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8.01 Physics I: Classical Mechanics, Fall 1999
Transcript — Lecture 6

Last time we discussed that an acceleration is caused by a push or by a pull.
Lan trudc, chidng ta da thao luan vé gia téc nay sinh do su day va su kéo.

Today we will express this more qualitatively in three laws which are called Newton's
Laws.
H6m nay chlng ta s& biéu dién ching mot cach dinh lugng hon theo cac dinh luat Newton.
The first law really goes back to the first part of the 17th century.

Thuc ra, dinh luat th& nhat da cé tir nhitng ndm dau cta thé ki 17.

It was Galileo who expressed what he called the law of inertia and I will read you his
law.
N6 dugc Galileo goi la dinh luat quan tinh va t6i sé doc cho ban dinh luat cia 6ng ay.

"A body at rest remains at rest "and a body in motion continues to move "at constant
velocity along a straight line unless acted upon by an external force." And now I will
read to you Newton's own words in his famous book, Principia. "Every body
perseveres in its state of rest "or of uniform motion in a right line "unless it is
compelled to change that state by forces impressed upon it." Now, Newton's First
Law is clearly against our daily experiences.

Né&u khdng chiu su tdc ddng cla luc tir bén ngoai," mot vat thé diing yén sé gilr
nguyén trang thai df'ng yén” va mét vat thé chuyén dong tiép tuc chuyén ddng “vdi
vén t8c khdng ddi doc theo dudng thdng.” Va bay gid tdi sé doc cho ban nhiing tir
clia riéng Newton trong cudn sach néi tiéng cua anh &8y, Principia. “Mdi vt thé gilr
nguyén trang thai dirng yén clia né” hodc chuyén ddng déu theo dudng thdng “Né&u
khéng dudc diéu khién dé€ thay d6i trang thai d6 bgi nhitng luc cudng birc trén nd.”
R& rang la cac dinh luat Newton trai vdi kinh nghiém hang ngay cua chung ta.

Things that move don't move along a straight line and don't continue to move, and
the reason is, there's gravity.

C6 khi c6 nhitng vat khéng chuyén ddng theo dudng thang va da s6 vat khong thé tu
duy tri trang thai chuyé&n déng cta nd, i do la vi cé trong luc.

And there is another reason.
Va con li do khac nira.

Even if you remove gravity then there is friction, there's air drag.
Cho du ban kh{r dugc trong luc thi cling cé luc ma sat, sic can
khéng khi.

And so things will always come to a halt.

Va vi vy vét s& ludn ludn dén diém ding.

But we believe, though, that in the absence of any forces indeed an object, if it had a
certain velocity would continue along a straight line forever and ever and ever.

Nhung ching ta tin rdng khi khéng c6 bat c luc nao tadc déng Ién vat, néu né cd van
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tdc nao do thi nd sé tiép tuc chuyén dong doc theo dudng thdng mai mai.

Now, this law, this very fundamental law does not hold in all reference frames.
Bay gid, dinh luat nay, dinh luat rat cg ban nay khong dung trong tat ca cac hé quy
chiéu.

For instance, it doesn't hold in a reference frame which itself is being accelerated.
Chéng han, dinh ludt s& khéng ding trong cac hé quy chi€u ma tu né dang tang téc.
Imagine that I accelerate myself right here.

H&y tudng tugng rang toi tu tang tdc ngay day.

Either I jump on my horse, or I take my bicycle or my motorcycle or my car and you
see me being accelerated in this direction.

Hoadc téi nhay Ién ngua, hodc tbi 1di xe dap hodac moto hodc xe hgi va ban thay tbéi dang

tang t6c theo hudng nay.

And you sit there and you say, "Aha, his velocity is changing. !
Va ban ngo6i ¢ d6 va ban néi, “Aha, van t0c cua 6ng ta dang thay doi.

"Therefore, according to the First Law, there must be a force on him." And you say,
"Hey, there, do you feel that force?" And I said, "Yeah, I do! "I really feel that, I feel
someone's pushing me." Consistent with the first law.

“Do do, theo dinh luat th(r nhat, phai cé mét luc tac dung trén 6ng ay.” Va ban ndi “E,
chao, thay c6 cam thay luc dé khéng?” Va t6i noi, “Vang, co! “To6i thuc su cdm thady no,
tdi cam th&y ai d6 dang ddy téi.” Phu hdp vdi dinh ludt th& nhét.



Perfect, the First Law works for you.
Hoan hao, dinh luat th& nhat dung.
Now I'm here.

Bay gid toi & day.

I'm being accelerated in this direction and you all come towards me being
accelerated in this direction.

Toi dang tang toc theo hudng nay va tat ca cac ban di vé phia t6i dang tang
toc theo hudng nay.

I say, "Aha, the First Law should work so these people should feel a push." I say,
"Hey, there! Do you feel the push?" And you say, "I feel nothing.

T6i ndi, “Aha, dinh luat th(r nhat sé dang vi vay nhirng ngudi nay sé cam thay bi
day.” Tdi ndi , “&, chao! Ban cam thdy ddy phai khéng?” Va ban néi. “T6i khéng cam
thdy gi ca.

There is no push, there is no pull." Therefore, the First Law doesn't work from my
frame of reference if I'm being accelerated towards you.

Khéng day, khéng kéo.” N6i mot cach téng quat, dinh luat th& nhat khdng ding
trong hé quy chiéu cua tdi néu tdi dang chuyén ddng cé gia tdc d6i véi ban.

So now comes the question, when does the First Law work? Well, the First Law works
when the frame of reference is what we call an "inertial" frame of reference.

Vi vay bay gid dén cau hoi, khi ndo dinh luat th& nhat ding? O, Pinh luat th& nhat sé&
dung trong hé quy chi€u quan tinh.

And an inertial frame of reference would then be a frame in which there are no
accelerations of any kind.

Va hé quy chiéu quan tinh la hé quy chiéu ma trong dé khong cé bat ki loai gia téc
nao.

Is that possible? Is 26.100...
Diéu dd cé thé khéng? 26.100 dudc khdng....

is this lecture hall an inertial reference frame? For one, the earth rotates about its
own axis and 26.100 goes with it.

giang dudng nay la moét hé quy chiéu quan tinh phai khong? Thi nhat, trai dat quay
quanh truc riéng cta ndé va 26.100 di cung vdi né.

That gives you a centripetal acceleration.

Diéu d6 cho ban mot gia téc hudng tam.

Number two, the earth goes around the sun.

Th( hai, trai dat quay quanh mat trdi.

That gives it a centripetal acceleration including the earth, including you, including
26.100.

Chuyén déng dé lam cho nd cé gia tdc hudng tdm Trai Dat, bao gdm ca ban, bao gém

ca 26.100.

The sun goes around the Milky Way, and you can go on and on.



M3t trdi chuyén ddng quanh ngan ha, va ban cé thé tiép tuc va tiép tuc.
So clearly 26.100 is not an inertial reference frame.
Vi vay ro rang 26.100 khéng phai la hé quy chiéu quan tinh.

We can try to make an estimate on how large these accelerations are that we
experience here in 26.100 and let's start with the one that is due to the earth's
rotation.

Chulng ta hdy th(r udc tinh xem gia t6c ma chung ta phai chiu khi & day trong
26.100 I8n nhu thé& nao va hdy bat dau vai cdi do su tu quay cua Trai Dét.

So here's the earth...
day la Trai bat......

rotating with angular velocity omega and here is the equator, and the earth has a
certain radius.

Pang quay vdéi van téc géc omega va day la dudng xich dao, va trai dat cé ban kinh
nao dé.

The radius of the earth...

Ban kinh cua Trai dat.........

this is the symbol for earth.

Pay la ki hiéu cho Trai bat.

Now, I know that 26.100 is here but let's just take the worst case that you're on the
equator.

Bay gid, tdi biét rang 26.100 & ddy nhung hdy xét trudng hdp x8u nhét |a ban & trén
dudng xich dao.

You're...

Ban



[no audio]

You go around like this and in order to do that you need a centripetal acceleration, a
c which, as we have seen last time, equals omega squared R.

Ban chuyé&n ddng tron giéng nhu thé nay va dé€ lam diéu d6 ban can mét gia tdc hudng
tam, ac nhu chdng ta d& thdy tir trudc, bdng omega binh R.

How large is that one? Well, the period of rotation for the earth is 24 hours times
3,600 seconds so omega equals two pi divided by 24 times 3,600 and that would
then be in radians per second.

N6 16n nhu thé ndo? O, chu ki quay clia Trai D4t 1a 24 gid nhan 3600 gidy vi vay
omega bang 2 pi chia 24 nhan 3600 va don vi la radian trén gidy.

