument, and its use in
finding the accuracy of volume measurement

SIPIRHATT TP YU HISTOITRATST ATY T g dH HIYUTH Hedd 3 NEICICIEN AH o

¢ To develop an intuitive understanding of the concept of packing fraction
§EI3T (Packing fraction) Tdd TG AHGT [AdB N BT
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Vigyan Pratibha Learning Unit An experiment on measuring volumes

Links to curriculum
JRIRTHATI T

1. NCERT Class 7 Science Textbook: Chapter 9, Soil (Feb 2006), (relates to the concept of water
that can be held in pore spaces of soil/rock pieces)

2. NCERT Class 8 Mathematics Textbook: Chapter 11, Mensuration (Nov 2022),(the formulas from
this chapter are not directly required here, but this unit helps students internalise some of the
ideas of volume measurements)

Learning from "The crow and the pitcher" story ¢’ "1'"‘-;:3:1

Do you remember the childhood fable of the crow and the .~’g"'/
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 water equivalent to its ¥ ]
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! 4

T Sl U T8oies] brael 3T grogreal grRiE! 1
J®! Vhoyedl JASdd D17 (3Tepedl 1 UBT). IT AU gchId, }.
30T MERNS BIaear=aT Feild AFHRU bad YEE! a%w]
qIudTd STl 3T I e srpRATgad groft favenud
$R<’ ® Td dIa%e BTl AIGY UUIR 3M8Id. AgcHl Pl (#5) 8
3TIMOT AT ST g3 Heel 38 — HeYI- Tchrl ac! !

TR Teb MLIBRS fp fHodes |

Flgure 1: The Crow and the Pitcher

STl 1: BTGT SATTOT YToTeT TR

Are you familiar with these ideas?
JRTS1 I I Hhed=T AT STRd H12
e \Volume

JTHIRHAT

Students should be familiar with the concept of volume in general and also the formula for volume
of a sphere.

e i« A=Y AT RATE Hah o1 AT MSTT ATDHRATT GASHS ATE I JATIS] 8.

¢ Displacement of fluids by solid objects
WY TG 54 YT IR fRmg=

Students should be aware that when a non-porous solid body is immersed in a fluid, it displaces
fluid equal to its own volume. Familiarity with the Archimedes’ principle of buoyancy is not
necessary for this task.

ferenezf= & werd udes urfgs B Sl WA (Wes THo ) WgEY 9% Sa9ed gSdo! Siid, deT
I ] ATHRAMISTD S AT B, AT HATST MBSO (Archimedes™) WG T
ATEIT ITAYI AAZIE ATe.

¢ Average/ Mean

Students should be familiar with the concept of the average of several quantities.

foremmeiaT YEi IR B3l Bledld, Bt Fdhod-T ATeld I gdl.
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Materials required:

T S e

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

316G AT Udh URGRId Areary (a1 disids ducses! 500 T, qroaret R area!; Aredm=rar
AT BTEIHR UhaH T FUATT TR T8 )

Glass marbles (~40) of similar size

HIERUMYU] AR JATBRTT BT e (AR 40)

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

HAISTUTAT HESYYl SIS e ST SBIH, T BRI TS (Peil 4 Al <Y U=

Ruler

FERED

Marker pen (fine-tipped)
GUIT HRUYTATST (I Tl 3RAe5 51 HIhR U

Straight edge (like another ruler or edge of a notebook)
AR Bl JI! I (GO pedg! fdhar aerdl Be)
Beaker (with graduated volume markings)

A tray or tough may be kept to collect water spills

qTofl Hig A ATATS! ¢ febell TR Wi

Task 1: Creating your own volume measuring instrument (a graduated
cylinder)
Hell 1: SMHRAT AIGTUIRITS! Ward AIEH TR HI0I (3Fifhd AoTar)

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 TGS, TTol ST HISTUYIITST Qeb dAUTa B1 ATV Jrel geacied] YRG3ldh AISTATAId 7 Hisdl
ST, AT HISTATAT 50 ST, UToT UTdedl St 31Te, el HIeh) U aTaad 50 foil. T [ Tur &

Repeat this till the cylinder is almost full, marking successive heights at the steps of 50 mL.
373TT TN, & AISUTA Ul AU &1 Poil J81Y-8l BRI, Udd dasl 50 Hest. urofl wReAmaR rogrdt
TS ST g leies, i) HISTITATER Ul 1.

