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Exploring science and mathematics

Minimum time required

!ree sessions of 40 mins each

Type of Learning Unit

Classroom

Overview
!e 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 di"erent 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.

Unit-specific objectives
• To make a marked transparent cylinder and use it to measure the 

volume of liquids 

• To use the volume of #uid displaced by submerged bodies to 
measure the volume of solids that do not dissolve in water 

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

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

8.11. An experiment on measuring volumes
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Fiwe;jgl;r Neuk;: 

%d;W mku;Tfs;> xt;nthd;Wk; 
40 epkplq;fs;

fw;wy; gpuptpd; tif:

tFg;giw

RUf;fk;

ghlg;gpupT rhu;e;j ,yf;Ffs;
� 

� 

� 

� 

8.11 fd msTfis mse;jpl xU gupNrhjid

<rhg;gpd; ePjpf;fijfs; njhFg;gpy; ,Uf;Fk; fhfKk; ghidAk; (FLit) 
vd;w fij> Foe;ijfspd; kj;jpapy; mjpf Gfo;ngw;wJ. ,e;j vspikahd 
fijiag; gad;gLj;jp> jpz;kq;fs; kw;Wk; jputq;fspd; fd msT vd;w 
fUj;ij khztu;fSld; Nru;e;J Muhayhk;. ,e;jf; fw;wy; gpuptpy;> 
ntt;NtW nghUl;fisj; jz;zPupy; %o;f itj;J mtw;wpd; fd msit 
kjpg;gPL nra;tJ vt;thW vd;W khztu;fs; fw;Wf;nfhs;thu;fs;. 
jpz;kq;fis mLf;Fjy; vd;w fUj;Jk; ,q;F mwpKfk; nra;ag;gLk;. 
mjhtJ> gy jpz;k nghUl;fisr; Nru;j;J mLf;Fk; NghJ (my;yJ Nru;j;J 
itf;Fk; NghJ)> mtw;wpw;fpilNa rpy ,ilntspfs; ,Uf;ff;$Lk;. 
jpz;kq;fspd; ,e;jg; gz;gpdhy;> xUtuk;Gf;F Nky; fhfj;jpdhy; 
ePu;kl;lj;ij cauj;j Kbahky; Nghfyhk;.

FwpaPLfisf; nfhz;l Xu; xspGF cUisiaj; jahupg;gJ kw;Wk; 
mjidg; gad;gLj;jp jputq;fspd; fd msit mstpLjy;. 
jz;zPupy; fiuahj jpz;kq;fis KOfitj;J> mjdhy; 
,lkhw;wg;gLk; jputj;jpd; fd mstpd; %yk; nghUspd; fd 
msit mstpLjy;. 
msf;Fk; fUtpapYs;s Fiwe;jgl;r mstpd; (least count) 
Kf;fpaj;Jtj;ijAk;> fd msT mstPl;bd; Jy;ypaj;ijf; 
fz;Lgpbg;gjpy; mjd; gaidAk; Gupe;Jnfhs;Sjy;. 
nghjpTf;$W (Packing Fraction) vd;w fUj;jpy; czu;thu;e;j 
Gupjiy tsu;j;Jf; nfhs;Sjy;.

fzpjk; kw;Wk; mwptpay; Njly;
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Exploring science and mathematics

Links to curriculum 
1. NCERT Class 7 Science Textbook: Chapter 9, Soil (relates to the concept of water that can be held in pore 

spaces of soil/rock pieces)

2. NCERT Class 8 Mathematics Textbook: Chapter 11, Mensuration Modi$ed (the formulas from this 
chapter are not directly required here, but this unit helps students internalise some of the ideas of volume 
measurements)

Learning from "The crow and the pitcher" story
Do you remember the childhood fable of the crow and the pitcher? (See $gure 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. !e last task in this unit is closely related to the tale — and you may reach a surprising conclusion at the 
end of it!

Figure 1 !e Crow and the Pitcher
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ghlj;jpl;lj;Jld; cs;s njhlu;Gfs;

fhfKk; ghidAk; fijapypUe;J fw;Wf;nfhs;Sjy;

1.  NCERT tFg;G 7 mwptpay; ghlg;Gj;jfk;: gpupT 9> Soil (kz;/fy; Jfs;fspd; Ez;Jis ,ilntspfspy; 
jz;zPu; Njq;Fjy; vd;w fUj;Jf;Fj; njhlu;ghd ghlk;)

2.   NCERT tFg;G 8 fzpj ghlg;Gj;jfk;: gpupT 11> Mensuration Modified (,e;jg; gpuptpy; cs;s R+j;jpuq;fs; ,q;Nf 
Neubahf gad;glg ;NghtJ ,y;iy. Mdhy; fd msT mstPLfspd; rpy fUj;Jf;fis 
cs;thq;fpf;nfhs;s> ,e;jg;gpupT khztu;fSf;F gaDs;sjhf ,Uf;Fk;.)

fhfKk; ghidAk; vd;w ePjpf;fijia Foe;ijg;gUtj;jpy; Nfl;l epidTs;sjh cq;fSf;F? (glk; 1-I ghUq;fs;). ,e;jg; 
ghlg;gpuptpy;> fijapy; tUk; fhfk; nra;tijg; Nghd;W ehKk; nra;ayhk;. mjDld;> 'ePupy; %o;fpAs;s xU nghUs;> mjd; fd 
msTf;F rkkhd ePiu ,lkhw;wk; nra;Ak;” vd;w fUj;ijg; gad;gLj;jp rpy mstPLfis Nkw;nfhs;sg; NghfpNwhk;. ,e;jg; 
gpuptpd; ,Wjpr; nraYf;F fijAld; neUq;fpa njhlu;G cs;sJ - mjpy; vl;lg;gLk; KbT cq;fSf;F tpag;G+l;Ltjhf 
,Uf;ff;$Lk;.

glk; 1 fhfKk; ghidAk;

8.11. fd msTfis mse;jpl xU gupNrhjid
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Exploring science and mathematics

Materials

• A narrow transparent 
cylinder (or a transparent 
500 mL water bottle with the 
top cut o"; the cylinder need 
not have uniform diameter 
across its length) 

• Glass marbles (~40) of 
similar size

• Small irregular stone which 
can $t into the cylinder 
comfortably (see note in 
task 4)

• Ruler

• Marker pen ($ne-tipped)

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

• Beaker (with graduated 
volume markings)

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

Are you familiar with these ideas?
• Volume

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

• Displacement of #uids by solid objects

Students should be aware that when a non-porous solid body is immersed 
in a #uid, it displaces #uid equal to its own volume. Familiarity with the 
Archimedes’ principle of buoyancy is not necessary for this task.