And so you can calculate now what omega squared R earth is if you know that the
radius of the earth is about 6,400 kilometers.

Va bay gid ban cé thé tinh omega binh R cla trai dat 1a gi néu ban biét réng ban kinh
cua Trai dat khoang 6400 km.

Make sure you convert this to meters, of course.
T&t nhién, phai bdo dam réng ban da déi sang dan vi mét.

And you will find, then that the centripetal acceleration at the equator which is the
worst case—
Va sau d6 ban sé tim thdy rdng gia t6c hudng tam tai dudng xich dao la trudng hgp
xau nhat - -

ijc's less here—
O day né nho han - -

is 0.034 meters per second squared.
Bang 0.034 mét trén gidy binh phuaong.
And this is way, way less—

Va gia tri nay rat, rat nho han

this is 300 times smaller than the gravitational acceleration that you experience here
on Earth.

Cai nay nhd hon 300 |an so vdéi gia téc trong trudng ma ban phai chiu & day trén Trai
dat.

And if we take the motion of the earth around the sun then it is an additional factor
of five times lower.

Va néu ching ta xét chuyé&n ddng cua Trai Dat quanh Mat Trdi thi s& ra mét s6 nho han
5 Ian s6 nay.

In other words, these accelerations even though they're real and they can be
measured easily with today's high-tech instrumentation—

Hay néi cach khac, nhitng gia téc nay cho du chiing cé thuc va ching cé thé do
dugc dé dang b&ng nhitng dung cu céng nghé cao ngay nay - -

they are much, much lower than what we are used to which is the gravitational
acceleration.
Chung nhé han rét, rat nhiéu so vdi gia toc trong trudng.

And therefore, in spite of these accelerations we will accept this hall as a reasonably
good inertial frame of reference in which the First Law then should hold.



Va do dé, bat chap nhitng gia t6c nay ching ta sé thira nhan gidang dudng nay gan dung
la mot hé quy chiéu quan tinh ma trong dé dinh luat Newton nghiém dung.

Can Newton's Law be proven? The answer is no, because it's impossible to be sure
that your reference frame is without any accelerations.

C6 thé ching minh dudc dinh ludt Newton khdng? Cau tra I8i 1a khéng, vi khéng thé
dam bao rang hé quy chi€u cua ban khdng cé bét ki loai gia téc nao.

Do we believe in this? Yes, we do.
Chung ta c6 tin diéu nay khong? Co

We believe in it since it is consistent within the uncertainty of the measurements
with all experiments that have been done.

Chung ta tin né vi né phu hgp vdi tat ca cac thuc nghiém ma ching ta da lam trong
khoang sai s6 cua cac phép do.

Now we come to the Second Law, Newton's Second Law.
Bay gid dén dinh luat II, dinh luat Newton th( hai.

I have a spring...
T6i c6 mot 10 xo.....

Forget gravity for now—

Bay gid hay quén trong luc - -

you can do this somewhere in outer space.

Ban c6 thé 1am diéu nay & bat cf dau ngoai vi tru.



This is the relaxed length of the spring and I extend the spring.
Day la chiéu dai 16 xo khi & trang thai binh thudng va t6i kéo 10 xo.

I extend it over a certain amount, a certain distance—

T6i kéo ndé ra mot lugng nao dé, mot khoang cach nao do --

unimportant how much.

Bao nhiéu khong quan trong.

And I know that I when I do that that there will be a pull—

Va téi biét rdng khi téi 1am diéu d6 sé cé mdt su kéo --

non-negotiable.

Khéng thé tranh dugc.

I put @a mass, m1, here, and I measure the acceleration that this pull causes on this
mass immediately after I release it.

To6i dat khdi lugng m1 & day, va t6i do gia toéc do su kéo nay gay ra trén qua nang ngay

sau khi toi tha no ra.

I can measure that.

Tbi c6 thé do cai do.

So I measure an acceleration, al.
Vi vay tobi do gia toc, al.

Now I replace this object by mass m2 but the extension is the same, so the pull
must be same.

Bay gid toi thay th& qua ndng nay bang qua ndng m2 nhung su cdng van tuong tu
nhu trudc, vi vay su kéo phai giéng nhau.

The spring doesn't know what the mass is at the other end, right? So the pull is the
same.

Lo xo khong biét khéi lugng la gi 6 dau con lai, dung khong? Vi vay sic kéo giéng
nhau.

I put m2 there, different mass and I measure the new acceleration, a2.
T6i dat m2 @ do, khaéi lugng khac va téi do gia toc mdi, a2.

It is now an experimental fact that m1 al equals m2 a2.
K&t qua thuc nghiém cho thdy rang milal bdng m2a2.
And this product, ma, we call the force.

Va tich nay, ma, chidng ta goi la luc.

That is our definition of force.
D6 la dinh nghia luc cua ching ta.

So the same pull on a ten times larger mass would give a ten times lower
acceleration.



Vi vay, cung mot sic kéo nhung trén qua nang khaéi lugng 10 1an 18n han thi sé cho gia
téc 10 Ian nhé han.

The Second Law I will read to you: "A force action on a body gives it an acceleration
which is in the direction of the force..." That's also important—

Tbi s& doc cho ban dinh ludt II: “Luc tac dung Ién vat thé tao ra cho né mét gia téc
cung huéng véi luc....” Diéu dé cling quan trong - -

the acceleration is in the direction of the force.
Gia t6c cung hudng vdéi luc.

"And has a magnitude given by ma."
direction of the force.

“Va d6 I6n la ma.” ma la do I6n va hudng cung hudng vdi luc

ma is the magnitude and the direction is the

And so now we will write this in all glorious detail.
Va vi vay bay giG chlng ta sé viét cai nay trong niém vinh quang.

This is the Second Law by Newton perhaps the most important law in all of physics
but certainly in all of 801: F equals ma.

bay la dinh luat II Newton cé I€ |a dinh luat quan trong nhat trong tat ca cac dinh luat
vat |i va di nhién |a trong tat ca céc dinh luit cia 801: F bdng ma.

The units of this force are kilograms times meters per second squared.
Pan vi cla lyc nay la kilogam nhan mét trén giay binh phuaong.

In honor of the great man, we call that "one newton." &nbsp;

DE vinh danh vi nhan, ching ta goi d6 1a “1 Newton .”

Like the First Law, the Second Law only holds in inertial reference frames.

Cling giong nhu dinh luat th{ nhat, dinh luat thr hai chi dang trong hé quy chi€u quan
tinh.



Can the Second Law be proven? No.
C6 thé chirng minh dinh luat II Newton dudc khong? Khéng

Do we believe in it? Yes.
Chung ta c6 tin né khong? Cé

Why do we believe in it? Because all experiments and all measurements within the
uncertainty of the measurements are in agreement with the Second Law.

Tai sao chuing ta tin né? Vi tat ca cac thi nghiém va tat ca cac phép do phu hgp vai
dinh luat II trong pham vi sai s6 cua phép do.

Now you may object and you may say "This is strange, what you've been doing.

Bay gi& ban c6 thé phan ddi va ban c6 thé ndi “Cai nay la, nhitng gi ban dang lam
day.

"How can you ever determine a mass "if there is no force somewhere? "Because if
you want to determine the mass "maybe you put it on a scale, "and when you put it
on a scale to determine the mass "you made use of gravitational force "so isn't that
some kind of a circular argument that you're using?" And your answer is "No." I can
be somewhere in outer space where there is no gravity.

“Néu khéng cé luc & ndi nao dé thi ban xac dinh khéi lugng nhu thé nao? “Vi n€u ban
muén xac dinh khaéi lugng “Cé |1€ ban can dat nd trén mot cai can, “va khi ban dat né
trén can dé xac dinh khai lugng” ban st dung trong luc " vay diéu dé khéng phai la th&
lap luan lan quan ma ban dang dung sao?” Va cau tra Igi cia ban la “*khéng.”"Toi co thé
lam né & dau dé ngoai khéng gian khéng cé trong luc.

I have two pieces of cheese; they are identical in size.

T6i c6 2 miéng phd mat; ching cé kich thudt giéng nhau.

This is cheese without holes, by the way.

A, néi thém, dau la phé mat khong 16.

They are identical in size.
Chung giéng nhau vé kich thudt.

The sum of the two has double the mass of one.

T6ng khéi lugng clia hai cdi I6n gép hai 1an khéi

lugng cua mot cai.

Mass is determined by how many molecules—

Khai lugng dugc xac dinh bdi bao nhiéu phan tir

how many atoms I have.

bao nhiéu nguyén t&r ma toi cé.

