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8.01 Physics I: Classical Mechanics, Fall 1999

Transcript - Lecture 2

We will discuss velocities and acceleration.

Chulng ta sé thao luan van téc va gia toc.

I'll start with something simple.

TOi sé& bat dau vai nhitng diéu dan gian.

I have a motion of an object along a straight line--

we'll call that one-dimensional motion. ] !
T6i c6 mot vat chuyén déng doc theo mot dudng thang - ching ta sé goi dé la chuyén
déng mot chiéu.

And T'll tell you that the object is here at time t1.

Va gia s rang tai thdi diém t1 vat thé & day.

At time t2, it's here.

Va tai thdi diém t2, né & day.

At time t3, it's there.
Va tai th&i diém t3, nd & dé.

At time t4, it's here and at time t5, it's back where it was at t1.
Va tai thdi diém t4, né & day va tai thdi diém t5, nd tré vé vi tri 8 thdi diém t1.

And here you see the positions in x where it is located at that moment in time.
Va & day ban sé thay vi tri x cia né & cac thdi

diém t tudng Ung.

I will define this to be the increasing value of x.

Toi sé dinh nghia day la chiéu tang cua x.

It's my free choice, but I've chosen this now.

Tdi c6 thé chon tuy y, nhung bay gid tdi chon nhu

vay.

Now we will introduce what we call the average velocity.
Bay gid ching ta sé lam quen vdi khai niém van t6c trung binh.

I put a bar over it.
T6i dat mot gach trén nd.

That stands for average between time t1 and time t2.
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D6 la ki hiéu quy udc gia tri trung binh trong khoang thgi gian gitra t1 va t2

That we define in physics as x at time t2 minus x at time t1 divided by t2 minus t1.
Trong vét li ching ta dinh nghia né la x tai th&i diém t2 trir cho x tai thdi diém t1 chia
cho t2 trurtl.

That is our definition.

D6 la dinh nghia cla ching ta.

In our case, because of the way that I define the increasing value of x, this is larger
than 0.

Trong trudng hgp cua chung ta, bdi vi do cach ma ching ta dinh nghia chiéu tang cuia x,
nd sé I6n hon 0.

However, if I take the average velocity between t1 and t5 that would be 0, because
they are at the same position so the upstairs is 0.

Tuy nhién, néu tdi |18y van tc trung binh gilra t1 va t5 thi né sé bang 0, bdi vi ching
cling vi tri vi vay tr sé bang 0.

If I had chosen t4 and t2--

average velocity between time t2 and t4—
Néu t6i chon t4 va t2 - -
thi sé cé van téc trung binh girt2 va t4 - -

you would have seen that that is negative because the upstairs is negative.
Ban s& nhéan thdy rang né dm vi tlr s6 am.

Notice that I haven't told you where I choose my zero on my x axis.

Chu y rang téi chua néi tdi chon gbc toa dd & dau trén truc x.



It's completely unimportant for the average velocity.

Diéu do6 hoan toan khéng quan trong déi vdi van téc

trung binh.
It makes no difference.

N6 khéng tao ra su khac biét.

However, if I had chosen this to be the direction of increasing x then, of course, the
signs would flip.

Tuy nhién, néu toi chon day la hudng tang cda x thi tat nhién dau sé dao lai.

Then this would have been negative and this would have been positive.

Do do cai nay sé am va cai nay sé duaong.

So the direction, that you are free to choose determines the signs.

Tuy theo huédng ma ban tu do chon cach xac dinh dau.

The location where you put your zero is not important but signs in physics do matter.
Signs are important.

Vi tri ma ban dat gboc toa do khéng quan trong nhung dau trong vat li rat quan trong.
D&u quan trong.

Whether you owe me money or I owe you money the difference is only a minus sign
but I think it's important for you.

Ban ng toi tién hay t6i ng ban tién thi su khac nhau chi la dau tr&r nhung téi nghi diéu
dé quan trong doi vdi ban.

Now I will give you not only the positions—

as I did here on the x axis at discrete moments in time--

but I'm going to tell you exactly where the object is at any moment in time.

Bay gi tdi s& khdng nhirng chi ra cho ban vi tri (‘hg v3i cac thdi diém rdi rac nhu toi da
dinh trudc t1, t2, t3, t4, t5 ma tdi s& cho ban biét vij tri cia vat tai mot thdi diém bat ki
nao dé.

Here you see an xt diagram so you see that at t1, the object is at position xt1.

O day ban thady db thi xt vi vay ban s& thay réng tai t1, vat & vi tri xt1.

This is the road of the object.

DAy la dudng di cua vat thé.

This is th,e straight line, where it's moving.
N6 chuyé&n déng theo dudng thang nay.

It starts here and it goes to this position.
N6 bat dau & day va nd dén vi tri nay.

It goes to this one, it comes back to t4 and it comes back here.



N6 di dén diém nay, nd trd lai t4 va né trd lai day.

I will tell you now every moment in time in between.

Bay gi& tdi s& ndi cho ban biét moi thdi diém & gilra.

And there it goes.

Va nd dén ddé.

Voila.

This is now information that is way more.

You have the information at any moment in time.

Ban sé& cb thdng tin vé bat c thdi diém nao.

Notice that I now did choose x = 0.

Chu y rang bay gid téi chon x=0

I chose it somewhere here but I could have chosen it at any other point—
T6i chon né 8 ddy nhung ban cé thé chon nd & bat cf diém nao khac--
for whatever follows you will see that it makes no difference—

Bat cUr th(r gi theo ban nd ciling khong tao ra su khac biét--

so I have chosen a zero point SO that I can make a graph.
Vi vay t6i da chon g6c toa do dé vé do thi.

And now we will look at the average velocity in a somewhat different way.

Va bday gid ching ta sé xét van t6c trung binh theo cach hai khac.



Say I choose my time t2 and t3.
Vi du toi chon thdgi gian cla toi t2 va t3

I,draw here now this line.
O day tbi vé dudng thang nay.

And this angle I call alpha and this part here I call delta x and this here is delta t.

Va géc nay t6i goi la alpha va & day phan nay t6i goi la delta x va day la delta t

And so you could right now—

Va vi vdy ngay by gi& ban c6 thé - -

if you're careful about your sign convention--

you could write down now that the average velocity equals delta x divided by delta t.
Né&u ban cdn than vé quy udc ddu cua ban - -

Bay gid ban cé thé viét ra van tdc trung binh bang delta x chia cho delta t.

But be careful.

Nhung hay can than.

If the angle is positive—
Néu goc la duong

I call this a positive angle--
To6i goi day la goc duong- -

then the average velocity is positive but if I have a negative angle then the average
velocity would be negative.
Thi van toc trung binh la dudng nhung néu toéi cé goc am thi van toc trung binh sé& am.

For instance, between t4 and t5, if I draw this line then this angle here is negative
and so the average velocity between t4 and t5 is now negative.

Chéng han, gilra t4 va t5, néu t6i v& dudng thdng nay thi & day géc nay la &m va vi
vay van toc trung binh gilta t4 va t5 bay gid la am.

Again, if I had changed the zero points you would have found the same values for
the average velocity.

M6t 1an nita, néu téi thay ddi gbc toa dd ban sé tim thdy van tdc trung binh véi gia tri
giéng nhu trén.

The only difference would have been the position of the curve in that plot.

Su khac nhau chi la vi tri cia dudng cong trén do thi dé.

There is a very big difference in physics between speed and velocity.

Trong vat li, cé su khac biét I6n gilra téc d6 va van toc.

The average velocity between time t1 and t5 is zero but the average speed is not.

Véan t8c trung binh trong khoang thdi gian tur t1 dén t5 bang 0 nhung téc dd trung binh
khac 0.



The average speed is defined as the distance traveled divided by the time that it
takes to travel that distance.

T8¢ db trung binh dudc dinh nghia la quang dudng di dudc chia cho thdi gian dé di
hét quang dudng do.

Now, what is the distance that the object traveled between time t1 and time t5?

Bay gid, quang dudng ma vét thé di dugc trong khoang thdi gian tir t1 dén t5 la bao
nhiéu?

Well, the object started at a position here on this x axis and then it went up, reached
the highest point here so I'll make a drawing for you here.

O, vat thé bat dau tai vi tri ndy trén truc x va sau dé né di Ién, dat dén vi tri cao nhat &
day vi vay to6i sé vé ra cho ban & day.

It reached the highest point here, then it went down.
N6 dat dén vi tri cao nhat & day, sau dé nd di xudng.

And then when it went here it went up again and comes down again and it's back.
Va sau dé khi n6 dén day né lai di I1én va lai di xuéng va né quay lai.

And in order to find the average speed you would now have to know exactly what

this distance is add up this distance add up this distance and this distance.

Va dé tim téc d6 trung binh bay giG ban sé& phai bi€t chinh xac quang dudng nay céng
Vﬂl quang dudng nay cong véi quang dudng nay cdng vdi quéng dudng nay bang bao
nhiéu.

