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8.01 Physics I: Classical Mechanics, Fall 1999
Transcript — Lecture 7

So far in these lectures we've talked about mass, about acceleration and about
forces, but we never used the word "weight," and weight is a very nonintuitive and a
very tricky thing which is the entire subject of today's lecture.

Trong nhitng chudng trudc, ching ta da xem xét cac khai niém khaéi lugng, gia téc, luc,
nhung chung ta chua bao gid dung tlr “trong lugng,” va trong lugng la mot khai niém
triru tugng va tinh té la toan b6 chu dé cua ngay hom nay.

What is weight? Here you stand on a bathroom scale.
Trong lugng la gi? O day ban ddng trén mot cai can.

Gravity is acting upon you, the force is mg, your mass is m.
Trong luc tac dung Ién ban cé do I6n la mg, khdi lugng cda ban la m.

The bathroom scale is pushing on you with a force F scale and that F scale—

Céi can dang d&y ban v3i mét luc F scale va F scale d6 - -

which in this case if the system is not being accelerated is the same as mg—

bang mg vi trong trudng hgp nay hé ding yén- -

that force from the bathroom scale on you we define as weight.

ching ta dinh nghia luc tir can tac dung Ién ban la trong lugng.

When I stand on the bathroom scale I could see my weight is about 165 pounds.
Khi tdi ding trén can téi cd thé thdy trong lugng cua toi khoang 75 kg.

Now, it may be calibrated in newtons but that's, of course, very unusual.

N6 cé thé dudc xac dinh theo dan vi N nhung tat nhién cai d6 réat it dugc dung.

If I weigh myself on the moon where the gravitational acceleration is six times less
then I would weigh six times less—

Né€u tbi can toi trén mat trang , & dé gia t6c trong trudng nho han trén trai dat 6 lan
thi t6i sé nhe di 6 lan --

so far, so good.
bén day, moi thr rat binh thudng.

Now I'm going to put you in an elevator and I'm going to accelerate you upwards
and you're standing on your bathroom scale.

Bay gid ban dang ding trén can bén trong moét thang may va tbi sé tang téc cho ban
Ién phia trén.

Acceleration is in this direction and I will call this "plus" and I will call this "minus."
Gravity is acting upon you, mg and the bathroom scale is pushing on you with a
force F.
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Gia toc theo hudng nay va téi sé goi cai nay la “cong” va t6i goi cai nay la “trir.”Trong
luc tac dung |én ban la mg va can dang day ban vdi luc F.

That force, by definition, is weight.
Luc d6, theo dinh nghia, la trong lugng.

Before I write down some equations, I want you to realize that whenever, whenever
you see in any of my equations "g" g is always plus 9.8.
Trudc khi téi viét ra mdt sé phuong trinh, tdi luén lubn muén ban nhén ra rdng bat cr

A\ /g

khi nao ban thdy “g” trong cac phuagng trinh cta t6i, g ludén luén bang +9.8.

And my signs, my minus signs take care of the directions but g is always plus 9.8 or
plus 10, if you prefer that.

Va d&u cua téi, ddu trir cta téi dé€ chi hudng nhung g ludn ludn Ia +9.8 hodc +10, néu
ban thich.

Okay, it's clear that if this is accelerated upwards that F of s must be larger than mg;
otherwise I cannot be accelerated.

Vang, ro rang la néu cai nay dugc tang téc theo hudng Ién trén thi F s phai I6n han mg;
ngudc lai téi khéng thé dudc tang toc.

And so we get Newton's Second Law: F of s is in plus direction...

Va vi vay theo dinh luat II Newton: Fs theo hudng +

minus mg--



it's in this direction—
theo hudng nay - -

equals m times a and so the bathroom scale indicates m times a plus g.

bdng m nhéan a va vi vay can sé& chi m nhén a cdng g.

And I have gained weight.

Va t6i da thu thém trong lugng.

If this acceleration is five meters per second squared in this direction I am one and a
half times my normal weight.

Néu gia t6c nay la 5m trén giay binh phuadng theo hudng nay thi t6i sé nang gép rudi
trong lugng binh thudng cua toi.

If I look on the bathroom scale, that's what I see.

D6 la nhitng gi toéi thay khi toi nhin I1én can.

Seeing is believing—

Trong thay thi mdi tin - -

that is my weight.
b6 la trong lugng cua toi.

If I accelerate upwards, with 30 meters per second squared 30 plus 10 is 40—
Néu téi tang téc Ién phia trén 30 mét trén gidy binh phuong 30 +10 la 40 - -

I am four times my normal weight.
T6i nang hon 4 |an trong lugng binh thudng cua téi.

Instead of my 165 pounds, I would weigh close to 700 pounds.
Thay vi trong lugng cua to6i la 75 kg, toi sé nag gan 300 kg.

I see that—
To6i thay diéu dé - -

seeing is believing.
Trong thay mdi tin.
That is my weight.
b6 la trong lugng cua toi.

Now I am going to put you in the elevator—
Bay gid toi sé dat ban vao trong thang may - -

here you are—
Pay - -

and I'm going to accelerate you down.

Va tbi sé tang t6c cho ban di xudng phia



dudi.
This is now a.

Bay gid day la a.

And just for my convenience I call this now the plus direction just for my

convenience—

Va dé cho thuan tién bay gid téi goi cai nay la huéng cdng - -

it doesn't really matter.
Thuc su khong cé gi dang quan tam.

So now we have here mg—
Vi vay bay gid & day t6i c6 mg - -

that is gravity acting upon you.
bé la trong luc tac dung I1én ban.

And now you have the force from the bathroom scale.
Va bay gid ban coé luc tir can.

Clearly, mg must be larger than F of s;

R& rang mg phai I8n han Fs;

otherwise you couldn't go being accelerated downwards.
Ngugc lai ban khdng thé dudc tang t6c xudng phia dudi.

So if now we write down Newton's Second Law then we get mg minus F of s must be

m times a.

Vi vay bay giG néu chdng ta viét ra dinh luat II Newton thi chldng ta c6 mg trir Fs phai

bang ma.



This holds for acceleration down and so I get F of s equals m times g minus a.
Diéu nay duang déi véi gia toc hudng xudng va vi vay toi cé Fs bang m nhan g tru a.

This is one way of doing it and you put in positive values for a.
Pay la moét cach dé lam né va ban dat gia tri ducng cho a.

If a is five meters per second squared you get ten minus five is five—
Né&u a bdng 5 m trén gidy binh phudng ban ¢ 10 trir 5 bdng 5 - -
your weight is half.

Trong lugng cla ban giam phan n(ra.

You've lost weight.
Ban sut can.

Being accelerated down, you've lost weight.
Khi dugc gia toc xudng phia dudi, ban sut can.

You could also have used this equation and not go through this trouble of setting up
Newton's Law again.

Ban cling c6 thé d& dung phuadng trinh nay va khéng can di qua budc thiét 1ap lai dinh
luat Newton.

You could simply have said "Okay, this a is minus in this coordinate system" and so
you put in a minus five and a plus ten—

Ban dan gian chi can néi “uh, a nay la trir trong hé toa do nay” va vi vay ban dat vao a
la tr&r 5 va cong 10 - -

you get the same answer.
Ban nhan dudc cung két qua.

So you have lost weight when you accelerate downwards.
Vi vay ban da sut can khi ban gia t6c xudng phia dudi.
Suppose now I cut the cable...

Bay gid gia sur tdi cat day cép.......

cut it.
Cat no.

Then this a is ten meters per second squared if we round it off.
Thi a nay la 10 mét trén gidy binh phudng néu ching ta lam tron nd.

You go down with ten meters per second squared so g minus a is zero.
Ban di xudng vdi gia t6c 10 mét trén gidy binh phudng vi vdy g trir a béng
0.

You are now weightless, you are free-falling.

Bay gid ban khéng cé trong lugng, ban dang rai tu do.



You have no longer any weight.
Ban khoéng con trong lugng nira.

You look at the bathroom scale and the bathroom scale will indicate zero.
Ban nhin Ién can va can sé chi 0.

You're floating, everything in the elevator is floating.

Ban dang bong bénh, moi th trong thang may dang bong bénh.

If you had a glass with water you could turn it over and the water would not fall out.
Néu toi cd6 mot li nudc ban cd thé lat nguge nd 1én va nudc khéng chay ra ngoai.

It's like having the shuttle in orbit with the astronauts being weightless.
Giéng nhu cac tau con thoi trén quy dao v@i cac phi hanh gia khdng trong Iugng.

There is a great similarity between the astronauts in the shuttle and a free-falling
elevator.

Co6 mot sy giong hét nhau gilra cac phi hanh gia trong tau con thoi va thang may rai
tu do.

The only difference is that the elevator will crash, will kill you.
Chi khac nhau la thang mady sé dam sam xudng, ban sé chét.

In the case of the shuttle it never hits the earth because of its high speed.
Trong trudng hgp tau con thoi né khong bao gid cham dat vi van téc ciia né cao.
We'll talk about this much later when we deal with orbits and with Kepler's Law.
Chulng ta sé ndi nhiéu vé diéu nay sau, khi ma ching ta xét quy dao va cac dinh luat
Kepler.



What exactly is free fall? Free fall is when the forces acting upon you are exclusively
gravitational.

Chinh xac thi ragi tu do la gi? Rai tu do la khi luc tac dung Ién ban chi la luc trong
truGng.

