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LU 8.11 An Experiment on Measuring Volumes
LU 8.11 $€ HlUcll U As Yol

Overview

Ycldell

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.

'FaUoll €cdsalloll’ AopsHiell, ‘dRU soLsUell aldl claslHl wol Yuadld 8. 3l A0 cldiell Gualal s3la,

UUA (QaueRA WA tot A Yaldloll s€ (llcyy) oll [AARe] woAMRL 53 ASIA. w1 Aei@ls AsHul, [QeauelA
QY crgullal welHi gutsl, AMell s€qf Wafiiol ddlicals] 20wl a¥ B, A uat uetedlell alscal (ABEaL) ol
QR wet % s3A ¢lA, WA ¥, AR N el dot Ueledl As A dlsclall ol YU $A 6, R ddell c
seclls wicll ol ¢l ¥ B, dot ueleloll ul opetudal IR, sl welle R, As Assu H2auleledl woim

AURAHL U0 ol UL sl

Minimum time: Three sessions of 40 mins each.
ofolcdlH AHA: 40 Mz, 3 A

Type of Learning Unit: Classroom activity
Ael@s AsHA YSLR: cwivis Yg@

Unit-specific objectives

AsUoll (AR 3l

» To make a marked transparent cylinder and use it to measure the volume of liquids.
U5t WRedls alnusk (RUAsSR) vlotlald wal Aol GUloL 531 yaldle] s Hiud.

* To use the volume of fluid displaced by submerged bodies to measure the volume of solids that do not
dissolve in water.
wellHl Aglcad tot UeLedle] dotsn Hiual HI2, U3l crd slRl (R Yaudloll seoll GUADL ¢,

» To understand the importance of the least count of a measuring instrument, and its use in finding the
accuracy of volume measurement.
Hluclloll Albotoll dyd WU (ke 516o2) of Hscdl Al s Hiuclloll WsAES Wucll W2 Aol GUAL AHXC.

* To develop an intuitive understanding of the concept of packing fraction.
WEoL Fsaototl valcell AslBs uny @suiadl.
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Links to curriculum
WEALYSH W8] AsClol
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)
At fl8uREl (NCERT) adl 7 [Qstiotoll Wsayrels: ysWL 9, Ml (3oyui3l 2006) (uwell, ® HEl/ussall

2ssllotl [BAHL A B, dofl Axy U AoiAd B.)

2. NCERT Class 8 Mathematics Textbook: Chapter 9, 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)

Wolls2l (NCERT) cdl 8 dlf@ldloll WsAYcls: Ys0l 9, HiUel (1R 2022) (UL UsWAotl Y2 AL %33

olell, URd il AsH (QaulAal 5€ HiUototl 3eclls (AURLA MIHULA ScAUML HEE 53 B.)

Learning from “The crow and the pitcher" story
‘dUl staLst’oll cudiell ollwds

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!

9 M ollauRHi UAC ‘dRul statsUell alcdl ae B? (sl 1 ) wl Ael@ds WAsHAHL, WU clcdiell s101SLe]

Uajs0L 539, "wUR sleFuel ddg WelHl goll s & @R A Wdlell 5€ Aot HotHl Wellal [Qeuld s? 8",
Raloctoll GUADL 531 WU 32Als HIU Y. il WsHo] Bed] 51 ‘drrUl statsUell alcdiell Bsesll v B- ua

Aotl AdAHl AR A5 W65 (s U USRI Al Ol

Rl e ‘1.-.
¥ - - - - 3 T
L 4?.2::- i ongt

) Figure 1:

The Crow and the Pitcher
wglQ 1 ‘e soustsll aldl

From The Aesop for Children, by Aesop, illustrated by Milo Winter, Project Gutenberg etext 1994
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Materials
A
* 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)
s ALs$ UReds anusk (RAs?) (aat 500 Rl wellell clled Al Aol Asll GUReAl eudt siUl otull).

+ Glass marbles (~40) of similar size
UHlet sE0(l 51Ul cAlElA (HLelcd) (~40)

* Smallirregular stone which can fit into the cylinder comfortably (see note in task 4)
WS olloll WAAURNA ISR ULUR B otoUsRHL MRIHE AHIAL A3 B (5121 4 Ui ol )

* Ruler
Huugl

* Marker pen (fine tipped)
H5R Vot (B Wddll Rauell €131 a¥)

+ Straight edge (like another ruler or edge of a notebook)
Al wR (Mo HUUgl MUl Yretsoll UR Bd)

* Beaker (with graduated volume markings)
olls2 (seoll i3 RE W)

+ Atray may be kept to collect water spills
Anadg well AsAd sal W2 As wat Al asia

Are you familiar with these ideas?

