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LU 8.11. An experiment on measuring volumes

AT WU U Ueh T=TRT

Overview

BUEET

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.

3 T AHATSAT o €T W I IR TS (T W@ T TF T T o) hl HEHT Toai § Sgd AR & | 36 T FHeHT
ST EH STAT o |1 31 37 qe TGT o SATA ht STTLROT (concept) Y ST 3 Hehd @ | 39 Sifeqeh 318 § o1 HiEd § fh
TV gt 1 STet H SATR 3o ST o1 STl (o T fohall STT el & | J81 & 314 UaTHll o U o o # ot arq
N | S AT 3 31 SAEE T W ST T I & Q1 39 sftel § F i 18 ST & | 31 Tarell o et 07 6 HoT i
T 3T T Tk TS ST & S0 2T ST dehdT |

Minimum time required
ATYAh =IAAH T
Three sessions of 40 mins each.

40-40 e s i o |

Type of Learning Unit: Classroom
JATERTH TeRTS ohT TehW: FHETT H i o folT

Unit-specific objectives

FRTS 11919 o 39

* To make a marked transparent cylinder and use it to measure the volume of liquids,
U furfeed uresft fieiet SHMT qe avet geret ot ST HTe o T SHeRt SURNT T,

e To use the volume of fluid displaced by submerged bodies to measure the volume of solids that do not
dissolve in water,
AT S TeTef sh STet H ol o SI1G I80eh G ToreeTiiet 5 <l AT § 3 TaTef ohi ST A1,

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

TorelY ATk Tt % SAIAHIh o Hecd T TG HTY sht JremeldT o foTu 36eh U= hl 99eT,

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

QST herT <At AT ot Tt T9 forenfd T |

Links to curriculum
TGAHA § HEeT

I NCERT Class 7 Science | NCERT Class 8 Mathematics I
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TAEISSTRE et 7 fagme TAHISSATET el § Tord
Chapter 9 : Soil (Feb 2006) Chapter 9: Mensuration (Nov 2022)
37T 9: HAT AT 9: &
(Relates to the concept of water that can be held |(The formulas from this chapter are not directly
in pore spaces of soil/rock pieces) required here, but this unit helps students
(qa/RreTreiEl % st = gen fich T o Jufberd S 1 finternalise  some of the ideas of volume
ST ¥ Heifer) measurments)
(3 ST o GAT bl T WY STTawaehdl e &, Afh 78 318
HTATH A 1 3 TR0 T STHATT HA H BT T
e Ll 7)

Learning from “The crow and the pitcher” story

“THIT A T2 kT weHT A HE@

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!

T SATTRT =9 hT I IR TG T g A6 72 (o 1 ) 9 318 H &7 I&T il SIT hg1 § i o fora o | foreft i
Tt 7 GelA TR A€ S ST o6 e TIH o ST Rl foreeTfie shidT 8" 6 AL 1 SUANT 81 & &l o AT i
AT o T shiTT | 3RS b 3T e 39 heTt & ST gAT € ST 38eh 3 H 1T Tk ATZHofToh sk 0 T Hehel € |

% Figure 1: The Crow and the
| Pitcher
o o 1: wieT et e

Materials

CC-BY-SA 4.0 license, HBCSE. November, 2023. 2



forgrr wfer s1ferma gohts ST {9 T Tk T

et

* 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)

T Hehivl araRtt fieiet (a1 T et 500 fifieter art i siaa, e Sw fewar e feam m & faeret it
TS T Ueh T T8 T BT AT 81 2)

+ Glass marbles (~40) of similar size
U AT o i oh sl (ST 40)

* Smallirregular stone which can fit into the cylinder comfortably (see note in task 4)

BT AT STTHR HT Te2R ST Feiet 7 ST | A7 TeheT & (1 4 H &f 178 fooquft <@

e Ruler (2)
YT (3T

* Marker pen (fine tipped)
AT U (SR Fy/ieh are)

» Straight edge (like another ruler or edge of a notebook)

T TeheTar (S foh 2RI 0T YT AT Aresleh T fohmT)

* Beaker (with graduated volume markings)

FeRT (TTRIA AT o foTu sisTiferd)

« Atray or trough may be kept to collect water spills.