Label the markings with appropriate multiples of 50 mL (50, 100, 150,..).
3T, HISTYTATIR Jdeh 50 st Tolt 9RedT=eR 50 ST, 100 edt. , 150 ST, , ... 37211 GoIT &1

Now you have a graduated cylinder which measures volume. You will notice that we can use
this cylinder to measure volume only in 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.

3T JHeATSIde Ueh 3fAifchd AT 3MTe 30T SAThRA HISTUIRITST Jrel el diaR e 3.
JHT ST 3MTey 3RAS DI AT I3[l AISTYTAT BHIT BT AT ekt 50 TGS, =T ISTeies SMBRAT
3907 HIS], ABAT. FULA, AT AT ATSTUTAT SETH AT 50 HH1. 31T, A WU Iged. SR TogT!
U] SI9 GUIdT SRR 36, IR UTogTl UTdee! AISITATIRIe ST Gureide 3THe, o A9 3907
ol
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The maximum volume your graduated cylinder can measure is (Highest marking on the
cylinder)
A SFTTTh e HISTATS |l SRR fdbeil SATBIRATT HIS] bl ?

Here it would be useful to discuss the concept of least count with the students. In this context, the
least count would be 50 mL.

Y femeaieRIa] “FYTH A9 Aheu-TaR Fai HRY IUART SV, AT HoHL, FYTH A9 50 ST, o118,

In task 4, we will see how to increase the accuracy of this graduated cylinder beyond the
current least count.

il 4 HE, TYV] GOIT o3l AISTITATT Al deehlio3 SeTH HATITIET 31l aredrad, o UIg.

The graduated cylinders prepared by the students in this task can also be reused for other
experimental purposes.

T Hl ey [qemedi=t avacses AISTUTS o) URIRTS HolaTSIe! aTuRdl g e.

You may make suitable modifications to the instructions above. For example, if there is a beaker
which measures 25 mL instead of 50 mL, then the transparent cylinder could have markings for
every 25 mL. However, reducing this least count of the cylinder should be avoided as it may
increase error in measurements because of non-uniformity in shape of the bottle and errors in
making marks. Lower least count of this cylinder may also prompt students to take fewer
number of marbles, which will lead to measuring volume change for lesser number of marbles
increasing the relative error in volume per marble.

R feosed] Gamed Jrel I d 9@ a Adhdl. Iarevuned, Jarhs 50 et vasl SR 25 el
HISTUIR SUTH 33, TR YRGID G813 TR (FdbiedTdr) e 25 [ehl. ATST FurT 317 eI,
AT, I S U SHTH A9 “FHHI BRI, TIBAST §d. HRU BINCHAT qICH I MBR YHAAT
THAT AT GO BHRATT bl AT, AIAHES ST aTg Abdld. AT SIS T FETH AT HHI
Ty faenedi &l et udies, SIr@ 4l eI MHRATI M5BT 9ae AISTH] SIses 30T
U I ST ATHRAII el JT arees.

Some labs may have a graduated beaker, or a graduated transparent cylinder, which is already
marked. If the beaker or cylinder is large enough it could be used directly by one of the student
groups. But do encourage the students to also prepare their own measuring cylinder. The
results obtained with the marked cylinder and the beaker could then be compared. Before
beginning, ask the students to observe the graduated beaker carefully and find its least count.

BTal TNTRITGBIHE U fohal HISTUTS 31 Abelld, SITaR AT HISTUIRITS =T QGOIT JAFTd . AT
fehdT SIS U R AIS 3, TR d [Jeneai=a] ISisd] BIvTe! TCTS] araRdl I, Ui faemeaiHr
WA AT ITdIIA] Wcdiied &1, faenedi=t aefdeses AT 3ol <gurs arased HasTored]
RO ST HRAT S A, AT HRUIIATE, [Tenedi=n SgurEd dlosigdd R RIS
T SATFO1 AT ST HIY BISTIST Fil.

