Physics is Fun:
Why do objects fall?
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Torun — medioeval city (*1227)
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Established by German religious order

13MID BEHZ20/M 2 22 T2 IIX2 MAROH, 81X SW| YRAOZ A
Aol SAIX 2 LS5HACH

EE(ZE0: Torun, S20H: Thorn EE[*)2 2&& S20U
1997 0l 7= AIDFRIDF M HIS AHO SS &I QUCH.



Torun — city of cathedrals
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Church S.S. John’s Church S. Mary gy KTURA pl
(Ascension to Heavens) Church S. James



Torun — Nicolaus Copernicus born (1473)
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N. Copernicus (1473-1543)

House of Copernicus father,

rich merchant Lucas Watzenrode
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What happened in Poland/ Europe?
S/ S0 sk A
Poland 1466:
war between German order and Poland finished (peace in Torun)
=2 A 20 Set= AO|2] MHO0l Z2Y

Europe 1453: e

Constantinopole (=Instabul) conquered by Turks
ZAEE[E=Z 0| H2|0 2ol &=
(=end of Bizantine Imperium = H| & &l MI=2| €)



Nicolaus Copernicu
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s — laborious student
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Krakow (1492-1496) )
Bologna (1496-1500) Padova (1501-1503)

S. Mary Church _ N
Tower of Donkeys S. Antonio Basilica



Look into sky: Moon and planets are moving!
ol== B gt dd 40

Jupiter, Venus and Moon
Bamberg, Germany, 25.03.2012

Trento, ltaly, 26.03.



Ptolemeus (151-212): Sun and stars are moving
TEY00IQA (151-212) : B D & Ol S-H S 4

Katedra Wniebowziecia NMP w Toruniu
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Ptolemeus (151-212): Sun and stars are moving
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Katedra Wniebowziecia NMP w Toruniu



Ptolemeus (151-212): Sun and stars are moving
TS 0H012A (151-212) : EHS D & 01 S-HES

Katedra Wniebowziecia NMP w Toruniu



Nicolaus Copernicus: Earth is moving
LIZetRA BH2URA X7 0IS-ASH

,He stopped Sun and Heavens,

he moved Earth”

Terrae motor, solis caelique stator

Copernicus Monument

Torun
EE20 JE IHELIFA 7|'GH|




Copernicus system: planets move around Sun
DHELFA MA: dd=2 Y =R =U

Mercury: - 1 orbit in 90 days

=d0| Y =R E et P == A2 90E

Venus: - 1 orbit in 9 months
=4d0| Y =R E et IR &= AlZ2H 9Y

Mars: - 1 orbit in 2 years
ot&0| EHY =9I E et 8t3 &= AlZh: 24

Jupiter: 1 obrbitin 11 years

SHO0| EI2 =SZ B HIF T AlRK 114

Saturn: 1 orbit in 30 years
EH0l EHY =R E SttA = A2 304




Copernicus system: everything in movement
FTHELRA MA:

Earth: - 1 rotatation in 24 hours (=1 day)
K =t: 13 Xt&-24A]2¢

- 1 orbit in 365 days (=1 year)

B =91 S 8t B3 == Al2h: 14

Moon: - 1 orbit in 28 days (= 1 month)
A= =& et b3 &= AZh1E
- rotation in 28 days
12| AH& S ?oll 22l= AlZh: 28

Sun: - 1 rotation in 25 days
18] AHM = 2ol Z22l= AlZE: 2568

Whole Solar systems flies 400 km/s towards Leon constellation



Why do all objects fall down on the floor?
2= =He g5l E0HEN?

Because there is gravity! P
=2 2 LCH /2L BN\
A
N =
What is gravity? R |
S22 fA0IIR? { ! X /
It is Earth’s attraction X ‘ /}'
A= D= &L s
What is Earth’s attraction’? It is gravity
AN=2ItE)l= g0 £AeR? =5 LILH

This is tautology: Rice is made of rice
AHQ| B2 OLE(CHs E& I 20| 0| 22 2o sBr=20l | [},
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Aristotle (384-322 BC)
Ot AEE A

Objects fall, because they are heavy,
and the natural place of heavy objects is the center of Earth
sMe 28 2 EHAL BfA2 =M =280 A
A=+ =a OlC

So objects fall, in order to go to the center of Earth

1HBZ2 A+ S22 )| ?loff 2= =Me EHALCE

Let’s try it!

