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Exploring science and mathematics

8.11. IAT HTRRAT HSAT!
An experiment on measuring volumes

HATeIdT
Overview

SAIRT SABATUD! TESST BRI AT 0T IR B HAT AIFHHL GU S0 378, T IeAT BT d1uR
DR AT =T ATy 0T Sa Ueriea SThRATTE Hhed-l AT Qg 2Dl I JIT Hgehld, el
T AR YTV S T JATHRATATE SIS Bl ST, & Rieheiles. AL IV LAY Tri=aT gigofiear
(packing) He-IETE W PH HUTR T8I, AT 372, SIeT 3T e AT i a%] Ueha Fieroarar (foar
Uh A GCIUUI'CII) I pXdl, ?IET g1 Blal Ghed ST NTg QAchdld. LAY ‘-ICQMTU?-II gra ﬂUIHHT‘jOO, Dol
IO UTcTes] TebT fAfRIY UTeodIuel 31fere qrequdTd sartee I3l A ATe!.

The story of the 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.

3T HehMl Ies

Unit-specific objectives

9 e\ ld o
* Uh YUl hoieh (\’ﬂ?lllfhd) qRG3Id AT S-I901 37O ATAT ATUR GaTd MHRHATT ATTIIRITST B0l
To make a marked transparent cylinder and use it to measure the volume of liquids

- UOYTd T fREUITAT IR YT o Jeacdrer faveii SiTesed UTugTe arqR e, T Iy Ui
STHRHAT HISTO]
To use the volume of fluid displaced by submerged bodies to measure the volume of solids that do not dissolve
in water

*© JATHRAT GBI HISTUATRATS] AT FETH AT HE<d 0T AT ATIR FHS[ HoT

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

+ 99T (Packing fraction ) aTad 3]G AT [ RIT HROl
To develop an intuitive understanding of the concept of packing fraction

G R CERE G Y TSHTAT UBR
Minimum time required Type of learning unit
40 fafeet=h = 5= CRIKNI
Three sessions of 40 mins each Classroom
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STWITARATRAT T
Links to curriculum
NCERT Class 7 Science NCERT Class 8 Mathematics
Chapter 9 : Soil (Feb 2006) Chapter 9 : Mensuration (Nov 2022)
(Relates to the concept of water that can be (The formulas from this chapter are not directly
held in pore spaces of soil/rock pieces) required here, but this unit helps students internalise
some of the ideas of volume measurments)

Table T1

JETT hTdesT SMTOT UTUgT=AT "TR=AT M fAehaor

Learning from "The crow and the pitcher" story

T BB Ueh TeTc3 el BIaal AT JTuarea] arRIE! e 3!
Udhoso! JAT3Td D17 (AP 1 TBT). IT JEIY "CHId, AU
TMETA PTadTed] Bl ATHRUT B YRATG ] a¥<] UTUT ST edTar
%] forean sreRAMTS TS Ul fRenfd ord & dxa arga Brel
AT HUIR SR, il 5 AT AT STBAT STgsal Hae IATe — AT
geHT] AT JFRTe] U SNEIHR (1shy foses |

Do you remember the childhood fable of the crow 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
water equivalent to its volume) to carry out some measurements. The
last task in this unit is closely related to the tale — and you may reach
a surprising conclusion at the end of it!

Figure 1 The Crow and the Pitcher

TR Yéies HeheUHT HIgId Tad <hl?

Are you familiar with these ideas?

Volume

e =T AT RATTE Heh e MO M T ATBRATT YIS ATE I AT 8.

Students should be familiar with the concept of volume, in general, and also, the formula for volume of a sphere.
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© WY IRGR 59 UG B0 faReimo
Displacement of fluids by solid objects

foremeai=i g @erd vdes ufes &1 ST Wu (Aes TG WY a%] SdMed JSdo! i, Tl ol a¥ <l
MBHRATATS TP 5a FARRITIT B AT PRI JMfBIHS IS (Archimedes”) TATaHD T ATEI AU MAZTS AT,

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.