Task 2: Measuring the average volume of marbles

qrcﬂz T AR JMHIRAT FloTol

Take the empty graduated cylinder and fill it up to the 200 mL mark.

31T RepTH SF2TiTehe HISTATS BT 3707 el 200 AT, oraia aroft 4i=7.

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.
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PRI B | AT qroaTd qoivs] FSoeT JATed. Forord ITugTEl Ude! 94 M=l a) dieide! s,
HISTYTATC oS UTUAT] UTdod! dTed hIRUT U e foey Sad==T ST RATTUgS uTof foeenfud o,

If the water level is between two markings, we take the reading as the mark that is closest to
the water level.

SR qTUATE] UTdes] S GUIied] SXFIT e, IR UI0gTE] Uiie! ASTIrETaRIe ST GulsTas 31R9e3, <
HIY 31907 Tl

Volume of water before adding marbles

eI UToTd ST UATYAT aTogT] Teias!
Volume of water after adding marbles .

ST ITUgTd CThedTHR didesos] UTugTal UTded!

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

Thus, marbles displace _ volume of water.
qroaTY gTdeT e U&=l GUIRId qIeUgrITS! UTvaTd elboyed] el ¥l _ 3T PR,
_______ TMeTHes YTUTeA] Ul d 1. ad! a1e el

Use this result to estimate the average volume of one marble, obtained experimentally (Vexp).
IR AT el aTerTie aTaR T SATIOT UehT IE e ARTART STHRAT BT (Vexp).

Average volume of one marble .
YT T ARRART JMHRHAT
It is possible that the students may not get the water level exactly up to a mark on the
transparent cylinder. If the water level is below a certain mark, for say 20 marbles and goes
above this mark for 21 marbles, then in such case, the number of marbles making up the
difference in volume may be taken as 20 or 21 depending on if the 21st marble is submerged
more or less than half and closeness of water level to the mark.

37311 3T 31T B! fqeneaf=l ggorean uREzld AISTUTATER gIoar Urded! el GoraRIER SJebUTR
FTEY. SR 20 e HISTATAT SIdhedTeR YTuard! UTde! Yehl SRTdlD GuredT Wil 3-4cs JATMOT 21 &1 et
TTHITEaR T YUIUET G- ST e, IR 3T RAAHE, JATBRATIT B BRUMAT ATl HRT 20
e 21 =gl g 21 Y ST UTugTd Jfegiier HH1 fhdl SR ge el 318, TR TSI A .

Moreover, the topmost marbles must be submerged while measuring volume. If there are air
spaces between the top marbles, some marbles may be removed till such spaces are no more
observed. Alternatively, the task may be repeated with a larger starting volume of water.

RIaT MHRA AISAMT Faid aReaT Mediedies audTd gsoiedl TAYl, TR D AR, TR TR
BISTARIe MSATHL HidoodT ST T Ies TR Plal el PlgH %_Cﬂ, SIORI 31T AT ST 1)

RIBUIR ATEI. T3] Ueh U1 W0, FodTeies] UTofl ST JHTOTE U3 &1 Peil gl had uTg el

The students may be given a hint to first obtain the volume for “n” marbles in this task and
then the average volume of one marble. Note that all the marbles are nearly equal in volume,
but not exactly equal. This is why it makes sense to talk of an average volume and take it as an
estimate of the volume of one marble.

