Vigyan Pratibha Learning Unit An Experiment on Measuring Volumes

An Experiment on Measuring Volumes

60T |66 &H 06T 6eMHHIL 6 LIFlGEF TS em 6ot

Overview

F(HHSHLD

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.

FETUL6T BH&HHMESHT QHTSGLILIL @@HHEGI0 HMTsUOM LMW (&b eme)
6TEOTMD &60&, GLOHMSGEET6T ISH UL AUH G LSHLELIMME. @bs ereflenLoulmeor
FHNSOWL LIWeTURSD), H6eoorlnmiseT WmmILD Hyeumnigserfledr g6 i6m6) 6T60TMm
H(HSHMS  LOMeooTalJ&HEBL6T CFIHE ITMTWeITD. @Qb&Hs HSmHmey  Llflalley,
QeueUGaUM QUITIHL_SHE06TE S600T6001[J16V CLOLDE 6D6USS! UMM 560 {6606l
LHUILIH QFUIeE  6TelaUTm  6T60Tm  LOMEOOTEUTSHET  SMHMIGQETETEUTIEHET.
FeooTLOHBIGMET S(HEHGHH) 6160IM HIHSSID @BIGEH AMWSD QEFWIWLILGID.
IIBMaUG!, LIv Heoorld GQIUMIBL_&606TsF CFIHE AHSHESWD CUME (3jvevgl CFIEHS
MGG CUMEN), AJumMIHRMLCWL Fev @eLQelallsmeT @) HEHEEHEsm(bID.
Fleoorlomisefledr  @QB&SL  LietorLeormsy, e@heurLsE Gy  HTSHSSH 606V
BIL LSS 2 WIS (LOLWITLNEY GUITEHEVITLD.

Minimum time: Three sessions of 40 mins each.

GOMBSLLF GBITLD: eLO6T M BILDIT6)G6IT, 626166 T6TMILD 40 BILAIL_HIGHET.
Type of Learning Unit: Classroom

&HmHmev Lflefletr euemss: su@LiLiemm

Unit-specific objectives

urLllifley sMibhs @)6v8 & &6

1) To make a marked transparent cylinder and use it to measure the volume of liquids.

1) &OWbhsaers: Qamarl @ e6fllg 2 mememamwlsds SWmflliug oo

3156m60TL] LIWeTLI(h &S HJeumigserleor &eor 3j6menel jemall(hgev.

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

2) G600Teo0I el HEOTWMS  HEOOTOMIGEN6T  (LNDSHENEUSS,  3H60TTeV

@LLTOHOUIUGL HIaUSH6er 5560 3i6emalledl eLpeuD QUIMHETT &Heor 3jememel

Sjemall(h&H6v.

3) To understand the importance of the least count of a measuring instrument, and its use in
finding the accuracy of volume measurement.
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3)  9ETHGLD SmallWilaeTer GOMHSLLF 3jemedleor (least count)
(NEHUISHIOUSENS LD, S60T 66 36meil 1960 HeveNSmMEE &HeooT(H LI LILIS6Y
9|560T LIemeoT LD Ll S&IQ 8 MeTEeh g ev.

4) To develop an intuitive understanding of the concept of packing fraction.

4) QUITHEUGHFaM (Packing Fraction) 6T60TM &IHSHEL 2 eooriaUMibHS Lflgemev
TS SIS Q&HTETEHH6V.

Links to curriculum

LUMLSHL L SISIL 6T 2_6T6T QGTLITL|SH6T

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)

1. NCERT au@&LIL] 7 9inflellwiey umiyssssn: LNifley 9, Soil (LD6oT/&H6V SiG6Ta6rfleoT
Hleoorglemer @ emLQelefllEmefley  FHevoreroly CHMGHV 6160 HHSHIIHESGS
QST LIM60T LIMTL_LD)

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)

2. NCERT aU@&LIL] 8 &evofls LML LILG&SS&H0D: LIfley 11, Mensuration Modified (@)H&L]
LNiflelley 2 atem &HSSHImSseT @mGs GBIWTeS LueTULLIGCUTeUS @)606m6v.
QLETITEV &60T a6 jemai(h&Hefledr Flov SH([HHIIHHEMET 2 6TaUTHIT&6\&TET6T,
@bsLILNle LometoTed T8 658 @ LILISDIETeTS T @) (HEEL0D.)

Learning from the crow and the pitcher story

SMS(PLD LITemeorwLd &engUledlphg! &M mi& 0 8 TeTEnH S5 60

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!

SI&HPLD  UMmeTWD  6T60rm HHHEHMGOW  GLHnSLILMBISHe GHL L
Bl6m60TELGITEITSSIT 2 MBI EH&@H? (LILLD 183 LIMBhIgeT). @bssll LmLUullflelev, senguiev
QLD &ML GFWleuemsL] CUMeTm BTLOL QFWWe6ITD. seleor, 'Biflev
ELOLDELETET 62(H GILIMIBET, HET ST 36T s SFLOMeT [Hemy @)L LDmmHmLD
QFWIUWLY 6eTh &HMHSmSL LwWeaTUBSH Flev jemaibhid:emeT GCLMGSTETeTL
GUTERICMTLD. @BsL1 LNflelletr @ MISHEF QEFULNGE G608 UL 60T QBIHHRISIU Q&ML
o 6TeNgl - 3H6L 6TL_L_LIL(HILD (PLG6Y 2 MISEHEHEG eWLILLL (NeUSTE @)[HE 8858 (HLD!
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Figure 1 - The Crow and the Pitcher
LILLD 1 - ST&HLOLD LIMem60T LD
From The Aesop for Children, by Aesop, illustrated by Milo
Winter, Project Gutenberg etext 1994

Materials

QUITIHL_S6IT

* 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)

- GOIBHW, RflUSHEIIU D [HEO6T (Q6Vevg G LIGH Qeul LUl L 500 .69l
&600T6001 75> S bH1en6U/LIMTL_LQ.6V; o (Hemeruileor il LLD QL BIGMHIGCS
LTI & &H6VITLD, FLOLDMU @)(HE8 GeU6DoTLY Ul {eUFIUILD ©)6V606V)

* Glass marbles (~40) of similar size

- Cy Ierallevmeot &5600T600TITLY. G85MTe0I5EH600T(NE6IT (~40).

