Vigyan Pratibha Learning Unit An experiment on measuring volumes

LU 8.11 An experiment on measuring volumes
ST ITHRAT HroAT!

Overview
JTeldl

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.

SAIRAT SAhATD] TSN HIdwl AT 0T HR & HAT T3DH WU BIbNY 38, AT Aq1edl
HAT TR e T fAernedi=n Iy AT 5 qerd=dl ATHRAMTE Hebouwl AT o bal. IT
Y TCHId, faermell drdiTedr a%] ITUgTd geg- il JBRATTET TS HT SRl B Riebeiies.
A IIVT TG YTAT=AT V=T (packing) B ATebed B HUIR SATEId. I 3Fef, SIT Taur
3 IR AILIH TS I Yebl iguarar (fhd1 Tehsl Sauaire) YAt HRdl, deal T dlal e ST
RIg ABAN. WY Tl Ird [UIEgHNes, Dldedic] Juard! urdel Udl AR draciven it
qrefquaTd Harferd I3l fed Tel.

Minimum time required: Three sessions of 40 mins each.

fHHT 3MTa=g s d: 40 fAifei v = w3
Type of Learning Unit: Classroom
Y T hIAl YhIN: TTid

Unit-specific objectives

e -fafe S

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

o U GUI hoses (MM ), TRGRID AISTATS S=191 AT T ITUR SaTd JATBRATT AISTUATATS! BRI

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

oI 7 fRG@UIT=IT IR YT 1 qrudTe Jedaedrar, [t Siosedn qroame araR &, T IR
T MHRHATT HISTol

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

SITHTRHAT SIHIUT HISTUATATS! HAITHTIT FETH ATYT HE < STIOT AT aTIR FHGA Tl

e To develop an intuitive understanding of the concept of packing fraction

SeITI3T (Packing fraction) TEd Tdh3G FHT AT HR0]

Links to curriculum
SRIRTHATI T

1. NCERT Class 7 Science Textbook: Chapter 9, Soil (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 Modified (the formulas from this
chapter are not directly required here, but this unit helps students internalise some of the ideas of
volume measurements)

pitcher? (See figure 1.) In this unit, we will imitate the crowl§ { «
in the story and use the concept that ‘a body submerged in§ v
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 mayfj
reach a surprising conclusion at the end of it! -

T SETUt Ud TeTTosasl dTaeT ST uroarear ey ek
T Yboyas! radd 1?2 (= 1 UTaT). AT ey TeahId, _
MENS Praedred] $dld JITHRY B YEE] 9] qTUATs A
STh e AT A oIl JATBRATTSAS ol faRemfa &’
g qIas Dlal J194 HUIR T8I, Agedl Dl (#5) 30T 18

SADHATT STaed] Hae 3fe — ALY TcHIT 2Ade] TG U . - 3 R
Image 1: The Crow and the P/tcher
aTHRD Frspy Mo |
St ' e 1: FraesT S7T1OT GTUTHT TINIR

Are you familiar with these ideas?
TS Yeies Hhea T AT ed HI?
e Volume

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

e AT A=Y STBRATTE Aeh e TN AT DB RATAT ASE 3 HTE 1 AATIA] B4,

¢ Displacement of fluids by solid objects
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IR IR[EN 59 gardid B0 faeqm=

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 ddes uifest #1 Sl WA (Afeos THGAN) WYY a3 SaMed gSfdadl S, et
I ] ATHRAMISTD G [T B, AT HATST MfbRASISTd (Archimedes™) WG W<
ATEIT VT AT S ATe.

¢ Average/ Mean

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

foremmeiaT Yl AR B3l Bledld, Bt Gdhod-T ATeld I gdl.