AR
Average/ Mean

foremea =T IR SRR B30 Bredrd, B Hh a1 ATeld TATIST 841,

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

@Fﬂ%ﬂ

Materials

. 31%q disTd Udh URG3d A (fhdT disTds draaa! 500 fest. arogrdt Rerm qrees!; Arsrararar g
AT BIAIHR UhHHT VAT IR T8 )
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)

RO R BRI BTl AT (AR 40)
Glass marbles (~40) of similar size

«  HSTUTATT FESTIV STS 3 AT BT, AR STHRTET TS (Fell 4 Fefles <Y UET)
Small irregular stone which can fit into the cylinder comfortably (see note in task 4)

" Ul

Ruler

* GO HRUGRATST RIS I RIS AT ATHR U
Marker pen (fine-tipped)

© WS DSl AHGA I (GURI peug! fbar agil wer)
Straight edge (like another ruler or edge of a notebook)

TR GUIT 3 eres 3fTTfehe AT
Beaker (with graduated volume markings)

- groft |ig T Arrdt ¢ fvean wRe wiS

A tray or tough may be kept to collect water spills

>

el 1: ATHRRATT AISTOGATS! Toel:d JTYA TR 01 (Sierifrd Aierar)
Task 1: Creating your own volume measuring instrument (a graduated
cylinder)

50 fTcH. UToft STl AISTOATATST Udh AUTS BT AT el ST cs el URG 31 AISTITSTG 7 Al STl I A=
50 THST. qTUATT UTeTed! Siel 3178, <12 AR UST aTa 50 f¥ehl. T Ul 1.

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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i, STRIT BN, & AISTATS qui ARUd &1 Pl §oTg8l HR1. TP dabt 50 Fred. aroft wReaiaR aroare arde! oid digiees,
A HISTATATER 0T 1.

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

i SATT, HISTYTATAR Td 50 fest. aroft wReaaR 50 fres ., 100 EIY) ., 150 EI) vy v SRITYUIT BN,
Label the markings with appropriate multiples of 50 mL (50, 100, 150,..).

ST JHATSTIS e ATThcl AISTITH TS AT JATBIRATT HISTOITATS! JFe | TN dTIR ha Al AT BET 37Teh A Bl
ST T 3T AISTUTAT P BHI AT Bkt 50 FYest. =01 USId IMBRAT Al 3Aball. UL, i AISTITHT FETH
A9 50 FHGT. 3112, 31 T IS 3. SIR UT0ATE UTdod! &I GUTT<aT SRR 3RIe, TR UTUATH UTcles] ATSTITATaR 65 ST oISt
3RTe3, < |G ST B,

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.

A SN AT Hafd ST febedl STBIRHAT HIS] 2Aebel 2

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

Y fIeneaieRia] ‘SYTH AT Hhed-Ta) Tl HUl STIRT SN, IT hellied, FEH AT 50 s, 312,

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.

* il 4 WY, AT GUTT ose] AISTUTATHT ST dechlos < A HIATUel Hall dredrad, o urg.

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

TP el gdeses AT SR URIRS Helidro s aruRdl 5.

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

» PR RS FEAHe) Gl AT A 940 B BT, STERUN, JHATHS 50 Fes]. Yasil SR 25 frest. AISToM dgura
A, TR URGAD SIS UTAER (TBHISATAR) TAD 25 [H). AIST GoIT 3 3B, A, T SN U
AYdH HIY HHI DX, CTATI ] gd. PR WBIRCHAT I AMMHR UpTHT TH T T GUIT DT bl
ST, AL FET d1g A, IT SIS AT FYTH A HH! AT el w41 e villes, S
B M ATBRATI S A a0 AT STge MO T T e =T JTHRARIS ATUE J2T 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.

© PIEl JANRIGHE] TUra fdhar AT 3y AB, SATAR AT AISTUITATS AT YOI AT, ST fobd
TS UTH PR AIS e, TR o [enedi=an Teiia! HIurme! TeTe! aruRdl dg6. U faeneai= wa A
AT AT HR1. faenedi= axacses AISTATS MO IUTS dTu=e ST IR OTHTE T3 T B A, 3.
FoaTd HRUATSTE, faemeafer S gurard HIaoigdd RIS BRI G M1 AT FYTH AT SIS |,
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.
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>

et 2: MeTi™ TR HTHRAT HiTol

Task 2: Measuring the average volume of marbles

3T RepTH SizTifeha AT &1 3111 1t 200 AT, gl qroft e
Take the empty graduated cylinder and fill it up to the 200 mL mark.