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

- 2 HeeTWileV 6T6rfl&Mas HEMLOUIS T lq Ul &) MIG6V. (QFWIEV 4 83 LIMT(HHISET)

* Ruler

. 9676 B&H M6V

* Marker pen (fine tipped)

. Fajemnerenl 2 e W GMIWNOID GLIGDTIT. (fine tipped marker pen)

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

- GrradleflibL] (Geu@MTH 26TeB8sMTeV 216L6VE (H CBHITL_LI&S60T ellerflbL)

» Beaker (with graduated volume markings)

. ISsI/(nsamel (Ger 616 GMILI(H 8:606T8 QasmesorL_g)).

+ A tray or tough may be kept to collect water spills

- QeuerflGu FBsILh Hevoteoofemd CaFssfleds e(H HL_(h {6V LIMEHTLD (trough).
Are you familiar with these ideas?

LY eTeU(HLD B5[H5 S5 8606 [BralgeT GaeTallILIL 19 (h& RN TE6TT?
* Volume:
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GH60T |61T6):

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

volume of a sphere.

FHET  I6T6Y  6T60TN  HHEGMSBH GMIGS QUMSIUTEHD, GCoMemSHer  Seor

36116 & EHE ST GSHF IO LOMEotTeJ&HEHEH G S QS FHHBSS6 SleUGFIWLD.
Displacement of fluids by solid objects:

GlevorLOL] QUITIHLFHEITITEL HJeuUmIS6T @)L DmmmLUILhleUS:

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.

BIEOTSEIMETSHAT  SIMM @@ Heoorld  QUMTHET FHIauSHev  eLPLLE6oTT6L,
SLIQUIMTHETIEOT 60T 6T6Y& G FLOLDMET FHIaUSHMS & @LLOMTMMID Q&FuIu|n
6T6OTLIG LOMEOoTaUI&EH&H&HS SHHHHHE Calctor(h. @bBSHE GFWeVLITL (&G,
IEHOGEL  HsILS SN SHISMS  ANBE®SHS  Gevetoriqw
3G WILdlevemev.

Average/ Mean:

Frnaifl/mlrev:

Students should be familiar with the concept of the average of several quantities.
LIsuBeum jemesserfledt SFImEf] 6T6dTm S(HS6MS LOMeoTeUJ&H6T HeoT& Q&S (HEH5
CoueT(HILD.

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

QFW) 1: QFMHSLONEH R HT 6Te] 6eTail_H&HEmallenll allyaUemLSHSH60
(lemefB\&6T GMIGSLILIL L @ 2_[He06T)

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.

@M Usosflev 50 60 SHevoreoolengsd SeUeTIOMEG 6THSE, A0 6rfllE
o (HEEATHGET  2eTMMIBIGET. GMIUWIGLWL  Cuerrmemey LWeTLUBGSS  3bHS
o (HEMETUIEL &H600Te00T T @) (HEEGLD 2 WITHNEHSH &MISH (N HBISET.

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

2 T HLLSLL  BleghbHOeusny, @ensds  HELUEF QFUIg,
QG TLIF&IWIMTeoT 50 LA.6Y. 2 _WPMHIG66Ts SIS (N hIFH6T.

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

50 LAY.60). LOL_MBI@& & 6BL_60T (50, 100, 150 ...) S{6Tei(h 6068 &MISSH (hHhIS6T.

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

CC-BY-SA 4.0 license, HBCSE 4
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graduated cylinder. If the water level is between two markings, we take the reading as the mark
that is closest to the water level.

SHCUMGI, H6eor IjaTemed aThH B GMIULIHE6Ts: QST6roTL. 2 (HEMEIT 60T M)
o miseflLLD 2 _6Tengl. @hs 2 [HemeTemL] LweTLM&S), 50 LA.60l. LOLMHIGHE6ITTe:Smeor
HET S(6MeM6 THHL_(LNIQULD 6TEOTLIENSGE SHeU60TSHHLILITH6T. SH6oTTev, @\HS
o (HEMETUWIET GHmMBSLILF 6Teunsds 50 LH.60. @ &R mE!. @ Tetor(h &MILI(H&6EHsE
@)L G GH6v0T6t0! 60T GLOGVLDL LD @)([H&HELOMEOTITEY, HHME R eeTer @&GmIwL ()
316M6m6Y BITLD 6T(h&HSISHGI&HMETERUTLD.

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

SO SHem6TE Q&ML 2 MmIGH6Tledr 2 (HemeT, eTHEHHFlQL HFHHLULFE &H6oT
3]elTe)] -
@_memeruwilaeer HH&LIL &8 GmIuib)

*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.

-@QBICH, GOMBSLILF 6T6] 61T &HHHNSEH GHMISS LDT6ooT6U T8 EHL_60T
o emTWMbheug LWIETINSMTEH @ (HsEGLD. @)bhSHE @O0V, GMBSLIL F 66
50 L1601, Qy@&LD.

* In task 4, we will see how to increase the accuracy of this graduated cylinder beyond the

current least count.