Nothing is pushing on you; no seat is pushing on you, no string is pushing on you.
Khong cé gi dang ddy ban; chd ngbi khéng day ban, khdng c6 day nao kéo ban.
Nothing is pulling on you, only gravity.
Khdéng co6 gi dang kéo ban, chi cé trong luc.
I will return to this weightlessness very shortly in great detail but before I do that, I
would like to address the issue—
T6i s€ quay trd lai khai niém khoéng trong lugng nay trong chdc nita nhung trude khi lam
diéu do6, toi mudn xem xét mot van deé - -
how could I determine your weight if I hang you from a string? So now, instead of
standing on a bathroom scale you are here.
Toi c6 thé xac dinh trong Iugng clia ban bdng cach nao néu tdi treo ban trén sgi day. vay
bay gig, thay vi di'ng trén can, ban & day.
Here is a string.
bay la sgi day.
You might even have in the string a tension meter as we have seen earlier in
lectures.
Ban c6 thé cé mdt ddng hd do luc cdng ndm tr én day nhu chiing ta d& th8y tir chuong
trudc.
And you are holding desperately onto that string.
Va ban dang bi treo trén sgi day do.
Just like that.
Giong nhu vay doé.
The system is not being accelerated, gravity is mg and so there must be tension in
the string, T which is pulling you up which, if there is no acceleration, must be mg.
Gia t8c cua hé bang 0, trong luc |a mg va vi vdy phai ¢é luc cdng trén day, T dang kéo

ban 1&n trén, vi khéng cd6 gia téc, phai bang mg.

I read the scale and I read my weight.
Toi nhin 1én dong h6 va doc trong lugng cla toi.

This scale indicates, in my case, 165 pounds.

Trong trudng hgp cua t6i,dong ho nay chi 75

kg.

While I'm hanging, I can see my weight.

Trong khi tdi dang bi treo, tdi c6 thé nhin thdy trong lugng cla téi.

So you see, it makes very little difference whether I am standing on a bathroom

scale and read the force with which the bathroom scale pushes up on me or whether
I hang from a scale extend a spring and read that value.



Vi vay ban thay, co6 su khac biét rat nho khi téi dirng trén can va doc luc ma can dang
day |én tdi hodc khi téi bi treo trén mét ddong hd kéo cdng 10 xo va doc gid tri dé.

It makes no difference.

Xem nhu khong cé su khac biét.

The tension here would indicate my weight.
Luc cang & day sé chi trong lugng cla toi.

There is a complete similarity with the bathroom scale except in one case, something
is pulling on me;

Cé su tuong tu hoan toan véi cai cdn ngoai trir mot diém khac biét nho 1a cé th gi dé
dang kéo toi;

in the other case, something is pushing on me from below.
Con trong trudng hgp kia cé cdi gi dé dang ddy téi tir phia dudi.

Now let's accelerate this system upwards with an acceleration a—

Bay gid hdy tang toc hé nay Ién phia trén véi gia toc a - -

and I call this plus.

Va t6i goi cai nay la cong.

Then, of course, this T must grow; otherwise you cannot be accelerated.
Thi tat nhién, T nay phai tdng; ngudc lai ban khéng thé dugc téng téc.
Newton's Second Law, T minus mg must be ma.

Pinh ludt II Newton, T trir mg phai bdng ma.

The tension in the string equals m times a plus g.
Luc cang trén day bdng m nhén a cong g.



Ah! We've seen that before.
Ah! Chung ta da thay diéu do tu trudc.

No difference with the elevator.
Khong c6 su khac biét véi thang may.

You accelerate the system, the tension will increase and you will see that, you will
read that on the scale.

Ban tang toc hé nay, Iuc cang sé tang va ban sé thay diéu dé, ban sé doc dudc diéu
dé trén dong ho.

Your weight has increased, you weigh more.
Trong lugng cla ban da tang, ban nang haon.

Needless to say, of course, if you accelerate the system down that you will weigh
less—
Tat nhién, khéng can ndi, néu ban tang téc hé nay xudng phia dudi thi ban sé nhe di

we just went through that argument.
Chung ta tiép tuc ban luan vé van dé khac.

And if I cut the cable completely you go into free fall.
Va néu tdi cat day cap ban hoan toan rai tu do.

T will go to zero, a become minus ten plus ten is zero.
T bdng 0, a bdng trir 10 cdng 10 bang 0.

You're in free fall.

Ban dang rai tu do.

The scale reads zero, you are completely weightless.
Pong ho chi 0, ban hoan toan khéng trong lugng.

If we accept the idea of weight being indicated by the tension in a string then there
is a very interesting consequence of that.

Néu chung ta chap nhan y tudng trong luc dugc chi bgi luc cang trén day thi cé mét hé
qua li thu vé diéu dé.

I have here a pin which is completely frictionless and I have on both sides a string
and this string has negligibly small mass.

T6i c6 mot cai coc hoan toan khéng ma sat va G ca hai phia téi cd6 mot sgi day va day
nay cé khéi lugng khdng dang ké.

Now, just assume that it is massless.

Bay gid, gia s rdng né khdng cé khdi lugng.

And there is here an object m1 and there is here an object m2 and I am telling you
that m2 is larger than m1.

Va & day c6 mot vat m1 va ¢ day cé moét vat m2 va téi cho ban biét m2 I6n han m1.

So we all know what's going to happen.
Vi vay tat cad ching ta déu biét nhitng gi sé xay ra.

The system is going to accelerate in this direction.



Hé sé tang toc theo hudéng nay.

m2 will be accelerated down and m1 will be accelerated up.
m2 dugc tang téc xuéng dudi va m1 dugc tang toc Ién trén.

What comes now is important, that you grasp that.

Nhirng gi s& dén béy gid la quan trong, hdy ndm |18y diéu dé.

I claim that the tension on the left side must be the same as the tension in this
string on the right side.

T6i khang dinh luc cdng & phia tradi phai bang luc cang trén day nay bén phai.
T Left must be T Right.

T trdi phai bang T phai.

Why is that? It is because the pin is frictionless and it is because the string is
massless.

Tai sao nhu vay? La vi cai coc khong ma sat va vi day khong cé khéi lugng.

Take a little section of the string here a teeny-weeny little section.
Chon mot phan nho ctia day 6 day mot phan rat nhé.

If there is a tension on it--

Néu cé luc cang trén nod - -



that is, a force in this direction and there is a force in this direction—
Nghia la, luc theo hudng nay va cé mot luc theo hudng nay - -

these two could never be different because then this massless string would get an
infinite acceleration.
Hai cai nay sé khdéng bao giG khac nhau vi day khéng khai lugng nay sé nhan mét gia toc
xac dinh.
So there can never be a change in tension from this side of the string to the other.
Vi vdy khdng bao gi& cd su thay d8i Iuc cdng tUr phia nay cua day dén phia bén kia.
If you take a little section of the string here—
Néu ban chon moét phan nho clta day & day - -
there it is, teeny-weeny little section so there is tension on the string and there is
tension on the string--
Pay, mot phan bé xiu vi vay cd luc cang trén day va cé luc cang trén day- -
this one could never be larger than that because this little piece of string would get
an infinite acceleration.
Cai nay sé khong bao gid I6n hon cai d6 vi manh day nhd nay sé nhan moét gia toc
khong xac dinh.

So because there is no friction on the pin and because the strings are massless—
Bd&i vi khong cd luc ma sat trén coc va vi day khong cé khéi lugng - -

only because of that must the tension be everywhere the same.

Chi vi cdi dé luc cang & moi ngi phai gibng nhau.

If there is friction in the pin—

Néu cé ma sat trén coc - -

which we will do later—

cdi nay chung ta sé xét sau - -

then that's not the case.
Thi diéu dé khéng dung.

Given the fact that the tension left and the tension right are the same I must now
conclude that these two objects have the same weight because didn't we agree that
tension is an indication of weight? So these objects have now the same weight.

Biét Iuc cang phia trai va phia phai giéng nhau thi toi cé thé két ludn rang hai vat thé
nay co cung trong lugng vi chiing ta khdng phan déi réng luc cang la mét su chi dinh
cua trong lugng. Vay bay gid hai vat nay cé cung trong lugng.

And some people may say "Oh, that's a lot of honsense, you must be kidding.
Va cb 18 mdt s8 ngudi ndi réng “Oh, diéu dé qud vo li, ban néi dua a.

"If m2 is larger than m1 this must have a larger weight than that." Well, they are
confusing weight with mass.

N&u m2 I6n han m1 cai ndy phai ¢ trong Iugng 16n hon cai d6.0, chlng ta phan van
gira trong lugng va khdi lugng.

It is true that m2 is a larger mass than m1 but it is equally true that the weight of
these two objects is now the same according to my definition of weight.

Su that la m2 cé khaéi lugng I16n han m1 nhung né tuong dudng vdi su théat la trong
lugng cua hai vat nay bay gid gibng nhau theo dinh nghia cua t6i vé trong lugng.



Let us calculate the acceleration of this system and let's calculate the tension and
let's see what comes out.

Hay tinh todn gia téc clia hé nay va hay tinh toan luc cang va hay nhin nhitng gi 16
ra.

I first isolate here object number one.

DAu tién toi tdch vat thé 1 ra day.

This is my object number one.

bay la vat 1.

I have gravity, m1 g, and I have a tension T.

Toi cé trong luc, m1g, va toi cé luc cang T.

Nonnegotiable.

Khéng thé tranh khéi.

T better be larger than m1 g.
T I6n hon m1g

Otherwise it would never be accelerated up and we know it will be accelerated up.
Ngudc lai n6é sé khong thé dugc tang téc Ién trén va ching ta biét né dudc tang téc Ién
trén.



So what do we get? We get T—
Vay ching ta nhan dudc cai gi? Chuang ta nhan dugc T - -

I will call this plus direction, by the way—
Tién day, t6i sé goi day la hudng cong - -
minus m1l g equals m times a.

trlr m1g bang ma.