SIS ITogT UTdies] ge<dT Qoraid ared ATel aradid ASTaraTd Y- e] ASTd YTuaTd ST 8T, WTAT &1 Bl
H AT YT Yool gSosed] 3fTed. Furord qudrd] Urde! 94 el aR e ATe. AISTarkiles qrogrE!
YII] aTed BIROT YAd M e = MG RATTTTS aroft farenfid o,

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.

SR YTUATT UTeico! &1 GUTTea] SRR 3-es, TR UT0Te] UTdas] ASTaTaTaRIes ST GorsTas 3-es, < 19+ {1907 B,

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

T YTUATd STHUATqd ! JTodTEl UTeest

Volume of water before adding marbles

MWIGPR, e e qogrAT ardedld ERIRCHEIEEIR
Number of marbles required to raise the water level to the nextmark _ _
Thus, __ _ _ ______ marbles displace_ _ _ _ __ _ ___ volume of water.

TN STy araTia aTaR HRT TIOT UehT T e ARTART STHRAT BI6T (V)
Use this result to estimate the average volume of one marble, obtained experimentally (V).

3Tl 2RI 31T B! Il gdcsed URERIS AISTUTATER IToTE UTde! ol GUERIER JUIR 18], TR 20
AT ASTYTAT SThedTaR UTodTdl YTde! Ul SRTdId Furadl Wis! 3195 AT 21 A1 ST STdhedTdy T Forder
IR ST 3T, AR 373N FRATHEY,, JNMBRATATT B b DHRUT=AT Mt |y 20 fhar 21 &t 7 21 91 M groarg
3regTuel Sl fhar S gsoies! 31Te, TR AT RIS

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.

Ry AT RAT AT Faid aRea] MeATedle g gsoiedl AFUl, A3 8. SR aRe] BRI
TMeTAEY AldhodT SR /TS ) Plal el Plg é’Eﬂ’ SIRId 37217 HidheodT SR §Tdh! VIR AATeld. AT Udh
AT TS, GoaTciesT UToll ST JHTOI 1 81 Pell JoaT ba UTg el

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.

T PR Y2 “n’ ST SMHRAT DI 3T 30T R YT M Te AR SMHRAT AT 3778, ATATS!
fereme =T gare] afiaT (hint) ST IS5, eI BT DI, | TIedid ATBRAT STIBUTH HIR 3778, U e

GHI 181, T e id ARTAR] STHRAT DHIG0T AT T STHRAT TebT ATl ST STBIRAT U eIl &R,

ITe3T 31 TR
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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.

SIeET AR 81 il el cTeal 25 et fawermfid deses aroll GHR 50 AT, B, TUrol Ud e TRTAR] STHRAT
AR 2 el 3.

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.

3Tl T1 (STHHS) AISTIIE IVT (SoTdidrs,) GTuft SAfOT IS FT+1 HReS3T AT
Figure T1 (Left) A measuring cylinder and (right) A measuring cylinder with water and marbles

elt 3: S 9= g AT MEAT ATRRATITHT JAAT H0
Task 3: Comparing the volume of a marble estimated by two different
methods

EEEICD) \dn‘-ldnl"ll I Yol TRes NN odl. ‘g”*%’f@)‘r qIS[e51 Heug! 3T GRIT IS Uh TR DHST A ]
é‘cﬁ?ﬂﬁr TN AR e AT 31T T U HeY e \CJ’N'ICbI"II IddnCﬁ é_C([QIdeI iR li’CL‘ICC'QH‘CQ-II Y
TICAT UhH b ] Itlcb(;\ﬂ .

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.)

TR Y65 TSl UehT ST §=IT SIhTadid S3idl Al
Measure the end-to-end length of the line of marbles.

T AT TR HRa A1 Siarol TR 3531 Hral.
Use this measurement to estimate the average radius of the marbles.
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iv. BT I (N ATBRA Vg = 277 BIGUITATS! JraT] HwBIo5os! 25T gTuR,
Calculate the volume of a marble (sphere) V4. = %771"3 using the radius you have obtained.