- @BS 2 Henerwler (GMIUIHG06TEH CISMEIITL) GENMBEHLILF 6Tem6U 6T6U6UT M)
GLoaYILD &I6VESIUILDITE:&HEVITLD 6TETLIENS Q\EFUIEV 4 6V S5TE00TEVITL.

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

- @ FQFWN6L LOMeTOTEUSHET 2 [HaUTSHHIETET 2 (HeneTasemeT (GSBILBEHeners
Q& mevoTL_6m6d) Coum! LIFlGEMEHemenTd: 6 & @G LD LILeTLI(H & &6VITLD.

*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.

-GG Q&HEMHSGHLILL(H6TET aUblLNemmSETlev H@&HHS LOMTMHMBIGENET [HHIG6T
QFWISIQGETETETEVITLD. 6T(NSHISGSMLLTS, 25 .60 ojememeus Qasmeoorl Ligasr
@BBHST, eIGeUTIH 25 W.6Y-@&WD 2 HeneTwiley GMILIHIGET @) (HEEHEVITLD.
L,60TIT6V), o (Hemeruilesr GHOMHSLILF S| 6TEMEUE GODLILNSS
SN T655CaIm(HID. FJQETETMTEY,  SeMa&HemeTd: GUILILHL  gmuUdbLD
Nempssemmevild, UMLIgedledr aulgalld GCIEITs:  @6V6VTNey  @)(HLILIGTEVILD
glemall(heuFHev LlempseT P EFH&HHFmBID. 2 mHemeTWler @GenmbsLIL &
glere] FNWSTE @) BHSTEV, LOMEoTeUTSHEHLD  GHMMIbHS 61600600 &H6m 85 UIl60
G560 & &H600T(H SHEM6T  6T(N & HIEQEHTETET CeUTITIUISGTSH @ (HSHELD. @)ooV,
GBS 6160060011 &6 &HUINVTeoT  CHMeNGEHEE 60T 3J6T6]  LDMTMHMENSHE
FHOTHFHIL GeUeroTlWLIGSTE @) HEHEGHLD. 6Te0TC6, @MemmE G8sMe0l&: EH600TL60T &560T
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|6Ten6UE 55600185 (HLDGLMTE 21FH6L UL () Llemp S5 &fl6:85858a(bILD.

*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.

-@Ouibhsemer  26mem el Lissrser/semalh 2 (HeneTd:eT, Flev
2 UI6ISMISETIL @) @HEELD. 3jemnal CUMSEILDTET 6me)] QUFlGTE: @\ HHEmev, Fleu
LOMeooTel]  &HW&S6T GBILILUWMS @eumenmGU  LWTLIH 85 8@ 8 MeTemeuTLD.
Wlenid,  Lmeorelf&HemneTs QFMhSLTE GMIULIbhsa6eTd:  Gl&TeorL
O (HEMETEOW  QIQAIMINGES 216G MISGET. @860  epeuld, LissHlend
SMIWIH&emeTs: Q&meoT. 2 [HemeTullewld @bS GQUMUILIL L  (LPL)6|Hem6rT
QUL UMTSHs g8lelns @M. QSTLBIGSNHE (LPaTUms, 6emall()
LI5:6n08 GeueflEg ANGHT GMBHSLLE 6aTemelss GMl&HSIGH6&TeTEHLLIL.
LOITE0OTEU T8 615 5(& M6 M1 S BIG6T.

Task 2: Measuring the average volume of marbles

QFW6L 2: B55Te0 & & 600T19.60T FIMEF SH60T ememney emall(H 6V

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

i.  GSOWIBHGHm6TE Q8smevorL SMmedlumeT 2_(HemeTeml 6T(h & SI&H6I&TevoT(h 2{FH6L 200
L1.651. 2166 e TUN6L S5600T600T6M T BT LIL|MBISET.

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.

i. GoHMEGGT(HNSHEET REOTAMITOTMITS 2 (HeneTulley  6T600T600 1856\ 85 MmevoT GL
GUT(HHIFHET. SHevorevolfledr GEIDL LD HSHH SGMIUT emL 6Tl (HID  aUemT
@GHEF QFUILMIGET. MeTHSIEH GCHMIGHEBID  (LPLPEDLOWITES  &600T6001 [f16V
e @MRLILIENS 2 MIFEF QFUIWLMISET. SIGTeUSI, &600Te0or 60T GLOGULOL L LD
2|6060TE S8 CMellSEHEHE LD LN [HE Gauetor(hLD. eeUGeUT[H C&medld: @& 6vor(HLD
ST ST 6MOUSHEG @)60600TIITET 55600160017  6Memel @)L LDMMMLD
QIFUIGUSSTEV B5600T6001 [f160T LOL_L_LD 2 WTHImS.

Volume of water before adding marbles -

Volume of water after adding marbles -

Number of marbles required to raise the water level to the next mark -
Thus, marbles displace volume of water.

855608 (& 600T (h &> 60 6TE GFI& @D (LPGoTL &5600T600! [f160T 60T 3|66

Commeis@Geaor(hmemetd  GFissll el — SHeooteoolfledr  &eoT  leTe] -

Ibh&555 GOUL_HEGS Heooreo fleor WLLHMS 2 WISESHS CHemeliL(pID
85560155 & 6001 (h &61fl6dT 6T6v0TE00 18 6m55 -
2, 56VIT6V), @556 & (60T (h S61T 60T 61T6)| &5600T60016M T @)L_LOMMMILD.

CC-BY-SA 4.0 license, HBCSE 6
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iii. Use this result to estimate the average volume of one marble, obtained experimentally. (Vexp).

i.  UflGFmgdementulledr eLpeud QUMM @B (LNLYeme 606USS! (H G856 &600TL 60T
FrnEifl 5607 3J6Te6US 55600155 (D BISHET.