• Average/ Mean

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

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

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.

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

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

gpd;tUk; fUj;Jf;fis ePq;fs; Nfs;tpg;gl;bUf;fpwPu;fsh?
� fd msT

� jpz;kg; nghUl;fshy; jputq;fs; ,lk;khw;wg;gLtJ

� ruhrup

nray; 1: nrhe;jkhf xU fd msT mstPl;Lf; 

fUtpia tbtikj;jy; (mstPLfs; Fwpf;fg;gl;l Xu; cUis)

fd msT vd;w fUj;ijf; Fwpj;J nghJthfTk;> Nfhsj;jpd; fd 
msTf;fhd R+j;jpuKk; khztu;fSf;Fj; njupe;jpUj;jy; mtrpak;.

Ez;Jisfs; mw;w xU jpz;k nghUs; jputj;jpy; %o;fpdhy;> 
mg;nghUspd; fd msTf;F rkkhd jputj;ij mJ ,lkhw;wk; nra;Ak; 
vd;gJ khztu;fSf;Fj; njupe;jpUf;f Ntz;Lk;. ,e;jr; nray;ghl;Lf;F> 
Mu;f;fpkpb]; kpjg;Gj; jd;ik jj;Jtj;ij mwpe;jpUf;f Ntz;ba 
mtrpakpy;iy.

gy;NtW msTfspd; ruhrupiaf; fzf;fpLtJ vd;w fUj;ij khztu;fs; 
ed;F njupe;jpUf;f Ntz;Lk;.

 xU gPf;fupy; 50 kp.yp. jz;zPiuf; ftdkhf mse;J> mij xspGF 
cUisf;Fs; Cw;Wq;fs;. FwpapLk; Ngdhit gad;gLj;jp me;j cUisapy; 
jz;zPu; ,Uf;Fk; cauj;ijf; Fwpj;jpLq;fs;.

 cUis fpl;ljl;l epiue;jpLk;tiu> ,ijj; jpUk;gr; nra;J> njhlu;r;rpahd 50 
kp.yp. cauq;fisf; Fwpj;jpLq;fs;.

 50 kp.yp. klq;FfSld; (50> 100> 150 …) mstPLfisf; Fwpj;jpLq;fs;. 

 FWfpa> xspGff;$ba 
cUis (my;yJ Nky; gFjp 
ntl;lg;gl;l 500 kp.yp. 
jz;zPu;f; FLit/ghl;by;;;ƒ 
cUisapd; tpl;lk; 
Mq;fhq;Nf khwpapUf;fyhk;> 
rkkha; ,Uf;f Ntz;ba 
mtrpak; ,y;iy) 

 xNu mstpyhd fz;zhb 
Nfhypf;Fz;Lfs; (~40). 

 cUisapy; vspjhf Eioaf; 
$ba rpWfy;. (nray; 4-I 
ghUq;fs;)

 msTNfhy;
 $u;Kidia cila 

FwpapLk; Ngdh. (fine tipped 
marker pen)

 Neu;tpspk;G (NtnwhU 
msTNfhy; my;yJ xU 
Nehl;Gf;fpd; tpspk;G) 

 gPf;fu;/Kfit (fd msT 
FwpaPLfisf; nfhz;lJ). 

 ntspNa rpe;Jk; jz;zPiur; 
Nrfupf;f xU jl;L my;yJ 
ghj;jpuk; (trough). 

fzpjk; kw;Wk; mwptpay; Njly;
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Exploring science and mathematics

• 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. 

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

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

• You may make suitable modi$cations 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.

• 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. !e 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 $nd its least count.  

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. 

!e maximum volume your graduated cylinder can measure is (Highest marking on the cylinder)  _ _ _ _ _ _ _ _ _ _ _ _ _ _
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FwpaPLfisf; nfhz;l cq;fspd; cUis> msf;ff;$ba mjpfgl;rf; fd msT - (cUisapYs;s mjpfgl;rf; FwpaPL) 

- - - - - - - - - - - - - - - - - - - - - - - 

jw;NghJ> fd msit mse;jpLk; FwpaPLfisf; nfhz;l cUis xd;W cq;fsplk; cs;sJ. ,e;j cUisiag; gad;gLj;jp> 50 
kp.yp. klq;Ffshfjhd; fd msit mse;jplKbAk; vd;gijf; ftdpj;jpUg;gPu;fs;. mjdhy;> ,e;j cUisapd; Fiwe;jgl;r 
msthf 50 kp.yp. ,Uf;fpwJ. ,uz;L FwpaPLfSf;F ,ilNa jz;zPupd; Nky;kl;lk; ,Uf;Fkhdhy;> mjw;F mUfpYs;s 
FwpaPl;L msit ehk; vLj;Jf;nfhs;Nthk;. 

 ,q;Nf> Fiwe;jgl;r msT vd;w fUj;ijf; Fwpj;J khztu;fSld; ciuahLtJ gaDs;sjhf ,Uf;Fk;. ,e;jr; 
R+oypy;> Fiwe;jgl;r msT 50 kp.yp. MFk;.

 ,e;j cUisapd; (FwpaPLfisf; nfhz;l) Fiwe;jgl;r msit vt;thW NkYk; Jy;ypakhf;fyhk; vd;gij 
nray; 4-y; fhzyhk;.