So the tension equals m1 times a plus g.
Vay luc cdng bdng m1 nhan a + g.

Hey! We've seen that one before.
Hey! Chung ta da thay diéu do ti trudc roi.

This one is being accelerated upwards.
Cai nay dugc tang toéc Ién phia trén.
Notice it gains weight.

Chu y né thu dudc trong lugng.

That's the tension and this is the acceleration.
D6 la luc cang va day la gia toc.

I have one equation with two unknowns so I can't solve it yet.
Tbi c6 mdt phuong trinh va hai &n vi vy toi chua thé giai nd.
But there is another one, there is number two here.

Nhung c6 mot cai khac, co vat s6 2 & day.

For number two, we have a force, m2 g and we have the tension up.
B6i vai vat 2, chidng ta cé luc, m2g va chung ta cé luc cang hudng Ién.

This one better be larger than that one; otherwise it wouldn't be accelerated down.
Cai nay sé Idn han cai dé; ngudc lai né sé khéng dudc tang téc xubng phia dudi.

Let me call this direction plus.

To6i sé€ goi hudng nay la cong.

The reason why I now switch directions and call this plus—

Li do tai sao bay gid téi chuyén sang hudng nay va goi cai nay la cdng - -

as well as this—

Cling nhu cai nay - -

is a good reason for it.
La li gidi cho né.



It's not so arbitrary anymore.
N6 khéng phai tuy tién nhu trudc nita.

I know that this acceleration is going to be a positive humber.

T6i biét réng gia t6c nay sé& la s6 duong.

Because it's going in this direction, it's a given.

Vi no6 sé theo hudng nay, cai dé da biét.

If I called this negative, I would get here a negative acceleration for the same thing
for which I get here a positive.

NéEu téi goi cai nay am, t6i s€ nhan dugc & day mot gia téc am va cling cai dé nhung &

day toi lai nhan dudc gia tri duong.

That's a pain in the neck.
Diéu do rat phién toai.

I don't want to have a plus and a minus sign there, have to think about that it means
the same thing.

Toi khdong mudn cé dau céng va dau trir & do, phai nghi vé diéu dé nd chi cung moét dai
lugng ma.

So the moment that I decide to define this the plus direction I know that this
acceleration will also come out to be the same sign as this one.

Vi vay luc toi quyét dinh chon cai nay la hudng cdng tdi biét rang gia téc nay

cling sé hién ra cung dau vai cai nay.

So I flip the signs there.
Vi vay tbi dao dau & do.

So now I apply Newton's Law.

Vi vay bay gid toi ap dung dinh luat Newton.



I get m2 g minus T equals m2 a.
T6i dudc m2g trir T bang m2a.
And so I get T—

Va vi vay t6i tim dugc T - -

I'll write it here—
TOi sé viét né ra day - -

equals m2 times g minus a.
Bang m2 nhéan g trur a.

Two equations with two unknowns.
Hai phudng trinh véi hai bién.

Well, that shouldn't be so hard to solve these two equations.
O, khdng khé dé giai hai phuong trinh nay.

You can immediately eliminate T, by the way.

Tién day, ban cé thé ngay lap tic khir T.

If you add this one with this one, you really—
Néu ban cOng cadi nay vdéi cai nay, thuc su ban- -

I call this equation one, you call this equation two—
Tdi goi phuong trinh nay Ia 1, ban cé thé goi phudng trinh nay la 2.

you immediately lose your T and you get that the acceleration, a equals m2 minus
m1 divided by m1 plus m2 times g.

Ngay 1&p tirc, ban m&t T va ban tim dudc gia t8c, a bdng m2 trir m1 chia m1 trir m2

nhan g.

And you substitute that "a" in that equation and you'll find that the tension equals

2mg divided by m1 plus m2.

Va ban thé& a d6 vao phuadng trinh dé va ban sé tim dugc luc cdng bang 2mg chia m1
cOng m2.

This is very easy for you to verify.

Diéu nay ban rat dé kiém tra lai.

Let us look.

Chung ta hay nhin nay.

This is m1, m2...
béay lam1l, m2.....

2ml, m2--

I lost one m—
TOi mat mot cai m - -



2m1l, m2.

Let's look at these equations, let's scrutinize them a little.
Hay nhin nhithg phuadng trinh nay, hay xét ki chiing mot chut.

Let's get some feeling for it rather than accepting them as being dumb equations.
H3y cam nhan ching ch& ding chap nhéan ching nhu nhithg phudng trinh cam lang.
Let's first take the case that m2 equals m1, and I'll call that "m." Notice that a
becomes zero and notice, if you substitute for m1 and m2 "m" here that you get 2m,
you get mg.
DAu tién hady xét trudng hdp m2 bang m1, va tdi s& goi do la m. Chd y rédng a bdng 0 va
chd y, néu ban thay m1 va m2 bdng m & day ban s& c6 2m, ban cé mg.
So T becomes mg.
Vay T bédng mg

That is utterly obvious.
Piéu d6 hoan toan hién nhién.

If m1 and m2 are the same, nothing is going to happen.
Néu m1 va m2 giéng nhau, khéng cé gi xay ra.

They're going to sit there, acceleration will be zero and the tension on both sides—
Chang sé& & yén d9, gia téc s& bang 0 va luc cdng & ca hai phia - -

which is always the same, we argued that--

ludn ludn bdng nhau, ching ta da bién luan rdng - -



is going to be mg.
s& bdang mg.
Clear.
RG rang.
Now we're going to make it more interesting.
B&ay gid chiing ta s& lam nd h&p dan han.
Suppose we make m2 much, much larger than m1 and in a limiting case we even go
with m1 to zero.
Gia sur ching ta c6 m2 I6n hon rat nhiéu so v8i m1 va trong trudng hop gidi han m1 cé thé
ti€n tdi khong.
Let's do that.
Hay xét trudng hgp do.

What you see now, if m1 goes to zero this goes away, this goes away, a goesto g
and T goes to zero.

Nhitng gi bay giG ban sé thay, néu m1 tién tdi khong cdi nay mat, cdi nay mat, a
béng g va T bang 0.

If m1 is zero, T goes to zero.
N&u m1 bang 0, T tién tdi 0.

That is obvious! Because if I make m1 zero, m2 goes into free fall.
Diéu d6 hién nhién! Vi néu téi chon m1 bdng 0, thi m2 rdi tu do.

And if m2 goes into free fall its weight is zero and so the tension is zero—

Va néu m2 rdi tu do thi trong lugng clia né bang 0 va vi vay luc cang bang 0 - -
that's exactly what you see—

biéu do giéng va@i nhitng gi ban thay - -

_an;l yom; Tlee that the acceleration of that object is g, which it better be, because it's
in free fall.

Va ban sé thdy réng gia tdc clia vat d6 bang g, phai nhu vay, vi n6é dang rai tu do.

So you see, this makes sense.
Vi vay ban thay, diéu nay cé nghia.

This is exactly consistent with your intuition.
N6 hoan toan phu hgp véi truc giac cua ban.

And if you wanted to make m1 much, much larger than m2 and you take the limiting
case for m2 goes to zero you'll find again that a goes to g and that T goes to zero
except that now the acceleration is not this way...
Va néu ban mudn lam cho m1 I8n han rat nhiéu so v8i m2 va ban cling xét trudng hgp gidi
han khi m2 ti€n t&i 0 mot [an nira ban s& tim ra réng a béng g va T d6 tién tdi 0 nhung lic
do gia t6c khong theo dudng nay....

[makes whooshing sound]

but now the acceleration is this way and now this object will go into free fall.
Ma gia toc theo hudng nay va vat nay sé rdi tu do.
And therefore there is no tension in the string anymore.

Va do dé khong cd luc cang trén day nira.



M1, if I return to the case which we have there—
m1, néu téi quay vé trudng hgp & do - -

that m2 is larger than m1—

m2 I&n hén m1 - -

m1 is being accelerated upwards.
m1 dugc tang toc Ién trén.

That's nonnegotiable, so it must have gained weight.
Diéu doé khdng thé trdnh khoi, vi vy né phai thu thém trong lugng.

M2 is being accelerated down, so it must have lost weight.
m2 dugc tang téc xudng phia dudi, vi vay ndé phai mat trong
luUgng.

Just like being in an elevator, there's no difference.

Giéng nhu trong thang may, khéng cé su khac biét.

They each weigh the same--

Va do d6 chiang sé nang gidng nhau - -



one loses weight, the other gains weight.
MOt cai mat trong lugng, va cai con lai thu trong lugng.

They each weigh the same, and so I can make the prediction that if this is m2 g,
which was its original weight and this now is the new weight, T that m2 g must be
larger than T.

Chung phai cé trong lugng nhu nhau, va vi vy tdi ¢ thé tién dodn rdng néu cdi nay
la m2g, la trong lugng ban dau clia nd va bay gid day la trong lugng mdéi, T thi m2g
phai I6n hon T.

M1 gains weight, so T must be larger than m1 g.

m1 thu thém trong lugng, vi vay T phai I6n han m1g.

M2 loses weight, so T must be smaller than m2 g.

M2 maét trong lugng, vi vay T phai nhd han m2g.

That's my prediction—

D6 la tién doan cla toi.

it has to be.
N6 phai la nhu vay.

And we can... I can show you that with some easy numbers.

Va chdng ta cé thé.....t6i cé thé chirng minh diéu dd vdi cac s6 cu thé.
Let m1 be 1.1 kilograms and let m2 be 1.25 kilograms.