9 N Al [QuA URRA 817

* Volume
$€ (AYH)

Students should be familiar with the concept of volume in general and also the formula for volume of a
sphere.
(QauelAul ddqllell sEol UM A ABA WA AR 2Nl UotsNotl Yol URRA Sl ASA.

olltl: well? dleyHal HuaHi AUd 8, el A € séalel 8, Ual YU A ACId?] 8o saaixi wad 8, elvel

adls yaeil Guallol 58a Hacl dleyH A Ydsn sdal 8.

» Displacement of fluids by solid objects
ot Uelell iRl yaudlej (Qrauust

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.

QatefRAA WoR Sl ASA ¥ 2R (Aot-Baly) ot clre YalglHl goll A B, R A Wdlotl 5€ B2l Ycldlal
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(Qreufct 52 ®. 21 sl 12 SIS Rgicell URRAA dlcll 331 «tell.

* Average/ Mean

AR (HrUS)

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

Qe @QRY HARAAL 1RRAA URRA dlat RSN,

Task 1: Creating your own volume measuring instrument (a graduated cylinder)
513 1: MR Welle] € Mol Alket clollalg (B alousi?)

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.
ollsall Gualal 531 st yds 50 Ml well Wl UA Al WRES AUsR(RIAeSR) Ml oltrll. M5R Aot oll GUADL

531 tousR UR UlRlle] 2Rk Rldd s
ii. Repeat this till the cylinder is almost full, marking successive heights at the steps of 50 mL.
SLOUSIR LAl GRLE ot oot ll Yl o] YolRladat 53, €35 50 Al A dlcusRA RAd 53U,

iii. Label the markings with appropriate multiples of 50 mL. (50, 100, 150,...)
50 Acllett 2o dfRlls A @A RS 5. (50,100, 150, ...)

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.

8, dHIFl WA A5 B dlousk B, B s€ WUl 23 B, R B2 ¥ WU Al slousiRall GUlol 5 50 Mcllotl

ojelisMi s Mual 1z s3] AslA ¢l Aell 50 Al A u G atousRe] Ay HW (dlke s16e2) B. 8l wells]
R A Rodloll A alat, Al Ul wWellell ctRell dy dtseil Resa talletil de ASlA KlA.

The maximum volume your graduated cylinder can measure is (highest marking on
the cylinder).
dAHRL B otousiRell WUl 2stq HedH s€ (aousik UR el ay Rdd djulis) 9.

* 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.
UL (QaefRA WA Ay U oll vl (A uUl sl o 3. L Aeall, Ay 1u 50 Al g3l

* In task 4, we will see how to increase the accuracy of this graduated cylinder beyond the current least
count.
st 4 Ui, AU ANSFY ¥ Al BB dtousiRell WsUEY slctoll A HU 5l 3l I arRdl

» The graduated cylinders prepared by the students in this task can also be reused for other
experimental purposes.
Ul stMl QeauelA iRl dark scl w(Ed olousiRell GUlal A YLABLs dqull M2 el g3l 531 asia B,

* 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

CC-BY-SA 4.0 license, HBCSE. September, 2024. 4



Vigyan Pratibha Learning Unit LU 8.11 $E€ HlUcll UR As Yol

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.

AR GURell YAARAHL AU 3% 531 A8l €l GeleRW d3ld, B dHEl W 88 Ad olls? sa ¥ 50 Rcla

wed 25 Al A B, Al Ul wReds atousiRUl €2 25 Al U2 Rdl 8 A¥ B. A O, dltUsRe] AYH
HIU galsdle 2lng RSA, sRel ¥ A olacloll AUsRel UAHAdAl A Rodl olollactMi adl A ol A
HUatHl 4R atdll 9d ®. dygdd Hiu dedi (Qeane[RA 208l dvllélallell Gulal scl VAN Aal dell s1RA Wellstl
2ARell dslad Y2 dall URRAL uUsignoll dRldlell R4 aua.

* 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.