Materials required:
HeAITS! FFUMR Al

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)

315 dreT™ U URG3Id AT (fdhal disTas dracses! 500 e, aroarel R aTees!; Aol
Y BT YhFHT 0T TR ATe))

e Glass marbles (~40) of similar size

HIIIRUTYUT HIRET ATRIRTT hldYT IR (‘{1“”% 40)

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

AISTATAT FESYYl ST e ST SBIH, STTATH BRI SIS (Pell 4 A Y UTET)

e Ruler

FERE]

e Marker pen (fine-tipped)

UT HRUGTATST M@ S 3T AR U

e Straight edge (like another ruler or edge of a notebook)
AR el Ao I (%) peug! fhar agie Her)

e Beaker (with graduated volume markings)

ST IRHATTIT GUIT A 5 ¢ tl-‘glﬂﬁl

e A tray or tough may be kept to collect water spills
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aroft g = Tt 2 et weRe Wi

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

Hell 1: SMHRAT AGTUIRITS! Ward AIEH TR HI0I (3ifhd Aorar)

i. 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 FAGST. TToft Sreehyvl HISTUATATST Qb durl BT 3101 36! Fefdesed] YRG3idh AISTATAIT 7 |ied]
ST, AT HISTATAT 50 AT, Ao UTcdodl Siet 31Te, el |1y U aTaad 50 ol Tu[ T o

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

3731 WebTY, © AISTUTS Ul ARUAd &1 Poil GB1Y~8l BRI, Tdd dasl 50 Hest. urofl “wRegaR grogrdt
T Sl qIErdes, A HISTATATAR T R,

iii. Label the markings with appropriate multiples of 50 mL (50, 100, 150,..).

313 TebTY, ATSTATATIR Tcdeh 50 Fedt. aroft wRegr=ar 50 ., 100 ST, 150 ST, , ... 3731 FoT 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 3fAifdhd AISTITH 3MT8 3T JATHRA AISTUIRITST Jral el diaR 6| b,
JAT ST 375 3RS DI AT JAMfebel AISTYTAT BHIT BH! AT et 50 ST 2T TSI ATBRATT
SITI0T |1, 2], FUL, AT 3fAifhed AISTUTAT SEITH AT 50 HST. 318, A WU Yged. SR UT0grE!
UTT! GIF GOl SRR AW, TR UT0gTd] UTde! AISITATRIS ST GUIoldes 31%4c5, < HIY 3{Tq0]
ol

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

A SFTTTh e HISTATS el SRR fdbeil SATBIRATT HIS] 2ehe] 2

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 fqemeaieRlaR “FYdH ATT Hheu-ar gl B0 SYARMT SV, AT HolHed, SFHTH AT 50 Hesl. Saar
T,

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

il 4 HEY, JTYT GOTT chesedl HISTATSTH bl eehTio3 SSE[<TH HIATUET B3l arsardl, d urg.

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

1 Hei e faermea =t afdeses AISTUTS SR URIRTEG Beliaro ! aTuvdl Is .

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 el vasl SR 25 el
HISTUIR SUTH 33, TR YRG3ID G813 TR (FDhiedTdr) e 25 [ehl. ATST FuTT 317 e,
AT, I SIS U SHTH A9 “FHHI BRI, TIBAST §d. HRU BINCHAT qICH I MBR YHAAT
THAT AT GUTT HRAT bl ST, AIAHS JCI aTg Abdld. AT ST T FETH AT HHI
Ty faenedi Sl et vidles, SIRe 41 ST MBRATIN SSS] 966 AISTS] S5 3T
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.

HTE! FANTRATSIHE =T fdhar HISTATS 1] 3l , SITR T AISTUATRATS =T YOI 3. AT
feham ST uTa R HIS 3, TR < fqenegi=ar Teied! BIorcma! TeTa aluRdl Uses. uiq faemeaidn
WA HISITS RIS HiedTsd &1, faeneai=l gefdeses AISATa 31 <qurs e HesToe
RUTHE ST BHRAT A, A, GodTd HRUASET, fIeneg [y dgurard diessigdd FRIE eI
HTT AT TS HETH HIY BIRTIHT H.

Task 2: Measuring the average volume of marbles

Helt 2: TMedD ARTAR SMHRA AIGT0T

Take the empty graduated cylinder and fill it up to the 200 mL mark.
31T RepTH iaMifdrd AISTYT= &7 30T Tt 200 ST, FGoraid Yol #R_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.