Gia s’ m1 la 1.1 kg va m2 bang 1.25 kg.

Frictionless system, and the string has a negligible mass.

Hé khdng cé ma sat, va day cé khdi lugng khéng dang ké.

What is the acceleration "a" of the system? I get m2 minus m1—
Gia t8c a cua hé badng bao nhiéu? Téi c6 m2 tror m1 - -

that is 0.15 divided by the sum, which is 2.35 and that is approximately 0.064 g,
approximately 0.064 g.

bang 0.15 chia cho téng, la 2.35 va khoang 0.064 g, khoang 0.064 g.

It's about 1/16th of the gravitational acceleration.

Né bang khoang 1/16 cla gia téc trong trudng.

It's a very modest acceleration.

N6 la mot gia toc rat nho.

What is the tension? WeII,E substitute my numbers for m1 and m2 in there.
Luc cdng béng bao nhiéu? O, téi thé gia tri bédng sé chta m1 va m2 vao do.

You can take, for g, 10, if you like that and you will find that the tension equals 1.17
g.



Ban c6 thé 18y g bang 10, néu ban thich va ban sé& thay rang luc cdng phai bdng 1.17 g.
And now look at what I predicted.

Va hay nhin lai tién doan cua toi.

They both weigh 1.17 g, that's nonnegotiable.

Ca hai déu c6 trong lugng 1.17g, diéu d6 khdng thé tranh khoi
That is my definition of weight—

b6 la dinh nghia trong lugng cua toéi - -

the tension in both sides is the same.

Luc cang & hai phia gi6bng nhau.

That's my definition of weight.

D6 la dinh nghia trong lugng.

This is their weight.
Pay la trong lugng cla ching.

This one had a weight 1.25 g without being accelerated.

Cai nay co trong lugng 1.25 g khi khong dugc gia t6c.

You see, it has lost weight, because it accelerated down.
Ban thay, né da mat trong lugng, vi né dugc gia téc di xudng

This one had a weight of 1.1 g.

Céi nay cé trong lugng 1.1 g



You see, it has gained weight, because it has accelerated up.
Ban thay né thu trong lugng, vi né dudc tang toc Ién trén.

So you see, the whole picture ties together very neatly and it's important that you
look at it that way.

Vi vay ban thay, toan b6 cac yéu t6 trong hé rang budc nhau mot cach ché va réat
quan trong khi ban nhin nhan né theo cach dé.

I now want to return to the idea of complete weightlessness and I want to remind
you, a few lectures ago how I was swinging you at the end of a string in the vertical.
Bay gid t6i mubn quay lai y tudng hoan toan khéng trong lugng va cac ban c6 nhg, & cac
chuadng trudc day cé lan toi da cho vi du trong dé toi quay tron ban & cudi sgi day theo
phuang thdng ding.

I was swinging you like this.
T6i quay ban giong nhu thé nay.

And I was swinging a bucket of water like this.

Va t6i da quay mot thung nudc nhu thé nay.

And I want to return to that.

Va to6i mudn xét lai cac trudng hgp do.

I want to look at you when you are at the bottom of your circle and when you are at
the very top of that circle.

Toi mudn xem ban khi ban & thap nhat cia vong tron va khi ban & trén dinh vong tron.
You go around a circle which has radius R.

QuY dao chuyén ddng clia ban |a mét vong tron ban kinh R

Here is that circle.

bay la vong tron doé.

There's a string here, you're here.
Co6 mot sgi day & day, ban & day.

And there's a string here and at some point in time, you're there.

Va c6 mét sgi day & day va tai mét thdi diém nao dé, ban & do.

And you're going around...

Va ban sé& chuyén ddng tron ..........

let's assume that you're going around with an angular velocity omega and for
simplicity, we keep omega constant.

Gia st ban dang chuyé&n déng tron vdi van téc géc omega va dé cho don gian,
chlng ta gilt cho omega khéng déi.

But that's really not that important.

Nhung thuc su diéu dé khong quan trong.

Okay, this is point P and this is point S.



Vang, day la diém P va day la diém S.

Let's first look at the situation at point P.
Pau tién hay xét trudng hdp tai diém P.

You have a mass and so gravity acts upon you, mg.

Ban cé khai lugng va vi vay trong luc tac dung |én ban, la mg
There is tension in the string, T.

C6 luc cang trén day, T.

There must be—
Phai cé

this is nonnegotiable—
DAy la diéu khdng thé tranh khoi - -

a centripetal acceleration upwards.

Gia toc hudng tdm hudng Ién.

Otherwise, you could never do this.

Ngugc lai, ban sé khong bao giG quay tron dudgc.

Remember, from the uniform circular motion.
Hay nhd lai chuyén dong tron déu.

So there must be here centripetal acceleration which is omega squared R or, if you
prefer, v squared divided by R if v is the speed, tangential speed at that point.

Vi vdy & day phai cé gia t6c hudng tdm bang omega binh R hodc, cling cé thé viét 1a, v
binh chia R néu v |a t6c dd, téc dd tiép tuyén tai diém doé.



It must be there.
Phai nhu vay day.
Let's look here.
Hay nhin day.
Right there, gravity is acting upon you, mg.
Ngay do, trong luc tac dung Ién ban, mg.
Let's assume this string is pulling on you.
H3y gid su rang day nay dang kéo ban.
Let's assume that for now, so there is a tension.
Bay gid hay gia s nhu vay, vi vay co luc cang.
The string is pulling on you.
Day dang kéo ban.
Therefore, nonnegotiable, when you make this curvature here there must be a
centripetal acceleration and that centripetal acceleration must be omega squared R.
Do do, hién nhién, khi ban tao ra dudng cong & day phai c6 gia téc hudng tdm va gia
t6c hudng tdm do phai bdng omega binh R.
That is nonnegotiable, it has to be there.
Diéu d6 hién nhién, ¢ dé phai la nhu vay.
Let's now evaluate first the situation at P and I will call this plus and I will call this
minus.
Bay gid dau tién hay danh gia trudng hgp tai P va toi sé goi hudng nay la cong va hudng
nay la tru.
So what I get now is that T minus mg must be m times the centripetal acceleration
so T must be m times the centripetal acceleration plus g.
Vi vay béy gid tdi cd T trir mg phai bang m nhan gia t6c hudng tdm vi vay T phai la m

nhan gia t6c hudng tam cong g.

Hey! That looks very familiar.
Hey! Diéu do trong cé vé quen thudc.

It looks like someone is being accelerated in an elevator—

N6 gidng nhu ai d6 dang dudc gia toc trong thang may - -

almost the same equation.

phuong trinh gan nhu giéng nhau.

If the centripetal acceleration at this point for instance, were 10 meters per second
squared then you would weigh twice your normal weight.

Chang han, néu gia t6c hudng tdm tai diém nay bang 10 mét trén gidy binh phuong
thi ban sé& nang gap hai lan trong lugng binh thudng claa ban.

The tension here would be twice mg.



Luc cang & day sé la 2 mgq.
If this were five meters per second squared then you would be 1Q times your
weight.
Néu G day la 5 mét trén gidy binh phuaong thi ban sé nang gap rudi lan trong lugng binh
thudng cla ban.
Let's now look at the situation at S.
Bay gi& hdy xét trudng hop tai diém S.
At point S, I'm going to call this plus and that minus.
Tai diém S, tdi s& goi hudng nay la cdng va hudng do la trur.
I'm going to find that T plus mg must be m times the centripetal acceleration—

T6i s& tim ra dudc T cdng mg phai bdng m nhén gia téc hudng tdm - -
Newton's Second Law.

Theo dinh luat Newton II.

So I find that the tension there equals m times a of ¢ minus g.

Vi vay toi tim dugc luc cdng & d6 bang m nhén ac trir g.

Hey! Very similar to what I've seen before.

Hey! Rat giéng véi nhitng gi ching ta da thay tu trudgc.

This object is losing weight.
Vat nay dang mat trong lugng.

Let us take the situation that a of c is exactly 10 meters per second squared and we
discussed that last time when we had the bucket of water in our hands.

Chang ta hay xét trudng hgp ac ding bang 10 mét trén gidy binh va ching ta da thao
luan lan trudc khi chiing ta quay thung nudc.



if the centripetal acceleration when it goes through the top is 10, then this is zero.
Néu gia t6c huéng tam khi né di qua dinh la 10, thi cai nay bang 0.

So the string has no tension, the string goes limp and the bucket of water and you
are weightless.

Vi vay day khong cé luc cang, day bay ré ré , thung nudc va ban khong cé trong lugng.

If the centripetal acceleration is larger than 10 then, of course, the string will be
tight.
Néu gia téc hudng tadm I8n han 10 thi tat nhién day sé bi kéo cang.

There will be a force on you and whatever comes out of here will indicate your
weight.

Sé cé luc tac dung Ién ban va nhitng gi hién ra & day chinh la trong lugng cua

ban.

If a of c is smaller than 10, that's meaningless.
Néu a c nhé hon 10, diéu dé v6 nghia.

The tension can never be negative.

Luc cang khong bao gig am.

A string with negative tension has no physical meaning.
Mot sgi day cé lyc cang am khdéng cé y nghia vat li.

What it means is that the bucket of water would never have made it to this point.
Diéu nay ndi Ién réng thung nudc khéng bao giG téi di€ém nay.

If you try to swing it up—
Néu ban c6 quay cho no |1én dé - -

as someone tried in the second lecture--
nhu ban nao dé da c6 trong chudng 2 - -
but didn't make it to that point the bucket of water will just fall.