$2clls yallotauoulul 2Bd olls? waal yBd wReds dnusik 8 w3 B, B udAdl ¥ Rldd B. % A olls?

wUcll dUsR Yd Wg 8l Al Aell Gulol (QauelAel ogelHiell S8 As el gl s3] aAsla 8. URd ([QauellzAa
Wclle] HiUot otouslk dAR scll Hi2 WS 520, el detl UReuH ofl datstl olls? WA Anddl uReuH wd

531 sl B. AUl scdl Udcll, [QenelAa s ollse] stanyyds RAlatel sl W def Ay WU el

2 58l

Task 2: Measuring the average volume of marbles
512 2: Avllllle] URRAL SE HIUG

i. Take the empty graduated cylinder and fill it up to the 200 mL mark.
WAl Bt dousix A wa Aul 200 Acll Ros Yl wel Rl

ii. 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.

slGUsRHL A5 ULl As, oAl scll, AVlZlAL oltvll. L YBal @l Yl s, w2 Yl wells dr o Ros

Yl ot Al vl 5 ¥ etll vl Ayeiud wellHl goll orll 8. Aed ¥, wellg R ol cduldledl Gur 8ld
RSA, URllo] R B B sReL ¥ €35 AWl Wdlell s€ Becl wella ([Qeuld 52 .

Volume of water before adding marbles
AWLERA GARAL udel welle se -

Volume of water after adding marbles
Al@lA GRal ugl wells se -

Number of marbles required to raise the water level to the next mark
Thus, marbles displace volume of water.
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ULl Ros Yol welloll el aral M2 %331 dAvldlAledl vl -

U, AR uelletl - s€ o (rauldd s? B,
iii. Use this result to estimate the average volume of one marble, obtained experimentally. (y )
exp

Average volume of one marble -
As AlElo] UEYA S HIUA HEZ L URRUHA GUlL sA.(y )
exp

As AWldlo] RN SE -

* 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.

st B ¥ [QauelRA wReds atousk Urell Ros Yol welle] R ¢RIoR of Aacll ad. elvall d313 ¥ welle R

20 AVlERA 2 518 Rosell oIlA 82, wA 21 Al 12 A Resll GUR ¥ 23, Al ULl el Bruui, 214
Aldl weldl wsuell ay ¥ AWl goll W B, wUA Rosll welloll dRell sl ol MUR SEUL dslald
oloilalcdl AWl vl 20 waal 21 Qe 2wl o ©.

* 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 larger starting volume of water.

s MU culd, Wl Gurell cvldlall wellHi gAAl Slcl AN, % Guell AVl a2 wicll Ul 2, Al

Wl U ot & Ul Yl AvlldlA 51l astal, WA 232 Al ¥ aurR well dg a1 sl udaell a3 sl
sl

* 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.

(QenelA L stIHl “n" cvllélalle] s€ Rocal M2 Adc w1l asla B, wal Ul As Avlldle] uRvAe se 2Ll

astad V. ol A ¥ el Avlldlllof 5€ AdNGOL UHLel B, URd As ARy otell. el o As ALllatl s€ M2 AR
$€ QAalle] ay Ayl B.

* 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.
AR U Al 5 53, R ARl AYe HER AR NnAg uReuH 25 Avldlll 1R ueR 50 Ml sd, Bl

wel A ¥ As Avlldle AR s€ cdledl 2 Rl &d.
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Figure T1 - (Left) A measuring cylinder and (right) A measuring cylinder with water and marbles
AU T1 - (S(Q) A5 Hiust atousiz U (¥HA) Wl U Avldl@l A&o] HiUst odnusi?

Task 3: Comparing the volume of a marble estimated by two different methods
s 3: A WA WA UG(AA gLl Aldloll WUEUBA eotgnell detell
i. Keep ten marbles in a straight line touching each other. (You can create a long narrow channel by
placing a straight edge and a ruler parallel to one another with a gap in between, with the marbles lined
up in the gap.)
As Al 2wl Asudl As 10 AiZlA, Asollona wdla olscl. (As Al wR el Huudal As ol A

AHAR Y8l AR cioll, UisSl xRUL slottdl U Aol ARt A ARIEAH AWIERA d0sdl.)
ii. Measure the end-to-end length of the line of marbles.

End-to-end length of ten marbles
AW ElAetl As Bstell oflest Bst Yelloll doue ul.

AULERALAL ol -

iii. Use this measurement to estimate the average radius of the marbles.