 ,r;nraypy; khztu;fs; cUthf;fpAs;s cUisfis (FwpaPLfisf; nfhz;lit) NtW gupNrhjidfSf;Fk; 
gad;gLj;jyhk;.

 NkNy nfhLf;fg;gl;Ls;s topKiwfspy; jFe;j khw;wq;fis ePq;fs; nra;Jnfhs;syhk;. vLj;Jf;fhl;lhf> 25 
kp.yp msitf; nfhz;l gPf;fu; ,Ue;jhy;> xt;nthU 25 kp.yp-f;Fk; cUisapy; FwpaPLfs; ,Uf;fyhk;. Mdhy;> 
cUisapd; Fiwe;jgl;r msitf; Fiwg;gijj; jtpu;f;fNtz;Lk;. Vndd;why;> msTfisf; Fwpg;gjpy; Vw;gLk; 
gpiofshYk;> ghl;bypd; tbtk; xNurPuhf ,y;yhky; ,Ug;gjhYk; mstpLtjpy; gpiofs; mjpfupf;ff;$Lk;. 
cUisapd; Fiwe;jgl;r msT rpwpajhf ,Ue;jhy;> khztu;fSk; Fiwe;j vz;zpf;ifapy; Nfhypf;Fz;Lfis 
vLj;Jf;nfhs;s Ntz;bajhf ,Uf;Fk;. ,jdhy;> Fiwe;j vz;zpf;ifapyhd NfhypfSf;F fd msT 
khw;wj;ijf; fzf;fpl Ntz;bajhf ,Uf;Fk;. vdNt> xw;iwf; Nfhypf;Fz;bd; fd msitf; fzf;fpLk;NghJ 
mjpy; xg;gPl;Lg; gpio mjpfupf;ff;$Lk;. 

 FwpaPLfs; cs;s mstpL gPf;fu;fs;/mstpL cUisfs;> rpy Ma;tfq;fspy; ,Uf;Fk;. mit NghJkhd msT 
ngupjhf ,Ue;jhy;> rpy khztu; FOf;fs; Neubahf ,tw;iwNa gad;gLj;jpf;nfhs;syhk;. MapDk;> 
khztu;fisr; nrhe;jkhf FwpaPLfisf; nfhz;l cUisia tbtikf;f Cf;FtpAq;fs;. ,jd; %yk;> 
gPf;fupYk; FwpaPLfisf; nfhz;l cUisapYk; ,Ue;J ngwg;gl;l KbTfis xg;gpl;Lg; ghu;f;f VJthf ,Uf;Fk;. 
njhlq;Ftjw;F Kd;ghf> mstpL gPf;fiuf; ftdpj;J mjd; Fiwe;jgl;r msitf; Fwpj;Jf;nfhs;Sk;gb 
khztu;fSf;F mwpTWj;Jq;fs;. 

8.11. fd msTfis mse;jpl xU gupNrhjid
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Exploring science and mathematics

• 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 di"erence 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.

• Moreover, the topmost marbles must be submerged while measuring volume. If there are air spaces between 
the top marbles, some marbles may be removed till such spaces are no more observed. Alternatively, the task 
may be repeated with a larger starting volume of water.

• !e students may be given a hint to $rst 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. !is is why 
it makes sense to talk of an average volume and take it as an estimate of the volume of one marble.

• 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.

 Volume of water before adding marbles_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 

 Volume of water a%er adding marbles _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

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

 !us, __________ marbles displace  ____________ volume of water.

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

 Average volume of one marble  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

Task 2: Measuring the average volume of marbles
i. Take the empty graduated cylinder and $ll it up to the 200 mL mark.

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. !at is, the level of the water should be above all the 
marbles. !e water level rises because each marble displaces an amount of water equal to its own volume.
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V�xp).

 

nray; 2: Nfhypf;Fz;bd; ruhrup fd msit mstpLjy;
FwpaPLfisf; nfhz;l fhypahd cUisia vLj;Jf;nfhz;L mjpy; 200 kp.yp. msT tiuapy; jz;zPiu 
epug;Gq;fs;.
Nfhypf;Fz;Lfis xd;nwhd;whf cUisapy; vz;zpf;nfhz;Nl NghLq;fs;. jz;zPupd; Nky;kl;lk; mLj;jf; 
FwpaPl;il vl;Lk; tiu ,ijr; nra;Aq;fs;. midj;Jf; NfhypfSk; KOikahf jz;zPupy; %o;fp ,Ug;gij cWjpr; 
nra;Aq;fs;. mjhtJ> jz;zPupd; Nky;kl;lk; midj;Jf; NfhypfSf;Fk; NkypUf;f Ntz;Lk;. xt;nthU 
Nfhypf;Fz;Lk; jd;Dila fd msTf;F ,izahd jz;zPu; msit ,lkhw;wk; nra;tjhy; jz;zPupd; kl;lk; 
cau;fpwJ. 

Nfhypf;Fz;Lfisr; Nru;j;j Kd;G jz;zPupd; fd msT  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
Nfhypf;Fz;Lfisr; Nru;j;jg; gpd;G jz;zPupd; fd msT  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
mLj;jf; FwpaPl;Lf;Fj; jz;zPupd; kl;lj;ij cau;j;jj; Njitg;gLk; Nfhypf;Fz;Lfspd; vz;zpf;if  _ _ _ _ _ _ _ _ _ _ _ 

Mjyhy;>  _ _ _ _ _ _ _ _ _ _ _ Nfhypf;Fz;Lfs; _ _ _ _ _ _ _ _ _ _ _ fd msT jz;zPiu ,lkhw;Wk;.

gupNrhjidapd; %yk; ngw;w ,e;j Kbit itj;J xU Nfhypf;Fz;bd; ruhrup fd msitf; fzf;fpLq;fs;( 
xU NfhypFz;bd; ruhrupf; fd msT _ _ _ _ _ _ _ _ _ _ _ .