I don't need gravity to have a relative scale of masses so I can determine the
relative scale of these masses without ever using the force.

To6i khdng can trong luc dé cé thang khdi lugng ti d6i vi vay téi co thé xac dinh thang
khdi lugng ti d6i ma khdng can dung luc.



So this is a very legitimate way of checking up on the Second Law.
Vi vay day |a cach rat hgp 1é dé kiém tra dinh luat II.

Since all objects in this lecture hall and the earth fall with the constant acceleration,
which is g we can write down that the gravitational force would be m times this
acceleration, g.

Vi t&t ca cdc vat thé trong gidng dudng nay va Trai dat roi v3i gia téc hang s la g
chling ta cé thé viét ra luc trong trudng nay bang m nhén gia téc nay, g.

Normally I write an "a" for it, but I make an exception now because gravity, I call it
"gravitational force." And so you see that the gravitational force due to the earth on

a particular mass is linearly proportional with the mass.

Thong thudng toi viét “a” cho nd, nhung bay gid toi sé lam moét ngoai Ié bdi vi trong luc,
t6i goi nd la “luc trong trudng”. va vi vay ban thdy réng luc trong trudng do trai dat tac
dung Ién vat ndang nao 4o ti Ié tuyén tinh va&i khéi lugng.

If the mass becomes ten times larger then the force due to gravity goes up by a
factor of ten.
Néu khdi lugng tang 10 Ian thi luc trong trudng tang 10 lan.
Suppose I have here this softball in my hands.

Gia sur g day t6i cé qua bdng mém trong tay toi

In the reference frame...

Trong hé quy chiéu......

26.100 we will accept to be an inertial reference frame.
26.100 chuing ta sé thira nhan né la hé quy chi€u quan tinh.

It's not being accelerated in our reference frame.

N6 khéng dugc tang toc trong hé quy chiéu cla ching ta.
That means the force on it must be zero.

Diéu dé c6 nghia la luc tac dung trén nd phai béng 0.



So here is that ball.
Vay day la qua bdéng dé.

And we know if it has mass, m—
Va bay gid ching ta biét néu nd cé khaéi lugng, m - -

which in this case is about half a kilogram—
gia st khoang nura kg - -

that there must be a force here, mg which is about five newtons, or half a kilogram.
Phai co6 luc 6 day, mg khoang 5N, hoac nlra kg

But the net force is zero.

Nhung luc toan phan béng 0.

Therefore it is very clear that I, Walter Lewin, must push up with a force from my
hand onto the ball, which is about the same...

Do dé rd rang rang tay toi phai ddy qua bong véi mot luc , né

khoang

which is exactly the same, five newtons.

Pung bang 5 N.

Only now is there no acceleration so I can write down that force of Walter Lewin plus
the force of gravity equals zero.

Bay gi& khdng cb gia téc vi vay tdi cd thé viét luc cua tdi, Walter Lewin cdng trong luc
bang 0.

Because it's a one-dimensional problem you could say that the force of Walter Lewin
equals minus mg.

Vi nd 14 bai todn mdt chiéu ban cé thé ndi rang luc cha Walter Lewin bang -mag.

F equals ma.
F bang ma.

Notice that there is no statement made on velocity or speed.
Chu y réng khéng c6 phat bi€u nao cho vén téc va téc do.

As long as you know f and as long as you know m a is uniquely specified.

Chi can ban biét f va biét m la a sé hoan toan xac dinh.

No information is needed on the speed.

Khoéng can thong tin nao vé toc do.

So that would mean, if we take gravity and an object was falling down with five
meters per second that the law would hold.

Vi vay diéu d6 sé& cb nghia la, néu mot vat thé dang roi xudng 5m/s trong trudng

trong luc thi dinh luat sé dung.

If it would fall down with 5,000 meters per second it would also hold.



Néu no rgi xuéng véi van téc 5000 m/s thi dinh luat cling sé dung.
Will it always hold? No.
Dinh luat sé ludn ludn dung phai khong? Khdng

Once your speed approaches the speed of light then Newtonian mechanics no longer
works.

MOt khi t8c dd ctia vat thé chuyén ddng gan bang téc dd anh séng thi co hoc Newton
khéng con dung nira.

Then you have to use Einstein's theory of special relativity.
Trong trudng hgp d6 ban phai dung |i thuyét tuong ddi dac biét cla Einstein.

So this is only valid as long as we have speeds that are substantially smaller, say,
than the speed of light.

Vi vay dinh ludt chi 4p dung dudgc khi nao téc d6 chuyén déng vé cd ban la nho hon
téc d6 anh sang.

Now we come to Newton's Third Law: "If one object exerts a force on another "the
other exerts the same force in opposite direction on the one." I'll read it again.

Bay gid ching ta sé dén dinh luat III Newton: “Né€u vat nay tac dung luc [én moét vat
kia”thi vat kia cling tac dung lai né mét luc cé cung do6 I6n nhung ngugc chiéu.” Toi sé
doc lai Ian nira.

"If one object exerts a force on another "the other exerts the same force in opposite
direction on the one." And I normally summarize that as follows, the Third Law as
"Action equals minus reaction." &nbsp;

“N&u mot vat thé tac dung luc 1&n véat thé khac” thi vat kia cling tac dung lai vat dé véi mét
luc ciing dd I6n nhung ngudc chiéu.” Va thdong thudng toi tdm tat diéu dé nhu sau, dinh
ludt 3 13 “Luc béng trur phan luc.”



And the minus sign indicates, then, that it opposes so you sit on your seats and you
are pulled down on your seats because of gravity and the seats will push back on
you with the same force.

Va do d6 d4u trur chi ra réng né chdng lai vi vy ban ngdi trén chd ngdi ciia ban va ban
bi kéo xudng chd ngdi cua ban do trong luc, déng thdi ché ngdi sé day lai ban véi mét
luc cung d6 18n véi trong luc ay.

Action equals minus reaction.
Luc bang trir phan luc.

I held the baseball in my hand.
Toi gilr qua béng ban trong tay toi.

The baseball pus)hes on my hand with a certain force.
Qua bdéng ban day tay t6i véi mét luc nao dé.

I push on the baseball with the same force.
Toi cling day qua bdéng ban vdi luc cé do I6n gidng nhu trén.

I push against the wall with a certain force.
Toi day birc tudng véi mot luc nao dé

The wall pushes back in the opposite direction with exactly the same force.
Blrc tudng ciling s& day lai toi véi luc cling dé I8n nhu vay.

The Third Law always holds.

Pinh luat III luén luén dung.

Whether the objects are moving or accelerated makes no difference.

Du cho vét thé dang chuyén ddéng hay dudc gia t6c thi cling s& khdng

khac biét.

All moments in time, the force—

Moi luc, luc

we call it actually the "contact force" between two objects—
Chung ta goi né la “Luc tiép xuc” gilra hai vat - -

one on the other is always the same as the other on one but in the opposite
direction.

MOt vat [én mot vat kia ludn ludn gidng nhu vat kia tac dung Ién vat nay nhung
ngudgc chiéu.

Let us work out a very simple example.
Chung ta hay lam viéc ngoai day véi moét vi du don gian.

We have an object which has a mass, m1.
Ching ta c6 mot vat thé cé khéi lugng, mi.

We have object number one and m1 is five kilograms.
Chulng ta c6 vat thé s6 1 va m1 1a 5 kg.

And here, attached to it, is an object two and m2 equals 15 kilograms.



Va & day, gdn vdi no, la vat thé 2 va m2 bang 15 kg.
There is a force and the force is coming in from this direction.
C6 mot luc va luc dén tir hudng nay.

This is the force—
bay la luc - -

and the magnitude of the force is 20 newtons.
Va do I6n cta luc la 20 N.

What is the acceleration of this system? F equals ma.
Gia t6c cua hé nay la gi? F bang ma.

Clearly the mass is the sum of the two—

R& rang, khdi lugng la téng cha 2 cai nay --

this force acts on both—
Luc nay tac dong Ién ca hai vat - -

so we get m1l plus m2 times a.
Vi vay chung ta c6 m1 cdng m2 nhan a.

This is 20, this is 20 so a equals one meters per second squared in the same
direction as f.

Pay la 20, day la 20 vi vay a bdng mot mét trén gidy binh phudng cung hudng
vai f.

So the whole system is being accelerated with one meters per second squared.

Vi vay toan b0 hé dang dugc gia téc 1 mét trén gidy binh phuong.



Now watch me closely.
Bay gid hay theo doi t6i chat ché hon.

Now I single out this object—
Bay gid toi tach vat nay riéng
ra- -

here it is...

day

object number two.
Vét thé s 2.