TRt | ST TEhT 3T It TTHT 3T 3ohET i o fofT Teh & AT B1eT 2 |

Are you familiar with these ideas?
T 39 3 feremdt & it 82
* Volume

CIRGE]

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

sphere.
BT WHTIA: HTATH ShT ST TAT et o ST o G & Fifed ar |

» Displacement of fluids by solid objects

3 FESAT GRT A TaTT b T
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.

B 30 a2 ¥ uifod grl T 59 U {9eH 31 fi i forell i varel § Sam Sar @ a1 98 319 STRIAd o e
ToreerTToe LT © | 58 Sl o TTQ STITRHTHEIST o Seeettar fogia & aitf=rd BT STTevars =2 ¢ |

* Average/ Mean

3ed / gegq e

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

B ot forfr=t Ui o e shi sraemon 9 gitfed g =fey |

Task 1: Creating your own volume measuring instrument (a graduated
cylinder)
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T 1: AT T T ATAAT WUk IUHRIUT (H9TiTeRd fereiet) s
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.

SR % EI 50 mL T T A Tigesh 710 ST IRERiT ficiet § et | 7 U | fietet # i o &t ! fafed =1 |

ii. Repeat this till the cylinder is almost full, marking successive heights at the steps of 50 mL.
offeRt ShT TeTraT § et § 50 mL I 3R ST | 319 I o T T I FHfeed | 98 3 qe 9% e S| de o6
TorRTeT ST U 7 W ST |

iii. Label the markings with appropriate multiples of 50 mL (50 mL, 100 mL, 150 mL,...).
50 mL 3 I TTUTehi § UTHT o & o <@l shl AHifehd L (S 50 mL, 100 mL, 150 mL,...) |

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.
H, AU TTE U HTIfohdl Feiet § ST ST HIIdT @ | 319 9@ 6ohd & foh 3 fetet o1 3w &1 shaet 50 mL % Torhi §
TG A9 o foTe o TeRd € | SafoTe 3w siwnifeRd fciet T sTeqamieR 50 mL R | AfE STet v & g % ot &, o gw are
% T T AT 3 g ol o AT € S ST T o Tl e © |

The maximum volume your graduated cylinder can measure is

(Highest marking on the cylinder)
Tk TR foreiet SR ATAT ST Heh Tt SARIehad STRIaH g

(Freiet w fafed Soaaw 3fe)

» 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.
LT BT o 1Y ITIdHh hl STTHTN G <=1 hiAT ITAN BN | 36 Hed | SAeudHish 50 mL g |

* In task 4, we will see how to increase the accuracy of this graduated cylinder beyond the current least
count.
1 4 T &1 I foh 30 StuTifeha firciet i Femeldr sl IdH STeuduieh & Sgat H SHTT |

* The graduated cylinders prepared by the students in this task can also be reused for other
experimental purposes.
BT T 38 1 o foTe o o 1w sferifera forcietl st SwiT a1 st o fore off fomar ST wehaT 2 1

* 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.

T T THERTT H ST TG L Fehd & | IETELT o 17T, 3T HATTeh T 50 mL o I 25 mL 3 st 8 ar TRast
foretet W &% 25 mL % g il fora ST EerdT @ | BTetifeh fHeiet o ST i i Sl 8 =T 116y #ilh sl
% STEHM HATHR AT I W SR T ol § J(AT % HROT ARG 710 § A 9¢ Fohell @ | FH HATAWIH ST Bl A
AT H el i o o1 ST ot wehatt &, e it el STTRIaT o AToe H qeTereh e oG a1 © |
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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.

S TANTIITATSAT H et § & ferifera sftent a1 aranfl fieiet €1 wend & | S sfiert A1 et bt gl € <t seeht ST
T BT T G TR ST Wkl € | ifehd ST bl ST T oh AT THeist oM o forg oft siicefea wh | fohe sfwtiferd
foreTet AT SRt & STH TIOTTHT T qoT sht ST &ehdll & | T I L | T, ST ohi SRR SRt bl & § J@ 3R
ITHT STIAHI 1A FLA o 7T e |

Task 2: Measuring the average volume of marbles
T 2: et o 3T ATIAT T UTI

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

et SfRTifeRd feet o 3R 38 200 mL o fomg 7o ot & o1l |

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.