 khztu;fs; ,e;jg; gupNrhjidia nra;Ak; NghJ> jz;zPupd; Nky;kl;lk; (xspGF) cUisapd; xU FwpaPl;il 
rupahf njhlhky; Nghfyhk;. vLj;Jf;fhl;lhf> 20 Nfhypf;Fz;Lfs; NghLk;NghJ xU FwpaPl;bd; fPo; 
jz;zPupd; Nky;kl;lk; cs;sJ vd;W nfhs;syhk;. NkYk; xU Nfhypiar; Nru;j;jhy; Nky;kl;lk; mf;FwpaPl;ilf; 
fle;JtpLfpwJ vd;W vLj;Jf;nfhs;Nthk;. ,r;R+o;epiyapy;> 21tJ Nfhyp ghjpf;F fPohf my;yJ 
ghjpf;F Nkyhf %o;fpapUg;gijg; nghWj;Jk;> FwpaPl;Lf;Fk; jz;zPupd; kl;lj;Jf;Fk; ,ilNa cs;s 
neUf;fj;ijg; nghWj;Jk;> fd mstpd; NtWghl;il Fwpf;Fk; Nfhypfspd; vz;zpf;if 20 my;yJ 21 Mf 
vLj;Jf;nfhs;syhk;. 

 NkYk;> fd msit mstpLk;NghJ midj;J Nfhypf;Fz;LfSk; KOjha; %o;fp ,Uf;f Ntz;Lk;. 
Nky;gug;gpy; ,Uf;Fk; Nfhypfspd; ,ilNa fhw;W ,ilntspfs; ,Uf;Fkhdhy;> mit ,y;yhky; NghFk;tiu 
jz;zPiuf; nfhz;L epug;gpl Ntz;Lk; (my;yJ rpy Nfhypfis mfw;w Ntz;Lk;).

 “n” Nfhypf;Fz;Lfspd; fd msit Kjypy; ngw;w gpd;du;> xUNfhypapd; ruhrup msit fzf;fplyhk; vd;w 
Nahridia ,e;jr; nraypy; <Lgl;Ls;s khztkhztpaUf;F toq;fyhk;. midj;J Nfhypfspd; fd 
msTfSk; fpl;lj;jl;l rkkhf ,Uf;FNk jtpu> xNu kjpg;ghf ,Uf;fhJ vd;gij epidtpy; nfhs;Sq;fs;. 
,jdhy; jhd; xUNfhypapd; fd msitf; fz;Lgpbf;f ruhrupia fzf;fpLtJ mu;j;jKs;sjhfg;gLfpwJ.  

 vq;fsplk; ,Ue;j Nfhypf;Fz;Lfis itj;J ,e;jr; nraiy ehq;fs; Nkw;nfhz;lNghJ> 25 NfhypfSf;F 50 
kp.yp vd;w Kbitg; ngw;Nwhk;. ,jd;gb xU Nfhypapd; ruhrup fd msT 2 kp.yp MFk;.

fzpjk; kw;Wk; mwptpay; Njly;

i.

ii.

iii.
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Figure T1 (Le#) A measuring cylinder and (right) A measuring cylinder with water and marbles

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

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.)

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

End-to-end length of ten marbles _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ .
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nray; 3: ,uz;L ntt;NtW topKiwfspd; %yk; mstplg;gl;l Nfhypf;Fz;Lfspd; 
fd msTfis xg;gpLjy;

xd;Wf;nfhd;W njhLk;gbahf gj;J Nfhypf;Fz;Lfis Neu;Nfhl;by; itAq;fs;. (Neuhd tpspk;Gila nghUs; 
xd;iwAk;> rw;W ,ilntsptpl;L mjw;F ,izahf msTNfhy; xd;iwAk; itj;J mtw;wpw;fpilapy; ePskhd> FWfpa 
ghijia cUthf;fyhk;. mt;tpilntspapy; Nfhypf;Fz;Lfis mLf;fpitf;fyhk;.) 
Nfhyp tupirapd; ePsj;ij mstpLq;fs;. 
,e;j tupirapy; gj;J Nfhypfs; epug;Gk; ePsk; _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .�

8.11. fd msTfis mse;jpl xU gupNrhjid

glk; 1 (,lJ) mstpLk; cUis kw;Wk; (tyJ) jz;zPu; kw;Wk; Nfhypf;Fz;Lfisf; nfhz;l mstpLk; cUis

i.

ii.
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• 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?

• 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. !is gives the volume of one marble as 

• !e expression for the percentage di"erence can be written as:  

• We are using the percentage di"erence 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.

• !e teacher can explain the concept of error qualitatively as follows: !ere is a clear discrepancy in the volume 
of one marble obtained in task 2 and that obtained in task 3. !is is because in task 2, we calculate the average 
volume of one marble directly without $nding the radius of marbles. On the other hand, in task 3, we $nd 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 ). !is 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. 

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

Average radius of one marble  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _  _ _ .

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

 Volume of one marble (obtained using the formula)  _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _

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

Percentage di"erence =  _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _
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,e;j msitg; gad;gLj;jp> Nfhypf;Fz;Lfspd; ruhrup Muj;ij kjpg;gPL nra;Aq;fs; 
xU Nfhypf;Fz;bd; ruhrup Muk; _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

ePq;fs; fzf;fpl;l Muj;ijg; gad;gLj;jp> xU Nfhypf;Fz;bd; (Nfhsk;) fd msitf;                     fzf;fpLq;fs;.  
xU Nfhypf;Fz;bd; fd msT (R+j;jpuj;jpd; %yk; ngw;wJ) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

,e;j ,uz;L topKiwfspypUe;J fzf;fpl;l fdmsTfs; rpwpjsT NtWgLtij ePq;fs; ftdpj;jpUf;fyhk;. 
fdmsTfSf;F ,ilNaahd NtWghl;Lf;Fk; xUNfhypf;Fz;bd; fd msTf;Fk; (,uz;by; xUtopKiwapy; ngw;wJ) 
cs;s tpfpjj;ij (rjtPjj;jpy; ntspg;gLj;j Ntz;Lk;) NtWghL rjtPjkhf ePq;fs; fzf;fplyhk;. 
NtWghl;L rjtPjk; = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