Object number one, while this acceleration takes place must be pushing on object
number two.
VAt thé€ s6 1, trong khi su tdng t6c nay xay ra phai dang ddy vat thé s6 2.

Otherwise object number two could never be accelerated.
Ngudc lai, vat thé s6 2 cé thé khong bao gid dugc tang toéc.

I call that force f12 the force that one exerts on two.
Toi goi f12 la luc ma 1 tac dung lén 2.

I know that number two has an acceleration of one.

TOi biét s6 2 c6 gia toc la 1.

That's a given already.

Cai d6 da cho roi.

So here comes f equals ma.

Vay day la f bang ma.

f12 equals m2 times a.

f12 bdng m2 nhén a.

We know a is one, we know m2 is 15 so we see that the magnitude of the force 12 is
15 newtons.

ghlljggNFa biét a la 1, chlng ta biét m2 la 15 vi vay chlng ta thdy rdng do I6n cla luc 12

This force is 15.
Luc nay la 15.

Now I'm going to isolate number one out.
Bay gid t6i sé co lap s6 1 ra ngoai.
Here is number one.

Pbéay laso 1.



Number one experiences this force, f, which was the 20 and it must experience a
contact force from number two.

S8 1 chiu luc nay, f, bang 20 va né phai chiu luc ti€p xuc tir s6 2

Somehow, humber two must be pushing on number one if one is pushing on number
two.

Ba&ng cach nay hay cach khac, sé 2 phai ddy s6 1 néu mot dang day hai.

And I call that force "f21." &nbsp;
Va toi goi luc dé la “f21.”;

I know that number one is being accelerated and I know the magnitude is one meter
per second squared.

T6i biét réng s6 1 dang dudgc gia tdc va toi biét dd 16n la 1 mét trén gidy binh phuang.
That's non-negotiable, and so we have that f, this one, plus f21 must be m1 times a.
Diéu d6 khdng thé tranh khai, va vi vy ching ta cé f, cdi nay, + f21 phai badng m1 nhéan
a.

This is one, this is five, this is 20 and so this one, you can already see, is minus 15.
Pay la 1, day 1a 5, day 1a 20 va vi vay cdi nay, ban cé thé th8y rdi, béang -15.

F21 is in this direction and the magnitude is exactly the same as f12.

F21 cung hudng nay va do In chinh xac giéng nhu f12.

So you see? One is pushing on two with 15 newtons in this direction.

Vi vy ban th8y khdng? M6t dang ddy hai 15 Newton theo h udng nay .



Two is pushing back on one with 15 newtons and the whole system is being
accelerated with one meter per second squared.

Hai cling day trd lai 1 v&i mot luc 15 N va toan bd hé dang dudc gia t6c 1 mét
trén giay binh phuong.

Now, in these two examples—
Bay gid, trong hai vi du nay - -

the one whereby I had the baseball on my hand—
Vi du ma téi cdm qua bong ban trén tay - -

you saw that it was consistent with the Third Law.
Ban thdy né tuan theo véi dinh luat III.

In this example, you also see that it's consistent with the Third Law.
Trong vi du nay, ban ciling thay né tuan theo dinh luat III.

The contact force from one on the other is the same as from the other on one but in
opposite signs.

Luc ti€p xuc tur vat nay Ién vat kia gidng nhu luc ti€p xdc tir vat kia 1én vat nay nhung
ngugc dau.

Is this a proof? No.
bay cb phai la mot chirtng minh khéng? khong

Can the Third Law be proven? No.

Dinh luat III Newton cé thé dudc chirng minh khéng? Khong

Do we believe in it? Yes.

Chung ta c6 tin né khong? Cé

Why do we believe in it? Because all measurements, all experiments within the
uncertainties are consistent with the Third Law.

Tai sao chung ta tin nd? Vi tat ca cac phép do, tat ca cac thuc nghiém cung vdéi sai

s6 kem theo déu phu hgp vdi dinh luat III.

Action equals minus reaction.
Luc bang trir phan luc.

It is something that you experience every day.
Diéu ma ban trai qua hang ngay phai khong.

I remember I had a garden hose on the lawn and I would open the faucet and the
garden hose would start to snake backwards.

Toi nhd t6i cd mot 6ng nudc tudi vudn trén bai cé va khi téi mdé voi thi 6ng nudc sé
bat dau trudn giat Iui.

Why? Water squirts out.
Tai sao? Nudc vot ra ngoai.

The garden hose pushes onto the water in this direction.
dng nudc day nudc theo hudng nay.

The water pushes back onto the garden hose and it snakes back.



Nudc ddy lai 6ng nudc va nd trudn ngudc lai.
Action equals minus reaction.
Luc béng trir phan luc.

You take a balloon.
Ban I8y qua bong bong.

You take a balloon and you blow up the balloon and you let the air out.
Ban I8y bong bdng va ban thdi ddy nd va ban dé€ cho khéng khi ra ngoai.
The balloon pushes onto the air.

Bong bdng ddy khéng khi.

The air must push onto the balloon.
Khéng khi cling phai ddy bong bdng.

And therefore, when you let it go the balloon will go in this direction which is the
basic idea behind the rocket.

Va do dé, khi ban d& né di bong béng sé di theo hudng nay , day la y tudng cd ban
dé ché tao tén Ilra.

[huffing and puffing]



I love to play with balloons, don't you? So, if I do it like this, and I let it go the air
will come out in this direction and so then it means the balloon is pushing on the air
in this direction.
Tdi thich choi bong bdng, ban thich khdng? Vay, néu tdi théi né 1&én nhu thé& nay, va téi tha
noé ra khdng khi sé& di ra ngoai theo hudng nay va vi vy cd nghia |a bong béng dang day
khong khi theo hudng nay.
the air must be pushing on the balloon in this direction.

Khéng khi phai ddy qua bong béng theo hudng nay.

There it goes.

bay.

[whistles]

It didn't make it to the moon but you saw the idea of a rocket.

N6 khéng dua dugc né dén mat trang nhung ban da thay dudc y tudng cla tén Ilra.
Action equals minus reaction.

Luc bang trir phan luc.

If you fire a gun, the gun exerts a force on the bullet the bullet exerts an equal force
on the gun which is called the recoil.

N&u ban ban siing, stng sé& tac dung luc 1én vién dan vién dan tdc dung moét luc tuong
duang Ién sung dudc goi la hién tugng giat lui.

You feel that in your hands and your shoulder.
Ban cam thdy diéu dé & tay ban va vai ban.

I have here a marvelous device which is a beautiful example of "action equals minus
reaction." I show you from above what it looks like.

o] day toéi c6 mot thiét bj ki la 1a vi du tuyét v&i vé luc bang phan luc. Tdi chi cho ban tur
trén né sé giéng nhu thé nao.

You'll see more details later.
Ban sé& hiéu chi tiét hon sau.
This rotates about this axis rather freely—

Cai nay quay quanh truc nay kha tu do - -
the axis is vertical—
truc thdng ding - -

and we have here a reservoir of water, which we will heat up.
Va & day chung ta c6 mot bau nudc, ching ta sé dun néng.

It turns into steam and these are hollow tubes and the steam will squirt out.
N6 chuyén thanh hgi nudc va day la nhitng cai 6ng rong va hgi nudc sé phun ra.

And so when the steam squirts out in this direction the tube exerts a force on the
steam in this direction so the steam exerts an equal force in the opposite direction
and so the thing will start to rotate like this.

Va vi vay khi hgi nudc phun ra theo hudng nay thi 6ng tac dung luc Ién hdgi nudc
theo hudéng nay vi vay hgi nudc tac dung luc nhu vay nhung ngudgc chiéu va vi vay



vat s& bat ddu quay gidng nhu thé nay.
And I would like to demonstrate that.
Va téi mudn chirfng minh diéu dé.

You can see it now there.

Bay gi& ban co thé thdy né & dd.

With a little bit of luck, there you see it.
VGi mot it may man, day roi.

So we're going to heat it.

Vay ching ta sé nung né.

[torch hissing]

Walking.

Di bd.

When you walk, you push against the floor.
Khi ban di, ban ddy san nha.

The floor pushes back at you and if the floor wouldn't push back at you you couldn't
even walk, you couldn't go forwards.

San nha d&y lai ban va néu san nha khdng d&y lai ban thdm chi ban khéng thé di bd, ban
khong thé di vé phia trudc.



If you walk on ice, very slippery—
Néu ban di bd trén nudc d3a, rat tron - -

you can't go anywhere, because you can't push on the ice so the ice won't push back
on you.

Ban khong thé di dau ca, vi ban khdng thé ddy nudc da va vi vy nudc da khdng thé day
lai ban.