And if that distance altogether were, for instance, 300 meters and if the time
between t1 and t5 were three seconds then the average speed would be 300 meters
divided by three seconds.

Chéng han néu quang dudng tdng cdng dé 1a 300 mét va néu thdi gian gita tl vat51a 3
giay thi toc do trung binh sé la 300 mét chia cho ba giay.



That would be 100 meters per second so the average speed would be 100 meters
per second yet the average velocity would be zero.

Két qua sé la 100 m trén giay vi vay téc do trung binh sé la 100 m/s trong khi dé
van tdc trung binh bang 0.

If you look at the location t3 and t2 and I bring t3 closer and closer to t2 then this
angle of alpha will increase and I can go to the extreme that I bring t3 almost right
at t2.

NEu ban xét vi tri t3 va t2 va téi mang t3 ngay cang gan dén t2 thi géc alpha nay sé tang
va tdi cé thé mang t3 dén gan nhu ngay tai t2.

The angle of alpha will then be tangential to this point.

Do d6 gbc alpha sé& la hé s6 gdc cua tiép tuyén tai diém nay

This will then be my angle of alpha.

Do do, day sé la goc alpha cua téi.

And now you will understand how we define the instantaneous velocity at time t
which is different from an average velocity between two time intervals.

Va bay gid ban sé& th8y van téc tdc thdi tai thdi diém t khac vai van téc
trung binh trong khoang thdgi gian nao dé nhu thé nao.

The instantaneous velocity, v--

and I pick a random time, t--

equals the limiting case for x measured at time t plus delta t minus x measured at
time t divided by delta t and I do that for delta t--

goes to zero.

Van téc tuc thgi, v -

Va t6i chon thdi gian ngau nhién, t -

La gidi han cua x dudc do tai thdi diém t cdng delta t trir x dugc do tai thdi diém t chia
cho delta t khi delta tién tGi 0 - -

So think of this as being t3 and this as t2.
Vi vay hday xem day nhu la t3 va day nhu la t2.

I bring t3 closer and closer and closer to t2 and the time between them then goes to
'T'eéii‘oﬁang t3 dén cang gan t2 va do d6 thgi gian gilra ching tién dén 0.

And this is something that you undoubtedly recognize.

Va day 1a diéu ban dé nhan thay.

That's the first derivative of the position versus time.

D6 la dao ham béac nhat cua vi tri theo thdgi gian.

And now comes an equation which is one of the very few

that I want you to remember in x...

in 801: v equals dx/dt.



Va bay gid ching ta di dén mot phuang trinh [a mét trong sé rat it phucng trinh ma toi
mudn cac ban nhd déi vai x......

Trong 801: v bang dx/dt.

This is one that you must remember, not only in 801 but for the rest of your time at
MIT.

Day la diéu ban phai nhg, khong chi trong 801 m a ngay ca trong thdgi gian ngi nggi tai MIT.
And this could be larger than 0, this could be 0 and this could be smaller than 0.
Va né cé thé 16n han 0, c6 thé béng 0 va c6 thé nhé han 0.

If the angle of alpha, the tangential, is positive then it is a positive value.
Néu goéc alpha, hé s6 goc cua ti€p tuyén la duang thi nd la ducng.

If it is negative, however, when you're here then it is a negative velocity.

Tuy nhién, néu né am khi ban & day thi né la van téc am.

And if the angle of alpha is zero then the velocity is zero.

Va néu goc alpha bang khéng thi van téc bang 0.

So if we now look at this plot we can search for the times that the velocity is zero so
you have to look for the derivative being zero.

Vi vay by gid ching ta hdy xét dd thi ndy ching ta cé thé xac dinh lGc nao véan téc
bang 0 bang cach nhin dao ham & déu béng 0.

That means the angle alpha being zero.

biéu dé c6 nghia la gbc alpha bdng 0.



Clearly, here the velocity is zero.
Rd rang, 6 day vén téc béng 0.

Right here, at this turning point—
Ngay day, tai diém IUi nay - -

that means when the object is here--

it is zero.

Diéu do6 cé nghia la khi vat & day - -

nd bang 0.

When the object is here it is again zero at this moment in time.
Khi vat 8 day né lai bang 0 tai thdi diém nay.

Again, the angle is zero, and it is again zero here.

Mot 1an nira, goc bang 0, va né lai bang 0 & day.

So those are the times that the velocity is zero.
Vi vay nhiing lic nay la th&i di€ém van t6c bang 0.

What are the times that the velocity is positive? Well, it's positive here.
Thdi di€m nao van tdc dudng? O, né dudng & day.

The velocity's positive here still positive, positive, becomes negative negative,
gositive, zero, negative.

O day van t6c duong, van con dudng, duong, tré thanh &m &m, dudng, bang 0,
am.

So that's the definition of v, instantaneous velocity.
Vi vay dé la dinh nghia van t6c tuc thai v

What is the instantaneous speed? Well, speed is not sign-sensitive.
T8c dd tlc thai la gi ? O, tdc do khong c6 dau
Suppose that the velocity here—

Gia sUr rang van téc & day

just...
vUra roi

I call that v1--

suppose that was plus 30 meters per second.
T6i goi la vl - -

Gia sUr rdng la cong 30 mét trén gidy.

I just grabbed this number out of the blue.

T6i chon né hoan toan ngau nhién.

And suppose here, somewhere, it was...



Va gia sur ¢ day, hay dau do, né la...

I call that v2--

suppose that was minus 100 meters per second.

T6i goi 1a v2 - gid st rdng 1a trir 100 mét trén

giay.

This is negative and this is positive.

Cai nay am va cai nay duong.

Then we would have to say, in physics--

whether you like it or not, it's not very pleasing—

Trong vat li, ching ta sé phai néi- -

Cho du ban thich né hay khéng thich, né khéng dé chiu

but you would have to say that this velocity is lower than that one because minus
100 is lower than plus 30.
Nhung ban s& phai néi rang van téc nay 1a chdm hon van téc dé vi trir 100 nhd hon cdng
30.

But the speed, of course, is higher here because the speed is the magnitude of the

velocity and is not sign-sensitive.

Nhung tat nhién la ¢ day téc do I6n hon bdi vi tdéc d6 la do I6n cua van toc va khéng co
dau



So this has the highest speed, of 100 meters per second and this has a lower speed
but this has the lowest velocity.

Vi vay & day cé téc do I6n nhat, 100 m/s va @ day coé téc db thdp han nhung day lai la
van toc thap nhat.

It's just an algebraic game but very important when you make your calculations.
NG chi la tro chai dai s6 nhung rat quan trong khi ban thuc hién tinh toan.

I have always wondered what the average speed or the average velocity is of a
bullet.

To6i ludn ludn tu hoi téc do trung binh va van téc trung binh cldia dan khac nhau
nhu thé nao.

Now I want you to realize I am not a fan of guns at all but it always intrigued me.
Bay gid t6i mubn ban nhan thay téi khong phai la ngudi thich dung sing nhung né
khgi ggi tri to0 mo cua toi.

How can I measure the average speed of a bullet--

and I have discussed it with some people here--

and we came up with an easy way to do that.

Toi cb thé do tdc db trung binh cua vién dan nhu

thé nao -va t6i da thao ludn né vdi vai ngudi G

day—va chlng toi d& di d&n mot cach dé dang dé

lam diéu dé.

We have a wire, which goes into the blackboards, wire I and we have another wire
that goes into the blackboards, wire II, and the separation is D meters.

Toi c6 mot sgi day di vao trong bang, day I va chidng ta cé mot sgi day khac di vao

trong bang, day II, va cach nhau D mét.

We have to measure that.
Chlng ta phai do cai dé.

The set-up is here so this is wire number I and this is wire number II.

Vi vay hé thong dugc thiét |ap & day, day la day s6 I va day la day s6 II.

So you will see D coming in like this, so I'll make this a I and I'll make this a II.
Va ban sé& thdy D s& van nhu thé& nay, nhung tdi s& déi lai day 1a day I va day la
day II

That's the way it's set up.

Giong nhu cach thiét ké hé théng & day.

And we fire the bullet, which breaks this wire.
Va ching ta b&dn mdt vién dan, nd sé& lam ddt sgi day nay.



At that moment, the timer starts and then it breaks this wire and that's when the
timer stops.

Vao lic d6,ddng hd bat ddu dé€m va sau dd nd lam ddt dady nay va dé 1a khi déng hd
dung.

Now, I told you a measurement is meaningless without knowledge of the uncertainty

in your measurement.
A, t6i da bao vdi ban rang mot phép do la vo nghia néu khdng biét sai s6 trong phép do.

So there are two uncertainties involved--

the distance and the timing uncertainty.

Vi vay co hai sai s6 lién quan - - sai s6 khoang cach va sai s6 trong cach dinh thgi gian.
This distance I will measure for you, D.

Khoang cach t6i sé do cho ban D

I have here a large ruler.
O day t6i cé moét cay thudt I16n.