Volume of one marble (obtained using the formula)

v. TS Sl TG BT edT sTeRAHe] fhfa tvia o1, ?WB&]‘HW SR %Twﬁv_cﬁa@ 31Te a1
"HRHATTN S HID' (Cc)rcirul‘-lbu HISO&C’))@ﬂﬁT T JMHRAT' (@IUICQISIWLIGCH"I Cbl&';(’é@) i JUIARTIRA
3feTol Bre Al
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).

TP SIHUNT O SIBIIRIT S Bidl e, T ST 3R SaoedT Tesieal W+ | [ gl
MET AR AT e, Td M & fqeneai= fafeaen STRuder e & e, ITdx fqemeafzh o=t
DR I THS, TR IT SIRIA BT 3Fe frerar?

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?

© ARSI ML (10 TSRS St 9T TR $ATes! AT IV YT SIBIIRET AT SIebIaerdl
Sfar ~ 15.1 ). B WWWWW151W BIAT. ATa_T Tl M JATBRATT
gm0 = (3) % (%) x (5°)° = 1.77ml = 1.77 reft. Tae 2.
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 marble as

amrd = (3) x (&) x (—) =1.77ml
« TP AN qETSTAT TR Ae ot e X 100%

. . . Veate—V
The expression for the percentage difference can be written as: Weate—Vezpl 7009,
Veate OR Veap

+ Y FE THARI Vet BRPH! TehaR] ATIRG! JATe. BRI &I GG U] 3T AYT DIV, & ATI0T G 3ebe
TS, Q] UGl 9ed, A1 BHRATT ! SeduaTd ! AT 318,
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.

© UTHASIAT ST Hebeu T RIereh JETSHHTY FHSGA | AB: il 2 0T Pell 3 it FHesTosedn Tat
M= MMBRAMTT FATT BRE L. AT HROT Gell 2 Fed, YT edidl a1 7 Aol I AHRAH
Bl Pl 3 AL, IV AeATel FRTART AT Bredl M1 FaR The Arsial. Pl 3 Fe, g AT
BITCIE! T ST TR ATBRAMT AIST T FH01 8l BT o2 9 81l 37r? . Yol BT a1
SIHTRIT B ATV et W1 drede! AMfOT FeR Yol ST SRR 531 AisTed! ) &1 J2T Bl
&I
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 larger error in volume as the radius gets cubed (due to 377%). 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.




8.11. 93l SI[hINHAIT H/Uc(d/./

© SET BT DI, I Pl 3 A FAwToses TRTAR JMMBIRAT B Poell 2 HE THBTSo-IT JATHIRATATIET e 3T 3MTe.
Pl 2 A FIS T AT SHTH AT JTBRATAIS bl HHI 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.

« Uy R : SR faeneath s<o1 se ax o 3iftie et 8 3o/ fhdr Uresior 981 M= Id 9 &
Dl Gr8T @ AT, AT Bl AISTeres ARTART SATHIRAT & Pell 2 HTes JATPRATT] TIBUTH A T2
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 2?

« 99 fRAR: feneff icai=n SMeRNIREIE sRiced] IANNS laal Ml (S, dies SefRmeredn

e IR Pl 2 IO Pl 3 HRUATAT HAT B DT, AT 15T el AT e Uea! fferds
I TAR BT ST AT, Peil 2 JTOT el 3 AT FesTesedT SHRATI 1 B T8 1 hRbadles
BHI 8IS, 3.
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.

>

et 4: AT FTRRTAT ST HTRRAT HiSTO!

Task 4: Measuring the volume of an irregular stone
HISTATH 200 ST, GOTIRI UTogT 1.

Fill the cylinder with water to the 200 mL mark.

T UTUYT Ueb AT BRI SIS AT (SIvh<ad SIS UTvdTe Uiyl J8Te5adT e 30T Toft SereTue fhar
1-3 HH1. aR 3195, T @I ).

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).

TITSH [IRATIUT ST T UTvTE! UTdie! UTg SITSIT ATHRATTET TS BT, ST AISTITATaR I3 JTuare grees!
PIUTCATE! YOIERIGR Sfesc] AT, I & dTa JfaTol 3RIes.

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.

SITT, AISTATATA YaT TiIeT ST &I rodTe Urde! avel ol Joa.

The irregular stone + marbles displaced volume of water.

iv. SITSTY ATHRAT b JTHYU HIGUITATS! el 2 e [HeBTeres TMead AR IHRAT (V) ITURI.