Average radius of one marble
Bl HUAL GUL 53], As ALlléloll U2 Axuell Biels ANl

As AWl u321 Bl -

iv. Calculate the volume of a marble (sphere) (V inr ) using the radius you have obtained.

calc™
3
Volume of one marble (obtained using the formula)

Rl Ukt 52 Alvuell GUaAL s8la As Avldlell ustguell dRidil s (y

As AWldlej dotso -

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
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volume of a marble (by either method).
Percentage difference =
dR olled] A ¥ Al A UglAall gkl Uit Udd uots As ollostell st Al B, AWldlotll Ua$OHL dslald Ao

Allélej dotsn (SleFuel Ugsld glRl) ol opelldell ul dsleldotl 2stell wielxy Aacll s B.

csglcdclall esl =

+ 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?

A3l vaaell As Bsiell oflt st Ylloll cdote A [QoulBd sauell cdvlldle ARRAA A HAOA. €S
AEloll Al QRN ARl sclloldll (ReR B ¥, wl @Ava uR (QaudllA WA AU 5. A o8l, Al 3l ol 9
Yua B2

* 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

4 5 4\ (22, 15 =177 cm’,

—nr’=(=)X(=)x(==

UHRL AWElRAAL 1 MR, ARl divasll As dstell ol Bst Ylloll cone (10 AR W) ~ 15.1

A ocll, AeA 3, Avlldloll ARRALA A ALl 1.51 AL wH As Avldle] tetsn

3 = 1770 AL 3% W ®.
Lar=(2)x( 22 )x(12)

—nr =(—)X X
3 3 7 2
* The expression for the percentage difference can be written as: |VCHIC_V8XP| %100 %
(Vcalc OR Vexp)
dglalcotl 25lo] YA UL YHIA cull asta ®: [V eate= Vel %100 %
(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.

WUUBL YRoll 25loll HEA dslaldoll 25lall GUAdL 531 @l Y1, siRRl ¥ A UglAu a2, AU 58l Ascl olell 3

52 HIU AlssA B, olol UGlAAHL HiueuHi 3Rux6{l aucu(ds etdstl d.

* 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 fnﬁ ). This error can be minimised by increasing the number of marbles taken to
3

measure the end-to-end length and then calculating the corresponding average radius of one
marble.

Qeats gctell [Qetdsttal dfRiets3n Al Il el ad B: sl 2 wal 512 3 Ui Al As Aol detsnul

e (Qdlddl B, sl ¥ sl 2 |, U ArlElell Al eaul @Qott et Avlélott w2329 seoll dlRtdd) s3A
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gl olly oy, sl 3 i, WU cvldloll uR2pAA Bl NUA SlA wal Aol Gualal 531 eetsell daLtdl
53N LA, wl ylsaui, Brauetl Huml stistsdl gt uel gotsnsll aRidul Wl ¢et dld ® sikel 3 Bauell

tol A D (4,2 A 5RQ). AdAel As Bstell ollost st Yelloll cowe miual 12 Acuni il @l
3

vl auR s31a, ugl As cvllélell wag3u ARAA Aol oLl 3o 2l gt watdl asia B.

* Note that the mean volume of marbles is obtained here to a greater accuracy than the accuracy
imposed by the least count of our “measuring” cylinder.
A Wl AnActl dvldletl dstsnell WsUES, BBd dnusiRall dygdH HU sl A0l sl sdl ay

AR B, Aoll Al Al

* 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?
(QactRel: ol Qe 89l dlat, Al Al dy Al Ua/madl €35 e cvldlBllell (QQU Auye A

Yotuclcdot 531 2% B. 9 s o3l 3¢ AR datsn 121 2 Ul ANl Usistell s $A?

* 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.

(Qactzel: QeauelRA cvldlallollt UHLol sEoll HQll Wletotl €51 (B ¥ olld ARRUHL duRld B) ol GUalldl s3la

52l 2 ol s 3 of YotAcldol sclloll Y 531 AF 8. Bl Wletall €51 WMl A ARl daetul ay

QsUBUL clotlataltHl wA B, Al sl 2 wa sl 3 Ul ANAAL UASOHL dsleld WS .

Task 4: Measuring the volume of an irregular stone
513 4: VAN A U< 5€ HIU]

1. Fill the cylinder with water to the 200 mL mark.

WAl iEd dausik A wa Aul 200 Al Ros Yl wel Rl

2. Put anirregular stone in the water. (The stone should be completely immersed inside the water with the
water level at least 2-3 cm above the upper surface of the stone.)
WMl AAAuRA uear Y5l U ueuR AyRiud welloll e goll ¥l SR ua wells et ueaRl wetul

AUy 2-3 A GUR 8lg HA.)