Toh-UeF 0 [T gU foetet # sl FRTd Ster ok foh o1t o1 Tt 37Tt forrg e SR 7 33 ST | Giiara bt fop avfl el ot
e @ a H g 7€ & | 37ufa, Ot o SR At e S e T | Wi S § foeiet § a1 T 9 S 8
FTfeh Tk T STI STIA o SIS =T shl AT T freefig shiar 2 |

Volume of water before adding marbles

F ST & U8 I 3T 3T

Volume of water after adding marbles

Sl ST o &1 UTHT ShT ATIAH

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

A Toreg ook Ul o1 T S o fou 3TTawares s <t aean

Thus, marbles displace volume of water.

FYFL, EHAUHH A Rl forenfud a2 |
Use this result to estimate the average volume of one marble, obtained experimentally ( Vexp)'
W%%Wﬁﬁ%aﬁwm(yw)wwﬂmmﬁ HTAH A |
Average volume of one marble
T 3l T ST AT
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.
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I8 wve & ok STl ol Ureeft faetet & uTHt o1 Tax Sies @ foret e ek 7 firey | Serewor & fere arfe 20 s 3 forw art =t
TR e ffyra e & o 2, 31 21 S o fore 38 e @ oo Strar R, o v amet | foreenfua a3 strae & fag
el ol E@AT 20 < ST AT 21, A€ 590 o1 0 et & for 21 S el Smel & | g1 g311 € A1 Aferen, 37 et e
F R e 2

* 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.
Altenatively, the task may be repeated with a larger starting volume of water.
3R STATT ST T ATTA T HoTd SR hell ST ST AR, | ST HeTd L o shall o ol ek T & Al 5 el
TETAT oft ST TohelT & STeT e foh 36 ate o fich T fomns 3 ofg e &1 ST | 31=re 39 e o urH S SaaT /e ok |y
EERMERISIRETIE

* 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 an average volume and take it as an estimate of the volume of
one marble.

TG A H BE hl T8 Gohd [SAT ST GehdT & foh F T8t "n" sheil ot AT fiehTed 311 Rt woh s o7 3 STae ehred |
B & o Tvft el STTRITH TV e, &, ATohe foloshet SR el & | AT 1T & o Teh shel o SATACH o I 9T 37
ST I AT A |

* 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.

ST T 39 T i foRAT, A1 o€ T e o @e o oTg it aftor &5 ST 31T 9% 25 el o foTg ST 50 miL o, e
s & Toh Ueh sl o7 3G 3T TS 2 mL T |

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

o T 1 : @n1) T 19 eisy; 797 (§191) Tk 719eh fciet & Uit 37k @t

CC-BY-SA 4.0 license, HBCSE. November, 2023. 6



forgrr wfer s1ferma gohts ST {9 T Tk T

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

methods
W 3 : 3 AeT-a7er fafarat & sva forg 7 et o STraaHt sht It

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.)

W shell I Ueh-ga ¥ Tt ohtd E¢ U iell Ya § 1@ | A1 < YA (AT Uoh GHT 371 Ueh H1eseh b S o) a6t
T GHL oh HHTIAL TGt ok Eehiol = ST Wehd & S sfier o Sauret H 3 shel {ailelg, T ¥ohl € |

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

Shell shi T o Ueh oL & e oL ook oAl oeiTs shi T |

End-to-end length of ten marbles

W el 2l Ueh TG ¥ qaL o e oh wiarTg

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

9 HTY ShT IUFNT Uk el 2T S e BT STgHH o o frg ot |

Average radius of one marble

e el st 3Tad Bsan

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

Y GRT 1A o 715 ST ST STINT ek Ueh el (TTiet) o ST aht 0T . |

Volume of one marble (obtained using the formula)

(5 T ST 3hLeh STH) T el b HATIAH

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).
1Y G Fohd © 1o 39 ST [IRRET R J1d AT o TROmET 8§ 91l ST & | 39 &l HHT § Td9d AT i SATehai 3T
AT H ST q (et oft fafer Swr ST Ok e o AT o STT H ek S Eehd © |
Percentage difference =
T SR =

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?

