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LU 8.11. An experiment on measuring volumes

AT WU U Ueh T=TRT

Learning from “The crow and the pitcher” story

“ThIT SR T T e & HIE

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!
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Materials

eIt

* 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 qraRt Reiet (A1 T et 500 firefietiex art it aiaa, forest Sl fewdr e feam ma & fetet &t i
TS T Ueh THTH T8 T BT ATIIH 21 2)

* Glass marbles (~40) of similar size
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« Smallirregular stone which can fit into the cylinder comfortably (see note in task 4)

BIET AT ST T T2 S il § TR § 317 HohdlT & (1 4 H & 778 Fewaoft 3w)

* Ruler (2)
YT (@)

* Marker pen (fine tipped)
TR U (SR /TR are)

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

e TeheTar (S o 2T 0T ST AT Areeleh 1 fohm)

» Beaker (with graduated volume markings)

et (T AT o fotw SAaTifeRd)

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

R & STEL S8 3T ATl T 1 39hgT T % TG T & AT B1eT o |

Are you familiar with these ideas?
T 3T 3 fommt & aftfera 32
* Volume

CIRKE]

» Displacement of fluids by solid objects
3 TEGHT G A UaTelf b fereermay
* Average/ Mean

fEd / AeEH

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

cylinder)

T 1: YT TAH T ATAAT UTTeh IURIUT (H9TiTeRd reiest) FamT

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 % ETT 50 mL T T A Tigesh 710 TR IRERiT ficiet § et | 71 O | 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 & foeiet § 50 mL I 3R ST | 3T I 6 T R I FHfed | I8 W qe 9% e Se ae o6
TorRTST T U 7 W ST |

iii. Label the markings with appropriate multiples of 50 mL (50 mL, 100 mL, 150 mL,...).
50 mL s I Ui § UTH o & o @l shl AHifeRd 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.
T, FATUh TTE U (Tl Feiet § ST ST AT @ | 319 9@ 6ohd & foh 3 fetet 1 3w &1 shaet 50 mL % okt §
21 ST JT9 o ToTT ot Eehd & | SHITT 36 SiRTifehd fireiet o 31eqadish 50 mL 2 | Ife it & a1 fugl & off=r &, ot g7 arit
o T T AT 3 I8 1 of Id & 511 STe Wil o | hilel ¢ |
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The maximum volume your graduated cylinder can measure is

(Highest marking on the cylinder)
3T SR feiet SRT HTdT ST Hehrl ATeTT STTRhad ST g

(Forciet w fafrea Seaaw i)

Task 2: Measuring the average volume of marbles
T 2: el o A AT TIAT T AT

i. Take the empty graduated cylinder and fill it up to the 200 mL mark.
@t tRTifeRd foeiet of 3R 38 200 mL o foes 7 T & Wi |

i. 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.
To-T 0 [T gU oeiet # sl RIS STer o foh 1T 3T Tt STt Toivg e SR 7 38 ST | GHT2a b foh et sl i1
@ W T H gol BU E | i, I BT R et el @ S0 HT =R | Hse ST | Rieiet 7 a6 T g S @
SRTifeh Te2ieh el STU STTIA o ST ITT T 7T Al foreenfua s 2 |
Volume of water before adding marbles

el BT O U8 T ohT STTaH

Volume of water after adding marbles

& ST o S8 UHT T 3TRIAH

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

T Toreg ok Ut ohT T @™ o foTu 3TTereareh sheil sht e

Thus, marbles displace volume of water.

G YhN, EERIEIE) A ! foeenfug swa €
iii. Use this result to estimate the average volume of one marble, obtained experimentally ( v, ).
Xp

wﬂ%wqﬁmﬁﬁ%aﬁuﬁwwm)mwwmﬁ FAH T |

Average volume of one marble

Teh ol T 3T TR

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

for T 1 - (@) Ta 919e e, 9T (3141) T 079 eiet 4 T} 37K %
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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 o Eehivl = a1 Wehd & S sfter o Sauret H 3 ohel {ailelg, T ¥ehel € |

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

Shell sl T o Ueh o & e oL ook oAl eeiTs shi T |

End-to-end length of ten marbles

W el 2l Ueh L qaL o e oh wiarTs

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

9 HTY ShT IUFNT Uk 3l 2T e e BT STgHH @ o forg |

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 T STINT ek Ueh el (TTiet) o AT 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 7T § Td9d AT i SATeha 3T
ST H ST T (Ferelt off forfRr ST ST e ol o STRIGH o 31T H 53k L o © |

Percentage difference =

TfaTa 3 =

Task 4: Measuring the volume of an irregular stone
T 4: U AU ATHR ok TeX ok HATAAH ht TATAAT

Fill the cylinder with water to the 200 mL mark.
foefet 3l 200 mL 3 e deh I | 9T |

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 | U HATHAH Toor et | (Teer gl T & T 6 37aT o STHT A1MeT SR AT 36T T Teo 31 FUd Ude § 7 § A
2-3 cm S AT AR |)

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.
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foreenfre art st WTAT T FIERIOT ek TeUk o ST ST STTehRet ShITSTT | 516 deh STol- Tt feiet W ot forgl o & foreft uash
foreg o1 quidr: el a1 7 qoh T HIT shelet Teh STTHTG HTT HIHT STRAT |
iv. Now, immerse enough marbles to bring the water level up to the next marking.

TS, YT oh T ohT STl ToI7g deh A o ToTU 390 96 ST 1 & ST |

Volume of water before adding the stone

Teer ST U Teo! fieiet # St o &

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

T ToIeg ok STt T I o AT ATaweh shell ohl H&T

The irregular stone + marbles displaced volume of water.

AfFaftra geer + sl g ur o foreenua sTrrae o A

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

precisely.

Te 3T TG Tereh Teehd ¥ T i o foTe 6l 2 § T o 7 skt o Sfiera sTrRra V., T JTANT &, |

Volume of the irregular stone
AR TR o Tk T ST

Task 5: A challenge
H 5: Teh AT

1) Fill up the cylinder with water to the 50 mL mark.
foeiet T 50 mL o T aek o & 9T |

2) By adding enough marbles, try to raise the water level to the top of the cylinder.
TH HEAT 1 el ST oL, THT o T ol foeiet o IS qeh o shl ShifIreT i |

3) If you do not succeed in raising the water level to the top, note the highest marking to which the water
level rises.
IS 31T S TR I I T A H Tt 781 BN & a1 36 IoadH WK h o1, STet deh Sl &’ ded © |

Maximum marking to which the water level rises

Aftreray foreg o qeh ST T olqT

Number of marbles required to increase the volume by this amount

39 foreg do 3T sTe o 7T Sfrarwares el bl |wan

4) Can you think of an explanation for this?

AT Y 36 AT TS TAEieRToT S Tehd 82

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

T STTIERT T & foh T ShTT YU AT ST T Tkt T T2 379 I hl et hifvre |
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Image sources
ICERCIG)

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

ot 1: a7 SN oISl 13 3619 R feegd " @, @ - 389, Fomehr- el [He, Sisiae eva, §-0Re, 1994
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