Average volume of one marble -

(1 C&MeV & EH600TLq.60T FIMEl G 60T 366 -

*|t 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.

- LOMEooTEUTS6T @B LFlGEFTEHemetTemU Q&L GLIME), 8560016001 [f160T GLOGLLOL L LD
e@efly@) o memeatwlledr e GOWLenl FAlWms QSTLTNN GUITSHEVITLD.
(NS SIHEHTLLTS, 20 CoHMeN&@GHmm(Rh&H6eT CUMBLAELUTE @ GMIULTL Q6T SLD
&5600T6001 [f160T GLOGVLOL_L_LD 2 _6ITeIE 6T60T M) Q\ST6TEmeVITLD. GLOSVILD 6(h B8 medlemulE
GFissHMmy  GLLLLD  96EEOUILomLs  sLbSAOSmS  6rerm
TN & SIFHQG&TATCUTLD. @)F@LDBlemevulley, 21618 &6V LITHHEG BLOME 26V6VS
LTS & @& GLoeuss eLLpSUNBLILIENSL QUITMISSID, GMIUTL(H&ELD &600T600T [f 60T
DL L GSIHGD @emLCW 2 6T6T QBE(HHEHESMSL QUITMISHID, ST jeTalleor
CaumLImTL el GGG Commedlseflerr eretoremnflGems 20 gl 21 U5
6T(H &S SIFHQ S TETEITEVITLD.

*Moreover, the topmost marbles must be submerged while measuring volume. If there are air

spaces between the top marbles, these must be filled with water (or some marbles may be
removed) till such spaces are no more observed.

-GaILD, &eor  eTemel  AaTl(HILCUMS  emeosS  CoMmedld & 600T(h SETHLD
(WPWSMTL eEs @ es Geustor(hd. GuevLITLIL @G Gosmedlssertleor
@eLCW &THM  @eLQeusflEHeT @ MhEELOMETTe, emed  @)6V6VITLOGY
GUTGLDeUET SevoteooiemId Q& meoor(h BITULIL  Geuetor(hld  (216V6VE  Flev
B&medlseme &sMMm Ceuesor(hLD).

*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 take an average to find volume of one
marble.

«"'n" G&Medl&:&600T(hS6rTleT &60T 3jememal (LP&eJleL GQILMM Leoteor, 6H@8smedlwiledr
FynaFfl oeTemel SHTHHILVTD  6T60rm  GUIMEFeTenW @QB&HF Q&Fuledlev
F(OLL(H6TET  LOmeoreULnmenorellUl(ha@E 6ULDMBIGEVITD. 3jemeotsdl Gosmedlaserfleor
HOT EMaEHEBIN P LSS L FOWOME @HHSGCD sy, @Gy &HIILTS
@ HHEHMS! 6TTLIENS [BleneTallel QS MTETEBBIFHEIT. @) &H60TIT6V SMedT 62(HGEMelWIl6dT
G607 S|6TEMEUE FHeoor(hLI19. 55 Fynaflenw FH60018 5 (heU S
SNTSSHWETETS TS LILIGFE DS,

*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.

ceTRIGETILID @HES GCoMells@Ha(h&HemeT eaUsSS @bHSHE QFUIEM6V [BITHIGET
GLMQ&ETevoTL_GLIMEI, 25 CoHMelldEraE 50 L. eredrm (LpIemalll QLMEMITLD.

CC-BY-SA 4.0 license, HBCSE 7
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@ 56T 62(1H Camedlulleor FrmaFif] S6or 2j6rmey 2 .60 @@ LD.

Figure 2 - (Left) A measuring cylinder and (right) A measuring cylinder with water and marbles.

UL 2 - @Lg) emal(hld 2 [HemeT LWMmMmID (6UeVSl) &6ooTesol  LMHMILD
885160185 600T(H FH606TE G1&MetorL 2eTedl(hLD 2_(HEm6T.

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

QFWe 3: @uetor(h QeueuCeum eublenm&6rTledr epeud  Sjemell L L

G569 & & 6v0T(h) S 61Tl 60T G601 2y 6meY&HemeT LIS 6L

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.)

. REOTMIHQHTOTM QSTHWUIUMTE LUSH CHMeNsEem(h8emeT GBIGssITL Q6D
emalWmigGer.  @bomer  ellefllblemLl  QUITIHET  eedlemmU|d,  FH)
@eLQeueflalll () SBEHG @e6oTWTS:  36Me|CHML  QRETEMMUILD  MeUS S
SaumlmPenLufev  Beromeor,  GMHW  UTHSHMHU 2 ([HEUTHEHEVITLD.
jauailemLQeuerfluilev Gasmedlss @6t (h&em6T 2i(H 8560618 FH6EVITLD.)

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

i. Gasmedl eulflemnauiledr HemsHens 2lemell(hmigaT.

End-to-end length of ten marbles -

@bs auflemsuwiley LSS Camedlasel BITLILD HerTLD

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

ii. @b eTemalll LWeTLUhSS), Comedls@eor(h&erfler Frmaf] orsems LGILILIH
Q&I MBISET.

Average radius of one marble -

(I G860 &H600TL.60T FIMEIf] QLD

3
—ir
3

iv. BRIGET GeooThHIL L YTHmSL LWeTLURSS), [ Gomedld:@etorlqer (@& merTLn)

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

CC-BY-SA 4.0 license, HBCSE 8
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%nr3 5600785 () MBI S61T.