Here's one wire, here's the other wire.
bay la mét day, va day la day con lai.

I cannot do that any better, really than maybe even half a centimeter because the
situation is not all that stable—

To6i khdong thé [am t8t hon, thdm chi khdng thé t8t hon nira centimet vi tinh hudng
khéng 6n dinh gi ca.

I don't know what happens when the bullet will hit the wire—
T6i khdng biét diéu gi xay ra khi vién dan ban tring sgi day - -

so I would say it is 148Q centimeters but I cannot guarantee it to better than half a
centimeter--

Vi vay t6i ¢ thé ndi la 148.5 centimet nhung t6i khdng thé& dam bao nd tét haon nura
centimet



148Q plus or minus 0.5 centimeters.

148.5 cOng hoac trir 0.5 centimet
I want you to appreciate that this is a very small percentage error.

T6i mudn ban nhin nhan rang day la moét sai s6 rat nho.
This is only five parts out of 1,500.
Pbay chila 5 trén 1, 500

That is one out of 300, so that is only a one-third percent error.
Hay la 1 trén 300, vi thé& no chi la sai s6 mot phan 30.

That's very small—
D6 la sai s6 rat nhéd - -

that's what we call the relative error.

Chung ta goi do la sai s6 tudgng dai.

Then I ask myself the question—

Do dé t6i tu dat cau hoi

I want to measure the accuracy of the speed of the bullet to about two percent.

Toi mubn do chinh xac toéc do cta vién dan khoang hai phan tram.

That was my goal.

Db 1a muc tiéu cua toi.

How accurate should I do the timing? Well, I had to make an estimate very roughly

how fast the speed of the bullet is and I would think it is probably lower than the

speed of sound.
To6i sé dinh thgi gian chinh xac nhu thé nao? 0, toi phai udc tinh rat thé sg toc do cua vién
dan nhanh nhu thé nao va t6i nghi cé I1& n6é cham hon téc do am thanh.

The speed of sound is 340 meters per second.

Toc dé am thanh la 340 m/s

I don't know whether it's 200 or 300 but it's got to be somewhere in that ballpark of
the kind of bullets that we have--

200 or 300 meters per second.

Toi khong biét né la 200 hay 300 nhung né phai thubc loai nao dé ma ching téi cé
trong san chgi béong chay. 200 hay 300 m/s

Let us assume that the speed is 300 meters per second—

just a wild guess.

Gia sUr rdng téc dd 1a 300 m/s, chi la su suy dodn chua

chinh chan

Then it would take 5 milliseconds for this bullet to cross from here to here.
Do dé phai mat 5 mili gidy dé vién dan di tir ddy qua day



And if I want to make a measurement to two percent accuracy I have to know this
timing to about one-tenth of a millisecond because one-tenth of a millisecond is
about two percent of five.

Va néu téi mudn thuc hién phép do chinh xac dén 2 phan tram t6i phai bi€t dinh thgi
chinh xac dén 1/10 mili giay badi vi 1/10 gidy khoang 2/100 cua 5

So that sets the accuracy that I need to make the time measurements.
Vi thé& thiét 1ap dd chinh xadc ma tdi can dé€ thuc hién do thdi gian.

And so we do have a timer.

Va vi vay chung ta phai c6 mot dong ho

It is about accurate to about a tenth of a millisecond and so now I can measure that
time.
N6 chinh xac khoang 1/10 mili gidy va vi vay by gid tdi cé thé do thdi gian dé.

So I am going to have here some time that we measure plus or minus 0.1 and we'll
do the whole thing in milliseconds.

Vi vay & day toi s& c6 modt thdi diém nao d6 ma ching ta do cdng hodc trir 0.1 va
ching ta sé lam moi viéc trong vai mili giay.

But our final answer will be in meters per second.
Nhung két qua cudi cung clia ching ta sé la mét trén giay.

All right, I always have to think hard when I do this because when we deal with
bullets, that is no kid stuff and I...

Dudgc roi, téi ludn lubn phai nghi rang kho khi tdi | am diéu nay bdi vi khi ching ta
phai lam vdi nhitng vién dan, dé khong phai la tro chgi tré con va toi........



as I said I have really no experience firing guns.
Nhu téi da ndi toi thuc su khéng cé kinh nghiém trong viéc bén sing.

This is the bolt.

Day 10 cdi ndp day

There we go.

H&y bat dau nao

Here's the bolt.

bay la cai bu long.

There we go.

Nao, bat dau.

It's in place.

bat né & dé.

Before I do that, I want to check...
check the circuits. ]
Trudc khi lam diéu do, toi mudn kiém tra........

Ki€m tra mach.

I want to make sure that the electronic circuit is properly working.
T6i muén dam bao rang mach dién tlr hoat déng tét.

You see the timing here, right? So I do a small test just to see whether the circuit is
working. ,

Ban s§ th,é'y thdi gian & day, duang khong? Vi vay téi mudn lam mot kiém tra nho nho
chi dé kiém tra xem mach cé hoat dong hay khong.

Yep, should be working.

Vang, hoat dong

Here comes the bullet.

Tdi vién dan

You ready? I'm ready.

Ban sdn sang chua? Toi

san sang

Three, two, one, zero.

Ba, hai , mot, khong

[bullet whacks metal]



Vién dan va vao kim loai
What do we see?
Ban thay gi?

5.8 milliseconds.

(SO0,

.8.

.8 mili giay

.8

Is that what you see? Yeah? 5.8 milliseconds.

D6 la nhitng gi ban thay phai khong? Vang? 5.8 mili giay.

plus or minus 0.1.
C

5.8
5.8 cOng trir 0.1.

So out comes the average.

Vay chidng ta sé tinh dudc trung binh

Call it speed or call it velocity it's the same thing in this case.
Trong trudng hgp nay goi nd la van toc hay téc dé6 déu giéng nhau ca.

148.5, 5.8, and I have to convert it to meters per second.
148.5, 5.8, va toi phai chuyén né sang mét trén giay.
That brings it at 256, plus or minus.

Két qua la 256, cbng hoac trir

Now you come in here, with your plus or minuses.

This is a one point...

Bay gid ban dén day, vgi coOng hodc tru.
bay la mot cham.....



one-third percent error.
Sai s6 1/3%.

It's negligible to this one.
N6 khdng dang k& ddi vai cai nay.

One out of 58 is about 1.7% so this is the only one we have to worry about so the
uncertainty in there is about 1.7%.

Cai nay léch so vGi 58 khoang 1.7% vi vay day chi la mét cai ma chlng ta phai ban
khoan vé né vi vay sai s6 @ dé khoang 1.7%

It's less than two--

that's what I wanted and it gives me an error of about four meters per second.
N6 nhoé han 2 - - db la nhitng gi t6i mudn va né cho toi sai s6 khoang 4 m/s.
And so this is the result.

Va vi vay day la két qua.

And you see, it's only meaningful because we have a good idea about the
uncertainties in the measurement.
Va ban th&y rédng nd c6 nghia bdi vi ching ta cé y tudng tét vé sai sb trong phép do.

Just as we introduced average velocity now I am going to introduce average
acceleration.
Vira roi, ching ta da néi vé van téc trung binh bay gid chidng ta sé ndi vé gia téc trung
binh.

Notice that the velocity changes here throughout time.
Chu y réng & day van téc thay déi theo thdi gian.

And that brings me to the next part the logical part, namely, that we are going to
introduce an average acceleration and with a little bit of imagination you can
probably guess what that looks like.

Va diéu dé mang t6i dén phan ti€p theo mot cach logic cé tén la, gia téc trung binh
va véi mot it tri tudng tugng co |I€ ban sé doan ra nd sé nhu thé nao.

The average acceleration between time t1 and time t2 would then be the velocity at
time t2 minus the velocity at time t1, divided by t2 minus t1.
Gia tdc trung binh trong khoang thdi gian t1 va t2 s& bang vén tdc tai thdi diém t2 trir van
tdc tai thdi diém t1, chia cho t2 trirtl.
And the dimension is lengths per seconds per time squared so it's meters per second
squared.
Va thr nguyén la do dai trén gidy trén thdi gian binh phuaong vi vay né la mét trén giay
binh phuong.

This is done for a one-dimensional situation.
biéu nay dudgc thuc hién vai trudng hgp mot chiéu.

This number can be larger than zero, it can be equal to zero and it can be smaller
than zero.
S8 nay c6 thé I8n hon 0, nd c6 thé bang 0 va né cb thé nho han 0.

In our case, tl1 to t2 here notice the velocity is zero as a start.

Trong trudng hgp dang xét, t1 dén t2 ¢ day chu y réng van téc



bang 0 tai thdi diém ban dau.

And it begins to increase because this angle of alpha increases.
Va né bat dau tang bdi vi goc alpha tang.

It's the angle that matters.

D6 la gbc c6 y nghia quan trong.

The angle increases, so in our case from tl to t2 the average acceleration is larger
than zero.
Géc tang, vi vay trong trudng hgp dang xét tir t1 dén t2 gia toc trung binh I6n han 0.
Look at the angle.