T HAHE] T “n’ TSI JTDHRAT HISTI T8 JATOT R UehT M e ARTART STHRAT HISI 318,
IS fqemea = gaat GAMHT (hint) Sl IS0, SETd BT $1, Fd eI AHRAT STaaurd RS
3112, IR 3T AT T8, T e AR DA DIl ST o JATHRAT YT cd aTol
ST TRHAT T TEId G-I, AT 372 3778,
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e When we performed this task, the result we obtained for the set of marbles that we had was
about 50 mL for 25 marbles, which meant that the average volume of one marble was about 2

mL.
Siegl 3! 81 ell Phol, deal 25 Mg f[Aefia doyes uroft gaR 50 Fefl. 81, %ot Ua M
WWW2WW

Figure T1: (Left) A measuring cylinder and (Right) A measuring cylinder with water and marbles

STl T1: (STfids) FISTar= ST (Sordichs) qroft STfOr TMe=r i+ R es3T ANSTIT

Task 3: Comparing the volume of a marble estimated by two different
methods

q»—cﬂs S = gl AisTosed MEAT SMHRATTE ST BT

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.)

ST TNl UhHb T e el e YN odl. el Uhl a5l Heug! 01 AT ITofes] Yeb AR
BT A I G B TBARY! RAT DHa el AT T T aed el ThHebiAl fadhe

3G AN G peycSAT HEY TS UhHb AT fdbe odl.
ii. Measure the end-to-end length of the line of marbles.

{R Ve el Ueh] SIbTaRIT §a=dT ST Sidl JITl.

End-to-end length of ten marbles

ST e YT Sl E=IT SIbTadd widl
iii. Use this measurement to estimate the average radius of the marbles.

T AT ITIR B Medid! feTol IR 31 $rar.

Average radius of one marble

T M TR By =

4><an using the radius you have

iv. Calculate the volume of a marble (sphere) V _,.= 3

obtained.
THT S (M) ABRAN V

= ;x:r><r BHISTATATS! TRTAT BTG T qTuRT.

CC-BY-SA 4.0 license, HBCSE. January, 2024 6



Vigyan Pratibha Learning Unit An experiment on measuring volumes

Volume of one marble (obtained using the formula)
UHT M MHRAM =
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).

RIS el TG BT MHRAMTHE fhfad B e, & T SelTd 31Tes 3T, B B fohelt
TH AR Al MHRAMNIS BRD' (SFRIFE] ARSHe) AT NS AMHRAN' (HIVIATE! YhT TGl

q7|G'>C’5("5) g NEISNENSK! JSTS hIadl d

Percentage difference =
TR TIRITHET = _
¢ Dividing the end-to-end length by the number of marbles will give the mean diameter of the

marbles. Have a discussion with the students on whether the diameter of each marble is
exactly equal to the answer they wrote. If not, what does this answer signify?

UehT SIBTITIG ST SIBTI St osiall Ao, T SIdTdT SicRT Seesed TMeuieal A& 41T feeursy
fremeial ==l BR1. 31 T, TR AT IR b1y 34 Frear?

e For our set of marbles, the end-to-end length of the line of marbles was (for 10 marbles) ~ 15.1
cm, i.e., the average diameter of a marble was about 1.51 cm. This gives the volume of one

3
4 Q)X 1.5

marble as % XTXr == |X = =21 =1.77 ml.

3 2
TSI 3 ST (10 TSHATST) ST T TAR ST AT IV UebT SIBIIIGA =T Sl

et ~ 15.1 FHI. BT, TSI M AR T AR 1.51 A, BIAT. JTaaT YT NS THRAT

3
Zixaxri= % X 5—2 X 1—25) = 1.77 4. Tae B4,
. . . Vcalc_Vex
* The expression for the percentage difference can be written as: (—wao %
calc OT exp
N at ot Vcalc_vexp
e XDl cadINT Yol HHIYI f3 %ﬂ aé?)' ——X100 %
(Vcalc or Vexp

¢ We are using the percentage difference instead of percentage error, because among the two
methods, we cannot say which is the accurate measurement. Both methods have inherent
possibility of measurement errors.