HISYTATT Ueh-Ueh AlSTd bTodl ST YIuATd SThd 81, SIadd rvare] qides! Je<dl Guradd ared
ATEY. W] BRI DI Fd eIl qrogTd quigul geSoied] 3Med. ool JIuard] griel ¥4 el o)
B! TR, AISTUTATI YU UTdeo! dIad HIRUT T Dlered] e el W=l THRATINTS
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qrof} faenfod w=a.

Volume of water before adding marbles

e ITUgTd SThUATYd! UTogTE] Teias!

Volume of water after adding marbles .

AT UTUATT STh AT aR dIaios! UTuIT=! UTdes!

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

Thus, marbles displace volume of water.
oI Ut Yeedl Yurudd dISUITAIS] UTudTd Slboed el 9l _ I UBR,
_______ TMeATHes YTUTeA] Ul d et Tad are ST,

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

IR FYSTo e arerian aTR T 3101 UehT ST WRTART STHIRATT DIl

Average volume of one marble .

ThT TSI AR 3R RHAT

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.

37T AT 3778 B! faeneai=l Fefdesedn URE3® AISTUTATER UTvgTE! e dalddd GurERIEaR SJosesd
31 TS, SR 20 eI AISTITATT SThedTdR UTogTdl UTdde! Yl SRTdIdh Jured] Wle! 3T 3o 21 9t
T STHITR AT YOUIYETT &R ST A, AR I7RAT (RATTHE, SATBIRATIT BReb BRUNIT e id] A&l
20 fdpar 21 =gl 7 21 41 T UTugT Srediuett wHi fohdl ST S osall 3118, ATAR. AT AU .

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.

Ry SATHRA AT Fald aved] Mearedles arvdmd gSoiedl 301, 3faedd IATe. SR avl
PIBTARIH TMSHTHE Hidhood] ST 3cies IR BIel el Big- Sdl, S 370 Alhed] SR gl
RIBUIR ATEN. AT b TIT F0Tol, FeaTciies] UTvll SR JHTUI W& 81 Peil YreT e UTg 3Nl

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 A Y2 n’ ST SMHRAT BRI 312 ST R YT T e AR SHRA AT 31T,
IS faemeaie grat AT (hint) ST IS0, SETT BT $I, Fd eI HRAT STaduTd HRE
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3112, IR 3T AT ATel. T e AR DA DIl 3T o JATHRAT Yl e rd aTol
3T TRHAT T TEId G-I, ATAT 372 3778,
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 Mgl f[Awefia doyes uft gaR 50 Fefl. 814, %ot Ue M
WWW2W%

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

MGt T1: (STEIEHS) ASTUTH ST (ISTATHS ) UTOT JATOT ST AT AR AT ATSTITH

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

qrcﬁs S st gg<li AisTosean M STGRAME &1 Hol

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.)

S81 TN THHABIHT e Ul WRe XA SdT. Jre! Tl dI5[e] peug! AT GH=AT ISl U AR
BT A I G B TBRE! LT Ba Jehel] AT T T el e Uil e
3G . I peyc ST HeY e UhHb AT fadhe odl.

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

End-to-end length of ten marbles

SB1 MAT UehT SIBTURLT GHT SIDTaAd il

Use this measurement to estimate the average radius of the marbles.
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T HTITET 919X e i gl IRTas] 231 Brar.

Average radius of one marble

UHT M IR B =
Calculate the volume of a marble (sphere) VCU,C:%Xan3 using the radius you have
obtained.

[ 4 [a o o O\
YT ST (TTe5) STHRAT ch,czgxﬂrxﬁ BIGUYTATS] TR FHesTes el f3ram arav.

Volume of one marble (obtained using the formula)

UHT T JMHRA =

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).