Let’s try it again!

Yes! Objects go to the center of Earth!



Can the ball jump up?
22 50 QE £ UASULIN?

And what about jumping up?

Have a look on this film!
And again...
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http://dydaktyka.fizyka.umk.pl/nowa_strona/?q=node/315

No! it was a trick. The film was inverted...
OH’” jD-IO AOlA } O| O:I/\FO tII-I-|O| OI[_}
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http://dydaktyka.fizyka.umk.pl/nowa_strona/?q=node/315
http://dydaktyka.fizyka.umk.pl/nowa_strona/?q=node/315
http://dydaktyka.fizyka.umk.pl/nowa_strona/?q=node/314
http://dydaktyka.fizyka.umk.pl/nowa_strona/?q=node/314

Can objects jump up?
=M 5 25 = JLE?

Let’s think all together: Jump up!

(It is called tele-kinesis, and some people believe it)
(12 S480lctd ot ), HE AtgE=2 1A= 2=L0h)

It does not work. Is everybody really thinking ,jump up?”
=280 HUIR. =2 25 FH L2t 2 HUR?
or somebody says: ,do not jump!”

Let’s try it again!

It does not work. The ball can not jump up!



| have a magic ball

| will make a magic, and the ball will go up

Magic, magic: go up!

Now come back!

Go up! Come back!

Have you seen it? it's magic. Isn’t it ?




Now | will tell to this rubber ball,
L= A22E D230 Ciol 0l0k)| & =d & L|LCh.

jump up to the roof! (Be careful)

We learned it.

Now we can jump all together!

Why?

We have energy!



This is ,energy” which
makes things move
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What do | feed these birds with?
LHOF MSUHH A= =10 AULE?
Balls? No! With energy!

3? OtLICH UK E =1 ULk

AA

Why do these hens walk?

O1EH S0l 20l 24 AL
Because | gave them energy

LHOF WU AIE =AD| = & LICE




We do work, to give energy

This puppet goes down, because he got energy
oId0l LA Jt= A2 OIHAIE 2| H=20ICk

|
- ! - ~— " 4 ‘!‘l
This Santa Claus climbs, because | give him energy

SHEF RIE 0] =i 2 W HUHATE =]
(H= Ol Ct




We work, to give energy

Objects jump (and move, and fall) because they have energy
M EH L AL S&H0IAL EHAle A2 A0 HHXIE
JEXNIZD QI H=Z0[Ch

This is another magic ball

| will work on it (put energy)

Now this ball will jump. Tell it: jump!

This woodpecker will knock, if | rise him
Lot S U2l elads selthd old =2
L|_D§ cCCal D—|O|E}

TI= T —2=2 A




How do objects fall?
HEHN =M= EHAIL?

Now we know why do objects fall.
OlKl 2= 2 =xMIt EAHAN =K S ULt

Let us ask, how do they fall.
el AMAZ20H 2HEKX =M HEHN EHEN?

Do heavy objects fall quicker?
A2 A gel EHE N2

Aristotle says: Yes!
Ot A& EeflActH ALl
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Which cart is quicker?
ML Z IED} 2012

Who thinks that the heavier cart is quicker?

Who thinks that the ligther cart is quicker?

Let's try it!

Which cart is heavier?




Which cart is quicker?

We start with the lighter car

The heavy should joint it.

No! It did not work

So try with the light one.

It does not work either!

The only explanation is that they descent with the same velocity!
st =2 st =& 2 otdetti= AL CH



Galileo (1564-1642)
Z2d < 40|

All objects fall with the same ,velocity”
EeExdesd=2 5= E0ALL
Maybe he made objects fall from the
Tower in Pisa

A= HIAL oA 2ME E0HEL =
ads A '

The Tower was leaning
already in that time
AT E2 )=
UL




Galileo Galilei: (1564-1642)
ZE 2 20

,What will happen if we make fall a heavy stone and a ligth stone?”
FHZ sd IHZ == SAMUH E0HELH HE AN EIH?

Heavier will fall quicker and
light slower?

Az =0l )2 S
r=H 2 & A 0[L.




Galileo Galilei:

,What will happen if we connect the heavy stone and a ligth stone?”
fHAZ2 s IHS =2 2ot EHEZIH HEH 20?2

Heavy and light fall together!
SHEZ = I E =0] £0] EACH!