Nhung d& khdng lam cho thung nudc téi diém nay thung nudc sé&
roi.
You end up with a mess, but that's a detail.
Thi nghiém cla ban két thic v8i moét mé hdn ddn, nhung dé 1a
mot diéu vun vat.
So the bucket of water, when it is here...
Vi vay thung nudc, khi nd & day........
If the acceleration there, the centripetal acceleration were exactly 10 meters per
second squared then that bucket of water would be weightless.
Néu gia t6c ¢ dd, gia téc hudng tdm ding bang 10 mét trén gidy binh phuong thi thiing

nudc sé khong co trong lugng.
So I said earlier that when you're in free fall all objects in free fall are weightless.



Vi vy nhu téi d& ndi tur trude khi ban rdi tu do tat ca cac vat thé rai tu do khéng cb
trong lugng.

It's like a spacecraft in orbit or an elevator with a cut cable.

N6 giéng nhu tau vii tru trén quy dao hodc thang may bi cit day.

It also means that if I jump off the table that I'm weightless while I am in mid-air, so
to speak.
Diéu do cling cé nghia la néu téi nhdy xudng ban téi sé khéng co trong lugng khi toi dang &
gitta khdng trung, c6 thé ndi nhu vay.
It means this tennis ball...
Cé nghia la qua béng tennis nay......
while it is in free fall, it has no weight.

Trong khi roi tu do, né khéng cé trong lugng
Now it has weight.
Bay gid nd cd trong lugng.

Now the weight is even higher because I am accelerating it and now it has no
weight.
Bay gid trong lugng tham chi Ign han vi toi dang gia t6c nd va bay gid n6 khong co trong
lugng.

The tennis ball is weightless and I assume, for now, that the air drag plays no role.
Qua bdng tennis khéng cé trong lugng va bay gid tbi gia sur, khong céd luc can khong khi.
If I jump off the table I will be weightless for about half a second.

NEu téi nhdy xubng ban téi sé khéng cé trong lugng trong khoang 2 giay.



This is about one meter.
PO cao nay khoang 1m.
If I jump from a tower which is 100 meters high I will be weightless for 4Q seconds
ignoring air drag.
NEu tbéi nhay tur toa thap cao 100 m téi sé mat trong lugng khoang 4.5 gidy bd qua src can
cua khong khi
I prefer today the half a second.
HOm nay tdi mudbn nira giay.
I am going to jump off this table with this water in my hand.
T6i s€ xuat phat tir trén ban nay vdi li nudc trong tay toi.
And I'm going to tell you how I can convince you that as I jump, that I will, indeed,
be weightless.
Va tbi s& cho thdy réng khi tdi nhay, qua thuc tdi s& khdng ¢ trong lugng.

Here is the bottle.
bay la mot céi chay.

There is a gravitational force on the bottle.
Khoéng c6 luc trong trudng tac dung Ién chai.
My hands are pushing up on this bottle.
Tay cua tdi dang ddy Ién chai nay.

My hands are being a bathroom scale.
Tay cua toi dang la céi can.

I feel, in my muscles, the need to push up.
Trong cd cua tdi , tdi cam th8y can day |1én.
In fact, I might even be able to estimate the weight playing the role of a bathroom
scale.
Qua thuc, téi thdm chi cé thé udc tinh dugc trong lugng ging nhu cai can.
It's a gallon of water, it's about nine pounds.
day la mot gallon nuéc, khoang 4 kg.
Now my own body...
Bay gi§ cd thé toi.....
gravity is acting upon me but I am being pushed up, right there.
Trong luc tac dung 1én téi nhung tdi dang dudc ddy Ién, ngay do.
Suppose we jumped.
Gia sUr chlang toi da nhay.
There would be no pushing from me on the bottle anymore no pushing there on me,
the table.
Khéng cb su déy ti toi 1én cai chai nita khdng cé su day tir d6 1én toi, cai ban.
Only gravitation would act upon us and we would be weightless.

Chi ¢6 luc h&p dan tac dung Ién chlng tdi va ching téi sé& khong cé trong lugng.

How can I show you that we are weightless? Well, if I don't have to use my muscles



to push on this bottle upwards I might as well lower my hands a little bit during this
free fall.
Tdi ¢ thé chi cho ban biét réng ching tdi khdng cd trong lugng nhu thé nao? Néu toi
khdng dung cd cla téi ddy 1én chai ndy thi trong qua trinh rai nay

t6i co thé& lam th&p tay toi hon mot it cling dudc

And you will see that the bottle will just stay above my hands without my having to
push up.

Va ban sé& th8y raéng cai chai sé& gilt yén & bén trén tay t6i ma khéng can su diy cua toi.

Therefore, being the bathroom scale I no longer have to push on it.
Do do, v@i vai tro la cai can téi khong con phai day I1én nd nira.

I no longer... my muscles don't feel anything and the bottle is therefore weightless.
T6i khoéng con....... Cd cua toi khéng cdm thay gi nira va do do cai chai sé khéng co trong
luUgng.

The bottle is weightless when we jump; I am weightless and even this bagel is
weightless.

Cai chai khdng c6 trong lugng khi téi nhay; téi khéng cé trong lugng va tham chi chiéc
nhan nay ciing khong co trong lugng.



We're all weightless during half a second.

Tat ca chung toi sé khdng co trong | ugng trong khoang nira giay.
There is no such thing in physics as a free lunch.
Khoéng cé thir gi trong vat |i giéng nhu bira &n trua mién phi.

You have to pay a price for this half a second of weightlessness.

Ban phai tra tién cho nira giay khéng trong lugng.

What happens when I hit the floor? I hit the floor with a velocity in this direction
which is about five meters per second.
Diéu gi xay ra khi téi cham san nha? Téi cham san nha véi van téc theo huédng nay khoang
5m/s.

You can calculate that.

Ban cé thé tinh céi do.

But a little later, I've come to a stop.
Nhung mot lUc sau, téi da dén diém ding.

That means during the impact there must be an acceleration upwards.
Diéu do cd nghia la trong qua trinh va cham phai cé mot gia téc hudng
[én trén.

Otherwise my velocity in this direction could never become zero.
Ngugc lai van t8c cua tdi theo hudng nay sé khéng bao gid bang 0 dudc.
Therefore, I will weigh more during this impact—

Do dé, toi sé nang han trong qua trinh va cham nay - -

there is an acceleration in this direction.
Co gia toc theo hudéng nay.

The five meters per second goes to zero.
5m/s ti€n tdi 0.

If I make the assumption that it takes two-tenths of a second—
N&u tbi gia st rdng qué trinh dé dién ra trong 2/10 gidy - -
that's a very rough guess, this impact time—

D6 chi la suy doan rat thd so, vé thdgi gian va cham nay - -

then the average acceleration will be five meters per second divided by 0.2;
thi gia tO6c trung binh sé la 5m/s chia cho 0.2;

that is 25 meters per second squared.
Bang 25 mét trén gidy binh phuong.

That means the acceleration upwards is 2Q g.
Diéu do6 cd nghia la gia t6c hudng Ién la 2.59.

That means I will weigh 3Q times more.



Diéu do6 cd nghia la tbéi sé nang han 3.5 lan.

Remember it is a plus g, so a is 2Q2 g up plus the g that we already have;
Nhé né la a cong g, vi vay a la 2.5 g hudng I1én cdng g ma chung ta dang co6;

that makes it 3Q g.
két qua la 3.5g.

So instead of weighing 165 pounds I weigh close to 600 pounds for two-tenths of a
second.
Vi vay thay vi nang 75 kg t6i nang gan 262 kg trong 2/10 giay.

So we get four phases.
Vi vay chung toi trai qua 4 trang thai.

Right now, I'm my normal weight if I stand on a bathroom scale.
Ngay bay gig, t6i cé trong lugng binh thudng khi téi dirng trén can.

I jump for half a second, weightless hit the floor for about two-tenths of a second
maybe close to 600 pounds.

T6i nhdy khoang nira gidy, khéng trong lugng cham dat khoang 2/10 gidy va nang
gan 262 kg.

And then after that I will have my normal weight again.
Va sau dé to6i sé trd lai trong lugng binh thudng.

Now, you're going to have only half a second to see that this bottle, as I jump, is
floating above my hands.

Bay gid, ban s& chi cé khoang nira gidy dé thdy réang khi téi nhay cdi chai nay bdng
béng trén tay toi.



I will pull my hands off so you will see that I no longer have to push it.
Toi sé kéo tay tdi ra khai vi vy ban sé& thdy rang tdi khdng con ddy né.

That means it's weightless.

biéu d6 cé nghia la nod

khéng co trong lugng.

Are you ready? I'm ready.

Ban sin sang chua? T6i sén sang

Three, two, one, zero.

Ba, hai, mo6t , khong.

Did you see it floating above my hands? We were both weightless.

Ban cé thay né bong bénh trén tay t6i khong? Ca hai ching t6i déu

khéng co trong lugng.

Now, I have been thinking about this for a long, long time.

Toi dang nghi vé mot van dé trong thdi gian dai.

I have been thinking whether perhaps this could not be shown in a more dramatic
way perhaps even a more convincing way.

Toi dang nghi I1a c6 cach nao dé biéu dién tinh trang khdng trong lugng nay gay &n
tugng sau séc hon va cé sic thuyét phuc hon khdng.

And so I thought of the idea of putting a bathroom scale under my feet tying it very
loosely so that it wouldn't fall off when I jump and then show you that while I am
half a second in free fall that the bathroom scale indeed indicates zero.

Va vi vay toi ndy ra mot y tudng la dat cai cdn dudi chan téi buéc né rat Idng sao cho né
khéng rai xuéng va do dé n6 cho ban biét khi téi & trong nlra giay rgi tu do qua thuc cai

can chi s6 0.