NI S8 UG (BT T JTBRATTHE fhfee B 3ATe, & JHeAT Selld 3iTer . B BRe fehall
T 3T Al SMHERAMIING Bdh' (SIRIALY AiSesed) AT N SMHRAT' (HIVATE! YT TG

BIGcres) il YUIRIRTERE {ETS] BTG AcH

Percentage difference =

BhRP TIRATHES = _

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 SIBTIIGA ST SIBTI Sif oial s, T SIdTdT TR Saesed e el S 1T feeursy
feneaial ==l B, 3 U, TR AT SR b1y 31ef Frear?

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
4\ (22 [1.5)

- —1| =1.77 ml.
3 7 2

THATSTdO 3 MG (10 TSHATST) ST T TAR AT AT IV YebT SIBIIIH =T SlebTaded!
ST ~ 15.1 JHL. B WUOrE M1 ARER QT AR 1.51 W1, BIA1. J1aad Ul TN AHRAT

4 4 Q)X(£)3=1.77 Fredl. g .

3 377 2

marble as |= |xXaXr’=|=|x

XTXri=|= |x

V=V
The expression for the percentage difference can be written as: C"'C—V‘”pxloo %
or

calc exp
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Vcalc B Vexp
—— X100 %
( Vcalc or V exp

WRBTE! THARI Yo ST fosfedl g
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 UGSl BRI TLaR] dTIRe ] M8, DRI &I UgiUeh! 3geh AYT HIUKI, & JAI0T

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 %XHXI‘S ). 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.

UITHSBRIT ST Heheu T fR1eTeh GETAIHTON HHSIA Hi] Aballd : eil 2 AT il 3 Tl AewTesedn
U] METAT SMHRAMIT FIETT B M. I HROT Hell 2 ALY, MY Medidl FHsar 7 Aiorar e
SMHRHAT HISdl. Fell 3 ALY, MYV Il ARTAR 15T BTl ST FaR gTthes AoTal. Fell 3 AL,

o1 Ao SURiE FE T TR smeRAME Al I FEiv g1, eRu e w9 gl

(%anﬁ). T SIBTYIGT GO SIBIII Sl AISTUATATST STl AT arades] AT welR el

M TR a1 AlTe! a) &1 2! ST 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 MAwTe5es TRIART SMHRAT & Pl 2 A& MHwTe5edT ATHRATATIE Afrh
31 ATe. Pl 2 He Fefdoyed] AISTUTATIT FYTH AU JTHRATAII S SThdl HHI 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

AT fIRIR: SR ferneat= seor 3de ) o 3Afdd el Hg Afor/fhdl yd ool <81 e d
& B Pell I8 B ABAN. T ST AlSToIes TR DHRAT & Pl 2 A ATBRATTT
STIRBYTH 375 Bl ?

Possible extension: Students may also try repeating the tasks 2 and 3 using machined steel
balls (like what is 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.

e fodR: fqenedl Mieai=a MeRMREE J¥oed] e Kiowl Ml (S¥, 16
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SRR TMeedT) AT Pl 2 M7 el 3 BRUATAT T Ba DT, IT I T TMeodT A0l
TMCATUETET AP T TIR BT S AT, Pl 2 3T Pl 3 I BT STHRATI
Sl TR IATE 1 BRESEIS DHI 8IS Il

Task 4: Measuring the volume of an irregular stone
Helt 4: AR STHRTT TS SMHRATH HAlSTol

i. Fill the cylinder with water to the 200 mL mark.
HISTATH 200 AT, FOTaRid oA R,

ii. 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 U107 Ueh AR BRI SIS (FIERUY dS=] ATHRIYS]) ST (STUEHET SIS v
Ul gSTr el 31 es 107 UToft SIrSTUa fohar 1-2 1. &R 3 e3, ATl WAl 7).

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.

SIS AT STeredT UTvaTel Tde! YTg SITSTdT ST RATTET TSl BT, S HISTaTaTaxies
TTUATE UTdo! PHIVIATE ! GUIERIER S[obd ATe!, A & are U 3aTs 3T e,

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

3T, AT Yded] el STl &1 Uugrl Urde! axedl iRl o, STs SIhugrydl urogrdt
BINCI)

Number of marbles required to raise the water level to the next mark
The irregular stone + marbles displaced volume of water.

qIUATEl Ul aRT GUITIT aI@UATATS] TvTd Clhoied] Iedidl HRe

i < re + e Ao ST, qroft ferenud simes.