3. 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.
wellell (R Histle] waAset 53R ULURell 5E0ll Vel AUl A WRlle] R 88 WssU HUERIBA Ros)

AUA AL ot WAL, cl AL HIU AHEL A 289

4. Now, immerse enough marbles to bring the water level up to the next marking.
5, ALl Ros Yell wielle] 2R U, @l Yl stousiHl AWEIRA oltvl.

Volume of water before adding the stone

ueR GARA udell wello st -
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Number of marbles required to raise the water level to the next mark
UPLAL Ros YLl WEllotl el ctRal Hi2 %331 AvlldlAl ol vall -

The irregular stone + marbles displaced volume of water.
wRARAA v + AvlElRA, wellott s€ o (Reulld s B.

5. Use the mean volume of marbles, y obtained in task 2 to determine the volume of the stone more
exp

precisely.
Volume of the irregular stone -
sl 2 1l HAG As Aldle] ARRAA SE § clUA A WAARA ULURe] ay uAe s€ AN
exp

AR A UeaRq] sE -

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.

Al Al ¥ Asalk ueaR ol 2, Ul Al AvlidlAlal Ayeiudl goal Hi2 ueaRell GuR yq well dld %33l .

ol alg ot S, Al Blats wellett ay yuel A& g3lell 23 sale Qadl ad .

Task 5: A challenge

sl 5: USSR

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.

ul sl QauellRA Axell Hicadioll AHA 52 B, ¥ Yedl dvaumi drldlA ottvlla, welle] :dR $R2U clyelstl

GUR Yl USTUA. AMal vl U ¥ Al $R A o2l Alo] Yuu 5120, % (Qanellzll 2 st gt Wl 25, A
8 ¥ cvlldlAoll A wicl ol sla B, Ul A dxll vllAu{lx erRal sl wiell 2L oML (R U B, Boll
$1R0L UlRlle] 2Rk AldlAell BuR ¥d otell.

1) Fill up the cylinder with water to the 50 mL mark.
slusRHL 50 Al Ros Yl well eRl.

2) By adding enough marbles, try to raise the water level to the top of the cylinder.
YRell yHal Al GRIA, wellell et stousiRell GuR Yl claatsll yau s:A.

3) If you do not succeed in raising the water level to the top, note the highest marking to which the water
level rises.
Bl AN WRllotl el GUR Yol uslAsaltHl usn ot ala, A Uelle] R ¥ HedH Ros Yl atej 8l Aol olle AL

Maximum marking to which the water level rises

B UstH Ros Yl welle] 2R adll a3 ], A -

Number of marbles required to increase the volume by this amount
Ul Yl wellef R auRal e 33 cvllélAedl v -
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4) Can you think of an explanation for this?
9 R UL HRej 81 sReL (Al 28l ©1?

5) Do you think the thirsty crow would have succeeded in quenching its thirst? Explain your answer.
9 dHal Al B ¥ A 5191\ Aoll AU SlutclalHi Ao U §A? AMIRL Fellel YHial.

* 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.

welle] yRlels 2R sRAelyds oly Awcii uice] B Kl ay cdArlldlall GRRaAl i uelle] :dr Gur Yl «i(d

A, AsclR wg ad A ugdl, Qs (Qareflol axygdl uciHi Mot wdl 23 ] ¥ 2AR dArldlAl Bl
weldll ase dedl atsell Ysadi A B, R Aol d & uel sl wicdl ¥l sl ©. @l well As§ aA
B ua Al d s As 1R GUR dud olell. AvlldlAA elRetR ¢Ral 9dl, AElllell dRA §% ULl @dLeLdL
Udafal elol ® % sal wal well W2 oisl B, i, Al stiul, A welld w@s yrel 50 Rl sdq, A aell
vl GRAL ugl uel welle R 200 Aclell aud «gl. Rlats ay U uRladl Qe el A 531 o4
B & vl vl "Vl F52Aol" SSCUML AUQA B. By VA, Yol UeledlMl w0 3l A alscude s B A
Rgidotl Hecaloll AMRL URL WU B.

* 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.

UL A, A AsHol As el AA B ¥, A ARl welle 2R udatiall % A &ld, Al s dRRA % 2 Sld.