And don't think that I haven't tried it.
Va dung nghi rang téi chua thir nd.

I've tried it many times with many bathroom scales.
T6i da thur né nhiéu lan v@&i nhiéu cai can.

I made many jumps.
T6i nhay nhiéu lan.

There is a problem, and the problem is the bathroom scales that you buy—
C6 mot van dé, va do la cai can ma ban mua - -

that you normally get commercially—

ban thudng mua nhirng cai can

they indeed want to go to zero.



Qua thuc, kim cua ching cé khuynh hudng chi vé khong.
It takes them a long time.
Phai dung chidng trong moét thdi gian dai.

They have a lot of inertia, their response time is slow.
Chung c6 nhiéu quan tinh, thgi gian dap Ung cua ching cham.

But even if they make it to zero by the time you hit the floor then immediately the
weight increases because you hit the floor and your weight comes up by 3Q times.
Nhung cho du né chi 0 ngay trudc khi ban cham san nha thi ngay lap tdc trong lugng
tang vi ban cham san nha va trong lugng clia ban tang 3.5 lan.

So it begins to swing back and forth and it becomes completely chaotic and you can
no longer see what's happening.

Vi vay déng hd cua nd lac qua lac lai va tré thanh hoan toan réi ram va ban khéng con
thdy nhirng gi xay ra.

And it just so happened that about six months ago, Dave...
Va cling rat trung hgp khi khoang 6 thang trudc, Dave.........

I had dinner with Professor Dave Trumper and I explained it to him that it is just
unfortunate that you can never really show it that you jump off the table, have a
bathroom scale under you and see that weight go down to zero when you are in free
fall.
Toi an tdi vdi gido su Dave Trumper va toi d& giai thich né vdi anh dy rang dang tiéc la ban
khéng bao gid cé thé thuejc su biéu dién thid nghiém ban nhay xudng b an, c6 mot cai can
phia dugi ban va thdy trong lugng d6 giam dén khéng khi ban rgi ty do.
And he said, "Duck soup--

Va anh &y noi, dé ot - -



I can do that." He says, "I can make you a scale "which has a response time of
maybe 10 milliseconds "so when you jump off the table in 10 milliseconds you will
see that thing go down to zero." And he delivered, he came through.
Toi cé thé l1am diéu d4.” Anh ta ndi, “tbi cé thé Iam cho ban mdt cai can cé thdi gian dap
rng khoang 10 mili gidy “vi vay khi ban nhay xuéng ban trong 10 mili gidy ban sé thay né
di xudng 0.” Va anh 8y chuyén giao, anh 8y giai thich cho tbi.
He built this wonderful device which he and I are going to demonstrate to you.

Anh 8y da tao ra thiét bj tuyét vdi nay, tdi va anh 8y s& trinh dién né cho cac ban
thay.

Let me first give you some reasonable light for this.

PAu tién t6i sé giai thich cho ban vai diéu vé cai nay.

And I would like to show you on the scale there what this scale that he built is
indicating.

Va téi mudn chi cho ban trén cai can dé cai cdn do anh ay tao ra sé chi gi.

Here is the scale, I have it in my hands.
Pay la céi can, téi cam no lén .

And on top of this scale is a little platform just like on your scale.

Va phia trén can la mo6t nén nhé gidng nhu trén can cua ban.

This platform weighs 4Q pounds.

Nén nay nang 2 kg.

And you can see that, it says about 4Q.
Va ban cé thé thay diéu dé, n6 chi 2 kg 4.5

Now, you will say "Hmm! I wouldn't want that kind of a bathroom scale.
Bay gid, ban sé noi”HU! T6i khdng mudn loai can do

"I mean, if I want to see my bathroom scale "I want to see a zero before I want to

go up.
Y t6i la khi toi nhin can “T6i mudn thay 0 trudc khi kim quay.

"I'm heavy enough all by myself.
T6i chi mudn cadi can chi trong lugng cta chinh toi.

I don't want to get another 4Q pounds." The manufacturer has simply zeroed that
scale for you but obviously also your bathroom scale has a cover on it.

T6i khéng mudn nhan thém 2 kg nifa. Hién nhién can cla ban ciing cé I8p bao phu
trén nd, nhung nhirng nha san xuat da chinh vé khéng cho ban

Once you have seen these demonstrations you will be able to answer for yourself
why we don't zero this why we really leave this to be 4Q.

MOt khi ban da xem trinh dién nay ban s& cé thé tu tra ISi tai sao ching téi khéng
chinh 0 cho cdi can nay tai sao ching téi d€ lai cai nay la 2kg.

That's the actual mass which is on top of the spring.

D6 la khéi lugng thuc su trén dau cua 10 xo.

But it's not really a spring—



Nhung thuc su né khéng phai la 10 xo - -

it is a pressure gauge, but think of it as a spring.
N6 la mét ap k&, nhung hay xem né nhu 16 xo.

4Q pounds.
4.5 pound.
2 kg

Here we have a weight which is a barbell weight, which is 10 pounds.
O day chung ta cé trong lugng la trong lugng thanh ta, khoang4.5 kg.

Is this from one of your children, Dave or were you doing it yourself? 10 pounds...
Pay la cua cac con ban ding khéng Dava hay ban tu lam n6? 10 pound
we put it on top here.

Chung ta dat no trén can.

What do you see? Roughly 14Q pounds.

Chung ta thay gi? Khoang 6.5 kg.

All right, we are going to tape it down.

budc rbi, ching ta sé dan noé.

There we go.

ROi.



And we're going to drop it from about 1Q, two meters and we drop it in here, well-
cushioned because we don't want to break this beautiful device.

Va chlng ta sé tha nod rgi tir 1.5 va chidng ta tha né & day, dugc dém t6t vi ching ta
khéng mudn la gay thiét bi dep nay.

When we drop it, the response is so fast that you will see, indeed, that pointer go to
zero.
Khi ching ta tha nd, dap ing qud nhanh dén ndi ban s& thdy, qua thuc, kim sé& chi vé 0.

Now, keep in mind, when it hits the cushion that the weight will go up.
Bay gid, hay nhd, khi né6 cham dém thi trong lugng sé tang.

For now, I want you to concentrate only on the thing going to zero and not what
comes later.

Bay gid, t6i mudbn ban tap trung vao cai tién téi khong ch& khéng phai nhitng gi xay
ra sau dé.

We will deal with that within a minute.

Chung ta sé d6i mat vai diéu do trong

chéc lat.

Okay... 14Q pounds.

vang....... 6.5 kg.

You know why the thing is actually jiggling back and forth? I can't hold it exactly still
and so I slightly accelerate it upwards and downwards and when I accelerate it
slightly upwards it weighs a little more and when I accelerate it downwards, it
weighs less.

Ban biét tai sao né dua qua dua lai khdng? Tdi khdng thé gilt né yén mdt ché va

vi vay to6i gia toc n6 nhe Ién trén va xudng dudi va khi toi gia toc nhe no I1én trén

noé nang han mot it va khi toi gia téc nhe né xudéng dudi, né nhe han.

It's interesting.Diéu dé that i tha.

You can see I'm nervous.
Ban cé thé thdy tdi cang thang.

That's my nervous tension meter there.
Bay gid cai can la déng hd do su cdng thang cua toi.

Okay, we're ready? Look and... don't look at me, now, look at that pointer.
Vang, ching ta sdn sang phai khéng? Hay nhin va.....dirng nhin téi, bay gid,
nhin vao cay kim do.

Three, two, one, zero.

Ba, hai, mo6t , khong.

Did you see it go to zero? All the way to zero.

Ban co thdy nd tién dén khdong khdng? Triét dé



ti€n tdi khong.

Now comes something even more remarkable.

Bay gid dén diéu dang chu y hon.

He said to me, "I can also make the students see the response on a time scale of
about a fraction of a second." By the way, this is the hero who made all this stuff.
Anh 8y ndi v3i téi. ™ Tdi cling cé thé& 1am cho cdc sinh vién th8y dap (ng thdi gian cua
can khoang 1 phéan cta giay. Nhan day cling xin gidi thiéu, day la anh hing tao ra

mon nay.

He's fantastic.
Anh ay that phi thudng.

[class applauds]

LEWIN: He can show you the weight on an electronic scale and this weight you will
see as a function of time.
Lewin: anh 8y c6 thé chi cho ban trong lugng trén can dién t& va trong lugng nay ban sé
thay la ham cua thgi gian.

I will put the ten pounds back on again...

TOi sé dat 4.5 kg trd lai day lan nira........

tape it a little tighter and so the level that you see now is 14Q pounds.

Dan ndé chat han mot it va vi vay mifc ma ban thady bay gid la 6.5 kg

This is 14Q pounds and this is zero, this mark is zero.

bay la 6.5 kg va day la 0, dau nay la 0.

I'm going to hold it in my hand.
Toi s€ cam né trong tay.

And notice, if I can hold it still you're back to your 14Q pounds.

Va chd y, néu tdi cd thé gilr né yén mot chd ban quay lai véi 6.5 kg cla ban.



Now I'm going to drop it.
Bay gid toi sé tha nd.

You will see it go down to zero.
Ban sé thay né giam téGi khéng.
It will hit the floor, the cushion.
N6 sé cham san nha, miéng
dém.

It will get an acceleration upwards.
N6 sé nhan mot gia toc hudng 1én trén.

It will become way heavier than it was before and then it will even be bounced back
up in the air and it goes again into free fall.

N6 s& ndng hon né trudc day va do d6 né thdm chi cé thé ndy 1én khdng trung va rdi
xudng lan nira.