U R o o TG ook ol SIS 2Rl shell ol S & forriord s & shell a1 SATed AT e | S o 1y 36 ST o ==
. foh T SIc3ieh Sl SRl AT 3ok ST foTd 11T I o sIrel @ | I e, o e o o gwiiar 892

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

%nraz(%)x(z—f)x(%f:1.77mL.
BANR 10 el o forg, i o6t dfch sht weh o & qae e e ol et & 15.1 om oft | S79ia, weh ) =1 Siga oI
T 1.51 cm o7 | SHE & T ohel 1 S FE G ETHEAIR : 4 (4 (Q)X(£)3=1.77mL.

=(Z)x
3 Th g R
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The expression for the percentage difference can be written as: (J/lefo_ge‘;A %100 %

calc exp)

|Vcalc_vexp|
(V OR V X100 %

calc exp)

gfaeTa 37T ! e & 9 2wria S Hehar &

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.

T T A o T X AT ST 1 STANT L R & F(1oh SH I8 781 e el 1o SURITh Gl Tl ST STH /A1 o st
T -8 T W | ST EF ferfer § st w8 77 g o weT siafifa 7

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

4 , o . .
(due to §7TI"3 ). 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.

TRreren A T STTEROM it ToMTeHe &9 H e ST Fehd o 1 2 AT R 3 W 1A R TC T e o AT § T8
foremfa 2 | o foreimiiar safore @ aifen il 2 ©, 59 ol ot Forsarm ra FoR formT &1 el vk sl o1 S7a ST fHehret oid &
Selfer s 3 H B9 Y8l Ueh ol shl 31 Forsam 31 od @ o foht Seent e1rrae femrera € 1 3@ ufshan 8, Beanr & amoa &
afe i3 e Bt & A ST A § Ied oft wEt AR Bt R, iR, STAH A1 % §F § B e (91 3) ST e
ST 2 | 390 fE i 8 Lt o 178 Toh el i ST Isa FHehTer o foTe SameT S 4 shel fofg <17 @k 2 |

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.

BN < o T2 T 3 | TTH el 1 STEd A 1 2 | a1 Y SRR RIcist & Aeqawish § a2 Jemeidm i €mr 4
Aferes TR T R |

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?

T fored: B A =Te a1 o 37 3fereh shel Aot ST/ 10t 3907 | < ¢ TH-84 el ol ol 1l ol A8
Hehd © | 9T 39 ek § UTH STEd SR T I Shiiehelld 2 | U6 7 & 371k ke gm?

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.

GTferd foredR: ST 1 2 9 3 1 sl o g AT o6t 73 ffda whier i micrt (Gt St et Safar 3 SwemT o €)
TRt off e TR € | Ao 3 T Sl oY T § S i oY aRSTEaT o wny SRl St 8, g6 el 2 7 3 @
TG o 9T § T s utg ST |

Task 4: Measuring the volume of an irregular stone
T 4: Teh ATATHA SATHR o UeeR ok ATIAT i HIAAT

Fill the cylinder with water to the 200 mL mark.

CC-BY-SA 4.0 license, HBCSE. November, 2023. 8
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forei=t 1 200 mL 3 9 ook It & 9T |

ii. Put an irregular 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.)

Tt H ek SR Feart STed | (oo Il A W AT o SIat g STHT =1feq, A I o7 Tt Teor 3 S0l He o H ° 1
2-3 cm W AT AT )

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 an approximate measurement.

Toreenfoa ot it AT AT FA&T0T Shieh Uee o ST ShT SATehai hifSIT | STeT ek STol- & fieiet W ol gl | § fordl we
faree =t gt & aT ael 7o I8 AT shael Teh STHT 1T HIHT ST |

iv. Now, immerse enough marbles to bring the water level up to the next marking.