Volume of one marble (obtained using the formula) -

QM GCHMIGHGEQe  HOT  S6Te]  (GSHTSHHT  epeuld  QUHMSI)

856-61- @46”66)6”8"3 Vcalc:

v. You may notice that the volumes obtained by these two methods differ slightly from each other.
One can estimate percentage difference as the ratio (expressed in percentage) of the
difference in volume to the volume of a marble (by either method).

v. @Qbs @ueor(h UM &EefledBHE HOTEHEHIL L F60T6T6Y 56T
F & emey CeumiLI(heUemns BRIFET &6160T8 5 (HEE6VITLD. 56073665 6H 8 &
@emLGuiuwlmeor GeumILIM_ (NG 6([HECEHTE0E GHE00TI) 60T SH60T 66 & EHLD
@ retorigey emeuSlnenmuiley QUMM 2 6Tem AHSHMS FSHaiEST 6
QeueaflliL(n &8 Ceuetor(hLD) GeumiLim(h) F&6SLOMS: HAIGHET &5600T8:SL_6VITLD.
Percentage difference =

GeumiLm_(h) 556550 -

*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?

- @5 mell & & 60oT(h) euflenauilet [Hemsems (6(H (LemeoTW e (HES! @)6TQ60TIT(H (LNEDE0T
auemy), CamedlEs@600T(h) 6T600T600(186M&HEMUIE GG T6toT(h) 61556V, Camedlaserfleor
gynafl el Lgms WGLILIL6VTLD. DMeoTeUFsHeT @eleumml QUMM GILILLD,
RAUQAUMMH  B5Me0I5EH600TLq 6316 Al Lpolh  FHlFnnns @M@
qOTLMNSEH  GOHEH  SUTHEBLET  HVHEHOTWTHORIGET.  S6UeUTH)
@)6VEEVEILIBITMITEY, @B (L6 Q&L ILIg eTedTeor?

*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 %nrs‘:(%)x(z—;)x(%) =1.77 ml.

< 6THRIGERMLIL  CHMeNEGmT(H&meT  6T(h&HHQEHToTLCLTE, 10  C&HTedl
auflengwiler (@meneTwIedBBES @)6TG6TT(H (Lnemeoruiledn) HeT ~ 15.1 Q& LS.
Mg, @M Gommeilullesr spmafl LD 151 Q&L @S60T eN6eUD, 67

Gameduleor S60T46T6Y, %nr3=(%) ><(2—72) x (2—5)3 = 1.77 101.69) 6T60T M BeML_GHEH M.

|V

CCllC_VeXp|
X100 %
V. ..ORYV

*The expression for the percentage difference can be written as: ( )
calc exp

V. ORV

. . . . . V.=V .
« CaumLIML () 5565555\ 60T @ 5H TEHNS5 ( Veae=Ver,| )><100 % 95 6T(LDSEVITLD.
calc exp
*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.

- @mRIGCHH F5T5Lemp5H G LIS6VITSs GeummL_(h F5I55605L ]
LWeTU(MSSHHCMTD. gGerefley, BIMD  LwerU®BSHW6Ter @ Tevor(h
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Vigyan Pratibha Learning Unit An Experiment on Measuring Volumes

aULOlenmEs6rfleL 6181 SI6LEWILDTETS 6TETLIENS BITLD 2 MIFHWLITE FoM(LOLYUITS).
@uevor(n UM SGETICL 2 a1emmihes  emeil () LNempssemeasmeor
FMSSLIMIFET 2_6ITeT60T.

*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

. , 4 .
leads to larger error in volume as the radius gets cubed (due to §7rr3 ). 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.

- LYl6oLp 6T60TM S(HSHNSHS FHeoTemln FHUMEs AT LerelBmm allers:8e6uITLD:
QFWLGEET 2 WMMID 3 epevld SHeoTeHHILLILUL L Cahmedls@He0oTlq 6T 8560
jareyssefley Qgefleumeor CeumiLim(h @ELILE QSHIRME. @560T SHTFeorLd
6T6OTEOT Q6UGDT TV, QI&FWLIGY 260 @556 & & 600T (h G611 60T AU THH0S
FH60oT(HLN19 &5M6V e ComedlwlleT Frmefl s:60T 6eTemeUds G608 (HTHCMITLD.
LOMILIGSLD, QIFW6E 360 ([ Comeilwlerr srmar] ersHensd siemalll L Liledr geor
SaTeels HEOTHRHRCHTD. @bs  allwenmuiley, WUTSFHET  SHeoTld

FH600TESHIL_LILI(H6USTEV ( %nr3 ) AWTHMSE arall(heauFHev gCohemild Lemipsar

QHBML HeT Semallsy bgs ey Cusd QUAsTRNGWL. EHSL
LNempemuls GHenmass, Gamedl auflenauller (emunemneorwileShbg @)60T6 60T
(WeneoTWlledn)  BeTEHemSHsH  HOTHHLL  LUWeTLUOSSLLRLL  Cosmedlaerfleor
6T600TE00T 1 B60 B0 AUH &858 Couetor(hLD. L6Ter, @)6ns emeus S Gssmedluileor
FINFf] QY TE5MEE &e0oTeSHIL6VITLD.

*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” cylinder.

BT “6lQeIeNSS 2 (HaeTulledl  GeOmbSLIL F6Te AP SFH(H)LD
SIVeNLSHOTNDEMNUES ST, @M@ QUMM  Comedld @ evor(haerleor
gyl Hem 6Tey SFHSH SHLEWGSHETENN 2 LG 6T6eTLIENS Hlemeoralley
Q&TETEBMHISHET.

*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

-Gad QHTLT: eNBLILILNETET LOMeooTeli&6T, AHs  Cohmedls: e0or(h 86068
Q&HMEor() VEVG/LMMID GeUaICam LSS LSEH CHMeGHemens: 6&mesor(h
@QUIUFIGFMEHmetTeml  LWetoT(HD  GLMGISTETETEVTD. @) &60relpeuld  [BraigseT
QUOLICUTGLD FImE] S560T 3J6m6)] QFUIGV 26V QUMM H60T B 6MeEE [HT6L
@\ (hSHGSLOM?