2 ST TeHaRT VgSil BRI TLHaAR] aTIRe] 38, BRI &I Ug U] 3 AYT HIUKI, & JATI0T
I 2Tehel ATE1. GI7e] TgaiHed, AT DR 2T Sgduard! 3 e,

e The teacher can explain the concept of error qualitatively as follows: There is a clear
discrepancy in the volume of one marble obtained in task 2 and that obtained in task 3. This is
because in task 2, we calculate the average volume of one marble directly without finding the
radius of marbles. On the other hand, in task 3, we find the average radius of a marble and
then calculate the volume. In this process, any error in the measurement of the radius leads to

. . 4 , o
larger error in volume as the radius gets cubed (due to §><n><r3 ). This error can be minimised

by increasing the number of marbles taken to measure the end-to-end length and then
calculating the corresponding average radius of one marble.

UITHBR AT ST HehedT 3iereh JSTTHTON FHSIIGA HiT 2rebelTel: il 2 AT Pl 3 AT FasTered
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U] METAT SMHRAMIT FIETT B M. I HROT Hell 2 ALY, MY Medidl FHar 7 Aiordar e
SMHRAT HISdl. Pell 3 ALY, TYUT Il ARTART 15T BTl ST FaR gTthes AISTal. Fell 3 AL,
o1 Ao SURiE FE T TR smeRAME Al I FEiv g1, dRu e w9 gkl

4 : e N P o .
(EXHXF3). bl CIDTURIT gl CICbILHjCI el ASTOITATST Medid! vl diedo! IO Fax U

M FRIERT 5T AISTe] R 81 2! Sl Bl

Note that the mean volume of marbles is obtained here to a greater accuracy than the
accuracy imposed by the least count of our “manufactured” measuring cylinder.

SET BT B, I Pell 3 HE) FAwsTores TRTART SMHRAT & Pl 2 HE AwTesedT ATHRATTIE Afdh

3 31Te. Pell 2 HEY 5T ATSTUTATT FETH AU JTDHRATIIG el ¥l Bl

Possible extension: If the students want, they can repeat this with more marbles and/or with
random sets of ten marbles each. Will the calculated average volume now be closer to that
obtained in task 27

T AR : R foeneai sTo1 3o dax o S1fSre et T+ 31/ fhar Tdsor g8l Medrdr |9da
U B Pl JBT @ DA, T PG AloTeses AR JBRAM & Pl 2 FHIS SMHRATAT
STIeUT 35 D17

Possible extension: Students may also try repeating the tasks 2 and 3 using machined steel
balls (like those used in ball bearings) of a size similar to that of the marbles. Since these are
usually manufactured to a higher degree of precision than the marbles, the discrepancy in the
volume obtained in task 2 and that obtained in task 3 will be smaller.

A IR: el el MeRRRENE JFoedl IAKG Kiawdl Mol (39, d1d
SRR T Moo YRS el 2 STTIOT el 3 HRUATAT T Ba ABTd. IT I 3T Mg AHTIIU]
TMCATUETET JAfeD b TAR HedT S AT, Peil 2 3T Pell 3 T BT T JTBRATI
S HR AT Al BRBSEIS BT 8IS ATl

Task 4: Measuring the volume of an irregular stone

Helt 4:  AFARIT STHRT=A SIS SMHRATH FISToN

Fill the cylinder with water to the 200 mL mark.

HISTYTH 200 ST, TGO YTogT 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 U0 Qe STTATH SHRMET SIS AleT (S0 G318 YTudTd Yuivu] JeTesadl 3Tie AToT aroft
SITSTUET fHHT 1-3 HHIL TR 35, Il T o).

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 an approximate measurement.

SIS fAReITiUd SiTesedT UrvdTe] UTde! YTg TSIl JTBRATTET AGTSl BT, S AISTaTaTasics

ITOTT YTTes] BIvTE ] GOraRIER Jobd ATe!, A9 & are 3aTol 3e.

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

3T, AISTYTAT Qe el STl B UTugT UTdes! gl oIl Sose).
SIS CIHUYTYE! YTuTe] UTecd!