 Nfhypf;Fz;L tupirapd; ePsj;ij (xU KidapypUe;J ,d;ndhU Kid tiu)> Nfhypf;Fz;L vz;zpf;ifiaf; 
nfhz;L tFj;jhy;> Nfhypfspd; ruhrup tpl;lj;ij kjpg;gplyhk;. khztu;fs; ,t;thW ngw;w kjpg;Gk;> xt;nthU 
Nfhypf;Fz;bDila  tpl;lKk; ruprkkhf ,Uf;Fkh vd;gijf; Fwpj;J mtu;fSld; fye;JiuahLq;fs;. mt;thW 
,y;iynad;why;> ,e;j KbT njuptpg;gJ vd;d? 

 vq;fSila Nfhypf; Fz;Lfis vLj;Jf;nfhz;lNghJ> 10 Nfhyp tupirapd; (xU KidapypUe;J ,d;ndhU 
Kidapd;) ePsk; ~ 15.1 nr.kP. mjhtJ> xU Nfhypapd; ruhrup tpl;lk; 1.51 nr.kP. ,jd; %yk;> xU Nfhypapd;

     fdmsT>                                                               1.77 kp.yp vd;W fpilf;fpwJ.

 NtWghl;L rjtPjj;jpd; R+j;jpuj;ij                                   Mf vOjyhk;. 

 ,q;Nf rjtPj gpiof;F gjpyhf NtWghl;L rjtPjj;ijg; gad;gLj;JfpNwhk;. Vnddpy;> ehk; gad;gLj;jpAs;s 
,uz;L topKiwfspy; vJ Jy;ypakhdJ vd;gij ehk; cWjpahf $wKbahJ. ,uz;L topKiwfspYNk 
cs;shu;e;j mstPl;L gpiofSf;fhd rhj;jpaq;fs; cs;sd.

 gpio vd;w fUj;ijj; jd;ik uPjpahf Mrpupau; gpd;tUkhW tpsf;fyhk;: nray;fs; 2 kw;Wk; 3 %yk; fzf;fplg;gl;l 
Nfhypf;Fz;bd; fd msTfspy; njspthd NtWghL ,Ug;gJ njupfpwJ. ,jd; fhuzk; vd;dntd;why;> nray; 
2-y; Nfhypf;Fz;Lfspd; Muj;jij fz;Lgpbf;fhky; xU Nfhypapd; ruhrup fd msitf; fzf;fpLfpNwhk;. 
kWgf;fk;> nray; 3-y; xU Nfhypapd; ruhrup Muj;ij mstpl;l gpd; fd msitf; fzf;fpLfpNwhk;. ,e;j 
topKiwapy;> Muj;jpd; fdk; fzf;fplg;gLtjhy; (       ) Muj;ij mstpLtjpy; VNjDk; gpiofs; ,Ue;jhy; fd 
mstpy; me;j gpio NkYk; ngupjhfptpLk;. ,e;jg; gpioiaf; Fiwf;f> Nfhyp tupirapd; (xUKidapypUe;J 
,d;ndhU Kidapd;) ePsj;ijf; fzf;fplg; gad;gLj;jg;gLk; Nfhypfspd; vz;zpf;ifia mjpfupf;f Ntz;Lk;. 
gpd;du;> ,ij itj;J Nfhypapd; ruhrup Muj;ijf; fzf;fplyhk;. 

 

fzpjk; kw;Wk; mwptpay; Njly;

i.

ii.

iii.
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• 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.

• 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?

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

Task 4: Measuring the volume of an irregular stone

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

ii. Put an irregular stone in the water. (!e stone should be completely immersed inside the water with the water level at 
least 2-3 cm above the upper surface of the stone.)

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.

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

  
 Volume of water before adding the stone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
  
 Number of marbles required to raise the water level to the next mark  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

  
 !e irregular stone + _ _ _ _ _ _ _ _ _ _  marbles displaced _ _ _ _ _ _ _ _ _ _ volume of water.

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

  
 Volume of the irregular stone_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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nray; 4: xU fy;ypd; fdmsit mstpLjy; 

 
fy;iy NghLtjw;F Kd; jz;zPupd; fd msT _ _ _ _  _ _  _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _  
 
mLj;jf; FwpaPl;Lf;F jz;zPupd; kl;lj;ij cau;j;j Njitg;gLk; Nfhypfspd; vz;zpf;if _ _ _ _  _ _  _ _ _  _ _ _ _  _ 

  
 fy; + _ _ _ _ _ _ Nfhypfs; (vz;zpf;if) _ _ _ _ _ _ kp.yp. jz;zPiu ,lkhw;wpaJ.

  
 fy;ypd; fd msT _ _ _ _  _ _  _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ 

 ehk; 'tbtikj;j” cUisapd; Fiwe;jgl;rmsT tpjpj;j Jy;ypaj;jd;ikiaf; fhl;bYk;> ,q;F ngw;w 
Nfhypf;Fz;Lfspd; ruhrup fd msT mjpf Jy;ypaj;jd;ik cilaJ vd;gij epidtpy; nfhs;Sq;fs;. 

 NkYk; njhlu: tpUg;gKs;s khztu;fs;> mjpf Nfhypf;Fz;Lfisf; nfhz;L my;yJ/kw;Wk; ntt;NtW gj;J 
gj;J Nfhypfisf; nfhz;L ,g;gupNrhjidia kPz;Lk; Nkw;nfhs;syhk;. ,jd;%yk; ePq;fs; ngwg;NghFk; 
ruhrup fd msT nray; 2-y; ngw;w fd msTf;F mUfpy; ,Uf;Fkh? 