That's another example where you see action equals minus reaction.

P64 1a vi du khéc cho ban thdy luc bang phan luc.

This engine is called "Hero's engine."

Pong co nay dudgc goi la “Bbéng ca Hero”

Hero, according to the Greek legend was a priestess of Aphrodite.

Hero, theo truyén thuyét Ai Cap la mot nit tu & Aphrodite.

Let's first look at it.

Pau tién hay nhin né.

She was a priestess of Aphrodite and her lover, Leander would swim across the
Hellespont every night to be with her.

Co ta la mot nif tu ctla)Aphorodite va ngudi yéu cua cb ta, Leander sé bdi qua
Hellespont moi dém dé dén vdéi co ay.

And then one night the poor guy drowned and Hero threw herself into the sea.
Va roi mot dém ga nghéo chét dudi va Hero cling nhay xudng bién tu sat.

Very romantic thing to do but, of course, also not a very smart thing to do.

Tat nhién, su viéc rat lang mang, nhung viéc lam cua hoc khong phai la khén
ngoan.

On the other hand, it must have been a smart lady if she invented, really, this
gngine.

O mot khia canh khac, chidng ta thdy dé phai la mét phu nir rat théng minh néu
c6 ay thuc su phat minh ra dong cc nay.

Yesterday, I looked at the Web, "ask.com." It's wonderful—

HOm qua, toi da xem trén trang, “ask.com.” That tuyét - -

you can ask any question.

Ban cé thé& hoi bat ki cadu hdi nao.

You can say, "How old am I?" Now, you may not get the right answer but you can
ask any question.

Ban c6 thé hoi, “ Téi bao nhiéu tudi?” Bay gid, c6 |1& ban khéng nhan dudc ciu tra I5i
dang nhung ban c6 thé& hdi bat ki cdu hoi nao.



And I typed in, "Hero's engine." And out popped a very nice high- tech version of
Hero's engine.

Va t6i go, “bdéng cc Hero.” Va xudt hién ra mot phién ban cong nghé cao cua dong co
Hero.

A soda can—

Mot lon soda

you pop four holes in the soda can at the bottom.

Ban khoét bén 16 dudi day.

So here's your soda can.

bay la lon soda.

You pop four holes in here, but when you put a nail in there you bend every time the
nail to the same side so the holes are slanted.

Ban khoét 4 16 & day, nhung khi ban dat cay dinh vao do thi ban bé cong cay dinh vé

cung mot phia vi vay cac 16 bi nghiéng.

You put it in water you lift it out of water and you have a Hero's engine.

Ban dat no6 trong nudc , ban nang né Ién mat nudc va ban c6 dong cg Hero.

And I made it for you—

Va toi lam né cho ban - -

it took me only five minutes.
Chi mat 5 phut.

I went to one of MIT's machines, got myself a soda put the holes in it, and here it is.
Toi di dé€n mot trong cdc xudng may cua MIT, tu I8y mot lon Soda, khoét 16 trong nd, va
day robi.

It's in the water there.

N6 dudc dat trong nudc & dé.

When I lift it out, you will see the water squirts.

Khi to6i nang no ra ngoai, ban sé thay nudc phun ra.



There it goes.
bay.

High-tech version of Hero's engine.

Phién ban céng nghé cao cta déng cd Hero.
Also makes a bit of a mess, but okay.

Ciling tao ra mét md hén ddn, nhung khéng sao
All right.

bugc roi.

Try to make one—
Hay thlr tao ra mét céi - -

it's fun and it's very quick.
Réat vui va rat nhanh.

It doesn't take much time at all.
N6 khéng mat thdi gian gi ca.

There are some bizarre consequences of these laws.

Co vai hé qua ki la ctia ba dinh luat nay.

Imagine that an object is falling towards the earth.

Hay tudng tugng rédng vét thé dang rai vé phia Trai Dat.

An apple is falling towards the earth from a height, say, of, hmm, I'd say 100
meters.

M6t qua tdo rai vé phia Trdi dat tir mdt d6 cao chdng han nhu khoang 100 m.

And let's calculate how long it takes for this apple to hit the earth which should for
you be trivial, of course. .

Va hay tinh todn méat bao 14u d€ qua tdo cham dat , tat nhién diéu nay qua dé ddi vdi

cac ban.

So here's the earth...
Vay day la Trai bat ....

and the mass of the earth is about 6 times 10 to the 24 kilograms.
Va khai lugng Trai BDat khoang 6 nhan 10 mi 24 kg.

And here at a distance, h—

Va @ day tai khoang cach , h - -

for which we will take 100 meters—
Gia sir n6 bdng 100 m - -

is this apple, m, which, say, has a mass of half a kilogram.



Thi qua tdo nay, m, gia st cé khéi lugng nira kg.

There's a force from the earth onto the apple and this is that force.
C6 mot luc tir Trai dat tac dung Ién qua tao va day la luc doé.

And the magnitude of that force is mg and that is 5 newton.

Va dd 16n cla luc d6 la mg va bdng 5 N.

I make g ten and just round it off a little.
T6i 18y g bdng 10 va chi lam tron né moét it.

Now, how long does it take this object to hit the earth? So, we know that 1/2 gt
squared equals h.

Bay gid, mat bao l1au dé vat thé nay cham mat d&t? ching ta biét rang 2 gt binh
bang h.

It doesn't start with any initial speed, so that is 100.

N6 khéng cé van téc ban dau, vi thé cdi dé bang 100.

G is 10, thisis 5, so t squared is 20.

g bang 10, day la 5, vay t binh b&ng 20.

So t is about 4Q seconds.
Vay t khoang 4.5 giay.

So after 4Q seconds, it hits the earth—
Vay sau 4.5 giay, né cham dat - -

so far, so good.

Dé&n bay gi¥, moi viéc van tot.



But now, according to the Third Law the earth must experience exactly the same
force as the apple does but in opposite direction.

Nhung bay gig, theo dinh luat III trai dat phai chiu mét luc tuong tu nhu qua tao da
chiu nhung ngudc hudng.

So therefore the earth will experience this same force, f—
Do dé trai dat sé chiu cung luc nay, f - -

5 newton, in this direction.
5 N theo hudng nay.

What is the earth going to do? Well, the earth is going to fall towards the apple—
Trai dat sé lam gi? O, Trai dat sé di vé phia qua tdo - -

f equals ma.
f bang ma.

So the force on the earth is the mass of the earth times the acceleration of the earth.
Vi vay luc tac dung trén trai dat bang khdi lugng cla trai dat nhan gia téc trai dat.

The force, we know, is 5.

Luc nay nhu ching ta d& biét, béng 5.

We know the mass, 6 times 10 to the 24 so the acceleration will be 5 divided by 6
times 10 to the 24 which is about 8 times 10 to the minus 25 meters per second
squared.
Chung ta biét khGi lugng la 6 nhan 10 mii 24 vi vay gia téc sé la 5 chia cho 6 nhan 10 mi
24 khoang 8 nhan 10 mii -25 mét trén gidy binh phuadng.

How long will the earth fall? Well, the earth will fall roughly 4Q seconds before they
collide.

Trai dat sé rdi bao 1au? O, Trai dat sé rai khoang 4.5 gidy trudc khi ching cham nhau.
How far does the earth move in the 4Q seconds? Well, it moves one-half a earth t
squared.

Trai dat sé di chuyén bao xa trong 4.5 giay? O, né di chuyén ' a t binh.

That's the distance that it moves.
D6 1a khoang cach ma né di chuyén.

We know a and we know t squared, which is 20.
Chung ta biét a va ching ta biét t binh béng 20.

One-half times 20 is 10 so that means this distance becomes that number times 10.
2 nh&n 20 béng 10 vi thé& diéu dé cé nghia la khoang cach nay bang s6 dé nhan 10.
It's about 8 times 10 to the minus 24 meters.

N6 c8 8 nhén 10 mi -24 m.

The earth moves 8 times 10 to the minus 24 meters.

Trdi dat di chuyén 8 nhan 10 trir 24 m.



That, of course, is impossible to measure.

T4t nhién, ta khéng thé do dugc gid tri nay.

But just imagine what a wonderful concept this is! When this ball falls back to me the
earth and you and I and MIT are falling towards the ball.

Nhung hdy tudng tugng day la khai niém tuyét vai lam sao! Khi qua béng nay raoi vé phia
t6i Trai dat va ban va tbi va MIT dang rgi vé phia qua bdng.

Every time that the ball comes down we're falling towards the ball.

Mi Ian qua bdng roi xudng, chiing ta sé rdi vé phia qua bdng.