Number of marbles required to raise the water level to the next mark
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The irregular stone + marbles displaced volume of water.
FfEfAsTe+_ Menages __ AresT. aToft foReTiid simes

v. Use the mean volume of marbles, Vexp obtained in task 2 to determine the volume of the
stone more precisely.
SIS ATHRAT AfD JIHT BIGUIRTST Pell 2 HEY fHedTeres Meedid ARWRT ATHhRA (V)

qTyxT.

Volume of the irregular stone

AT SIS STHRAT

Note that once the stone is submerged, there needs to be sufficient depth of water above the
stone to immerse a few marbles completely. If this is not the case the teacher may consider
restarting with a larger amount of water.

@& TH UTET Bl SIS YIUATd YUiv0l gS 3T 3ATe, AT SIST=dT aR YU UTofl 3778, OS] ST AT 3T
BTE! TN T Feball. 3121 (R T8 e, TR R8T qTvamel YHT0T a6 g B1d Gl Jral hrII 3] HiY] 3.

Task 5: A challenge

el 5: b IR

In this task the students confront their belief that by putting enough number of marbles, the water
level will always rise to the top of the container. They may be surprised that this is not the case.
The main reason for this, which the students will discover through this task, is that there are gaps

between the marbles, even when they are closely packed and the amount of water may be just
sufficient to fill these gaps without rising above the level of the marbles.

faerme [T o1 ST fsama 3TAal Bl YRaT AT AISYTAT Sldhed, IR AISTITATdes gTolt dHrorer &l av
A5, ATH Slegl I Pell BRI MO I S&Td A DY (Y TS T8 degl I U 3 ared. Al
ST e IMries I8 HRU SE USH Bl ORI QI eIl YHHSHT b s_aedl avl
M=l SR BIel ST Albas] 3. SIegT 390 AISTATAI U ST STehell el AT T3 qrofl

AT SR cbl‘é‘\l HIhoodT STRTTHEY A Vild, C?-IljothTUﬁ MedT=T gTded <l ) dad ﬂlShl.
1. Fill up the cylinder with water to the 50 mL mark.
HISTTATd 50 ST, Aot #=7.
2. By adding enough marbles, try to raise the water level to the top of the cylinder.
YRRATCAT YIUTA Clebl T qTogTdt UTdast HISTT=T=aT ax<d] CICquijd dTedUJTdT U] hNI.

3. If you do not succeed in raising the water level to the top, note the highest marking to which
the water level rises.

JFETAT UTUATH! UTded! Aaid aReaT QoI TuTd I3l 31Tcy Al A1 YTvTdl UTdies! Faid SR b loreT
GUIRIT YIEIg 2, & %61 A ADBIH Bl ?

4. Maximum marking to which the water level rises
Rl CIEIREIRCIRRS IS ARG B R IEC NR )

5. Number of marbles required to increase the volume by this amount
YTuTE] UTdos! AIGUATATS] BRI STl HelT

6. Can you think of an explanation for this?
T B THRUMET fIaR B
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7. Do you think the thirsty crow would have succeeded in quenching its thirst? Explain your
answer.

TS BIaeTdl T8l YITeh! TS Bl ? drelAl hI dicd, bRl €.

e The initial volume of water is kept deliberately low so that adding more and more marbles does
not bring the water level up to the top. Once this happens, the teacher may support the
students in finding the explanation that when objects like marbles are packed as closely as
possible, they still have some gaps in between. The water accumulates there and hence never
rises above a certain level. Assuming the closest possible packing of the marbles, there is still
about a quarter of volume between the marbles that is left over for air or water. Thus, in this
task, if the initial volume of water was 50 mL, the water level after adding many marbles will
not rise beyond 200 mL. The teacher may also point out to the more interested students that
this concept is called the “packing fraction”. Similar concept also becomes important in the
theory which explains how atoms are packed together in solids.