*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.

- GLogyILD Q&ITL: 35560155 &600T(h & 65 & () 60)600T UL 60T 36IT6m 6
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QGMEOOTL(HIHFHEHFn QUL 2 CeVMEH 2 (HEDETHEMETL] (HMTHIG 2 ([HEM6TS6fley (ball
bearings) LIW6TLI(QSSLILIRG6UeNS CLIMeV) LILeTLBHISH GIFUIVE6T 2 LoMMILD 389
LOMeoreU &6 LOeooT(HLD (WM Q&I LMTSHSEHEVTD. QUIMTSITS @ LILIBSISHET,
ComMei@GHeoT(h&Hemend:  SMLIgeD  Fevedlwnns  SWUMHlesLIUGSmS.
SIFH60TIT6V, QIEFWIGVEHET 2 LDMMID 36V GILIMM &H60T 66 &HEH&HE )60 GUIULITeoT
CaumLIM() GHeMMEUTSH @ ([HEGSLD.

Task 4: Measuring the volume of an irregular stone

QIFWIE 4: (H 56V60160T 6T ememey aTel(hi& 6L

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

. 200 LO1.69 GMILID) e T 2_HemeTwiley &evoTetoten T HIFLIL|MHBIS6T.

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.)

« ([ HEVEMEV G600Te00N (HEE6T CUMHIMBIHET. (560 (LNEUSILNTS  eNSHIWIHE 5
Geueoor(hD.  &6v6dleor  CLOUTLILNO GBS GOMBSLULFD 2 (W&HHL 3 QFLS
o TS5 SH6V &600T6001 1607 LOL_L_LD @)(H&8 Geuetor(hLD)

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.

. @LWLMMMD QFWWLILL L Sevoreool fledr  jememed 2 MHMIGHTEEGEUSHET  CLOEVLD
HEVEOIT HEOT ETEN6UE  F6E00THFL_GVITLD. FHeooTeooi fl6dr DL LD gHTeUg 6@
SO (5@ FLOLWTE @)606Vs U6y, @S CHTIITWILOTET 2(H 3{6Tei(h & MedT.

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

- QUGCUME, 0655 GOIUTL . (H&E& Seooreoolfledr WL LD 2 WIHLD  eUemd
G556 8@ 600T(h Sem6T 2_6TG6T CGLIM(HMBISHET.

Volume of water before adding the stone -

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

The irregular stone + marbles displaced volume of water.

FH606m6V CUMHEUSME (LNEDT 55600T6001 [160T G560T 3{61T6Y
0555 GOUILH&E Seooemifler WLLLSMS 2 WISS GCHemeuliLi(hD
@5 medlsserfleoT 6T600T6001 1860085 -
&+ GoMeIG6T (6T600Te00185:608) _ LA.60). S56v01600T6em T @)L_LOMMHNULIS!.

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

. @BBHS 5606060 H60T eTemed GLSYILD FevedlWNTs: emall(heusME&S, QEFUIE 2 6V
QUMM Ca:medserfleT Frmaif] &eor 3jememeaull LiILeTL(H & SIMISET.

Volume of the irregular stone -

F6060160T F60T 3|66 -

*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.

- &H6L eLNR&HIU LiletTeoTd, 2ISME& Gev GLIMSILDMeT emalley &5600T6001 [f16dT 2LoLD
@) BHSHTLSTET GLOsVILD Flev C&HMeNlE6maT (LN(LDEMLOUIIME ELALDESE Q& UIWLI(LALY ULD
6TOTLIENS MHlememalley QSMETEBMRIGET. @eUalTm  @)6VeMEVQUIETMITEY, FH\&
3|61T6) &H600T600T 60 T8 G1&Meoor(h 2T flull LesoT(hILD Q& ITLMBIGHEVITLD.
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Vigyan Pratibha Learning Unit An Experiment on Measuring Volumes

Task 5: A challenge

Q&FUI6L 5: 6(IH FUIT6V

« 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.

- GUIMEILDM6oT 6Tev0TE00T &6 W60 CamedlaemerTll GUIT(NeUS6T eLN6VLD, &600T600! [fl60T
LLLID 2 menemulledr o 55568 MBSO  6T60TM  LOME0oTEUTE6r 60T
BLOLSHNE @QbBSHEF QFUIetlev CoeTallsEGaTaTMTE&0. @)6Ualmm HlaLDeS 6066V
TTLIS  eUisH6EHEHEG WLl (heUsSTs @ HeHETN.  G8medld: @etor(h &6t
QBIHESHLOTS S(H&SLILL LY BHSTHIN auDmIhHEG @enLCul @)L Gel6tlseT
OQHEGD. GCoHMOEET LWL 2 UTHNEH  HOoTeodiy  SHLESHTLO6,
@euallenLGelaflmemer BITLLIG CUTEHIDMISTEH @HHGSGD aTLS @&5ME
(PEHUWILDTET  SMTJeoTD.  @QBSHEF QFUWINeT epeuld  @6ems  LOMEooTeUT86T
MBS QG MTETEUTTSH6T.

* Fill up the cylinder with water to the 50 mL mark.

50 LO.68 GMILI(D) U6t 2 (HemeTUilev &evoTerol 6T HITLIL|HBIS6T.

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

- Gumainmer GomedlgemeTl] GUM(HEUSET ELNEVLDMSE, 2 (HeoeTWleT o 5F553515E
GH600T6001 160 LOL_L_SH6m& 2_UTES (LDUIMEUBISHET.

+ 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?

.« 60016001 60T LOL_L_LD ©_FFH60SEH QFHTLaN6L6m6V 6TedTMM6V, 34! 6T (HILD HHEHLIL &8
SO 6oL LG QaWIW (LpLg ULOrT?