37, T o EX ol ST g aeh o o AT 3aw vl s 1 e St |

Volume of water before adding the stone

Teor STe & Ut feiet # STet o1 &aT

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

T foreg ok STt T SIe™ o oI ATarwren sheii ohY g

The irregular stone + marbles displaced volume of water.

A Teer + T gRT T o fereenfud STRras st aE

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

precisely.

e T ST ATereh TeRaT | Td i o foTe el 2 § e fohe 1Te et o ofierd oTrrae V., T ITANT L |

Volume of the irregular stone
SR TR o Tk T 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 < o o1 7 Teor S S o S1E, I 31 T 39 3T R dl 8T 81 aTfeq, fof 36 5 31 el I8 a8 S | | 3R
T T 2 ar freres gt St 31fies 9T 3 e S Qe i 9 o R wend ® |

Task 5: A challenge
H 5: Teh I

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.

30 1 H BT ol 3T 36 RO T STehel AT BT foh ATH TE&AT | shel STeTeht UTHT 6T TT ST oo /faeiet & Sl
TR T ISTAT ST Tl ¢ | I I q@aRL TeRiafehd 8 Wehd © o aTead B UHT 8l 2IaT 2 | T 39 1 o H1edy ¥ g ST
Tom, el onT TR HeT-HeT o @ 81 9 ot 3k s 1§ ek Tm/2iatrer 8T 2 31 I el o Tt @ S0 33 formT el o sffer
FHATMAT R ®IL |
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1)

Fill up the cylinder with water to the 50 mL mark.
foeiet T 50 mL o T dek o & W |

2) By adding enough marbles, try to raise the water level to the top of the cylinder.
TITH H&AT § Sl ST o, ITT oh T¥ ol Teiet o T deh A ot shifsmer oL |
3) If you do not succeed in raising the water level to the top, note the highest marking to which the water
level rises.
I 31T ST T T I Toh AT H Tt 781 BN & a1 36 IoaId¥ Wi h o1, et qeh STl & ded § |
Maximum marking to which the water level rises
FiftreRan fawg o 7o it &R et
Number of marbles required to increase the volume by this amount
34 o8 T STTa g o foTe sTTarvareh st o S
4) Can you think of an explanation for this?
T 31T 39 foTT RIS TR T Tehel 82
5) Do you think the thirsty crow would have succeeded in quenching its thirst? Explain your answer.

AT STIERT AT @ T TTET FHrT ST AT T Bt T T2 ST I hl AT Hfe |

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.

T T ST W SR W TElt ST 8 e AT & SAfereh S § s Srer W W ot 3y deF S 781 33 | U
R UHT B W, 1Tk ST i T8 G0 Tohd & 19 shall ST e, ATS HeT-HeT L Wil &, 7a Wi 3o el § o Sfaa
TEdT € | 32 et § T ST el ST § 3R gwfery weh ffdd Tt & S et 92 stedn © | shell shl Haifieh S T
AT g1 X off st o S T Ueh-iteTg e ot off e A1 urht 3 o7 s waT ® | 39 YR, 39 % A, A a
T TRIVR ST 50 mL 9T, T 31 3l STei & 18 o 576 31 Tt 200 mL & ST et 5 | f¥refer 36 Staremor &
To5% BT I I8 ol TqT T @ 1o A HehedT "HHeH Turieh A1 Akt Shaw" e & | 36t e i Hehed T 39
fogia o oft wecayt &t st 2 o Sre garet § o i e Tt S E |

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.