 NkYk; njhlu: Nfhypf;Fz;LfSf;F ,izahd msit nfhz;bUf;ff;$ba cNyhf cUisfisg; (jhq;F 
cUisfspy; (ball bearings) gad;gLj;jg;gLtij Nghy) gad;gLj;jp nray;fs; 2 kw;Wk; 3-I khztu;fs; kPz;Lk; 
Kaw;rp nra;J ghu;f;fyhk;. nghJthf ,g;ge;Jfs;> Nfhypf;Fz;Lfisf; fhl;bYk; Jy;ypakhf 
jahupf;fg;gLfpwJ. mjdhy;> nray;fs; 2 kw;Wk; 3-y; ngw;w fd msTfSf;F ,ilNaahd NtWghL Fiwthf 
,Uf;Fk;. 

200 kp.yp FwpaPL tiu cUisapy; jz;zPiu epug;Gq;fs;. 

xU fy;iy jz;zPUf;Fs; NghLq;fs;. (fy; KOtJkhf %o;fpapUf;f Ntz;Lk;. fy;ypd; Nkw;gug;gpypUe;J Fiwe;jgl;rk; 2 
Kjy; 3 nr.kP cauj;jpy; jz;zPupd; kl;lk; ,Uf;f Ntz;Lk;) 

,lkhw;wk; nra;ag;gl;l jz;zPupd; msit cw;WNehf;Ftjd; %yk; fy;ypd; fd msitf; fzf;fplyhk;. jz;zPupd; 
kl;lk; VjhtJ xU FwpaPl;Lf;F rkkhf ,y;yhj tiuapy;> ,J Njhuhakhd xU mstPLjhd;. 

,g;NghJ> mLj;jf; FwpaPl;Lf;F jz;zPupd; kl;lk; caUk; tiu Nfhypf;Fz;Lfis cs;Ns NghLq;fs;. 

,e;jf; fy;ypd; fd msit NkYk; Jy;ypakhf mstpLtjw;F> nray; 2-y; ngw;w Nfhypfspd; ruhrup fd msitg; 
gad;gLj;Jq;fs;. 

8.11. fd msTfis mse;jpl xU gupNrhjid

i.

ii.

iii.

iv.

v.
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Exploring science and mathematics

Note that once the stone is submerged, there needs to be su&cient 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.

Task 5: A challenge

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. !ey may be surprised that this is not the case. !e 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 su&cient to $ll these gaps without rising above the level of the marbles. 

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

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

3. 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? 
Maximum marking to which the water level rises _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

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

4. Can you think of an explanation for this?

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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1. 50 kp.yp FwpaPL tiu cUisapy; jz;zPiu epug;Gq;fs;. 
2. NghJkhd Nfhypfisg; NghLtjd; %ykhf> cUisapd; cr;rj;Jf;F  cau;j;j Kaw;rpAq;fs;. jz;zPupd; kl;lj;ij
3. jz;zPupd; kl;lk; cr;rj;ij njhltpy;iy vd;why;> mJ vl;Lk; mjpfgl;rf; FwpaPl;il kjpg;gPL nra;a KbAkh? 

 
jz;zPu; kl;lk; njhLk; mjpfgl;rf; FwpaPL�_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

  
 

,e;j kl;lj;Jf;F fd msit mjpfupf;fj; Njitg;gLk; Nfhypf;Fz;Lfspd; vz;zpf;if_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

4. ,jw;fhd tpsf;fj;ij cq;fshy; mspf;f KbAkh? 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

fy; %o;fpa gpd;du;> mjw;F Nky; NghJkhd mstpy; jz;zPupd; Mok; ,Ue;jhy;jhd; NkYk; rpy Nfhypfis KOikahf 
%o;fr; nra;aKbAk; vd;gij epidtpy; nfhs;Sq;fs;. ,t;thW ,y;iynad;why;> mjpf msT jz;zPiuf; nfhz;L 
Mrpupau; kPz;Lk; njhlq;fyhk;. 

nray; 5: xU rthy;

NghJkhd vz;zpf;ifapy; Nfhypfisg; NghLtjd; %yk;> jz;zPupd; kl;lk; cUisapd; cr;rj;ij mile;JtpLk; 
vd;w khztu;fspd; ek;gpf;if ,e;jr; nraypy; Nfs;tpf;Fs;shFk;. ,t;thW epfo;tjpy;iy vd;gJ mtu;fSf;F 
tpag;G+l;Ltjhf ,Uf;fyhk;. Nfhypf;Fz;Lfs; neUf;fkhf mLf;fg;gl;bUe;jhYk; mtw;wpw;F ,ilNa ,ilntspfs; 
,Uf;Fk;. Nfhypfs; milAk; cauj;ij jz;zPu; flf;fhky;> ,t;tpilntspfis epug;gNt NghJkhdjhf ,Uf;Fk; 
vd;gJ ,jw;F Kf;fpakhd fhuzk;. ,e;jr; nraypd; %yk; ,ij khztu;fs; mwpe;Jnfhs;thu;fs;. 

fzpjk; kw;Wk; mwptpay; Njly;
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Exploring science and mathematics

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

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

• !e 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 $nding the explanation 
that when objects like marbles are packed as closely as possible, they still have some gaps in between. !e 
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 le% over for air or water. 
!us, in this task, if the initial volume of water was 50 mL, the water level a%er adding many marbles will not 
rise beyond 200 mL. !e 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.

• !us, 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.

• Only for the teachers: In case of (spherical) marbles, the closest possible packing is called “hexagonal close 
packed”. !e packing fraction for this is ~ 0.74. !is 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.
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5. fhfk; ntw;wpfukhf mjDila jhfj;ij jzpj;jpUf;Fk; vd;W epidf;fpwPu;fsh? cq;fspd; gjpiy tpsf;Fq;fs;.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