Maximum marking to which the water level rises -

&600T6001 [J LOL_L_LD QBT SIFSLL_F8 GHMIUTD)

Number of marbles required to increase the volume by this amount -

@b DL L5HEEG F60T 6Temel P& Hess GHamaullLi(hn Cmedls: @ evor(haerfler

6T600T600T | 8560V 5 -

+ Can you think of an explanation for this?

- @BDSETET 6T HEHEND 2_MIGETTEV H6rTldd (LG U|LOMT?

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

. HMHLD  QaUMMIGETNTSG GO  SHTHEHMS S0 GHHHESGID 6160 M)
BlemeoTER I THETT? 2_MIS6r6or LISlemev el6rnss @ hIgsaT.

CC-BY-SA 4.0 license, HBCSE 12
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* 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.

-Gad Cuald  CsMeiGEGHeoT(h&HEMET  S600Te00l (hEE&6T  CUMHILbEUM),
FH600Te001 16T DL L LD 2 FF5SHI5E eUTTOMY @ BLLSHEGSTEN Q&ML &HEH5H60
IG6T  HeoT  9eme] HULLGH Gomeurs  a(h&SIH0SMeTeT ILIOS MmS.
855601 85(&600T(h & 61T Guimeorm QUITIBL&HET QBIHEHHLOMS
S HSSLULLIY BHSTD SeumIMTRenLCul @)L Gelefl&HaT @ IHEELWD 6T6Tm
AemEss5ms  WmeooTal&seT St UUSNESE WA Flwrser 2 56
QFWWerd.  @euallemLGeueflseafley  sevoreooly  CHMGUSMTL  GMILLILL
QML LSSHHGE G & 2wpng. GCosmeilser Ws  QBHSHSHLOTS
B SHSLILL(H6TTg 6T60T M 6T(H & HI GG TE0T LITEYILD Fal, S{6UMMI6OT &560T 3j6mailev
ALLSLLES SMOUREGEG &SMMHOM  Veug  Heooteooigmey  BIFLIULILGSmE.
SIG60TT6Y, @) FQFWENT QFHTLEHHHFHV 5600T6001 16T FH6oT 6me] 50 Lil.60l.oy5
@ HHGLOMETTEY, Liev Camedlasemer GLIML. L LiledTeoT(HLD &HevoTevol 6T LOLL LD 200
LA.60). BeoT 6TeYSE GLIEL 2 WM. "QUTHI6UE Sal)’ 6T60TM H(HSHHSTET @)
6T60T 3IF\G Y, TEULD 1G0T LOMTE0TeU & EHEE 2P FIWLIFTSHET &L 19658 ML _L6VITLD.
@G R5FH FH(HSIIGHTT FHlevorlomisefley eGHEH6T HHSHHLILL I BLLIMNS
alleufle @b GaML_UIML L6V (PSSHIWLILDTHRMS.

* 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.

cFHVM, @BsHs S&mmev Llflalley BrD UABsIQ&smeTenhn  (WEEuLDmeoT
HHSSIH6TL ReTM, QFHTLHHSEHCCW LimemeoTuilel &5600m60oi[f16oT LOL L LD
GHNMEUTEH @ (FHSHOSHETMTE, SHMHLD SO HTHEHMNS H600115H (HEHSH
Q@uleual.

* Only for the teachers: In case of (spherical) marbles, the closest possible packing is called

“hexagonal close packed”. The packing fraction for this is ﬁ = ~ 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.

- AAFWTHERSE WL (HILD: Gsmedld: @etor(h (@ MeTLD)-86haE& W8 QB(HEESLOTE0T
IM&H&-SmLIUTSE FTSHULLGNG "SmICHTa QB(HEHEELIQLTHE

SlelIL". @bs Smller QUTHES Snml % = ~ 074 IBMTUF,

HMHSH UL FHRWMS, e QBEMHSHSTET HEHHAemLILN6, ser atalley 74
FHeisD  CHMelsemmald HHEGULFIONE 26 FHIGID  H600T600! JITeNLD
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Vigyan Pratibha Learning Unit An Experiment on Measuring Volumes

BIFLLWmeEGWL. Cad, 2 (meneruller allaflibLsefley @&HFnm GHenmeUnss
@ HHGLD. SV, @BHSHEF QFUIGVLITL 196V &H600T600! Fl60T DL L LD 120 (LP&6V 150
LA.60] 6uemT 2_WIIHLD 6TedT M TR T UM TS S LIRS S,

Task 6: Estimating the packing fraction (Optional)

QFW 6: QUTH6YSFaMemm LGHLILIH QFUIS6 (&L LmwLdlevenev)

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.

- GO &emens Qssmeoor 2 [HeneTwlev 50 LA.60l euempuilev Gasmedl&s@etor(h &emerT
&6UGGUTEOTMITE 6T600T600T 8613 MesoT GL GLIM(HMIS6T. em6l QB[HHHLOME ((H &5
QMLUMES 2. MGHEFUIL 2 [(HemeTenll  [BETMTH GGG HIGET.  HFlov
Gomeilg:emens GFIEHRHT AHMHMICWIT (LB eTa s 50 .60 GMIuT(h&ES
BTV CHMedl&H6T @HLILIENS 2 MIT Q&FUIUL|HISET.

ii. 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?

Qevafleow  BITLUL @Q@HSGSLD CoHmells@eor(h&erfledr &6 36Me&ELID
2|IGeUTIWNET QDTS S60T 6Tal @G 2 6Tem ellSHSLINGTeT QUMTH6SH o)l
LG, @elauenTemmenll LWeTURSSH QUTHESH Sadenm O _HIGH6TTeV
&H600oT(HLIN1Q &85 (LPLQ UWLDIT?