Hay nhin géc.

However, if you take the average acceleration between t1 and t5 that is smaller than
zero because here the velocity is zero but here the velocity is negative.

Tuy nhién, néu ban tinh gia t6c trung binh trong khoang t1 va t5 s& nho han 0 bdi vi &
day véan t6c bédng 0 nhung & day van téc am.

So if you substitute that in there you get an average acceleration which is smaller
than zero.

Vi vay néu ban thé n6 vao dé ban sé nhan dugc gia téc trung binh nhé han 0.



So the signs in the velocity and the signhs in average acceleration depend crucially on
how I have defined my increasing value of x not where I choose my zero points.

Vi thé dau cla van téc va dau cla gia toc trung binh phu thudc chi yéu vao cach ma toi
dinh nghia chiéu tang cua x ch& khong phu thubc vao nai chon gbc toa do.

If I reverse the direction of increasing x then all my signs will change.

Né&u tdi dado hudng cua chiéu tdng x thi tat ca dau sé thay dai.

So you can also write down then that average acceleration, if you like that is delta v
divided by delta t but you must be careful because the delta v is sign-sensitive.

Vi vdy ban c6 thé viét ra gia t8c trung binh, néu ban thich delta v chia cho delta t nhung
ban phai can than vi delta v cé d&u.

You must obey your sign convention.
Ban phai tuan theo quy udc dau cua ban.

I have here a tennis ball and I can bounce this tennis ball, I can throw it down.
O day t6i cé qua bdng tennis va toi cé thé nay bat qua bong tennis nay, téi cé thé ném
no.

And let us assume, just for simplicity that it hits the floor at about five meters per
second and that it's a very, very good tennis ball and that it also bounces back with
a velocity of about five meters per second.

Va dé cho don gian, ching ta hdy gia s réng né cham san nha khoang 5m/s va rang
né la mot qua bdng tennis rat rat tét va né ndy trd lai véi van tdc cling khoadng 5m/s.

I will choose this to be my increasing value of x and so it hits the floor like this.
TOi sé chon cdi nay la chiéu tang ctua x va vi vay né cham san nha nhu thé nay.

That means the velocity at which it hits the floor is minus five meters per second.
Diéu dd cd nghia la van té6c ma né cham san nha la trir 5 m/s.

It bounces off, there it comes and it goes up with plus five meters per second.
N6 di xuéng do, va né di 1én véi van toéc cOng 5m/s.

I call this v1 and I call this v2.
To6i goi cai nay la vl va cai nay la v2.

So what, now, is the average acceleration? Well, I would have to know the time that
it takes for this change in direction.

Vay bay gid gia tdc trung binh I1a bao nhiéu? O, toi can phai biét thdi gian ma qua bdng
déi hudng.

In other words, we call that the impact time.
Noi cach khac, ching ta goi dé la thdgi gian va cham.

I would say, in this case, the impact time delta t is probably about a hundredth of a
second and so my average acceleration would be v2 minus v1--

that is plus five minus minus five--
Trong trudng hgp nay, tdi sé noi, thGi gian va cham delta t cé 1€ khoang 1 phan tram giay
va vi vay gia t6c trung binh sé la v2 trir vl -
Nghia la cong 5 trur trir 5
that is ten divided by ten to the minus two and that is plus 1,000 meters per second
squared.
Nghia la 10 chia cho 10 mi trir 2 va la cong 1000 mét trén giay binh phudng.



I have observed carefully the signs.
T6i phai quan sat dau ki cang.

If now I say, "Aha, I don't like this I want to go this--
the value of increasing x." No big deal.

NéEu téi ndi, “a, toi khong thich chon chiéu tang cua x nhu thé nay ma téi thich
chon nhu thé nay.” Khéng c6 gi to tat.
This will become a plus, this will become a minus and then this would become a
minus.

bay sé trg thanh cong, day sé trd thanh trir va do do day sé trd thanh tru.
So then the acceleration is minus 1,000 meters per second squared.
Do do gia toc sé la trir 1000 mét trén giay binh phudng.

I have also here a tomato and I have here some eggs.

O day toi cd6 moét qua ca chua va & day téi co vai qua tring.

Now, imagine now that I throw the tomato down or, for that matter, the egg and
that they hit the floor at five meters per second.

Bay gid hdy tudng tugng rdng téi ném qua ca chua xuéng hodc triing xuéng, chdng sao
ca va ching cham san nha véi van t6c 5m/s.



I could do that.
Toi c6 thé lam diéu do

They would not come back up.

Chung sé khong quay trd lai

They would go...

Chung sé di xudng luon.

[blows raspberry]

So therefore the change in velocity would not be ten--
apart from the sign that you have to think about—

Do dé su thay ddi van téc sé khéng la 10 - -

Ngoai trir ddu ma ban phai suy nghi - -

but it would only be five meters per second.
Nhung né sé chi la 5 m/s

The impact time would probably be much longer maybe a quarter of a second.
Thdi gian va cham cé Ié lau hdn nhiéu cé 1€ |a 4 giay

So therefore the average acceleration during the impact would then be only five
divided by one quarter...
Do dé gia tGc trung binh trong qua trinh va cham sé chi la 5 chia cho 1/4

would be something like 20 meters per second squared.
Két qua la 20 mét trén giay binh phuang.

Now, whether you call it plus or whether you call it minus 20 meters per second
squared depends on your convention of what you call increasing x.

Bay gid, ban goi nd la cong hay trir 20 mét trén gidy binh phuong phu thudc vao
quy udc vé chiéu tang x.

But the eggs and the tomatoes don't care what you call minus and what you call
plus.

Nhung trirng va ca chua khong quan tam dén nhitng gi ban goi la trir va nhitng gi
ban goi la céng.

Whether the acceleration is minus 20 meters per second squared or plus 20 meters
per second squared you'd better believe it, the egg will break.

Gia toc la trir 20 mét trén gidy binh phudng hodc cdng 20 mét trén giay binh phuong,
tdt hon ban nén tin réng, trirng sé& bé.

So it's only in your convention that it matters but, of course, the physics will not
change.

Vi vay tuy theo quy udc clia ban ma d&u thay ddi nhung tat nhién, vai li sé khéng
thay déi.

The eggs couldn't care less what you have chosen for your sign convention.

Triing khdng thé quan tdm dén cach quy udc ddu cha ban.



Something breaks because the magnitude of acceleration becomes too high.
Mot vai thir v3 vi do I6n caa gia téc qua cao.

That's why something breaks.

DPé la li do tai sao mot vt bé.

A few days ago, I saw a Sherlock Holmes movie and there was a guy who fell on the
floor--

marble floor--

hit his head, was lying there motionless.

Vai ngay trudc, téi xem phim Sherlock Holmes va t6i thdy mot tén rgi xuéng san nha - -
San nha da hoa cuong -

Pap dau vao san nha, va ndm béat dong.

And here was Watson, and Watson said to Sherlock Holmes "What happened?"
Sherlock Holmes walks over to the guy touches him and he says, "He crushed his
skull." He looked very intelligent, I must say, when he said that.

Va & dé c6 Watson, va Watson hoi Sherlock Holmes “ chuyén gi vay?” Sherlock
Holmes di t3i gd &y cham ga va ndi, * Han v so roi.” Toi phai ndi |a anh 8y rat théng
minh khi anh dy néi diéu dé.

"He crushed his skull." And I said, "Gee, that's really physics in action--

“Anh &y v3& so roi.” Va toi néi, “ A, dé chinh 13 vat Ii trong thuc tién - -



It's 801 all the way."

[class laughs]

A modest...

a really modest velocity when he hits the floor but he hit the floor like a billiard ball.

Van téc khi anh ay va cham san nha nhd nhung anh ta va cham giéng nhu qua bdng
bida

The guy was bald, for one thing and so the impact time was very short.

Anh ta hoi dau va thdgi gian va cham rét ngén

And when the impact time is short even if you hit the floor with a modest speed the
acceleration is high...
Va khi thdi gian va cham ngén thi cho du ban cham san nha v3i van t6c nhd nhung gia tdc
cling rat I6n..........
[blows raspberry]

And that was too much and so that's why his skull was crushed.
Va né qua Ién va vi vay do la |li do tai sao anh ta v§ so.

So what matters is this changing velocity and the impact time.
Vay vén dé & day la su thay ddi van téc va thdi gian va cham.

We now want to make one last step from average acceleration.
Bay gid ching ta mudn lam mot budc cudi cung cho gia toc trung binh.

We want to go to the acceleration at any moment in time just the way we did that
with velocity.

Ching ta mudn di dén khai niém gia téc tai bat ki thdi di€ém nao giéng nhu cadch ma
ching ta da lam vdi van téc.

And that now is a natural step.
Va bay giG do6 la mét budc tu nhién.

The acceleration at any moment in time will be the limit for delta t goes to zero for v
measured at t plus delta t minus vt divided by delta t.