Imagine the power I have over you and over the earth! &nbsp;

Hay tudng tugng slfc manh cla ban va Trai dat

But you may want to think about this—
Nhung cé |é ban mudn nghi vé diéu nay - -

if I throw the ball up, going to be away from the earth I'll bet you anything that the
earth will also go away from the ball.

Né&u téi ném qua bdéng Ién, di xa Trai dat tdi ca vGi ban rang Trai dat cling sé& di xa qua
béng.

So as I do this, casually playing—
Vay khi toi lam diéu nay, tro chgi mai rui - -

believe me, man, what a glorious feeling it is--

hay tin t6i, cac ban, dé la cdm giac tu hao lam sao - -



earth is going down, earth is coming towards the ball.
Trai dat sé di xudng, trai dat dang di vé phia qua boéng.

The earth is going down and I'm part of the earth and I'm shaking this earth up and
down by simply playing with this ball.

Tréi d&t dang di xudng va tdi & phan nao do trén trai dat va téi dang l3c trai dat 1én
xubng bang cach dan gian la choi vGi qua bong nay.

That is the consequence of Newton's Third Law even though the amount by which
the earth moves is, of course, too small to be measured.

D6 1a hé qua cla dinh luat III Newton cho du su di chuyén clha Trai dat qud nho dé
dugc phat hién.

I now want to work out with you a rather detailed example of something in which we
combine what we have learned today—

Bay gid t6i mubn cung ban xét mot vi du chi ti€t han trong dé ching ta két hgp nhitng gi
ma chung ta da hoc hom nay.

a down-to-earth problem—
bai toan thiét thuc - -

the kind of a problem that you might see on an exam or on an assignment.
MOt loai bai toan ma ban c6 thé gap trong bai thi hoac bai tap vé nha.

We hang an object on two strings and one string makes an angle of 60 degrees with
the vertical and the other makes an angle of 45 degrees with the vertical.

Chung ta treo mét vat trén 2 16 xo va mot 16 xo tao mdt géc 60 dd vdi phudng thang
dirng va cai kia tao mét goc 45 dd véi phuasng thang ding.

So this is the one that makes an angle...
Vi vay day la céi tao ra goc ........

oh, 60 degrees with the horizon, 30 degrees with the vertical and this one, 45
degrees.
Oh, 60 dd vdi phuong ngang, 30 db véi phuong thidng dirng va céi nay, 45 do.

Let's assume that the strings have negligible mass.
H3y gid sur rang 10 xo ¢ khéi lugng khéng déng ké.

So they are attached here to the ceiling and I hang here an object, m.
Vi vy ching dugc gan |én tran nha va tdi treo mot vat khdi lugng m & day.

Well, if there's an object m for sure there will be a force mg, gravitational force.
O, néu cé mot vat m chac chan sé& cé luc mg, luc trong trudng.

This object is hanging there, it's not being accelerated so the net acceleration must
be zero.

V4t thé nay dang treo & dd, né khdng dudc gia téc vi vy gia tdc toan phan phai bang
0.

And so one string must be pulling in this direction and the other string must be
pulling in this direction so that the net force on the system is zero.

Va vi vay mot 10 xo phai kéo theo hudng nay va 1o xo con lai phai kéo theo hudng
nay sao cho luc tng hgp trén hé bang 0.

Let's call this pull, for now, "T1." We'll call that the tension in the string and we call
the tension in this string "T2." &nbsp;



Bay gid hay goi luc kéo nay la “T1”. Ching ta sé goi do la luc cang trén 10 xo va chung ta
goi luc cang trén 16 xo nay la “T2.”;

And the question now is how large is T1 and how large is T2? There are various ways
you can do this.

Va bay gid cau hoi la T1 va T2 bang bao nhiéu? Ban cb thé tinh nd theo nhiéu cach khac
nhau.

One way that always works—

MOt cach ma luén luén dung - -

pretty safe—

Rat an toan - -

you call this the x direction.
Ban goi day la huéng x.

You may choose which direction you call "plus." I call this plus, I call this negative.

Chung ta c6 thé chon hudng nao ma ban goi la “cdng.” tbi goi cai nay la cong, tbi goi
cai nay la tru.

And you could call this the y direction and you may call this plus and this negative.

I know, from Newton's Second Law--

Va ban cé thé goi cai nay la hudng y va ban cé thé goi cdi nay la cdng va cdi nay 1a trir.

TU dinh luat II Newton, toi biét - -



F equals ma—

F bang ma - -

that there is no acceleration, so this must be zero so the sum of all forces on that
mass must be zero.

khdng cé gia tdc, vi vay cai nay phai bdng 0 vi vy téng cla tat ca cac luc tac dung
trén vat phai béng 0.

These three forces must eat each other up, so to speak.
Ba luc nay phai triét tiéu lan nhau, dy la néi nhu vay.

Well, if that's the case, then the sum of all forces in the x direction must also be zero
because there's no acceleration in the x direction and the sum of all forces in the y
direction must be zero.

O, néu didu doé ding thi tdng clia tat ca cac luc theo hudng x ciing phai b&ng 0 vi khéng
cé gia t6c theo hudng x va téng cla tat ca cac luc theo hudng y cling phai bang 0.

And so I am going to decompose them—
Va vi vay toi sé phan tich ching - -
something we have done before.

Diéu nay ban da lam tu trudc.

I am going to decompose the forces into an x and into a y direction.
Toi sé phan tich luc theo hudng x va theo hudng vy.

So here comes the x component of T1 and its magnitude is T1 times the cosine of 60
degrees.
Vi vay & day la thanh phéan x cta T1 va do Ién cua né la T1 nhan cos 60 dé.

Now I want to know what this one is.
Bay gid t6i mudn biét cai nay bang bao nhiéu.

This one is T1 times the sine of 60 degrees.
Cai nay bang T1 nhan sin 60 d6.

This projection, T2, cosign 45 degrees and the y component, T2 times the sine of 45
degrees.
Hinh chi€u nay, T2, cos 45 d6 va thanh phan y, T2 nhan sin 45 do0.

So we go into the x direction.
Vi vay chung ta xét hudng x.

In the x direction I have T1 cosign 60 degrees minus T2 cosignh 45 degrees equals
zero--
Trong hudng x t6i ¢ T1 cos 60 db -T2 cos 45 d0 bdng 0 - -
that's one equation.
b6 la moét phuaong trinh.

The cosine of 60 degrees is one-half and the cosine of 45 degrees is one-half square
root two.
Cos 60 d0 la %2 va cos 45 d6 la can hai trén 2.

Now I go to the y direction.
Bay gid toi xét hudng vy.



This is plus, this is minus, so we get one component here which is T1 times the sine
of 60 degrees plus T2 times the sine of 45 degrees minus mg.

day la cOng, day la tru, vi vay ching ta nhan dugc mot thanh
phédn & day la T1 nhan sin 60 d6 cong T2 nhan sin 45 do trir mg.
It's in the opposite direction--

must be zero.
Né ngugec hudng - - phai bang 0.

That's my second equation.
D6 la phuang trinh th& hai cla toi.

The sine of 60 degrees equals one-half the square root three and the sine of 45
degrees is the same as the cosine one-half square root two.

Sin 60 dd bang can ba trén hai va sin 45 dd giéng nhu cos bang can hai trén 2.

Notice I have two equations with two unknowns.

Chu y toi c6 hai phudng trinh véi hai bién.



If you tell me what m is I should be able to solve for T1 and for T2.
Néu biét m tbi cé thé tim dugc T1 va T2.

In fact, if we add them up it's going to be very easy because we lose this because we
have both one-half square root two.

Qua thuc, néu ching ta cdng chiing sé rat dé€ vi chliing ta mét cai nay vi ching ta cé hai
cai can hai trén hai.

And so you see immediately here that one-half times T1 plus one-half square root
three times T1 equals mg and so you find that the tension 1 equals two mg divided
by one plus the square root of three.

Va vi vay ngay lap tuc ban thdy & day rang 2 nhédn T1 cdng can ba trén hai nhén T1
bdng mg va vi vay ban tim dudc luc cang 1 bédng 2 mg chia cho 1 cdng can hai cua 3.

I can go back now to this equation—
Bay gid tdi cé thé quay lai phuang trinh nay - -

T1 times one-half equals T2 times one-half square root of two.
T1 nhan %2 bdng T2 nhén can hai trén hai.

I lose my half and so T2 equals T1 divided by the square root of two.
Pon gidn Y2 va vi vy T2 bang T1 chia cho c&n béc hai cua hai.

So the bottom line is, you tell me what m is I'll tell you what T1 is and I'll tell you
what T2 is.