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 WeY wwHmid 150 WY aTeUFHEBHHGD @FCFTHMETENW  FH(IHLOL
QFWH(HMIGET. CLaD, @aummledT QUTHEUSH FoMiGHemeT &6oor(hLIQULBISET.
BRIGET S616011 855 S 6T60T60T?

iv. 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.

- LDMEOOTEUT S EBEHG CoHMeils@GHevoriqerr Fomsfl QI QSFIULD 6TeTLSTeY, (H
Gameiullerr el Geor Sjememeuss FHeooT(HLIILILIG FaUTeVTs @) (HSEHTS. @)HS
|66 L_60T 85560185 & 6001 (h &H61fledT 6T600T6001 18560185600 UL QUIHEG60TIT6Y,
CommeilGeafledr QLTSS & eTemelll QUMIGAITLD. 2 (HemeTuwlley 2 aTerT
ST _(H&HemeT meusHs, ASMGSGET 2 6T16m Qeueflufledr Heor jememel  [BITLD
JMH&HeTG6 MIGeumLd (50 LAl.6Y, 100 LAY, D6vevgl 150 LA.60l; CFMEHEem60TE: & FMLI).
@ MeusE  LmeoTall&HeT SHSSHmMSE  GeooT(HLIQHHMD. @) SIS meor
QUITH6S FoM) QG LD.

v. 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.

cQBMEHFLD  FaUMEVTEOT 6([H GIFWIE: HeT  eTeUHeM6eTH &Moo 6(H
AUMILILGHMES  UMIHD  @eTQeorm®  eUedmWT@GWD. X-SFF 60

CC-BY-SA 4.0 license, HBCSE 14
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B5Mmeil&:@&HeooT(h&H6T @ (&G Qeueflulledr QLOMES F60T eTemeUlD Y-SFF 6V
BG55m60 & & 600T(h G6TT160T GILDIMSHS 5>60T {6MeMEUWLD GMISH(hmisseT. LeTerflaserfleor
QLOIGW 'HeTE& QUMHHSHSILL CHTCHITLEML QUMIEUSET CLNEVLD, NHHE
G Mg 60T FMUeeSHISLID, QUITH 6 SHFaMemME SIHLD.

vi. 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.

o meoeTwWledr Al L&emng  LmOHMLD 2 Geums: 2 ([HeMeTsH6T  MmmID
BoMei&:@&HeooT(h&Hemend GFIEHS 6i(H&SI0&ETeoT(hn LUKlGsFMTHemenrd GFuieS
@OBH&HTF QFWEN6IT F6UTTENWLOTET QG TLFEFFIUITS @)[HEELD.

vii. 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.

c@BS ULamewls Q&M mlevsslgbenT alleTéh@ald LWL s6TeTS s
@) HSHGLD. LDEOOTSIFH6TE6T LoMMmILD &HMaserfledr metorGleuerlgetflevsmeT Blevs S E
2J1q uilev o a6 &5600T6001 ((HLD CosmIRUNBSHELD. @ euGleuerflaerT
FleoTeoTeh A IS TEHS QSFHEHTID Fnl, emel QLIBLO6TaN6Y BlevssLq Henrd
CHEHMEUGGID. @b HeOISTET  MSLLDLGET  MHMID  SLDELOMU
G 600T MIFHEMETE G1&M60oT(h) BITLD 6T(N &G GMITLD.

"lll‘ "'!

LILLD 3 - LO6ToTEI 868561607 @)6mL_GUI ©_6TTerT ULLD 4- RO UkDBBEBGG)LUﬁ]GU
BlevorQeuerflgeT 3I(H&SLILL(HET6T LILDMHIG6T

Figure 3 - Pore space between soil particles Figure 4 - Fruits stalked ina fruit stall

Figure 4 above shows “Hexagonal close packing” that you may have observed in the stacking of
balls or of fruits in the market.

G peiterr LILLD 460 9| MIGSH M6v0T QBIHEHSLIQUTH 6 SlemLOLIL]"
STLLUULIQ(BSERME. QenEGF FhanSoseiley 2 6Tem  LLPMBIGET/LHSEIE6T
I SHSHLILL I HEHGLD LPenmUIlev BiIg6T LIMTTSH (HEESHEVTLD.

Idea for further extension

QBMTLIBHS HMME &G TE0T GULITEF60)60T
If the students have either bottles of different diameters or marbles of different sizes, or both,
what is the maximum marking to which the water level rises?

QeuelCaum L LBIGeMeTES  Q&MeooTl LML IQ60&H6T/GHHIemn6aUdeT  D6V6VS)
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Suggested readings

Ll h&empsH&LILGLID BrevaseT

1. For a general reading on pore spaces in soils:

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.

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

1. LD6DOTE00TVIETET Hl6oorGleUerllasemends GMmIS S GILIMSIEUTET (H UTEILIL|EE:

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.

https://wwwrcamnl.wr.usgs.gov/uzf/abs pubs/papers/nimmo.04.encyc.por.ese.pdf

2. A (possibly fictitious but useful) story about how Archimedes might have used the above
method to solve the problem of purity of King’s Gold
Crown:https://www.thoughtco.com/archimedes-volume-and-density-3976031

2. UGS eeUaUTm TFSIemLL SHhIgS BFILESH 60T STuisgeomenLlnuiley
WHS FHCHHHMSB, GG QEMTH&SLILLL aldlpenmenwit] LieTLUBHSS)
BISH SV 6TTLINS GMISHHE HeMG (LIEN6TMTE @) (HEEEVITLD, 60TV
LIWISSIGTEMSI): https://www.thoughtco.com/archimedes-volume-and-density-3976031
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