Gia téc tai bat ki thdi di€m nao sé |1a gidi han cla v dudc do tai t cdng delta t trir cho vt
chia cho delta t khi delta t tién tgi 0.

That is the instantaneous acceleration.
D6 la gia tbce tuc thai.

And this, you will recognize is the first derivative of velocity versus time which is also
the second derivative of position versus time.

Va & day, ban s& nhén ra r&ng dao ham b&c nh&t cla van tdc theo thdi gian ciling 1a dao
ham bac hai cla vi tri theo thgi gian.

And so here comes the second equation that I really want you to remember forever
and ever and ever that the acceleration is dv/dt which is also d2x/dt squared.

Va vi vay @ day chung ta di dén mot phuong trinh bac hai ma téi thuc s mudn ban nhd
mai mai dé la gia téc bang dv/dt hodc bang d binh x trén d t binh.

We can go to our plot and we can ask ourselves the question now: where is the
acceleration zero, where is it larger than zero and where is it smaller than zero?



Ching ta cé thé nhin 1én @6 thi cia ching ta va bay gid ching ta cé thé tu héi:
gia tdc bang 0 & dau, va & dau gia téc I6n hon 0 va & dau gia téc nhd hon 0 ?
Because this value can be larger than zero, equal to zero and smaller than zero.
Vi gia tri nay cé thé I8n hon 0, bédng 0 hodc nhd hon 0.

And now you have to be very careful when you try to derive that from this plot.
Va bay gid ban phai rat can than khi ban suy ra né tir d6 thi nay.

You have to be very careful because you and I have no good feeling for second

derivatives. | . o L ) o o
Ban phai rat can than bgi vi ban va téi khong cé cam giac tét vé giay rut ra

Velocity is easy--

all you have to do is looking at alpha.
Van toc thi dé roi - - tat ca nhitng gi ban phai lam la nhin alpha.

But when it comes to the second derivative you have to see how alpha is changing.
Nhung khi dén gidy can xét thi ban phai biét alpha thay dGi nhu thé& nao.



Well, right here, the velocity is not changing so the acceleration everywhere here
must be zero.

0, & ngay day, van tdc khong thay déi vi vay gia tc 8 moi ndi quanh day phai béng
0.

Here the velocity is increasing so the acceleration must be larger than zero here.
O day van tdc tdng vi vay gia t8c phai I6n hon 0 ngay tai day.
Here, the velocity is almost constant--

it's almost a straight line.
O day van t8c hdu nhu khéng ddi - - ndé géan nhu la dudng thang.

What does that mean for the acceleration? Zero, exactly.
Diéu do6 cdé y nghia nhu thé nao déi vdi gia téc ? 0, chinh xac.

Here, when it makes this rounding curve the velocity is positive here, but on this side
it's negative so what does that mean for the acceleration? Negative, you got it.

O day, khi né di theo dudng cong nay van tdc dudng & day, nhung & phia ndy né 4m vay
didu dé cé y nghia nhu thé nao d6i vdi gia téc? Am, dudc roi.

And so you can now roughly find where the acceleration is positive where it's
negative and where it is zero.

Va vi vay bay gid ban cé thé tim dugc & dau gia téc duong & ddu né dm va &
dau nod bang 0.

Let's do a straightforward example the way that you could expect it on an
assignment or, if you were extraordinarily lucky you might even get something like
that on an exam.
Bay gid hdy lam moét vi du don gian gidng nhu mot bai tdp hodc néu ban may man la
thudng ban c6 thé gép né trong bai kiém tra.
Very straightforward.
Rat dan gian.
I'm going to give you the position x as a function of time and then ask you lots of
questions about it.
Toi s€ cho ban vi tri cia x nhu mot ham theo thgi gian va sau d6 dat ra mét s6 cau
hoi

So this example is a working example--

x equals eight minus 60 plus t-squared.

Vi du nay nhu sau - -

x béng 8 trur 6t cdng t binh phuang

So this tells you where the object is at any moment in time and let this be in meters.
N6 cho ban biét vat thé & dau tai bat ki thdi diém nao va don vi sé 1a mét

What now is the velocity at any moment in time? Well, that's the derivative dx/dt

and I use the following—

Vé&n t6c cla vat tai mot thai diém t bat ki cé dang nhu thé nao? O, dé lIa dao ham dx/dt

va toi tinh nhu sau

x equals t to the power n.
X bang t mii n

Then, as most of you should know dx/dt is then n times t to the power n minus one.



Thi theo nhu cac ban da biét dx/dt 1a n nhan v8it mi n trir 1
That's all I'm using.
Toi s& dung biéu thlc nay.

So the derivative of eight is zero.
Vi vay dao ham cua 8 la 0.

I get here minus six, I get here plus 2t—

this would be in meters per second---

TOi c6 & day la trir 6, @ day la cOng 2t - -

bay sé la mét trén giay - -

and the acceleration...

I have to take the derivative of the velocity, I get plus two.
Va gia toc ...

T6i s& 18y dao ham cua van tdc, két qua bang +2.

So notice that the acceleration is constant in time, is not changing but the velocity is
changing.

Vi vy chl y rdng gia t6c khéng thay dé6i theo thai gian, khéng thay déi nh ung vén téc thay
doi



Well, at time t equals zero...

just, T will start to probe a little bit.
O, tai thdi diém t=0
Ngay lic &y, tdi sé& bat tham do mot ti.

I want to get a feeling for what this object is doing.
T6i mudn nhan dudc cdm giac Idc vat nay dang rai.

At time t equals zero, x is plus eight The velocity is minus six meters per second and
the acceleration equals plus two.

Tai thdi diém t bang 0, x 1a +8. Van téc 1a trir 6m/s va gia téc bang trur 2.

I can also ask myself at what time does x = 0? What are the times that x is zero?
Well, I have to solve this second-order equation which is something that you've all
done in high school and you will find that that's the case when the time is plus two
and when the time is plus four.

T6i cling cd thé ty hoi, Iic nao thi x=0? Thdi gian nao x=0?

O, toi phai gidi phudng trinh bac hai nay. Cach giadi phudng trinh nay cac ban da
dugc hoc & trudng trung hoc va ban sé tim ra thdi gian bang +2 va +4

Take the plus two...

that makes this four.

Ccong 2.....

Lam cho cdi nay thanh 4

4 + 8 =12, minus 6 x 2, that's 0.

4 + 8 = 12, trlr 6 nhén 2, két qua bang 0.

So you see the 2 works and you check that the 4 also works.

Vi vy ban thdy 2 nghiém ding va ban kiém tra xem 4 cé dung khéng.

Just for my curiosity, when is the velocity zero? Oh, that's easy—

that's when this equation is zero so that's when t equals three.

Téi cling td md mudn biét khi ndo van téc bdng 0? Oh, diéu dé quéa dé - -

What is, at that moment, the position? Well, I substitute t equals three in here and
that gives me minus one.

X = -1.

Tai lGc d6, n6 & toa d6 b&ng bao nhiéu? O, toi thé t = 3 vao day va né sé cho toi két
qua la -1.

x=-1.

So now I'm ready to plot x as a function of t.
Vi vay bay giG téi da san sang vé do thi x theo t

It's, of course, a parabola and I use this information that we have just derived.
So here comes my plot.

Tat nhién, ndé la parabon va t6i dung thong tin ma ching ta vira rut ra.



Vi vay day la do6 thi cua toi

Let this be increasing value of x let this be eight and let this be minus one.

This is the time axis.

I have a zero here and so I want to cover, let's say, about six seconds so I have 1,
2,3,4,5,6.

Hay cho cadi nay la chiéu tang cua x, hdy |dy cai nay la 8 va hady dat cai nay la -1.

Day la truc thai gian.

O day t6i cé 0 va vi vay toi mudbn bao phu, ching ta xét, khoang 6 giay vi vay toi cé 1,
2,3,4,5,6.

Now I am going to use this information in order to give you a curve which is similar
to that one except this is a simple one--

this is just a parabola.

Bay gid tdi s& dung thdng tin nay d& cho ban mét dudng cong tudng tu véi cdi ma
ngudi ta hi vong cai nay la cai don gian. Bay chi la parabon.

So I know that at time t equals zero the object is at position eight.

I know that x is zero...

Vi vay t6i biét réng & thdi diém t=0 vat thé & vi tri 8

Toi biét rang x bang O....



that x is zero at the time 2 and at the time 4 so the object is here at this time and at
this time.

x bdng 0 tai thdi gian 2 va thdi gian 4 vi vy vét thé ¢ day vao IGc nay va vao ldc nay.
And I know that at time t equals three it is at position minus one, so the object is
here.

Va toi biét rdng tai thdi di€m t=3 nd & vi tri -1, vi vy vét thé & day.

And I also know that the velocity is zero so we can check that.
Va téi cling biét rang van t6c bang 0 vi vy ching ta cb thé kiém tra diéu do.