CC-BY-SA 4.0 license, HBCSE. November, 2023. 10



forgrr wfer s1ferma gohts ST {9 T Tk T

9 TR, 0 TS o R H § U A8 ¢ Toh 3T Y& § 5 H I 361 S S5 o TeT &1, Y VTR hleAT ST 2 [
et el g3 B |

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.

et Rerhi o T et s o o, werad gve SfeT weenivie ffde deem 8l § | 3k forg SfehT Shaem am
0.74 8 | 35T AaeTs & o Ter@r sTrast fsheam Ufsh H, STRIae o1 74% ferea sl gTT w1 §IT ST SAferehiad 26% T ¥ |
3G AT, Teiet o Rl o AT ST 0.74 @ oft o1 81T | ETOTY, ST U 7T i &7 S & T H 120-150 mL
% oftr 3fg T ST i |

Task 6: Estimating the packing fraction (Optional)
T 6: ATHT TereX T AR (FhicUeh)

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.

fafea fociet &1 50 mL g @ &ai & 9T | Teiet Sl ol Toh-Tah hieh Sl 3T k! G&aT fTHd ST | Reiet s
=BT qE | T drfeh shel ST €el 81 3 -0 9k &1 SITC | 50 mL o F<I78 7o T o 7T, STkl &1 al fciet
%3 T STl AT Heret 8 smet e |

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?

ek ShermT sl ST ER T ARAfore ST SR e SUCTed ST T ST BIT 8 | 39 TRCATST 3BT SURANT e
AT Akt SherT T L o & 2

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?

A& AT 100 mL 3 150 mL e 3 fore ey, 3 g wdeqon 3 forg oft 9fsh Sherer s hifSre | stroepr s fowms
feam?

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.

DA o6 TTT ok shel o A AT bl (ehTer1 qivehet Tl €T =ieT Fiifoh ITehT shel hl SAred Brsam 91 @ | Th 3l
HIHA SR T ekl ohl TEAT H T[0T LA T 39T et ST ST B ST & | S/ Teiet o 3TaT 1 SR foreel ol /g
H (50 mL, 100 mL AT 150 mL St +ft fearfey 81 32 wect & & wa 2 | 36T 3699 B UG J1q F R & ST AfHT
AR |
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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.

T ST AT TN & T =7 AT T Sl oh oot ST T Y- & T AT 3eh ST =R T F T (JTAT) Tl X-
3FE] O AR 1T ST STl 8 | ST fergatt & 7ot areft siee fihe ™ sht serorert Afeft Sherr <6 afefretl € |

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.

59 SR T U foer=red foream el o e aTel-forafr st U | iRt STR S/ feiet 1 ST srecteRt 39eh ST ST
SfehT ShRT ST T AT R |
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.

FEEAT G A€ THSHT ST Wehell & fof s[stet ft Srefier o et foremr gt o oot ST vl o off=r o foeh i 0 s g 2 |
T TR 9Tt & gt & 0l o oife o {8 @ | B T 2, 3TH W 7§ 95T S 8T @ S 8H 88uq 3 aiad

TR
r;.la'»'.ﬂl X

_l.'|
1699

ol
TN

Pore Space

Figure T2: Pore space between soil particles
Tor T2« gaT vl o ofi e i Sfae

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

fruits in the market.

e T ot T3 "weepiviia fforg weper gRiiar & TS SATo TSR 3 71T 1 %t o oL H o BT |
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=Tt T3: el sl 3o T Wl 1 &

Idea for further extension

T foream o forg gemar

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?

FIT BT A TH IS AT BN ST hl et TR IR STHTIT o it 31 T h{? T AThTT ShereT SaeiTT 2

Suggested readings

AT T AT

1)

2)

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

T {5 e B et STt 36 fter w3 s i st ST 3 R

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:

AT 1 Fgid I8 el & of S i3 aeq forelt aee o Sa1S STl € 98 A ST o SRR aie ohi fereTiua st 2
T hHT hft TR e o Togid o |1 TRt 3@ SITdT @ Siifeh 9ieT 91 37T © | AR HErsT fgid Sccaiied siel 3R
foreenfua e o R H THIT 53 LT © | F6eh! foreqa samea o fore a1 = faw o fofeh ot S wed &

https://www.math.nyu.edu/~crorres/Archimedes/Crown/CrownIntro.htmL
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Image sources
CERZIG]

* Image 1. The Crow and the Pitcher: From The Aesop for Children, by Aesop, illustrated by Milo
Winter, Project Gutenberg e-text 1994

o1 1 1eq SR #IST: 1 3619 BR Feogd " 8, &% - 389, TeaehR- el fHer, gisiae e, 329, 1994
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