* 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

3v2

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.
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g5 Qlatsl W2: (ALousR) AvldlAlell (BRUHE, AP sell Asel VB0l “3sAdNAE A (vitd Meslal) Uss” sdallul

WA B, Al URe] UEL Fsae T =074 B A BT AD Y Aell 2uedl ABowd, 74% s€ AERA gl
342

U AyHl dy 26% Ul glRL cluRAHL A, dyH], stouslRell WR UR, Al 5520 AY uAle . Ael, A

GuRell st wiellej R 120-150 Al Yl crcoll uRew AvlA ¢l

Task 6: Estimating the packing fraction (Optional)

812 6: UBoL F52Ue] of Uejilet ctoUag (As(Es)

i. 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.

sloUsRUL AWs ULl As, o3l scdl 50 Al Ros Yl ALl ottll. AvliElRA 25t decll aysell ekl B

Aoll Wil sall HR atnusiRal AR A sctldl, U Wil 5A ¥ cvlldlall 50 Al Ros WA Ak Az o1ys B.
B Ag ol 8lat, Al AEA %32 YA GRRL Al sL&l oltul.

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?
AEoL 3s2le A ARt 5€ Aol YRl ULl sE0l JRlR . 9 AR Al clvulell GUAdL s3A WEIL Fsaua

el asl w12

iii. 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?
100 Al ux 150 Al Ros MR lg] YotAcdol $A A 2l Ulewel w2 uel ABIL Fs2e A AR g

dAlRaoll?

* 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.

QenellzAa ol gl As cAvlldle] URRAA Uaisn Aug YFA of 8lg AU sR0L ¥ AN Al UL
AU oA B, cAvlldlalloll Aval WA deusik scdl dvlldlxlle] se s HA B, Aull udAdl ¥ RSl €l
OISRl BERe] st Uatsn A B (50 A, 100 A, waal 150 Al d3 8l ad). Al Al opEldr 2l
A% B, B UL ys52e B,

* 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.

UL A% Ay USSRULs B: ol Ugld A B ¥ Y-uet UR cvlldllle] & ot Bal X-1gl UR dAHell glRl A3cl

gRlle] Uols £lclcdl WAW cotlaldl, (gl gl "Are $la" (Al il Rl B A (Glgl Aol Aviua Avs
A casct 53) Al 2 elReell, itell ala USoL 352Ut WA B,
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* 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.
Ul Yg@e] RUYE (Aol A B 3 olld ARRL wal Avldlalloll Als WA GUAoL s3a, dautl QY calletl alel

Ada, NnAcl EaL s2lef ol qetatl scll.

* 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.

oL Bsael ol UMy A HEloll s00 A UL BAHL 23c epatelyn WA ARuldlA Qe 531 st sHlototl

BA oltotl el Bll, A eaLeixnoll (Ao Ho URAA B, BA WUUA §o5UU ol 6lRAA glRL SLElA Yl

* Figure 4 below shows “hexagonal close packing” that you may have observed in the stacking of balls or
of fruits in the market.
oA ofl wis(A 4 "3sALUAA 5AB UEAN" HUALA B B AN 5L AU UBRHL $0Uatl sl e 3.

Pore Space T g 7S
Figure T2 : Pore space between soil particles Figure T3 : Fruits stacked in a fruit stall
gl T2 : yllotou s00 2ol [Bdlauotl ¥oeu sl T3 : salefl g510t1i o06Acu s

Idea for further extension
ay (Qrdral Weall QR

What happens if we use a bottle with smaller or larger diameter or if we use marbles that are larger or
smaller? Does the packing fraction change?
Bl UA allell /el cadaloll ollect el otloll /103l AvldlAall Guallal 5319 A 9 =A? 9 UEL s2la

WELI?

Suggested readings
aurR WA w2

1. An advanced discussion on pores in soils and their relationship to various processes and phenomena
taking place in soil can be found at:
g lottioll Ucl QLAY teatizl wal Y ol HWEHL A BRA Aell AMotl Aot (Aol Qe HUEAL 18l

Holl a3 ®:

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:
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https://wwwrcamnl.wr.usgs.gov/uzf/abs pubs/papers/nimmo.13.porosityencyc.rmes.pdf

2. 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 that equivalance of the force of bouyancy and the weight of the displaced fluid. For an explanation
see this link :

GoRldall (ARSA) Rsidt, 3 AR 81 clrg Yalslil goll st B, A Yaltdloll Aot Ul AR 3

B, Al Raid Aol@d uRd ucol 28[AS1% Rgict AA Gell 52 B. SRS Rsicd dARRU ua (Qreucdt

Yal8lotl cootoll Anseldl el 8. el W 2 [ds A

https://www.math.nyu.edu/~crorres/Archimedes/Crown/CrownlIntro.html
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	Materials
	સામગ્રી
	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
	કાર્ય 4: અનિયમિત પથ્થરનું કદ માપવું
	Task 5: A challenge