And so if I make this plot now then we would get a curve that's sort of like this and
yes, indeed, notice, the velocity here is zero.
Va vi vay néu bay giG toi vé dudng cong thi ching ta sé nhan dugc dudng cong loai giéng
nhu thé& nay va vang, qua thuc, cht y, van téc & day bang 0.

The angle alpha equals zero.

Géc alpha bang 0

The object starts out at t equals zero with a negative velocity.

Vat thé khdi hanh tai t=0 v4i van tdc am.

You can see that--

the object at t equals zero is here.

Ban c6 thé th8y réng - -

Tai thdi diém t=0, vat thé & day.

This is where the object is, I hope you realize that.

P4y la nai vat thé dén, tdi hi vong ban nhén ra diéu dé

The object is never here.

VAt thé khdng bao gid & day.

This is the road, this is the one-dimensional track on which the object is sitting.

DAy la quy dao chuyén déng, day la quy dao mot chiéu ma vat thé nam trén do.

The object is here and it starts going in this direction.

VAt thé & day va nd bat dau di theo hudng nay.

If it starts going in this direction the velocity must be less than zero and indeed it is,
it's minus six.

Né&u nd bat dau di theo hudng nay thi van t8c phai nhd hon 0 va qua thuc né 1a, nd 1a -
6.

But there is the acceleration which is plus two in this direction.

Nhung cé gia téc bang +2 theo hudng nay.

The acceleration says, "I don't want you to go down.

I want you to go up!" Well, the velocity says "Sorry, all I can do



is slowly, slowly change" and that's what it's doing.
Gia t8c noi réng, “t6i khéng mudn ban di xuéng. T6i mudn ban di 1én” O, van t8c noi
“Xin 18i, tat ca nhitng gi tdi cé thé 1am la cham, thay ddi chdm” va dé 1a nhitng gi nd
dang lam.
It's slowly changing the velocity and there comes a time that the velocity is zero so
the object goes down, the velocity changes and when it is at position minus one it
has come to a grinding halt and now it is returning.
Van t6c thay d8i chdm va & do dén lac van tdc bang 0 vi vay vat thé di xubng, van téc thay
dGi va khi né & vi tri -1 n6 d& ngirng han lai va bay gid né trd lai.

This positive value of a is now increasing the velocity and that's what you see.
Bay gig gia tri dugng nay Urng véi van téc dang tang va dé la nhitng gi ban thay.

I therefore bet you a nickel that if you substitute, in that equation, t equals four that
the velocity better be positive.

Do d6 tbi ca vdi ban rang néu ban thé& vao trong phuang trinh dd, t bdng 4 thi vén tdc sé€ la
duacng.
It has changed from a minus sign to a plus sign because of this positive acceleration.
N6 da thay d6i tir du trir dén d&u cdng bdi vi gia tdc ducng nay.
I bet you a nickel t equals four.

What is x...

To6i ca v@i ban t=4.

X la bao nhiéu ....



uh, what is v? We want to know v.

8 - 6 + 2 meters per second.

Uh, v la bao nhiéu? Chldng ta mudn biét v
8-6+2 m/s

You see? Physics works—

Ban thay khong? Bai tap vat i

v is now plus two meters per second.
Bay gig v la -2m/s

So all that information is in there but I want you to be able to also digest it.

Vi vay t&t ca cac thong tin nay & trong dé nhung tdi mudn ban cd thé suy nghi ki cang
vé né.

Don't look at that curve as just some dumb parabola, some dumb curve.

biUng nhin dudng cong d6 nhu la moét la parabon cam lang, mot dudng cong

cam lang nao do.

Try to imagine what is happening and only then do you get some insight.

Hay c6 tudng tugng nhitng gi dang xay ra va chi khi d& ban mdi hiéu thau

dao.

Then you really begin to get it in your brains.

Sau d6 ban thuc su bdt ddu nhan ndé vao trong ndo ban.

I now would like to write down, in most general form the equation for the position
and the velocity as a function of time for a one-dimensional motion whereby the
acceleration is constant.

Bay gi& tdi mudn viét ra, 8 dang t6ng quat nhat phuong trinh toa dd va van téc la
ham theo thd&i gian d8i v8i chuyén ddng mdt chiéu bai vi gia téc 1a héng sé6.

So it's going to be one-dimensional again and we have a is going to be a constant.
Vi vy né 1a mdt chiéu va ching ta sé cd a sé 1a hang s8

And so the equation that I write down is the most general way that I can write it
down.
Va vi vay phuong trinh ma téi viét ra 1a cach tdng quat nhat ma t6i cd thé viét nd

So we're going to get x equals some number C1 plus some C2 times t, plus some C3
times t squared.

Vi vdy ching ta s& nhén dudc x bédng s& C1 nao dé céng véi C2 nhén t, cdng vdi s6 C3

nao dé nhan vdéi t binh phudng.



And notice...

oh, I already erased my example.
Vachuy....

Oh, toi da xda vi du cua toi roi.

My example is gone but you would have seen this was an eight before and here we
had...

uh, what did we have? Minus...

we had minus 6t and we had plus 1t squared.

Vi du cua toi da xda rdi nhung ban da thay réng day la 8 tu trudc va 6 day ching ta
co...

Uh, chidng ta da cé cai gi? Tru

Chung ta c6 trir 6t va ching ta cé cong 1t binh phuacng

So you recognize these three...

Vi vay ban nhan ra ba céi nay....

I can now take the derivative and so I get C2 plus 2C3 times t and then I get the
acceleration equa}Is 2C3.

Bay gid t6i cé thé 1ay dao ham va vi vay téi cé dugc C2 cong vdi 2C3 nhan t va toi
nhan dugc gia tdc bdng 2C3.

And now we get some insight into these quantities.

Va bay giG chung ta hay xét ki nhirng dai lugng nay

Clearly, x1...

Cl1 is the position of x at time t equals zero for which we often write an x zero.
RG rang , x1.....

C1 1a vi tri cla x tai thdi di€m t =0 va chdng ta thudng ki hiéu 1a x khdng. Bdi vi
dé la vi tri x khi t=0.

Because when t is zero, that is where x is.



C2 is really the velocity at time t equals zero because when t is zero, that's when C2
is v.
C2 thuc su la van téc tai thdi diém t=0 bdi vi khi t=0 thi C2 bang v.

And the acceleration is now changing with time.

Va bay gid gia téc thay ddi theo thdi gian

It's 2C3, therefore C3 is half the acceleration.

N6 bdng 2C3, do d6 C3 bang - gia tdc.

So this gives you some insight in the meaning of these quantities and you can see...
you can read now, some physics in there.

Vi vay diéu nay giup ban hi€u sdu hon vé y nghia nhitng dai lugng nay va ban cé thé
théy......... bay gi¥ ban cb thé rit ra mot vai y nghia vat li ¢ do.

C1, C2, and C3 can independently be either zero, or larger than zero, or negative.

It makes no difference—
C1, C2 va C3 c6 thé bang 0, hodc I8n han 0 hodc bé hon 0 mot cach ddc 1ap nhau.
N6 khong tao ra su khac biét - -

each one of these combinations is a valid possibility in physics.
Moi cai trong s6 nhitng su két hgp gilra chidng la 1a mot kha nang hgp 1€ trong vat li.

When we have gravity an object is influenced by the gravitational acceleration and
the gravitational acceleration is a constant.

Khi chidng ta c6 trong Iuc mdt vat thé bj &nh hudng bdi gia téc trong trudng va gia téc
trong trudng la hang sé.

n n

And we write, often for that gravitational acceleration, the letter "g".

A\

Va ching ta thudong ki hiéu gia tdc trong trudng bang chir “g

Whether I drop an object or throw it vertically up or I throw it vertically down, it's all
one-dimensional.
Cho du téi tha né xuéng hodc ném né thidng dirng 1én trén hodc ném nd xudng dudi theo
phuang thdng dirng thi tat ca déu Ia chuyén ddng mot chiéu.
It becomes two-dimensional when I throw it at an angle.
No trd thanh hai chiéu khi té6i ném né véi moét goéc nao do.

I keep it one-dimensional the acceleration is always the same and that g--
gravitational acceleration--

in Boston is 9.80 meters per second squared and it varies a little bit for different
places on Earth.

To6i gilt nd mot chiéu gia to6c ludn ludn giéng nhau va gia téc trong trudng g & Boston la
9.80 m/gidy binh phudng va né thay d6i mot it tai cac nai khac trén trai dat.

This gravitational acceleration is independent of the mass of the object that I drop of
the speed of the object of the chemical composition of the object of the size of the
object and of the shape of the object assuming that we have no air drag assuming
that these experiments are done in...



in vacuum.

Gia téc trong trudng nay khéng phu thudc vao khdi lugng clia vat thé ma téi tha, khéng
phu thudc vao van téc cla vat thé, vao thanh phan cdu tao, cling nhu kich thudt va
hinh dang cta vét thé gia sir réng ching ta khéng cé Iuc can khdng khi va gia sur réng
thi nghiém nay dugc thuyc hién trong chan khoéng.