TIUYT JHT0] GBaTdI3T SIS HHl 3des S, Sivih<ad AfABIED TMeAT SThedl a¥l arogrdt
TTcTod] ISTYRT BT ATE!. Uhal 3 had Siles Bl MR a%] eI dde] UhHb AT e
WRYT TRIE] AT SRR BIel SN Hidhesl A, & WY BRGNS Riere faeneaiqn qed o
BT, I HichoodT ST arofl RBRA 3MfO1 U Uehl SRy UTciodiedr a” qrof delie! Fed el
HiATcies T AR [T ThHeh =1 e 3fTed 31 AU B 8Rey, A)ie] el ST YHUl
JNMHRATTAT b TqAI3T MMHRAMNIS! gaT fhar uroft ¥Res, Yadl SR <), AT HelAed, JIodrd
THTY] GHATIIAT 50 Fedl. 3RYes, TR TU el SThed] dRie! UTogTdl UTde! 200 !, Uall SR ared
T8l Il sl faenegi T fRieted | AT DI, AT Abou-al '§ear (packing fraction)
U, T IR YT, U 9T B3l 314, & W BIVIRITS! IR HhedT Aedr]
SR

Thus, one of the takeaways of this unit is that the thirsty crow would not have succeeded in
guenching its thirst if the water level in the pitcher had been too low to begin with.

3131 TR, T ALY Tehrdl U Hgwaral Jel FUol SR HNRIcIes YTl UTded! Jodiciiel GU HHl
ey dX del Al hIdd] T deld HHTJUYId EIRE] S lUTIR ﬂlSﬁl.
e Only for the teachers: In case of (spherical) marbles, the closest possible packing is called
T
3v2
most ideal closest packing, 74% of the volume will be occupied by marbles and at most 26% by

water. Further, on the edges of the cylinder, this fraction will be poorer. Hence, we expect water
in the above task to rise to between 120-150 mL.

B RSS! (MSTHR) el Jadid, A9 aawn gg qiEoiel Yol dfew agofl

(Hexagonal closed packing) 371 ¥Vl U e, ATATS] GG+ % =~ (.74 312, Jra 31l 3T DY Fdid

areal SigvfFed, 74% SMBRAN IS S0 BHIG 26% SMHRAM YU @I IS, g,
HISTATATEIT BIoTaR, AT SR God ST HHI Blge. UM, dRIe3 PalHed Urogra qrde! 120-150

“hexagonal close packed”. The packing fraction for this is = ~ 0.74. This means that in the
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Task 6: Estimating the packing fraction (Optional)

Sl 6: dETRTAT ST qieroy (FIRA)

Fill the marked cylinder with marbles up to the 50 mL mark. Count the marbles as you are
putting them in one by one. Give the cylinder a good shake to ensure that the marbles are
packed as closely as possible and make sure that the marbles are as close as possible to the
level with the 50 mL mark by adding or removing some marbles.

T gaorey Fegifoed =iguTa e 50 !, Tid =Y. TgUTAT el STdhd AT YhIISITS
T ST HIST. U ST WReGHR U Fites 8Tehdl, S0l el UhHDIHT b
HEUU g A0 AT W BRI Bl 50 ST, Goradaean Mean aray foden ghAdT e
RTEUIRITS] BTET TS TGUTATG d1ex HIa febal DIl Ml SUTId Tl

i. The packing fraction is the ratio of the volume of the marbles filling up the space to the total

volume of the space. Can you find the packing fraction using this definition?
U1 FBOTS] ST ATl SR ATBRATT ATOT SR THUT JTBRAT i UIIR. B AR

qTYRa 1 FEHTR1 DTG A3 B2

Repeat this for the 100 mL and the 150 mL mark and find the packing fractions for these trials
as well. What do you notice?

1 &1 il 100 TGS, JATOT 150 ST, UTUATE UTced! BT bR STIOT AT pel ATS BT T3 BIGT. JBT]
BT g 3Tes ?

It should not be difficult for the students to find the average volume of one marble by
calculation since they know the average radius of a marble. Multiplying by the number of
marbles gives the total volume of the marbles. They already know the total space inside the

container from the marked volume (50 mL, 100 mL, or 150 mL as the case may be). So they
can find the ratio, which is the packing fraction.

foremeata vt MERN TRTERY F2roat A8id STaedT™ QTdRa UdhT M AR TBRET N0, TS
S . IS M=l & U AYATS] TSI YUl MBHRAT BIedl Is65. AgUrTar
herT ITHRATAT Guliawa (50 FHe1.,100 ST, ,150 ST, gUraTd fehet ST (JTBRAT) 3172,

2o e =y g ame. ma<e faermeif Uik B1g ABdI. AT Je131 FUrd.