� 

� 

� 

8.11. fd msTfis mse;jpl xU gupNrhjid

NkYk; NkYk; Nfhypf;Fz;Lfis jz;zPUf;Fs; NghLk;NghJ> jz;zPupd; kl;lk; cr;rj;Jf;F tuhkhy; 
,Ug;gjw;Fjhd; njhlf;fj;jpy; mjd; fd msT jpl;lkpl;L Fiwthf vLj;Jf;nfhs;sg;gLfpwJ. Nfhypf;Fz;Lfs; 
Nghd;w nghUl;fs; neUf;fkhf mLf;fg;gl;bUe;jhYk; mtw;wpw;fpilNa ,ilntspfs; ,Uf;Fk; vd;w tpsf;fj;ij 
khztu;fs; fz;Lgpbg;gjw;F Mrpupau;fs; cjtp nra;ayhk;. ,t;tpilntspfspy; jz;zPu; Njq;Ftjhy; Fwpg;gpl;l 
xUkl;lj;Jf;F Nky; mJ cauhJ. Nfhypfs; kpf neUf;fkhf mLf;fg;gl;Ls;sd vd;W vLj;Jnfhz;lhYk; $l> 
mtw;wpd; fd mstpy; fpl;ljl;lf; fhy;gq;F fhw;W my;yJ jz;zPuhy; epug;gg;gLfpwJ. mjdhy;> ,r;nraypd; 
njhlf;fj;jpy; jz;zPupd; fd msT 50 kp.yp.Mf ,Uf;Fkhdhy;> gy Nfhypfis Nghl;l gpd;dUk; jz;zPupd; kl;lk; 
200 kp.yp. fd msTf;F Nky; cauhJ. 'nghjpTf; $W” vd;w fUj;Jjhd; ,J vd mjpf Mu;tk; nfhz;l 
khztu;fSf;F Mrpupau;fs; Rl;bf;fhl;lyhk;. ,ij xj;j fUj;Jjhd; jpz;kq;fspy; mZf;fs; mLf;fg;gl;bUg;gij 
tptupf;Fk; Nfhl;ghl;by; Kf;fpakhfpwJ. 
Mjyhy;> ,e;jf; fw;wy; gpuptpy; ehk; Gupe;Jnfhs;Sk; Kf;fpakhd fUj;Jfspy; xd;W> njhlf;fj;jpNyNa ghidapy; 
jz;zPupd; kl;lk; Fiwthf ,Ue;jnjd;why;> fhfk; mjDila jhfj;ij jzpj;jpUf;f ,ayhJ. 
Mrpupau;fSf;F kl;Lk;: Nfhypf;Fz;L(Nfhsk;)-fSf;F kpf neUf;fkhd mLf;f-mikg;ghf rhj;jpag;gLtJ 
'mWNfhz neUf;fg;nghjpT mikg;G”. ,e;j mikg;gpd; nghjpTf; $W = ~ 0.74. mjhtJ> fUj;jpay; uPjpahf> kpf 
neUf;fkhd mLf;fmikg;gpy;> fd mstpy; 74 rjtPjk; NfhypfshYk; mjpfgl;rkhf 26 rjtPjk; jz;zPuhYk; 
epuk;gpapUf;Fk;. NkYk;> cUisapd; tpspk;Gfspy; ,f;$W Fiwthf ,Uf;Fk;. Mjyhy;> ,e;jr; nray;ghl;by; 
jz;zPupd; kl;lk; 120 Kjy; 150 kp.yp tiu caUk; vd;W vjpu;ghu;f;fg;gLfpwJ. 

407



Exploring science and mathematics

Task 6: Estimating the packing fraction (Optional)
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. 

ii. !e packing fraction is the ratio of the volume of the marbles $lling up the space to the total volume of the 
space. Can you $nd the packing fraction using this de$nition?

iii. Repeat this for the 100 mL and the 150 mL mark and $nd the packing fractions for these trials as well. What 
do you notice?

• It should not be di&cult for the students to $nd 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. !ey 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 $nd the ratio, which is the packing fraction.

• !is is slightly more challenging: Another method is to plot a graph with the total volume of the marbles on 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure T2 Pore space between soil particles

Pore Space
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nray; 6: nghjpTf;$w;iw kjpg;gPL nra;jy; (fl;lhakpy;iy) 
i. 

ii. 

iii. 

� 

nfhQ;rk; rthyhd xU nray;: fd msTfisf; nfhz;L xU tiuglj;ij tiujy; ,d;ndhU topKiwahFk;.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FwpaPLfisf; nfhz;l cUisapy; 50 kp.yp tiuapy; Nfhypf;Fz;Lfis xt;nthd;whf vz;zpf;nfhz;Nl 
NghLq;fs;. mit neUf;fkhf mLf;fp ,Ug;gij cWjpnra;a cUisia ed;whf FYf;Fq;fs;. rpy Nfhypfisr; 
Nru;j;Njh mfw;wpNah Kbe;j msTf;F 50 kp.yp FwpaPl;Lf;F mUfpy; Nfhypfs; ,Ug;gij cWjp nra;Aq;fs;. 
ntspia epug;gp ,Uf;Fk; Nfhypf;Fz;Lfspd; fd msTf;Fk; mt;ntspapd; nkhj;j fd msTf;Fk; cs;s 
tpfpjk;jhd; nghjpTf; $W MFk;. ,t;tiuaiwiag; gad;gLj;jp nghjpTf; $w;iw cq;fshy; fz;Lgpbf;f 
KbAkh? 
100 kp.yp kw;Wk; 150 kp.yp msTfSf;Fk; ,r;Nrhjidia jpUk;g nra;jpLq;fs;. NkYk;> ,tw;wpd; nghjpTf; 
$Wfis fz;LgpbAq;fs;. ePq;fs; ftdpj;jJ vd;d?

khztu;fSf;F Nfhypf;Fz;bd; ruhrup Muk; njupAk; vd;gjhy;> xU Nfhypapd; ruhrup fd msitf; fz;Lgpbg;gJ 
rthyhf ,Uf;fhJ. ,e;j msTld; Nfhypf;Fz;Lfspd; vz;zpf;ifia ngUf;fpdhy;> Nfhypfspd; nkhj;j fd 
msitg; ngWNthk;. cUisapy; cs;s FwpaPl;Lfis itj;J> mjw;Fs; cs;s ntspapd; fd msit ehk; 
Vw;fdNt mwpNthk; (50 kp.yp> 100 kp.yp> my;yJ 150 kp.yp. Nrhjidf;F Vw;g). ,ij itj;J khztu;fs; tpfpjj;ij 
fz;Lgpbf;fyhk;. ,Jjhd; nghjpTf; $W MFk;. 