Vay dong dudi la, ban cho tdi m la bao nhiéu t6i sé cho ban biét T1 la bao nhiéu va
t6i sé cho ban biét T2 la bao nhiéu.

Suppose we take a mass of four kilograms—
Gia sUr ching ta chon khdi lugng la 4 kg - -

m equals four kilograms, so mg is about 40 if we make g ten for simplicity.
m bang 4 kg, vay mg khoang 40 néu chuing ta Idy g bang 10 cho dan gian.
Then T1, if you put in the numbers, is about 29.3 and T2...

Do do6 T1, néu ban viét ra s6 khoadng 29.3 va T2...........

29.3 newtons and T2 is about 20.7 newtons, I believe.

29.3 N va T2 khoang 20.7 N, t6i tin nhu vay.

It's very difficult to rig this up as an experiment but I've tried that.

R&t kho dé 18p rap mdt thuc nghiém gidng nhu thé nay nhung tdi da thir lam.

I'll show you in a minute.

Toi sé chi cho ban trong mot phut.

I want you to know that there is another method which is perhaps even more
elegant and which you may consider in which there is no decomposition in the two

directions.

T6i mudn ban biét rang cé mot phuang phap khac hay hon va trong phuong phap dé



ban cé thé xem 1a kh6ng can phan tich thanh hai thanh phan.

Here is mg—

bay lamg - -

that's a given.

Cai do da biét.

And we know that the other directions are also given--

Va ching ta biét nhitng hudng con lai cling da cho - -

this angle of 30 degrees here and this angle of 45 degrees.

Goc 30 do nay G day va goc nay 45 do.

If these two forces must cancel out this one why don't I flip this one over? Here it
comes.

Néu hai luc nay triét tiéu cai nay thi tai sao t6i khong dao cai nay lén trén? bay
I flip it over.

T6i dao no lén.

There it is.

Vay dé.

T1 and T2 now, together, must add up to this one.
Bay gG T1 va T2 cdng v3i nhau phai bdng céi nay.

Then the problem is solved, then the net force is zero.
Thi bai todn dugc giai, 1Uc dé luc toan phan bang 0.



‘AWeII, that's~ easy--
O, diéu do6 de - -

I do this.

T6i lam cai nay.

And now I have constructed a complete fair construction of T1 and of T2.

Va bay gidg téi da xay dung mét cau tric hoan toan hgp li cia T1 va T2.

No physics anymore now, it's all over.

Bay gid khéng can phan tich hién tugng vat li nra, thé la xong.

You know this angle here, 45 degrees, so this is 45 degrees.

Ban biét géc nay & day, 45 do, vi vay day la 45 do.

This is 30, this is 30.

bay la 30, day la 30.

You know all the angles and you know this magnitude is mg so it's a high school
problem.

Ban biét t4t ca cac gbéc va ban biét dd I8n nay 1a mg vi vdy né 1a ban toan phd

thong.

You have a triangle with all the angles and one side;
Ban c6 moét hinh tam giac véi tat ca cac goéc va mot canh da biét;

you can calculate the other sides and you should find exactly the same answer, of
course.
Ban c6 thé tinh & v& con lai va tat nhién ban s& tim két qua chinh xac.

We made an attempt to rig it up.
Chung ta s& c8 gang thiét k€ mét hé th6ng mé ta bai todn nay.

How do we measure tension? Well, we put in these lines, scales, tension meters and
that is problematic, believe me.

Chung ta do luc cang nhu thé nao? Chung ta dua vao thudt, can, dong ho do luc cang
va diéu dé ma ho, hay tin toi.

We put in here a tension meter, we put in here a tension meter and the bottom one,
we hang on a string with a tension meter and then here we put four kilograms.
Ching ta dua vao d6ng ho do luc cang, ching ta dua vao day déng h6 do luc cang va cai
phia dudi ching ta treo trén 10 xo dong ho do luc cang va sau d6 & day ching ta dat 4 kqg.
These scales are not masses.

Nhirng thiét bi do nay khéng cé khéi lugng.

That's already problematic.

Diéu dé khong can phai ban roi.

The scales are not very accurate so we may not even come close to these humbers.

Nhirng thiét bi do nay khdng rat chinh xac vi vy cé |I& ching ta thdm chi khéng thé dat
dugc nhitng s6 nay.



For sure, if I put four kilograms here then I would like this one to read 40 newtons or
somewhere in that neighborhood depending on how accurate my meters are.
Chéc chén, néu t6i dat 4 kg & day thi tdi mudbn cdi nay chi 40 N hodc trong khoang 1an cén
doé phu thudc vao déng ho cua t6i chinh xac nhu thé nao.

These are springs, and the springs extend and when the springs extend, you see a
handle...

Nh{fng cai nay la 10 xo0, va céc 10 xo cang ra va khi 10 xo cang ra, ban sé thdy mot cai
can.....

a hand go.

Mot cai tay di.

You can clearly see how that works because if there is a force on that bottom scale in
this direction, which is mg, and it's not being accelerated then the string must pull
upwards and so...

R& rang ban cé thé hiéu cai dé lam viéc nhu thé nao bdi vi néu cb luc & cac dong hd bén
dudi theo hudng nay, bdng mg, va né khéng dugc tang t8c thi 10 xo phai kéo 1&n va vi

in order to make the net force zero.

Dé& lam cho luc téng hgp béng 0.

And if you have a pull down here and you have a pull up here and you have in here a
spring then you see you have a way of measuring that force.

Va néu ban cé mot su kéo xubng & day va va co su kéo Ién & day va & day ban cé mot 1o
x0 thi ban sé thdy ban c6 cach do luc dé.

We often do that--

Chudng ta thudng lam diéu do - -



we measure with springs the tension in strings.
Chung ta do vdi 10 xo Iyc cang trong 10 xo.

For whatever it's worth, I will show you what we rigged up.
Cho du né khé, nhung tdi sé chi cho ban nhitng gi ching téi 1ap rap.

Now a measurement without knowledge of uncertainties is meaningless—
Bay gid mot phép do ma khong hiéu vé pham vi sai s6 la vo nghia.

I told you that.
TOi da bao ban diéu do.
So maybe this is meaningless, what I am going to do now.
Vi véy c6 18 nhitng viéc tdi sdp lam béy gid |1a vd nghia.
Let me do something meaningless for once.
Hay dé tdi lam viéc vo nghia mét Ian.
And remember, when I show it, you can always close your eyes so that you haven't
seen it.

Va hady nhd, khi tdi biéu dién nd, ban ludn ludn cé thé nhdm maét lai dé khong thdy no.

So we have here something that approaches this 60 degrees and this approaches the
45 degrees and we're going to hang four kilograms at the bottom.

Vi vay & day ching ta cé mot cai ti€n dén géc 60 d6 nay va cai nay
ti€n dén 45 do6 va ching ta sé treo 4 kg & dudi.
There it is, and here it is.
Vay dé.
All right, this one--
bugc rb6i, cai nay - -
it's not too far from 40.

N6 qua léch so véi 40.

It's not an embarrassment.
N6 khéng phai la diéu lam lUng tung.

This one is not too far from 20.7.
Cai nay qua léch so véi 20.7.
This one is a bit on the low side.
Cai nay hai thap mot it.

Maybe I can push it up a little.
C4 18 tbi s& ddy nd 1én mot it.

I think that's close to 30;
Toi nghi dé la gan 30;



it's not bad.
Khéng té.

So you see, it's very difficult to get these angles right but it's not too far off.
Vi vdy ban théy, rat khé dé cé nhitng géc nay ding nhung né khéng léch nhiéu.
So let's remove this again because this will block your view.

Vay hay di chuyén cdi nay mét Ian nira vi chiing s& han ché& tdm nhin cua ban.
These scales were calibrated in newtons, as you could see.

Nhitng dong h6 nay dudc dinh c8 theo N, nhu ban da thay.

Now we come to something very delicate.

Bay gid ching ta d&n mot thir dé va.

Now I need your alertness and I need your help.
Bay gid t6i can d6 nhay cla ban va t6i can su giup d& claa ban.

I have a block—
T6i cd mét khdi - -
you see it there—
ban thady né & dé - -

and that block weighs two kilograms.
Va khdi dé nang 2 kg.

A red block.

KhGi mau dé.



So here it is.
bay.

It's red.
N6 mau dé

And I have two strings.
Va tbi c6 hai sgi day.

It's hanging from a black string here and a black string there.
Treo day den & day va mot day den & dé.

Ignore that red string, that is just a safety.

Bd qua day do nay, do chi la an toan.

But it's a very thin thread here and here.
Day c6 thé bi dat & day va & day.

And they are as close as we can make them the same.

