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Energy Transformation on the Free-Fall Motion

~ A Demonstration of Work of Air Resistance ~

SHIGA Yuta KATAGATA Yu ENDO Taisei
WADA Kazuki YAMAYA Haruto CHIDA Junpei
ABSTRACT

We had an interest in how air resistance works and we wanted to try to prove it. In
experiment of Free-fall motion, we measured velocity of iron ball and calculated amount

of work from an error from theoretical value. After that, considering Reynolds number and

so on, we calculated amount of work in the theory. As a result, although there was an
error, we could get result of same order and concluded that the proof was successful.
<keywords>  Reynolds number Air resistance coefficient
The law of the conservation of energy
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Table 1 the numerical value

Number of| Velocity [Number of| Velocity
trial trial
[No.] [m/s] [No.] [m/s]
1 4.42 11 4.39
2 4.41 12 4.39
3 4.38 13 4.38
4 4.40 14 4.42
5 4.40 15 4.38
6 4.39 16 4.41
7 4.38 17 4.40
8 4.41 18 4.38
9 4.39 19 4.38
10 4.37 20 4.38
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Fig.2 Photo of the experiment
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Table 3 the average velocity of every point

Height h[m] Average velocity
Vapelm/s]

1.00 0

0.900 1.39
0.800 1.97
0.700 2.41
0.600 2.77
0.500 3.12
0.400 3.40
0.300 3.69
0.200 3.93
0.100 4.15
0.000 4.39
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Table 2 Velocity of the object on the free-fall motion

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.900 | 1.39 | 1.41 | 1.38 | 1.39 | 1.39 | 1.39 | 1.38 1.37 | 1.37 | 1.38 | 1.37 | 1.38 | 1.38 | 1.38 | 1.42 | 1.42 | 1.41 | 1.41 | 1.42
0.800 | 1.97 | 1.96 1.96 | 1.96 | 1.96 | 1.96 | 1.96 | 1.96 | 1.96 | 1.96 | 1.96 | 1.96 | 1.96 | 1.96 | 2.01 | 2.01 | 2.01 | 2.01 | 2.00
0.700 | 242 | 241 | 241 | 241 | 241 | 241 | 241 | 240 | 2.40 | 241 | 2.40 | 2.40 | 2.40 | 2.43 | 2.41 | 2.46 | 2.40 | 2.39 | 2.41 | 2.41
0.600 | 278 | 2.78 | 2.78 | 2.78 | 2.78 | 2.78 | 2.78 | 2.77 | 2.77 | 2.78 | 2.77 | 2.77 | 2.77 | 2.79 | 2.81 | 2.72 | 2.76 | 2.76 | 2.72 | 2.72
0.500 | 3.10 | 3.09 | 38.11 | 8.11 | 3.11 | 3.10 | 3.1 3.09 | 311 | 3.09 | 3.10 | 38.18 | 3.17 | 3.13 | 3.09 | 3.11 3.25
0.400 | 339 | 3.36 | 3.39 | 340 | 3.40 | 3.39 | 341 | 339 | 3.39 | 3.41 | 3.39 | 3.39 | 3.39 | 3.43 | 3.43 | 3.41 | 3.39 3.44 | 3.44
0.300 | 368 | 3.66 | 3.69 | 370 | 3.70 | 3.70 | 8.71 | 3.69 | 3.69 | 3.72 | 3.69 | 3.69 | 3.69 | 38.75 | 3.65 | 3.72 | 3.66 | 3.68 3.71
0.200 | 3.97 | 3.88 | 3.95 | 3.95 | 3.93 | 3.97 3.98 | 3.96 | 3.94 | 3.95 | 394 | 3.96 | 3.91 | 391 | 3.88 | 3.91 | 389 | 3.89 | 3.93
0.100 415 | 413 | 411 | 415 | 417 | 415 | 413 | 4.14 | 417 | 415 | 4.16 | 4.15 | 4.16 | 4.16 | 4.13 | 4.17 | 4.16 | 4.16 | 4.17




Table 4 Average velocity of each section

The height from The average

standard h [m] velocity vgye[m/s]
1.00
0.900 0.696
0.800 1.68
0.700 2.19
0.600 2.59
0.500 2.95
0.400 3.26
0.300 3:55
0.200 3.81
0.100 4.04
0.000 4.27

I TCESIEB O Lt Fwy I &2k
%o Wauld 0.100 m Z L IZZERIEBL N LT
fEELHED L TELN D, T8k XV 2=
2% k 2k =141x10"*% L Table.4 OfE%
Hng &,
Wan = 21121( KVave i*1)
=141 X 107* X 1.00 X 3%, (vgpe i)
=1.35x1073 [J]

ERED, ZOMEIT 2 TROIZERERD K-
7o =RV X —AEJ] DK 28% L 72D H DD, [F]
CA—F—TRKODHZLENTE, SHDOHE
Bk, BRERKDN LKoo RN F—D R THRZE
I E b0 THD Z L BT Z LT
LW, —#E 5 ftic L » Tl c& %
ZElFrEhe,

4. BHYIC

AFLTIX, SREROABE FIZHFEB L, L
ET R —NEHT R CEBmIND
BEOZ R X —DHEKEEZRD, THNZER
B LD EFETHIATE 0 E ) 0 EBR
Tt Z e BT, EORR, SREKOT =X
NEX—DEKLKBEDOR 23%% 225 BH 112 &
HAEHFETHBHTE D Z e RENTZ, L L,
BAEIZ IR E B E RN A O, EROKBES
ZEKARPURE OB &, ORI X - THE
SEHNIC I HEEEZELIKRKDO LN TV
WHREMEDRN B D, A kIE, TOEIZONTE

SICRHEEL TW BERH D,

B35 LR

DFH=ES  EHEWES R E— A 7% H
UNTE TE B 7 7 S FEBR UM D BR S

2)OKi : HlLFE D 728 DRLZE 1 F i E,
https://pigeon-
poppo.com/reynoldsnumber/

E KL HE(2019) : FEMESR, FEHRK,
1192p
6% ~ZESRPURE k OEH ~

2RO LIt F B2 RO DI2HTZ- T,
TR PO EN BB L 72D, LFDOBZIC
BWTIEA T T OHE % FIH 9 % (Table

m= 35.8 X 1072 kg : mass of iron ball

g= 9.80163m/s? : gravitational acceleration at
Iwate

© = 3.14159

L= 1.822x%107°Pa - s : viscosity coefficient

r=1.30 x 1072 m : radius of iron ball

p=1.205kg/m : density of the air

s=5.31X10"*m : area of projection
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Table A Conditions of the experiment
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Fig.A force balance
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