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

Volume of the irregular stone
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& T U8 BT UHST SIS 0T JU0T JSAT B cATeaTaR Gud qToft STARIST 84, 7 0ToT 30T AT TS HTe! Tle]
TT Frehal. 37 R e, IR Riereh qrvard Y10 a1eg &1d Pl Yol HRIFAT i AT,

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.

S ell 5: Qeh 3HTeg=
Task 5: A challenge

= ST S fsaTs STal! BT YR TS AT SIhedl, IR ARG gToll HIoTel {2 @) Is5e A1
STEET I el PRI STTOT AT eI Ad B 3R TS ATe! <IeaT i1 U 37127 ared. AT pol g fermeaiar ammiies
A BRI ST IS DI ORI &I TSI UHHBIHT (e SRIeT AR i<l SRR BIe! SR Hidha! . ST
ST HISTITAT U T STl <TegT ASTATaTiTes qrofl Mieeiea SReATT=d $le! Aol STTHe RIRd. e qroft
e Yideied] ax ged ATal.

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.

1. AT 50 fared). Trofy ¥R,

Fill up the cylinder with water to the 50 mL mark.
2. 3%5 TS UTOAT ThT ST UTogTt UTdes! AISTUTATT aRedT SIhTaid aTeaugTdl Hae .

By adding enough marbles, try to raise the water level to the top of the cylinder.

3. BT UTvgTE] UTdied] |ald a=eaT orgi uTd I3 3Te) 18!, A1 JTuaT] UTdfod! Aaie STRe hIuTed] GoraRid s ig
T, B Jrel A 3BT BI?

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

TTOGTE TcTes! Feliel ST ST GOTgie drees! <t ot

Maximum marking to which the water level rises

4. IrAT WEHRUTET foa B,
Can you think of an explanation for this?

5. TBITosel PBIaeTd] T8I || 3T B1? BRI €l
Do you think the thirsty crow would have succeeded in quenching its thirst? Explain your answer.

10
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YUY YAV GRARIST SITUAGS[A HHI Sde5 STk, SToidha JAfIBIEd el Slhedl a)1 Irogrel !

PBISTIIT U ATel. UHaT 3 B3 31705 b MCANIREAT 98] AFT dde] UHHBAT e HRedl aie!
T ST BIel ST Hhos! 3T, & WE HRUATATS! f1eTdh faeneai=n 9ed & 3rebdrd. I Ao ST
a7oft RBIRA AT #U[H UehT SR UTcTasiea] ax UToll Hefle! Ted 18], HiSTie el 3a foIdadn ThHeb T
e JATed 31T JATI0T BN 8Res, TRIB] AT SRR UHUI JATHRATTT Geb AGATT ATHRATAIGS] &1
febam gToft ¥R'e3, Uaa! STRTT 3RAC. AT e, UTuaTe JT0T Goariiesl 50 o). e, O QU el Srhedl
TR ITugTEl urdesl 200 e, UE SR dTed ATel. Sghdl ST fAenegiHT Rierd | b B, a1
AT 'FETRT (packing fraction) FEUTAIC. T YRITY, YSTATHEY STU[ET I B3N 34, & WY BI0ITAIS!
ATAREIT T HETaTeT ST,
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.

« 7 3FEIYT TCHAT Uh He<dTdl el F8UIo] SR TR UTodTa UTdes] Geariial U B4l e ) a1
B! T a1 HRTIUAT J2RGT BIVIR ATel.
Thus, one of the takeaways of this unit is that the thirsty crow would not have succeeded in quenching its thirst
if the water level in the pitcher had been too low to begin with.

© Wa REHTTCT: (MATDIR) Meslrer e, e fader gg aferfier WehH! §faw g’ (Hexagonal
closed packing) 3 FEUIC AL, AT eI 5, 205 =~ 0.74 3R, ATa 1 ST BT qalel et qerofey,
74% JMHRAT M AT BHATS 26% ATHIRHATT YT0AT T3 eh AT ﬁ, HIGTUTATAIT dr7ldlq‘<,?-?ITGH"{“IK’IIC{
A A I Blee. UL, dNIe HelHed 0T Uil 120-150 fHed!. 0id arauar aTua 3ire.
Only for the teachers: In case of (spherical) marbles, the closest possible packing is called “hexagonal close
packed”. The packing fraction for this is % = ~ 0.74. This means that in the 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.