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

SITSTA ATBIRAT Afh GBIV BIGUITATS! il 2 FeY fHaleses Meie WRIA JHRAT (V)
CIENE

Volume of the irregular stone

AT SIS STHRHAT

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.

CC-BY-SA 4.0 license, HBCSE. June, 2023 10
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@& TH UTET Bl TS YIUATd YUivul gS3T ATe, AT SIST=T aR YU UTofl 3178, OISl JAT9UT AT TS
BIE! TS T 3. 33N AT T3, TR 1R1efeh Urvdmel JHT0T a16 g 8T &1 il hva bl

Task 5: A challenge
Hell 5: T ST

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.

fereneg AT 31T o4 f4sam STl 1 YR2I Medl gFRIG Slhed, O aRIkdIe Jroll droredl faai o) Isa,
HTH SIegT < il DRAT AT AT Gl A Dl 3 T8 ATe! dJegl i1 U & ared. I S
freneg AT IMTiies g BRI GETd A5 DI SR &I ST YhHBIHT (b ST -] TS <] ST
BIE! ST Alhd! . W] HNRIT T ST STl deal UNRIdles arofl ezl SRl Hrel
Hichood] STRTIHEY HRe3 ST, T qTofl e ed] o el a) ded ATal.

1. Fill up the cylinder with water to the 50 mL mark. AISTATATT 50 fHedt. roft 4.

2. 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?

N3] ST YTUATd CTehT AT UTOITE Tias! AISTUTATeAT aR<dT CIbBTaId AT qudren YT Hr1. JFBTo]
qToITET UTdo! Faid gReT GUYd T I3T 3Tes ATel, T8I YT YTdes! Fald SR hIuredT oIl

QI 3D, T JFel AT ABTSH P17

3. Maximum marking to which the water level rises

RIRICIEIREISEIRAS IR ARSI RC L U RS INIRC

4. Number of marbles required to increase the volume by this amount

YToIT] T dTSUATATST ST T e SxeT

5. Can you think of an explanation for this? Jr=dT e BT fIaR .

6. Do you think the thirsty crow would have succeeded in quenching its thirst? Explain your
answer.

SHERLIEIEEPIEIREE R IR GV drelAl hI dicd, bR €.

CC-BY-SA 4.0 license, HBCSE. June, 2023 11



Vigyan Pratibha Learning Unit An experiment on measuring volumes

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.

UIOYT JHATY] G2aTAIT SIUAS HHI 3des S, Sivib<ad JAfABTED AT SIhedl axl arogrdt
UTT! BISTIA UTled ATel. Yhal 3/ Bad 91Tc3 B MSTARRT I AR J&] YhHB AT fhe
WRYT TRIE] AT SRR BIel ST Aiha] A, & W HRUIrTS] Rierd faenei=n qead o
3BT, T Alhood] SN qrofl RBRA SAfOT U Uehl SRTdeh YTdeidl - arofl Helel ged el
WiSATH T3 TN AT [ITerIT YehHebi+ g e 3T MYV RN Ry, AR e SRR U]
ST THRATTT Udh aqATN ATBRATICGS! gaT fobdT rofl ¥Re3, Tag! ST 3. AT Peiied,
TTUT JHTOT FHAIT 50 AT, 315, IR U TN STl dRie! JTuard uTdeo! 200 FAeT. derr S
T ATel. Sl 3-Tesed] faermediHT f3ierd |iY bl b, AT Hheu-iosl 'ggial' (packing fraction)
FEUTIC. TR WY YSTATAL, IO G B3 34, & W BIVIRITST ATAREA] HehoqT He<dred]
SRRINS

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.

3131 UbTR, T ALY Tchrdl Uh Hgwaral Jel FUol SR HNRIcIes YTl UTded! Jodiciiel GU HHl
A TR TETer o] Dol T T HIGUYT T2 BIUIR HTET,

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 task above to rise to between 120-150 mL.