Va kha ndng d6 gan nhu nhau khi ching ta c6 thé lam cho ching giéng nhau
They come from the same batch.

Chang dén tir cuing mot mé.

This one has a mass of two kilograms and this string has no mass.
Cai nay c6 khoi lugng 2 kg va day nay khong cé khdi lugng.

This is two kilograms.
bay la 2 kg.

So what will be the tension in the upper string which is string number one? This is
string number two.

Luc cang cla day phia trén la bao nhiéu day s6 1? Bay la day s6 2.

Well, this string must be able to carry this two kilograms so the tension has to be 20
newtons.

O, day nay phai c6 kha ndng mang 2 kg ndy vi vay sirc cdng phai 1a 20N

So you will find here the tension—

Vi vay ban sé tim dugc luc cang &

day - -
call it T1—
goindlaTl- -

which is about 20 newtons.
N6 khoang 20 N.

So it's pulling up on this opject.
Vi vay no dang kéo vat thé nay.



It's also pulling down from the ceiling, by the way.
Vat cling dang kéo tran nha xudng.

Think about it, it's pulling from the ceiling.

Nghi vé diéu dd, nd kéo tran nha xudng.

The tension is here, 20 newtons.
Luc cang & day la 20 N.

We could put in here one of these scales and you would see approximately 20
newtons.

Chulng ta c6 thé dat tai ddy mot trong nhitng déng hd do nay va ban sé thdy nd chi
khoang 20 N.

What is the tension here? Well, the tension here is very close to zero.
Luc cang & day la bao nhiéu? O, luc cdng & day gan bang 0.

There's nothing hanging on it and the string has no weight so there's no tension
there—
Khoéng co gi treo trén nd va day khong cé khaéi lugng vi vay khoéng cé luc cang 6 do.

you can see that.
Ban cé thé thay diéu dé.

Now I am going to pull on here and I'm going to increase the tension on the bottom
one until one of the two breaks.

Bay gid toi sé kéo |én day va t6i sé tang luc kéo phia dudi cho dén khi mét trong hai day
duat.



So this tension goes up and up and therefore, since this object is not being
accelerated—
vay luc cang nay tang dan va do do, vi vat nay khdéng cé gia toc

we're going to get a force down now on this object—
bay giG chuing ta sé nhan dugc mot luc hudng xudng trén vat nay - -

this tension must increase, right? You see that? If I have a force on this one...
luc cang nay phai tang, dung khong? Ban thay diéu dé khong? Néu téi cé mot luc tr én cai
NAy ...........

so there's a force here, and there is mg then, of course, this string must now be mg
plus this force.

Vay cé mot luc & day, va cé mg, tat nhién bay gid day nay phai la mg cong luc nay.

So the tension will go up here and the tension will go up here.

Vi vay & day luc cang sé tang va luc cang & day ciing sé tang.

The strings are as identical as they can be.
Hai ddy lam bang vét liéu giéng nhau.

Which of the strings will break first? What do you think? &nbsp;

Day nao sé dut dau tién? Ban nghi sao?

LEWIN: Excuse me?

Sao?

[student answers unintelligibly]

I can't hear you.

T6i chua nghe.

STUDENT: The one on top.
SV: cdi G trén

LEWIN: The one on top.
Lewin: cai & trén.

Who is in favor of the one on top? Who says no, the bottom one?
Ai thich cai & trén? Ai néi khéng, cai & dugi?

[Student answers unintelligibly]

LEWIN: Who says they won't break at all? Okay, let's take a look at it.
Lewin: Ai ndi ching khong dat? Vang, hay xét né.

The one on top—

Cai & trén - -

that's the most likely, right? Three, two, one, zero.

Diéu do cé vé dung? Phai khong? Ba, hai, mét,

khong.



The bottom one broke.
Day & dugi dut.

My goodness.
Trdi.

Newton's Second Law is at stake.
binh luat II Newton dang lam nguy
Newton's Third Law is at stake.
binh luat III Newton dang Iam nguy.

The whole world is at stake! Something is not working.
Toan b thé gidi dang lam nguy! C6 gi dé sai.

I increased tension here, this one didn't break.
To6i tang luc cang G day, day nay khéng dut.
This one's stronger, perhaps.

C4 |é cai nay manh han.

No, I don't cheat on you;

Khong, t6i khong Itra ban

I'm not a magician.

T6i khong phai la nha 4o thuat.



I want to teach you physics.
T6i mudn day ban vat li.

Did we overlook something? You know, I'll give you a second chance.

Chung ta da thay dudc diéu gi dé phai khong? Ban biét d6, téi sé cho ban cd hoi thir
hai.

We'll do it again.

Chulng ta sé lam lai lan nita.

Let's have another vote.
Chung ta hdy dua ra biéu quyét khac.

So I'll give you a chance to change your minds.

VAy t6i s& cho ban co hdi dé thay déi suy nghi cua ban

It's nothing wrong in life, changing your mind.

Khéng cé gi sai trong cudc séng, hady thay ddi cach suy nghi cta ban.

It's one of the greatest things that you can do.

D6 la mét trong nhitng diéu tuyét vai nhat ma

ban cé thé& lam.

What do you think will happen now? Who is in favor still of the top one? Seeing is
believing. ;

Bay gid ban nghi diéu gi sé xay ra? Ai van con thich cai trén? Nhin thay sé tin.

You still insist on the top one? Who is now in favor of the bottom one? Ah, many of
you got converted, right? Okay, there we go.

Ban van con khang khang la cai trén? Bay gig ai thich cai dugi? Ah, nhiéu ban da thay
doi y kién, dung khoéng? Vang, day roi.

Three, two, one, zero.

Ba, hai, mo6t , khong

The top one broke.

Cai trén dut.

So some of you were right.

Vay mot s6 ban da dang.

Now I'm getting so confused.

Bay gid t6i cAm thay lung

tung.



I can't believe it anymore.
T6i khong tin vao cadi gi nifa.

First we argued that the top one should break but it didn't—
Pau tién chdng ta bién ludn rang cai trén dit nhung né khdng
duat

the bottom one broke.

Cai dudi dut

Then we had another vote and then the top one broke.
Va r6i chidng ta lai ndi cach khac va sau do cai trén duat.

Is someone pulling our leg? I suggest we do it one more time.
Ai d6 dang kéo chan t6i? T6i dé nghi chudng ta lam né lan nira.

I suggest we do it one more time and whatever's going to happen, that's the winner.
Toi dé nghi ching ta lam né Ian nita va cho du diéu gi x3y ra, dé cling la ngudi chién
thang.

If the top one breaks, that's the winner.
Né&u cai trén ddt, dé la ngudi chién thang.

If the bottom one breaks, well, then, we have to accept that.

Néu cai dugi gay, 6, chung ta phai chap nhan diéu do.

But I want you to vote again.

Nhung téi mudn cac ban biéu quyét mét lan nira.

I want you to vote again on this decisive measurement whether the top one will
break first or the bottom one? Who is in favor of the top one? &nbsp;

T6i mudn cac ban biéu quyét Ian nita trong phép do quyét dinh nay cho du céi trén
sé dut trudc hay cai duGi? Ai noi cai trén?

Many of you are scared, right? You're not voting anymore!
Nhiéu ngugi sg, ding khong? Cac ban khong chon cai nao ca!

[class laughs]



LEWIN: I can tell, you're not voting.
Ban c6 thé khéng can biéu quyét.

Who is in favor of the bottom one? Only ten people are voting.

Ai noi cai trén? Chi 10 ngudi gig tay.
[class laughs]

LEWIN: Let's do this in an undemocratic way.
Chung ta hay lam diéu nay theo cach phan dan
chu

You may decide—

Ban cé thé quyét dinh - -

what's your name? Alicia? Georgia, close enough.
Tén ban la gi: Alicia? Georgia, gan nhau

[laughter]

You may c!ecide whether the top one or the bottom one will break.
Ban co6 thé quyét dinh cai trén ddt hay cai dugi dut.

Isn't that great? Doesn't it give you a fantastic amount of power? &nbsp;
The bottom one.

N6 khéng tuyét phai khong? N6 khong cho ban mét lugng sic manh to I6n
phai khéng?

The bottom one.
Cai dudi.

You ready? Three, two, one, zero.
Ban sdn sang chua? Ba, hai, mot
khéng.

The bottom one broke.

Cai dudi ddt.

You were right.
Ban dung.

You will pass this course.
Ban sé qua khda hoc nay.

Thank you, and see you Wednesday.
Cam adn, va hen gap cac ban vao thi 4.

By the way, think about this, think about this.
Du sao di nira, hay nghi vé diéu nay, nghi vé diéu nay.