This is slightly more challenging: Another method is to plot a graph with the total volume of the
marbles on the Y-axis and the total volume of the space occupied by them on the X-axis. By
drawing a “best fit” straight line through the points, the slope of the line gives the packing
fraction.

g IS A AT@TIHD ATe: GAR Tgd U Y -IHefaR TMeTe THUT JATDHIRATT JATOT X-37&TaR i1

GTYS T ST THUT JTHRATT HH Yeh A5 TAR BRI, [GHLT “FaH I1G” ARes T Hleedrd,

ST SR SY131 S3tadl.

An interesting extension of this activity is to compare the packing fractions obtained by using
ball bearings and marbles together, and by varying the diameter of the container.

T P RAR BRITAT TSI dics SR ST ST AT T Tqul a1uR e ST07 T TeodT
AT WiS! U HaTered dg-RIE Jo T Bl .

It may be worth expanding the analogy to explain that groundwater is also filled in the pore
spaces of soil particles and stones beneath the ground. Thus even though pore spaces in the
soil seem tiny, they hold huge amounts of groundwater that we extract via hand pumps and
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borewells.

SRS, AT BT ST S9TS ITAT UThadiHed gTofl ATShes 31, & ARTIIRITST a¥ied ATereatan
fIRIR P31 IR BRISIR S8 3. I3 TR, HRSG Ghbed] SR BeF died 3RTedT, -l T

HIGAT JHATUIT oTeh = S eses 3. JATOT <l UTofl ST STAUUTT AT IR SR SToTl.

T ORR
S

&%
.”‘.."

l"l. i
snielll
1L .I.i"‘".!‘ !

(LT
)65 !.i}..n.! 1
Pore Space

Figure T2: Pore space between soil particles
STl T2: AIAIA IS HUNIT Glhoodl[HEfF ST

e Figure T3 below shows “hexagonal close packing” that you may have observed in the stacking
of balls or of fruits in the market.

Jo faesedn airgpell 73 e ‘NIl dfavd 8 qRIdes 8. IISTRIT oo fdhal dg 3R TR HiS I o)
T UTfEes STAies.

Mf"’%.,‘ 4
Figu;e T3: /;'ruits staced in a fruit stal
STl T3: BT GHTTHE YIS Bed
Idea for further extension
Il farrndt s
What happens if we use a bottle with a larger or smaller diameter, or if we use marbles that are
larger or smaller? Does the packing fraction change?

SR 30T HidwT fhar ora™ AT de] aTuR S fhdl Sa {har Hicar SThRT=T e TR ed] IR BT
BI5ch? YFRITT Ble! 960 Blse BI7?
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Suggested readings

3P qraaTITS!

An advanced discussion on pores in soils and their relationship to various processes and
phenomena taking place in soil can be found at:

Nimmo, J.R., 2004, Porosity and Pore Size Distribution, in Hillel, D., ed. Encyclopedia of Soils in
the Environment: London, Elsevier, V. 3, p. 295-303. Retrived from:

The overﬂow prlnC|pIe the principle that when a body is |mmersed in a liquid, it displaces an
equal volume of the liquid, is often confused with the related but different Archimedes
principle. The latter states the equivalance of the force of bouyancy and the weight of the
displaced liquid. For an explanation see this link:
https://www.math.nyu.edu/~crorres/Archimedes/Crown/Crownintro.html

Image sources

BRIRETET ¥d

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. January, 2024 13


https://wwwrcamnl.wr.usgs.gov/uzf/abs_pubs/papers/nimmo.04.encyc.por.ese.pdf
https://www.math.nyu.edu/~crorres/Archimedes/Crown/CrownIntro.html

	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: 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