B RSS! (MSTHR) el Jadid, A9 aawn gg qiEoiel Yol dfew agofl
(Hexagonal closed packing) 311 ¥&UT I$e3. ATATST S&13T %
Haia M3l AL, 74% SMHRATT TSI AT BHTGH 26% THRAT UV ATe505 S, I8,

HISTATATIT BISTaR, AT SR Jod AT HHI Blse. UM, dRIer Peilded Urodral qrie! 120-150
et I areuaTe e aTe.

= ~ 0.74 J{Tg. ITAT 37 AT BT
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Task 6: Estimating the packing fraction (Optional)

Sl 6: FEIITE ST qiEoy (FAT)

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.

%! geldeses Famgifehd =igura eyl 50 AT, Tid WRI. SgUTATd e Sldhd AT YhIIIS TS
U TMeAT AN, UM el WReIHR TgUTs FiiTes 8Tesdl, Sivihya] AT YbH Al fdhe
TSI §¥ciTes JAMOT Il @A B)1 Bl 50 Fed). goria=ar e A fded e e
RTEUYTATS! hTe] TeHT TUTAT dTex BIGT fhal dhrel Acl U SIebl.

. 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?

IR TS M G SR THRAT A0TSR YU ITHRAT A UK. & TR
IR 1 FEATT BTG BT 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?

98T 21 geil 100 TASHT. 31T 150 Freht. UToaTdt Urcedl e+ T AT AT P ATSIET JE13T BI@T. BT
D1 g 3Mes ?

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.

faremeater veT M IR ot AR 3™ QTa<ad UdhT NS ARTIR TBRHATT 2TE0l, Tes
& . TS M & U AYATS] TMeSdd YUl BIRATT BIedl A5, AR
BT ITHRAT Guliawa (50 FHS1.,100 ST, ,150 ST, UM et SIFT (JATBRAT) 3772,
2ol faemea i ATl ame. ra<a faemeli Uik 61 DT, TSI Fe131 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.

B IS A AT@TIHD ATe: GAR Ugdd U Y -IHeTaR TMeSTe THUT JATDHIRATT JATOT X-3&TaR i1
GTIS T ST THUT JTHRATT HH Yeh A5 TAR BRI, [HGHLT “FakH IG” WRes T D@,

ST SAR 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.
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dicy 1R *MfOT Wi e UHHAU0 araR $Ha- MO I Todl STrdl His! U6 HoloedT
SR AT Bosl, IR IT Bl Gob [IRIR HRal IS,

¢ |t 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.

SIFIRATST, AT BT ST TITS AT UThad i UTof AT ohes ¥, § ARTIIRITST a¥ied ATereitan
IR P31 IR BRICINR S8 3. I3 TR, HRe Ghodl SRI GaF died 3T, -l Iidrd

HIGT T YoTes e Sdeses 1R, JATIOT < UTofl ST oT BTdUT AT qiaRd e STHER SAT0Tl.

lf‘

'T.

T
T

Pore Space

Figure T2: Pore space between soil particles
3Tl T2: HIAI o3 BT GlhaodiHefles ST

¢ 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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U fEosedl T3 SATPaild TeahIH] afew dg TrRades 38, ATSTRI Hos fhal dg 3131 bR HiScses el
RIESICRRICE

Figure T3: Fruits stacked in a fruit stal
S1gett T3: Too1e2] GHITTER Taeict] hos

Idea for further extension
It faRaRTATS! e

What happens if we use a bottle with a larger or smaller diameter, of if we use marbles that are
larger or smaller? Does the packing fraction change?

SR 3901 AT fhal ST AT died! ARG fhar S8 fhar Aieam e R MedT aruved] a) 1
Bls s ? dUIId BIEl 95 Bl P12

Suggested readings

3P qraaTrATS!

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:
https://wwwrcamnl.wr.usgs.gov/uzf/abs_pubs/papers/nimmo.04.encyc.por.ese.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 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
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Image sources

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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