Now, we try two balls: s

heavier and lighter ball

Shut your eyes!

This is heavy, and this is light




Now, together:

Listen carefully!
Which was first?

Open you eyes!

They fall together!

All objects fall with the same ,, velocity”!



Now, try it again

Look carefully!

The heavier is quicker!

Why?




We try two pieces of paper

One is ball, one is paper sheet

This is the air which makes the difference!




Let’'s make experiment without air

S 8l0l & & ol 2 At

There is no air on Moon, but we can’t go to Moon

Sl= B0 CH OdlA Rele €0 &2 = St

But we have a film ——
1Lt R2l= otz = = UL

AA

This is a tube with a feather and a coin
HIl s&EU ALE0 = U= FEIF QUL

We check what fall first — coin or feather?
S0l HNH EAHEDN?

Clear! coin is first!




Now we pump out air from tube
OIMEEH S22 2E ZIIS WSS ot2U0

This is a pump, we wait untill air goes out

And we try again!

Now, coin and feather are together

This is the air which makes the difference!




Now we make experiment on Moon
Okl cle= E0lA &2 oHE AL
Apollo 17 (1971)

,This is an old experiment by Galileo
OlX=2 ZEd20 2et L=l &8

Ol Ct

He said that all objects fall with the
same velocity

o O_I Il_| [:I, at iﬂ |:|_

This is a hammer and this is a feather
Ol X2 ollHOld Ol X2 ANE L LICH.
Let’s try which falls first!
/\I o—l OH E/\| E|.

They fall together. Galileo was rigth!”
Ol =2 Z0] E0ELILH 2EdI2It ZEASLICL




What is absence of gravity?

=30| StLiE?

Like in the space

Gagarin, first man in space (12.04.1961)



We can make it here
Lele WIIM oY AEE Bt== QUL

This is our space ship and pilot

Will he jump out?

No! he falls together

The bear is in absence of gravity



We check it again

Now water flows out

No! water and the cup fall together!

Water in the cup is in absence of gravity |&




But spaceship on orbit?
AU HAEE == 2027

It goes around, not falling?
S22 EOHAAN ZD AEE =20 JLL

Yes, it goes around

but it is constant falling -

AL} A EE LT OZ <
@0/ T= 20/0/0) Q\



How do objects fall?
HEH =M= EHAIL?

Now listen to this ball

Close your eyes and listen

How does the ball move?

It goes with constant velocity



Listen again

Now, it starts slowly and goes quicker and quicker

The ball accelerates




Let’s try a bigger inclined plane

2HEIF 2 SN

Listen to the film

At what distance are balls? Equal, rigth?

Now we look at the film



Let’'s measure distances
Z20|E S&olf At

Distances are 1:3:5 .7, i.e. successive odd numbers
HelJt1:3:5:7 2 ASZEHOZ =4

This is the law discivered by Galile
OlX=2 ZE 200 2ol EA= H=0[C



Successive odd numbers

A = AL
A% ==

s=% at? where ais the accelerationg

Science Center, Daejon




Laws of conservation (1)

o
& EA

Energy (kinetic and potential):
E.=mv?, m—is mass, v - velocity

E,=mgh, g —is gravitational
acceleration, h — heigth

Ep<—> E,

Newton’s craddle



Laws of conservation (2)

Momentum (impetus)

p=mv

Experiment on recaoill




Laws of conservation (3)

Angular momentum

L=mrxv

,celtic stone”




Newton: Moon is constantly falling on Earth
8. 22 g4 A0 EHALCE

R=384 000 km

A

All objects (on Earth) fall

with the same acceleration g
S SJs 22 It (g)E

XD R =HZ2 CC*(HIl Ct

Moon is more distant so it falls
with g/4000

== g2l AAHAM g/4000
DPACE cd O_|I| [:|_

(one orbit in 28 days)



Physics is Fun!

But physics is also discovery:
=c|sh et Y AO|LY
Albert Einstein: (2 HE OF@l5EH2!)

How can we recognize real absence of gravity from
free falling?

Fecle HE N A= 5ot 52 280 FIHS

Ol Al & A QLA [ J)}7?

— General theory of relativity (1915)
aHdel €EH0|E
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