Ez;ntsp
glk; T2 kz;Jfs;fspd; ,ilNa cs;s Ez;ntspfs;

fzpjk; kw;Wk; mwptpay; Njly;
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the Y-axis and the total volume of the space occupied by them on the X-axis. By drawing a “best $t” straight 
line through the points, the slope of the line gives the packing fraction.

• 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.

• It may be worth expanding the analogy to explain that groundwater is also $lled in the pore spaces of soil 
particles and stones beneath the ground. !us even though pore spaces in the soil seem tiny, they hold huge 
amounts of groundwater that we extract via hand pumps and borewells.

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

� 

� 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8.11. fd msTfis mse;jpl xU gupNrhjid

glk; T3 xU gof;filapy; mLf;fg;gl;Ls;s goq;fs;

X-mr;rpy; Nfhypf;Fz;Lfs; ,Uf;Fk; ntspapd; nkhj;j fd msitAk; Y-mr;rpy; Nfhypf;Fz;Lfspd; nkhj;j 
fd msitAk; Fwpj;jpLq;fs;. Gs;spfspd; topNa 'ed;F nghUe;jf;$ba” Neu;Nfhl;il tiutjd; %yk;> me;jf; 
Nfhl;bd; rha;Ttpfpjk;> nghjpTf;$w;iwj; jUk;. 
cUisapd; tpl;lj;ij khw;wpAk; cNyhf cUisfs; kw;Wk; Nfhypf;Fz;Lfisr; Nru;j;J vLj;Jnfhz;Lk; 
gupNrhjidr; nra;tJ ,e;jr; nraypd; Rthu];akhd njhlu;r;rpahf ,Uf;Fk;.
,e;j xg;Gikiaf; nfhz;L epyj;jbePiu tpsf;FtJ gaDs;sjhf ,Uf;Fk;. kz;Jfs;fs; kw;Wk; fw;fspd; 
Ez;ntspfspy;jhd; epyj;Jf;F mbapy; cs;s jz;zPUk; Njq;fpapUf;Fk;. ,t;ntspfs; rpd;dQ;rpwpajhfj; 
njupe;jhYk; $l> mit ngUkstpy; epyj;jbePiuf; Njf;fpitf;Fk;. ,e;j ePiujhd; ifgk;Gfs; kw;Wk; Mo;Foha; 
fpzWfisf; nfhz;L ehk; vLf;fpNwhk;. 

fPOs;s glk; 3-y; “mWNfhz neUf;fg;nghjpT mikg;G” fhl;lg;gl;bUf;fpwJ. ,ijr; re;ijfspy; cs;s goq;fs;/ 
ge;Jfs; mLf;fg;gl;bUf;Fk; Kiwapy; ePq;fs; ghu;j;jpUf;fyhk;. 
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Idea for further extension
What happens if we use a bottle with a larger or smaller diameter, or if we use marbles that are larger or smaller? Does 
the packing fraction change?

Suggested readings
• An advanced discussion on pores in soils and their relationship to various processes and phenomena taking 

place in soil can be found at: Nimmo, J. R. (2013). Porosity and pore size. Reference Module in Earth Systems 
and Environmental Sciences. Elsevier.doi: 10.1016/B978-0-12-409548-9.05265-9  
Retrieved from: https://wwwrcamnl.wr.usgs.gov/uzf/abs_pubs/papers/nimmo.13.porosity-encyc.rmeses.pdf 

• !e over#ow principle, the principle that when a body is immersed in a liquid, it displaces an equal volume 
of the liquid, is o%en confused with the related but di"erent Archimedes principle. !e latter states the 
equivalence of the force of buoyancy and the weight of the displaced liquid. For an explanation see this link: 
https://www.math.nyu.edu/~crorres/Archimedes/Crown/CrownIntro.html
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Image sources
• Image 1: !e Crow and the Pitcher: From !e Aesop for Children, by Aesop, illustrated by Milo Winter, Project 

Gutenberg etext 1994
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�  kz;zpYs;s Ez;ntspfisf; Fwpj;j nghJthd xU thrpg;Gf;F:
Nimmo, J. R. (2013). Porosity and pore size. Reference Module in Earth Systems 
and Environmental Sciences. Elsevier.doi: 10.1016/B978-0-12-409548-9.05265-9  
Retrieved from: https://wwwrcamnl.wr.usgs.gov/uzf/abs_pubs/papers/nimmo.13.porosity-encyc.rmeses.pdf 

� 

https://www.math.nyu.edu/~crorres/Archimedes/Crown/CrownIntro.html

gl Mjhuq;fs;
� glk; 1:  �e Crow and the Pitcher: From �e Aesop for Children, by Aesop, illustrated by Milo Winter, Project 

Gutenbergetext 1994.

njhlu;e;j fw;wYf;fhd Nahrid

ntt;NtW tpl;lq;fisf; nfhz;l ghl;by;fs;/FLitfs; my;yJ ntt;NtW msTfisf; nfhz;l Nfhypf;Fz;Lfs;> 
my;yJ ,uz;ilANk khztu;fs; itj;Js;shu;fs; vd;W vLj;Jnfhs;syhk;. ,tw;wpy; jz;zPupd; kl;lk; mjpfgl;rkhf 
ve;j msT tiuapy; caUk;? 

gupe;Jiuf;fg;gLk; E}y;fs;

Mu;f;fpkpb]; vt;thW murDila jq;f fPuplj;jpd; J}aj;jd;ikapy; vOe;j re;Njfj;ij> NkNy nfhLf;fg;gl;l 
topKiwiag; gad;gLj;jp jPu;j;jpUf;fyhk; vd;gij Fwpj;jf; fij (Gidthf ,Uf;fyhk;> Mdhy; gaDs;sJ): 

fzpjk; kw;Wk; mwptpay; Njly;
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