S Spell 6: SUIRATAT 3iETST Fivot (gafdl)
Task 6: Estimating the packing fraction (Optional)

i ﬁ’zﬁpfﬁlﬂch)(‘é Fergifad ‘C{'gql’)l TireiT 50 firest. wia R ‘dﬂ‘ﬂ?lld TTSRIT ST d AT URTITSTITS Tdh TTICT

HIST. U T HReATHIR ngm IITe3 BIehdl, STUThRa AT UehHeb T ferehe E@C@W‘cﬁﬁaﬂﬁ
I W AR B 50 T Q%UI‘-HMWI e 3R foraa UhH DI I'c{dng"l NERINICIEIE R 'CJQ\LIDIIQ"'I
q1ex B1e fhar Frel e ‘ngqlﬁlld CI<hl.
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.

i, SETTRI TS OIS AT T3 SR ATBIRAT STTOT SR YUl STHRAT il ONKIR. B IR ATI% Jee]
JERI PG ADPT3 PT7?
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Exploring science and mathematics

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?

Y81 &1 il 100 Fresl. an1for 150 FAesT. aToamell urcres! B T AT AT PeAATSIE] G PIal. IS B
[EEEICY

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?

ferermeariaT Ut M AR o1 ATt e Ta™e Yol TETe AR SATHTRHATT G0 HSI0] ST, 1.
AT AT H U ATY AT e YPUTATDINHTT pladl qsr(*). t{.'lf:tl-ll’)IICN b3 T T RAT
Guriges (50 fredt. 100 fredt. 150 el < garand facht ST (S RAM) o1fe, =l faemeafan Ardid ae.
TR el YUIR HIg ABI. ATesTd g2l FUITd.

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.

T TS AP SERTHIHD T2 : SN TGl FUTol Y -FETaR e UPHUT ATBIRHT STT1OT X -FETR T+ T 5]
ST QeUT JATRIRATT B3 Ueh 3Tsd TR BRI, [9gHgT “HaRH AT~ ARG NN @, WAl IR Fe13]
Salal.

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.

AT AT (IR BRITET ST F15 3TN JATOT ST Fiel Yeh{q90T qTUR =] JATTOT I TooaT FTAT | WS
TS FH@esed g1 J3T Bl USSH.

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.

SIFARATSST, AT BT 31T S9Ts I Tidhoodived UTvi TS v o) T, § IIUITITS! a¥ies \ATeegta favd
Pl TR BIRIGAR S Achd. 3T YD, ATIcics Glhed ST Sl dred 3Tl TR T HISAT FHII
YSTes G S ehos ST, JTTOT <<l UToft ST o7 ST uT 37107 13RI STHaR ST

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 borewells.
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Pore Space

3Tl T2 AT 1c3 HUN=AT YldboodTHelIes ST
Figure T2 Pore space between soil particles

Ue faoyedn 3l T3 ALY “WehIH! dfaw 48 STEdc) 318, JISIRI Hhad fhdl g 330 DR AIScros Joe!
T es SAcies.

Figure T3 below shows “hexagonal close packing” that you may have observed in the stacking of balls or of
fruits in the market.
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Figure T3 Fruits stacked in a fruit stall

gt fAeRIETST chet=T

Idea for further extension

SR 30T AT fhal B8 AT dTea! araRed! fhar S8 fhar Hiser RN Ml IR R BT 8lec ?
ST BIET 950 IS s BI?

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?

37fereh qra-TaTS!
Suggested Readings

o 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. (2013). Porosity and pore size. Reference Module in Earth Systems
and Environmental Sciences. Elsevier.doi: 10.1016/B978-0-12-409548-9.05265-9
Retrieved from: https://wwwrcamnl.wr.usgs.gov/uzf/abs_pubs/papers/nimmo.13.porosity-encyc.rmeses.pdf

« The overflow principle, the principle that when a body is immersed 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
equivalence of the force of buoyancy and the weight of the displaced liquid. For an explanation see this link:
https://www.math.nyu.edu/~crorres/Archimedes/Crown/CrownIntro.html

SRR Std

Image sources

o 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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