Is it obvious that the gravitational acceleration is independent of all these quantities?
By no means.

C6 phai la hién nhién gia tdc trong trudng khdng phu thudc vao tét ca nhitng dai lugng
nay? Khong khi nao

Is it true? We think so, but I want you to appreciate that it is not obvious and it can
not be proven from first principles.

N6 ding khéng? Chung téi nghi vay, nhung chiing téi mudn ban nhin nhan ding rang
diéu dé khéng hién nhién va ndé khdng thé& dugc chirng minh bdng nguyén Ii th& nhét.

Remember, last time we dropped an apple from three meters and we dropped
another one from one and a half meters.

H&8y nhé rang, mdi day ching ta da tha mot qua tdo rdi tr 3 m va qua khac rai tur
d6 cao 2 m.

And in your second assignment, which you haven't seen yet I'm asking you to
calculate the gravitational acceleration for me using these both experiments.

Va trong nhiém vu th( hai , nhiém vu ma ban chua lam t6i sé bao ban tinh gia toc
trong trudng cho t6i dung ca hai thi nghiém nay.



And, of course, I want you to also tell me what the uncertainty is in your final
answer.

Va tat nhién, t6i cling mudn ban cho to6i biét sai s6 trong két qua cudi cung cta ban la
bao nhiéu

And I'd like to help you a little bit to set it up and also to get these equations in
terms of gravity.

Va tdi mudn giup ban moét ti dé€ thiét I1ap nd va tim dugc nhitng phuong trinh nay
theo trong luc.

Whenever we deal with gravity, we get the g in there.

Bat cUr khi nao ban gap trong luc, ban sé nhan g & dé

So suppose here is the object at time t equals zero.

Vi vay gia s day la vat thé tai thdi diém t=0.

It was the apple, and I call that position x zero.
N6 la mot qua tdo, va toi goi vi tri do la x khong.

I call that zero, I'm free to choose my zero position and I drop it zero speed.

To6i goi dd la vi tri ban dau, t6i cé quyén tu do cho vi tri ban dau va to6i tha né vdéi toc do
dau.

I just let it go, because that's the way we did it in class.

To6i chi cho no di, bai vi d6 la cach ma chuing ta lam né trong |8p.

The object goes down and it hits the floor.

Vat di xuéng va né cham san nha.

Well, the general equations, now, which deal in gravity...

0, bay gid, phuong trinh tdng quat ma ching ta xét trong luc

If I call this the increasing value of x...

You can choose it differently.

This is my choice today...

is the following.

Né&u téi goi cai nay la chiéu tdng cua x....ban c6 thé chon theo cich khac. Dy |a cach
chon cda t6i hdm nay.....la nhu sau.

x equals x zero plus v zero t plus one-half g t squared and g now is 9.80 meters per
second squared.
x bang x khéng céng v khéng t cong "2 g t binh va bay gid g bédng 9.8 m/s binh phuong.
The velocity, at any moment in time equals v zero plus gt and the acceleration is

constant--

it's simply g.
Van tdc, tai bat ki thdi di€ém nao bang v khdng cdng gt va gia tdc 1a hdng s6 - - n6 don gian



la g.

Now, in my case, I have chosen t equals zero, x zero, zero and I have chosen this
zero, so these go.

Bay gid, trong trudng hop cla tdi, tdi da chon t bédng 0, x khdéng, khéng va tdi da
chon cai nay bang 0, vi vay dén nhiing cai nay.

And so you see that when the object is here--

which is three meters below this point—

Va vi vdy ban thdy rdng khi vat thé 6 day - né

& dugi diém nay 3 m

and you know the time, how long it took to get there that you can now calculate "g"
because x would be then three meters.

That's when it's here.

Va ban biét thdi gian, ban biét né méat bao 1au d& dén dé nci ma bay gid ban cé thé tinh
“g” bdi vi sau do x sé la 3 m.

b6 la khi né & day.

We made a measurement in class how long it took, so you know the time and so you
can come up with a value for g.
Chung ta thuc hién phép do trong I6p mat bao lau, vi vay ban biét thgi gian va vi vay ban
c6 thé tim ra gia tri g.

And you can do that for both measurements and, of course, I want you to tell me,
also what the uncertainty is in those measurements.

Va tat nhién, ban cé thé lam diéu dé d6i véi ca hai phép do, tdi mudn ban cho t6i bié't
sai sO trong nhitng phép do dé la bao nhiéu.



Remember that we derived, last time, that C...

that the time that it takes for the apple to fall was C times the square root of h over
g and we never knew what that C was.

Nh& rang méi day, ching téi d& rut ra réang C....

Rang thdi gian ma moét qua tdo roi la C nhan véi can bac hai cla h trén g va ching ta
chua biét C la bao nhiéu.

I did a demonstration to show you that the time is proportional to the square root of
h.

We never knew what that C was.

T6i da chirng td cho ban biét rdng thdi gian ti 1é véi cdn bdc hai cla h. Chang ta chua
biét C la bao nhiéu.

Now you know, because now you have the equations here and you see that that C
simply was the square root of two.

Bay gid ban biét rang, bdi vi bdy gid ban cé nhitng phuong trinh & ddy va ban sé thay
réang C don giadn chi |a cdn bac hai cta 2.

But I could not derive that from my dimensional analysis.
Nhung téi khdng thé riat ra diéu nay tir phép phan tich th& nguyén Ian trudc.

Now I want you to relax and, at the same time get a little bit alert for a change.

Bay gid téi mudn ban thu gidn va , cung lic dé chl y mét it dén su thay ddi.

Look at this situation, v equals gt.

H3y xét trudng hdp nay, v bang gt.

That means when I drop an apple--

and I'm going to drop another one today--

that the velocity increases with time.

Diéu do6 cdé nghia la khi t6i tha qua tdo - -

va toi sé tha qua khac hém nay - -

van téc tang theo thdgi gian.

So if I strobe this apple while it was falling I would see the separation, when it
strobes to increase with time, because the velocity goes up with time.

I have here an apple, or I am going to put an apple up about three meters from the
floor--

three meters.

Vi vay néu téi chi€u anh sang nhap nhai vao qua tdo nay trong khi né dang rai thi t6i sé
thdy khoang cach, khi sy nhdp nhai tang theo thai gian, vi van téc tang theo thai gian.

O day toi cd mot qua tdo, hodc téi sé dat qua tdo khoang 3m trén san nha --

So the height is three meters, approximately.
Vi vay do cao khoang 3m



We know from last time, remember, we did it it was about 780 milliseconds to hit the
If\ll%%r.réng, tlr [an trudc, thai gian rai tir dé xuéng san nha khoang 780 mili giay.
I will just round it off and I think about it...

about eight-tenths of a second, just to get an idea.

Toi sé di quanh no6 va nghi vé noé...

Khoang 8/10 giay, chi nhan moét y tuéng.

If I flash it, if I strobe it twice per second--

we call that two hertz--

so my strobe is two times per second.

Néu téi nhadp nhai nd, néu t6i nhap nhai né 2 Ian trén giady - -

Chung ta goi d6 la hai hertz - -

Then I should hit that ball, when it's falling twice with my strobe light.

Sau dé t6i sé cham quéa bong do, khi né dang rgi gap 2 lan anh sang nhap nhai cla toi.



I don't know where it is, though because when we strobe it and when I let the apple

go the two are not synchronized, so maybe the first time that the light blinks, it may

be here and the second time, it may be here.
T6i khong biét né & dau, tuy thé bai vi khi chiing ta nhap nhai anh sang va khi téi cho qua
tdo di 2 cai d6 khong ddng bd, vi vay cb 18 1an dau anh sang nh&p nhai, cé thé né & day va
vao giay th(r hai, cé 1&é n6 G day.

But it's also possible that the first time it's here and the second time, it's there.

Nhung cling c6 thé 1a Ian dau tién nd & day va vao gidy th( hai, né & dé.

And so the first thing I want to do is to test your alertness.

Va vi vay diéu dau tién tdi s& lam la kiém tra dd nhay cua ban.

We will blink.

You will tell me where you see them.

Chung t6i sé nhap nhai.

Ban phai cho t6i biét ban thdy ching & dau.

But we will take a picture.

Nhung chidng ta sé chup mot buc anh.

We will take a picture which will show us exactly where those two balls were.

So that's the first alertness test.

Chlng ta sé chup r]‘mh cai ma sé cho chung ta biét chinh xac hai qua béng nay & dau.

Vi vay dé la bai kiém tra d6 nhay dau tién cla toi.

So get ready for this, and then we will do a second one which is even more

intriguing. B

Vi vay t6i da san sang cho viéc nay, va sau d6 chung ta sé lam trong mét giay

mot diéu rat hap dan.

So now I have to first lower this velvet so that we get a nice dark background.

There we go.

Vi vay bay gidG téi phai kéo thap I6p nhung nay sao cho ching ta nhan dugc mot

nén toi.