We will freeze that for you, and you will be able...
Chung tdi s& én dinh nd cho ban, va ban sé& cé thé.........

we will be able to analyze it, then, after it all happens.
Ban s& c6 thé& phéan tich nd, roi sau do tat ca sé xay ra.
So, 14Q pounds...

Vay 6.5 kg.......... .

three, two, one, zero.
Ba, hai, mét, khong.

And now Professor Trumper is freezing it for you.

Va bay gid gido su Trumper dang 6n dinh né cho ban.
Now look at this, look at this incredible picture.

Bay gi& hdy nhin cdi ndy, nhin blc anh khdng thé

tin dugc nay.

This is truly an eye-opener for me, when I saw it.
bay la diéu lam téi tinh ngd khi toi thay nd.

The physics in here is unbelievable.

Hién tugng vat li @ day that khé tin.

Here is your 14Q pounds.
Pay la 6.5 kg cua ban.

Tick marks from here to here are half a second.



Dau danh tur day dén day la nura giay.

It was half a second in free fall and it goes to zero, that's no weight.
NoO roi tu do nira giay va né tién dén 0, do6 la khong trong lugng

Now it hits the floor, the cushion and its weight goes up in something like a tenth of
a second.

Bay gid né cham san nha, dém va trong lugng clia né tang trong 1/10 giay.

Look, this is about one, two, three...

Nhin day, day la khoang 1, 2, 3.....

It's about 3Q times its weight now.

Bay gid Khoang 3.5 trong lugng cua

né

So the 14Q has to be multiplied by 3Q or four which is exactly what we predicted—
Vi vay 6.5 da dugc nhan vdi 3.5 hoac 4 chinh xac véi nhitng gi chlng ta tién doan - -
that it would be much higher.

N6 sé& I8n han nhiéu

But now it's being...
Nhung bay gid né dang

it bounces off, because it's a very nice cushion.
NS ndy Ién, vi nd la cai dém tét.

It throws it back up.

NG rai trd lai.

So it goes back into the air so it goes immediately to weightlessness again and then
it oscillates back and forth.

Vay né trd lai trén khong vay nd ngay lap tic khéng cé trong | ugng va sau dé n6 dao déng
Ién xudng.



And then here you would expect that this level, 14Q pounds, would be the same as
this.

Va do dé & day ban sé mong dgi mirc nay bang 6.5 kg, giéng nhu cai nay.
And the only reason why that's not the case is there's a little cable that fell with it
which is pushing a little bit up on the upper... on the upper disc that is there so it's
making it a little lighter.
Va Ii do duy nh&t ma diéu dé khdng ding 1a c6 mot day nho rdi v8i né dang ddy mot it
Ién trén & phia trén.......... @ dia phia trén cai dang & dé vi vay né lam cho né nhe di mét
it.

Isn't it incredible? You see here in front of you the weightlessness and you see the
extra weight when it hits and again followed by weightlessness.

N6 khéng c6 gi ngac nhién phai khéng? Ban sé nhin day phia trudc ban sy khong
trong lugng va ban thdy trong lugng thém vao khi né cham va lai theo dé&i sy khong
trong lugng.

Dave, A-plus, you passed the course.
Dave, A+, ban da qua khoda hoc.

There is a great interest in doing experiments under weightless conditions.

Ngugi ta rat quan tdm dén viéc thuc hién cac thi nghiém trong diéu kién

khéng trong lugng.

NASA was very interested in it.

Nasa rat quan tam dén noé.

And if you would jump 100 meters up in the sky you would only be nine seconds up.
néu ban nhay xuéng tlr 100 mét trén cao ban sé mat 9 giay

You wouldn't even be weightless because of air drag.
Ban sé khéng & trong tinh trang khong trong lugng vi cé sic can khoéng
khi.
However, if you could jump up way near the top of the atmosphere—
Tuy nhién néu ban nhay gan phia trén tang khi quyén - -
where the air drag is negligible—
NGi ma luc can khéng khi khdng dang ké - -
then you would be weightless for quite some time.
Thi ban sé & trong tinh trang hoan toan khéng trong lugng trong khoang thdi gian nao do.
And that is what people have been doing for the past few decades.
Va d6 la nhitng gi ngudi ta da lam trong vai thap ki truéc.
Professor Young and Professor Oman here at the Aeronautics Department have done
what they call "zero gravity experiments" from airplanes—
Gido su Young va gido st Oman & khoa hang khéng da lam nhitng thi nghiém khong

trong luc trén may bay.

and I will explain that in detail—
va toi sé gidi thich diéu do chi tiét --



but first I want you to appreciate that "zero gravity" is a complete misnomer.
Nhung trudc hét tdi mudn ban hi€u ding rang tinh trang khdng trong luc 1a mot
su dung thuat ngit sai hoa toan.

"Zero weight," yes—

Phai la khéng trong lugng - -

"zero gravity," no.
Ch&r khéng phai la khong trong luc.

If you have an airplane anywhere near Earth, flying whether the engines are on or
whether the engines are off or whether it is free-falling doesn't matter.

Né&u mdy bay & noi nao dé gan Trai dat, dang bay cho du ddng cg hoat déng hay tat
hay né dang rgi tu do

There is never zero gravity.

Lubn ludn cé trong luc tac dung Ién nd

There is always gravity—

Ludn ludn cé trong luc

thank goodness.

On chua.

But if you are in free fall, indeed, there is no weight.
Nhung néu ban dang rai tu do, qua thuc, dung la khong co trong lugng.

Apart from that, they call them "zero gravity experiments" and why not? Maybe it
sells better.

Ngoai trir cai dé, ho goi chung la “céac thi nghiém khoéng trong luc” va tai sao khong? Co
I€ nd thuyét phuc t6t hon.



They fly an airplane, which is the KC-135 and they do these experiments at an
altitude of about 30,000 feet.
Ho 1ai may bay KC-135 va ho lam nhiing thi nghiém nay & d6 cao khoang 9144 m.

If I could clean this as best as I can...
Tbi chi cé thé giai thich diéu nay rd rang trong gidi han cho phép........

The plane comes in at one point in time at an angle of about 45 degrees.
Mdy bay dén diém nao dé vdi goc khoang 45 do.

There's nothing special about that 45 degrees.

Khong co gi dac biét vé gbéc 45 do dé.

It's just...
N6 chi la............

that's the way it's done.
Pé la cach noé dugce thuc hién.

You have to also think of the convenience—
Ban cling phai nghi vé su thuan Igi - -
convenience for the passengers.

Thuan Igi cho hanh khach.

The speed is then about 425 miles per hour so the horizontal component is about
300 miles per hour and the vertical component is also 300.

Do do van tdc khoang 425 dam trén gid vi vay thanh phan nam ngang khoang 300
ddm moét gid va thanh phan thdng didng ciing 1a 300

The air drag is very little.

Sic can khong khi rat nhé.

Let's assume, for the sake of the argument that the engines are cut and the plane
goes into free fall.

Chulng ta hay gia s nhu vy, dé cho khi ddng co tat thi may bay roi tu do.

It's no different from this tennis ball—
Khoéng co su khac biét véi qua bdéng tennis - -

[makes whooshing sound]

the same thing.
Giéng tuang tu.

You're going to see a parabola.
Ban sé thay mo6t parabon.

And so this plane is going to free-fall and comes back to this level.



Va vi vay may bay sé rgi tu do va trd lai mdc nay.
And let's analyze this arc, this parabola.
Va ching ta hay phan tich cung nay, parabon nay.

Right here at the top, clearly there will still be 300 meters per second in the absence
of any air drag.
Ngay day tai dinh, rd rang sé& van con la 300 m/s né&u khdng cé luc can khéng khi.

You should be able to calculate with all the tools that you have available how high
this goes from this level.

Ban cé thé tinh todn bang t&t ca nhitng dit kién d& cé tir ddy dén mc nay cao bao
nhiéu.

In other words, what is the time that the velocity in the y direction comes to zero?
You can calculate that and then you know how much it has traveled.

NGi cach khac, van tdc theo hudng y tién tdi khong lic ndo? Ban cd thé tinh todn cai
dd va sau dé ban biét n6é da di bao nhiéu.

Very crude number, this is about 900 meters.
Udc chirng, céi nay khoang 900 m.

And it will take about 15 seconds to reach this point so it will take about 30 seconds
to go from here to here and in those 30 seconds the horizontal displacement is about
3Q kilometers.

Va phai méat 15 gidy dé dat dén diém nay vi vay phai méat 30 gidy dé€ di tir ddy dén day
va trong 30 gidy d6 su thay ddi vi tri theo phudng ngang la 3.5 km.



And all these numbers you should be able to confirm.
Ban co thé kiém tra lai tat ca cac s6 nay.
Right here, the engines are restarted.

Ngay day, dong cd khdi dong lai.

During this free fall, everyone in the airplane is weightless including the airplane
itself.

Trong subt qua trinh rgi tu do nay, moi ngudi trong may bay khong cé trong lugng
bao gobm ca chinh may bay.

Now the engines start, and the engine is sort of...
Bay gig dong ca khdi dong, va déng cag loai............

The plane is going to pull up, it goes into this phase and then the plane flies
horizontally for a while.

May bay sé kéo Ién, nd di vao trong trang thai nay va sao dé bay theo hudng
ngang mot Iuc.

During this phase, as we just discussed it's like hitting the floor.

g trang thai nay, giong nhu ching ta da thao luan, né giéng nhu

dang cham san nha

You need an acceleration in this direction.

Ban can mot gia toc theo hudng nay.

There will be weight increase so there is here an acceleration upwards.
Sé c6 su tang trong lugng vi vay G day cé gia t6c hudng lén.