[whooshes]

Wow, with my fingerprints on it, it's not so black any more.

There it is...

that's the background.

Khi t6i dat ngon tay cla toi I1én nd, né khong qua den nira.

G ddé nod la.

Do la nén.
Oh, what am I doing? I need the ladder again—



O, toi s& lam gi? Toi can mdt cay thang nifa - -

I have to bring the apple up!

T6i phai mang qua tdo lén !

Friday's always a bad day for me.

Okay...

DaGi véi toi,th’r 6 ludn ludn la ngay xau.

Vang

so now I am going to bring the apple up.

Bay gid to6i sé mang qua tao Ién.

There's some metal here, there are electromagnets and so I throw a switch here so
that the electromagnet is activated.

Co6 mot vai miéng kim loai 6 day, cé nhitng cai nam cham dién va vi vay t6i dua vao
mot céng téc & day dé cho nam cham dién dudc kich hoat.

Very similar to what we did last time.
Rat giéng nhirng gi chidng ta da lam lan trudc.

We have to put the apple up and the apple is hanging there.
Chuang ta phai dat qua tao |én va qua tado dang treo & dé.
There we go.

Xong

So now I have to start the, uh...
Vi vay bay gid tbi phai bat dau, uh...



The strobe.

That's about two hertz, that's about two flashes per second and I'm going to make it
pitch black.

Anh sdng nhap nhai. Do la khoang 2 HZ, nghia la khoédng 2 lan nhap nhai trén giay va
t6i sé lam nd t6i nhu muc.

Pitch black.

All the lights go off.

TG6i nhu muc.

T&t ca anh séng déu tat.

I will count down 3, 2, 1, 0 and Bob, there, who is behind the camera will open the
shutter when I say "one." And when I say "zero", the ball will fall.

ToOi sé dém 3, 2, 1, 0 va & kia Bob & phia sau camera sé m@ ctra chép khi t6i noi “*mot”.
Va khi toi néi “khéng”, qua bdng sé rai.

So you may only see the ball in its highest position.
Vi thé c6 |I& ban sé chi thay qua bdéng & vi tri cao nhat cua noé.

That may not count there, of course because it makes two flashes in the time that

the shutter is open and that I drop it.
Co 18 khéng can dém & do, tat nhién bdi vi né chdp hai lan IUc clra sap md va khi tdi tha no.
Okay, if you're ready, I'm ready.

Vang, néu ban sin sang, tdi sdn sang.

Make it as dark as we can.

Lam cho né den nhu ching ta cé thé.

Bob, are you ready? Class ready? CLASS: Yes.
Bob, ban san sang chua? Ca I&p san sang chua? LSp: Da roi.

LEWIN: Everyone ready? You don't look ready.

LEWIN: Okay...

three, two, one.

That was zero. . .

Lewin: Moi ngudi da san sang? Co6 vé cac ban chua san sang.
Lewin: vang...

Ba, hai , mot

bo la 0.

So let's look at this again in slow motion.
Hay nhin cai nay mét Ian nira trong chuyén déng cham.

Where's the ball? Oh, boy, you try that trick ten times.
You'll never do that again.
Qua bdng dau? O, cau, cau da thur trd doé 10 Ian.

Ban sé khong bao gid lam diéu dé mot lan nira.



So now we are developing the picture and I would like you to tell me where you saw
the balls.

Vi vay bay giG chung ta dang rira phim va téi mudén cac ban cho t6i biét ban thay nhiing
qua bdng & dau.

Where were they, roughly? Where was the first one? How much...

Chang & dau, gan dung? Qua dau tién & dau? Bao nhiéu......

how much below the highest point? Only this much? The first one.

Th&p hon diém cao nhit bao nhiéu? Qua dau tién dy.

And then the second one was pretty low, then.

Va sau dé qua th( hai rdt cham

[class murmurs]
L8p xi xao.

Okay, sounds interesting.
Vang, cé vé rat thich thua

We'll take a look.

Chudng ta hady nhin



While the picture is developing I'm now going to test your real alertness.
Trong khi anh dang dudc tao tdi sé kiém tra d6 nhay thuc su cua cac ban.

I'm going to strobe it with an unknown frequency...
unknown to you.

Toi sé nhap nhai né véi mot tan s6 chua biét...

Chua biét dGi vdi ban.

I will tell you a secret--

it's a higher frequency.

ToOi sé bat mi cho ban - -n6 la mot tan s6 I&n han.

You're going to see more balls on the way down.

Ban sé nhin thay thém vai qua bdéng trén dudng rdi xubéng
I'm not going to ask you where they are, exactly.

Toi sé khong cho ban biét chinh xac chiung & dau.

All T want you to tell me, afterwards, how many you saw.
Toi mubn ban cho toi biét, sau day, ban thdy bao nhiéu qua boéng.
That's all.

b6 la tat ca.

So count them as it falls.
Vi vay hday dém chung khi né rai.

You know we have only 0.8 seconds to count.
Ban biét chlng ta chi c6 0.8 gidy dé€ dém.
Bob, how did the picture come out?

Bob, bic anh d3 hién ra nhu thé nao roi?
Wow, you're good! Whoa, you're good.

Wow, tét, t6t

It was very high, actually...

the first...
That su chat lugng rat cao...
bau tién.....

the first flash, very high.
You seg, it's...
you did very well.

Chdép dau tién, rat cao.
Ban thay, né la......



Ban lam rat tot.

We're going to start, now, with the second part.
Is the audio restored? Should be.

So, I activated the magnet again.

Bay gid chlng ta sé bt dau phan hai.

Audio dugc phuc hoi phai khéng? Nén thé

Vi vay t6i da kich hoat nam cham lai.

There it is.

Oh, goodness! Working? Okay, thank you, Bob.
Okay, Bob, if you're ready, I'm ready.

Xong roi.

Oh, chda! N6 cé lam viéc khdong? Vang, cam dn,
Bob.

Vang, Bob, néu ban sdn sang, t6i s&n sang.

We're going to make it as dark as we can.
Chung ta s& lam nd t6i nhu chiing ta co thé.

So all I want you to tell me, how many balls will you see? Oh, oh, oh, oh, I have to
change--

Vi vay tat ca nhitng gi t6i mudn ban cho t6i biét la, ban thdy bao nhiéu qua béng? Oh,
oh, oh, oh, téi phai thay ddi - -



oh, my goodness!
[class laughing]

Trdi gi!
[L&p cudi]

[class murmuring]
LSp xi xao

Come on, you're now at MIT!

[class laughs]

Thoi nao, ban dang 4 tai MIT!

[LSp cudi]

What do you think? All right, ready? Bob, you're okay? BOB: Okay.
LEWIN: Three, two, one...

[class laughs]

Ban nghi sao?8n ca ch(r ? Bob, ban 6n ch? Bob: vang
Lewin: ba, hai ,mot....

[LSp cudi]

Well?

Who saw three? STUDENT: Four.

Four.

[class calls out different answers]
Sao?

Co ai thay 3 khéng? SV: 4

4

[L6p dua ra nhirng cau tra IGi khac
nhau]

LEWIN: Four, I want to know four.
Lewin: 4, t6i mudn biét 4.

STUDENT: Seven.

SV: 7

Five? Five, here's a five, there's a five.

5ha? 5, day la 5, dé la 5.
Another five? Who saw six? STUDENT: Six.



Nhitng ngudi khac cling 5 ludn a? Cé ai thdy 6 khéng? SV:
LEWIN: Wow...

seven? Eight? Nine? Ten? Eleven? Who just saw a blur?
[class laughs]

Lewin: oh

6? 8? 9? 10?117 cb ai khong thay gi ca khong?

[L&p cudi]

Those are the real winners, I think.

Well, T'll tell you, it was ten hertz.

T6i nghi D6 la nhitng ngudi chién

thang thuc su

0, tbi s& noi cho ban, d6 1a 10 hz

Since it was 0.8 seconds, depending upon where you hit it how lucky you are, I will

show you.

Bai vi d6 a 0.8 gidy, phu thudc vao ban cham né & ddu ban may man nhu thé nao, toi

sé chi cho ban.

You will either see seven or maybe eight balls but it was a good test.

Ban s& thdy hodc 1a 7 hodc Ia 8 qua bong nhung né 1a bai kiém tra tét.

And for those of you who thought that it was only...

that only saw five, there you see them, let's count them.

Va nhitng ban dé trong s cac ban nghi né chila 5, & do6 ban thay ching, hdy dém chudng.



Let's count them together.

One, this is one.
Hay cung nhau dém ching.

Mot, day la mot qua

Two, three, four, five, six, seven, this is a bounce.
2, 3,4,5,6,7, day la su nay lén.

So for those who saw five, I would say "Take some rest this weekend, you need it"
and I'll need it, too.

Vi vay d6i véi nhitng ai thay 5, t6i sé ndi” hay nghi ngai trong tuan nay, ban can né” va
t6i cling can né nira.
See you Monday.

Hen gap lai vao th{ hai