And during this time, very roughly people have about twice their weight.

Va trong su6t khoang thgi gian nay, ngudi ta co6 trong lugng 16n khoang 2

[an trong lugng binh thudng cua ho.

And then here, they have again normal weight.

Va sau doé & day, mot Ian nira ho trd lai trong lugng binh thudng.

And then the plane pulls up again and here it goes and repeats the whole thing again
going into free fall.

Va sau dé may bay lai kéo Ién va & day nd di va lap lai toan b6 qua trinh roi tu do mét
[an nira

So again here, people have more than their normal weight.
Vi vay moét lan nifa & day, ngudi ta cé trong lugng I8n han binh thudng.

Zero weight, more than normal weight normal weight, more than normal weight,
free fall.
Khéng trong lugng, 16n han trong lugng binh thudng trong lugng binh thudng, I8n han
trong lugng binh thudng, rai tu do.
And the whole cycle takes about 90 seconds.



Toa bd chu trinh xay ra trong 90 giay.

You can imagine that it is very important when you are here in free fall, when you
have no weight that when your weight comes back and your weight doubles—

Ban c6 thé tudng tugng su viéc rat quan trong khi ban & day trong qua trinh rai tu do,
khi ban khong cé trong lugng r6i khi trong lugng cia ban trd lai va trong lugng cua
ban gap doi.

and Professor Oman told me that this change from zero to twice your weight takes
less than a second—

va gido su Oman bao tdi rdng su thay déi trong lugng cua ban tir 0 dén gép ddi xay ra
trong thd&i gian ngan hon 1 giay.

that you better know where your feet are and where your head is because if your
head is down and you all of a sudden double your weight you crush your skull, so
you have to be sure that you are standing straight up in the plane when your weight
begins to double and we will see that very shortly, how that works.

Ban phai biét chan clia ban dang & dau va dau clda ban dang & dau néu dau cua ban &
dudi va thinh linh trong lugng cua ban tang gap déi ban sé ép so ban, vi vay ban phai
chéc chan rang ban dang di'ng thdng trong may bay khi trong lugng cta ban tdng gap
doi va chung ta sé thay diéu dé ngay, cai dé lam viéc nhu thé nao.

I want to show you first some slides from these experiments.

Pau tién té6i mudn chi cho ban mot vai slide moé ta nhirng thi nghiém nay

So here you see the situation that we just described.

G day ban thay trudng hgp ching ta vira mé ta.

Let us start here, that is where I started with you.
Chang ta hdy bat dau & day, dé la nai tdi bat dau trén bang.

The plane turns the engines off.
Pdng cd may bay tat.

This is the parabola.

bay la parabon.



Here the engines are restarted.
O day dong ca khai dong lai.
This is the free-fall period.

Pay la luc rai tu do.

This is about 30 seconds.
Cai nay khoang 30 giay.

The engine is restarted, and during this time there is an acceleration upwards and
they call it "2g peak." Well, they really mean 1g.
Pong cd khdi dong lai, va trong subt thdi gian nay c6 gia téc hudng Ién va ching ta
goi né la “peak 2g.” 6, thuc sy ching am chi 1g.

What they really mean, that my weight doubles.
Thuc su ching cé nghia la gi, trong lugng cla t6i tang gdp doi.

They call that "2g" but, of course, they call this "0g" which is equally incorrect.
Ho goi cdi dé la 2g nhung tat nhién, ho goi cai nay la 0 g la khong chinh xac.
It's not 0g—

N6 khoéng phaila0g - -

you have no weight. This is weightless, here your weight is double here your weight

is normal, here your weight roughly doubles and you go into another free-fall period
and the cycle from here to here is about 90 seconds.

Ban khong cé trong lugng. cai nay khong cé trong lugng, & day trong lugng clda ban gap
do6i ¢ day trong lugng cua ban binh thudng, & day trong lugng cua ban gan gap doéi va
ban di vao trong mét chu ki rai tu do khac va chu ki tir day dén day khoang 90 giay.

Now, the irony has it that the reason why these flights are done is to study motion
sickness under weightless conditions.

Cé mét su mia mai la Ii do nhitng chuyé&n bay nay dudgc thuejc hién la d& nghién clru
can bénh nén mua trong diéu kién khong trong lugng.

Astronauts were complaining about motion sickness.
Cac phi hanh gia da phan nan vé can bénh nén mua.

And so Professor Young and Oman have done lots and lots of experiments with
airplanes and later, also, in the shuttle to study this motion sickness.

Va gido su Young va Oman da thuc hién rat nhiéu thi nghiém véi may bay va sau
dé 1a tau con thoi d&€ nghién clflu vé bénh nay.

I find it rather ironic because if you and I were part of these experiments we would
get terribly sick because of the experiments.

T6i nhan thdy hgi mia mai vi néu ban va t6i tham gia vao nhitng thi nghiém nay ching
ta sé nhan ganh nang vi nhirng thi nghém.

Just imagine that you go from weightlessness into twice your weight, back to
weightlessness.

Hay tudng tugng ban di tir khong trong lugng vao trang thai trong lugng tang gap
doi, roi tré vé khoéng trong lugng.



We would be puking all day! How can you study people who are sick? How can you
study the sickness due to weightlessness? Well, they must have found a way.
Chlng ta s& ndén mura ca ngay! Ban cé thé nghién clu ngudi bi bénh nhu thé nao? Ban
nghién clfu c&n bénh do khdng trong lugng nhu thé nao? O, chiing ta phai tim mdt cach.
They do this about 50 times per day.

Chung ta lam diéu nay khoang 50 Ian 1 ngay.

And now I want to show you some real data which were kindly given to me by
Professor Young where you see them actually in the plane.

Va bay gig téi mudn chi cho ban nhitng di liéu thuc t€ ma vi long tét gido su Young da
cho t6i ¢ day ban thay ho thuc té trong may bay.

I believe I have to put this on one and start the...

T6i tin toi phai dat cai nay trén cai nay va bat dau....

Can you turn off the slide projector? &nbsp;

Ban cé thé tit may chiéu dudc khdng?

So here you see them in the plane.
Vi vay & day ban thay ho trong may bay

They are not weightless, they are climbing up.
Ho khdéng co trong lugng, ho dang leo.

I think this is Professor Young.
T6i nghi day la gido su Young.

The guys lying on the floor must be a bit tired.
Nhitng g& ndm trén san nha chéic la hoi mét.



The light will shortly go on, and when the light goes on that's an indication that the
weightlessness is coming up.
Ang sang s& dudc md trong thdi gian ngén, va khi 4nh sdng md né chi tinh trang khdng
trong lugng dang dén.

It already went on, I must have missed it, I wasn't looking.

N6 da md roi, téi da bo 18 nd, téi da khéng nhin.
And there they go into weightlessness.
Va & dé ho di vao tinh trang khong trong lugng.

See, this person is upside down here.
Nhin nay, ngudi nay dang |6n ngudgc G day.

You better get straight up before your weight doubles because you'll crash into the
floor.
Ban nén di’ng Ién trudc khi trong lugng cua ban tang gdp doi vi ban sé dam dau xubéng san
nha

[class laughs]

LEWIN: And now it takes 60 seconds because the whole cycle is 90 seconds and in
these 60 seconds they get ready for the next free fall—
Lewin: vang bay gid mat khoang 60 giay vi toan bd chu trinh Ia 90 giday va trong 60
gidy nay ching ta sdn sang cho su rai tu do tiép theo - -

for the next weightlessness.
Cho tinh trang khong trong lugng ti€p theo.

And you will see very shortly the light will go on again, and that will tell them that
the weightlessness is coming up and then they will be weightless for another 30
seconds.

Va ban sé& thdy trong thsi gian ngan anh sang sé tié€p tuc trd lai, v a diéu doé sé chi cho ban
rang tinh trang khong trong lugng dang dén va sau dé ho s& khéng trong lugng khoang 30
gidy khac.

The sound that you hear is obviously the engines of the plane.

Am thanh ma ban nghe hién nhién Ia ddng cd may bay.

There you go—

b6 cac ban.

light goes on, they get a warning, they take their headphones off and everything
'becomes weightless.
Anh sang md, ho nhan canh bdo, ho bo headphone ra va moi th(r trg thang khong trong
lugng.

They may not like that and so they put their headphones in a secure place.

Co6 |€ hoc khong thich diéu dé va vi vay ho dat tay nghe cua ho vao ngi bi

mat.

You see that here Professor Young takes his off.

O day ban thay gido su Young g3 tay nghe ra

And there they go again...



Va ho lai di vao.......
swimming in mid-air.
Tinh trang bgi giita khdng
trung.

[class laughs]

30 seconds weightless.
30 gidy khoéng trong lugng.

[class laughs]

LEWIN: And the plane in which this happens...
Va may bay ma trong dé diéu nay xay ra

[class laughs]

LEWIN: Yeah, these things happen.
Vang, nhitng diéu nay xay ra.

I'd like to show you a last slide of the plane that they do these experiments from.
Toi mudn chi cho ban slide cubi cung cua may bay ma trong dé ho lam nhitng thi
nghiém nay

This is the plane while it is in free fall.

bay la may bay dang rai tu do.



About 45-degree angle and these people have done a tremendous job in indeed
making a major contribution to the airsickness due to weightlessness.

Goc khoang 45 d6 va nhitng ngudi nay da thuc hién mot cong viéc kinh
khing d& déng goép vao viéc nghién clru bénh nén mdlra do tinh trang
khong trong lugng.

All right, see you Friday.

bugc roi, hen gap vao thr sau.



