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Day la ban chép lai 1o giang cta gido sv Ramamurti Shankar trén [6p. Ban c6 thé xem
toan bd bai gidng nay bang cach dén http://www.mientayvn.com > Hoc liéu m&> Dai hoc
Yae> Li> Co s vat li > Chwong |: Gigi thiéu khéa hoc va co hoc Newton

Professor Ramamurti Shankar: Thisisafirst part of the year-long course introducing
you to al the mgjor ideas in physics, starting from Galileo and Newton right up to the big
revolutions of the last century, which was on relativity and quantum mechanics. The
target audience for this course is really very broad. In fact, I've always been surprised at
how broad the representation is. | don't know what your major is; | don't know what you
are going to do later so | picked the topics that all of usin physics find fascinating. Some
may or may not be useful, but you just don't know. Some of you are probably going to be
doctors and you don't know why I'm going to do special relativity or quantum mechanics,
but you don't know when it will come in handy. If you're a doctor and you've got a
patient who's running away from you at the speed of light, you'll know what to do. Or, if
you're apediatrician with areally small patient who will not sit still, it's because the laws
of quantum mechanics don't allow an object to have a definite position and momentum.
S0 these are dl things you just don't know when they will come in handy, and | teach
them because these are the things that turn me on and got me going into physics and
whether or not you go into physics, you should certainly learn about the biggest and most
interesting revolutions right up to present day physics.

Giéo st Ramamurti Shankar: Bay la phan dau cta khoa hoc kéo dai mot nam gidi thiéu
cho ban tat ca cac y tudng I6n trong vat ly, bat dau tir Galileo va Newton dén cudc cach
mang lén cla thé ki vira qua, d6 la Ii thuyét tuong ddi va co hoc lugng t&r. Cac doi twong
nham t&i cla khoa hoc nay thuc sy rat rong. Qua thuc, toi ludn ludn bi ngac nhién vé sy
trinh bay rong nhu thé nao. Téi khdng biét chuyén nghanh cla ban la gi, téi khéng biét
ban sé& lam gi sau nay vi vay tdi da chon nhiing chli d& ma tat cd chidng ta cdm thay hap
dan trong vat ly. Mot s6 ¢ thé hitu ich hodc khong, nhing ban van khong biét. Mot s6
ban c6 Ié sé s8 la bac si va cac ban khong biét ly do tai sao toi day cac ban thuyét tvong
doi dac biét hodc co hoc lvgng tir, nhing ban khdng biét khi nao né sé c6 ich. Néu ban la
mot bac s va ban c6 mot bénh nhan dang chay ra xa véi van téc anh sang, ban sé biét
phai lam gi. Hodc, néu ban la mot bac si nhi khoa v&i mdt bénh nhan nhé, nhirtng nguoi
thuc sw khong thé ngdi yén, dé la vi cac quy luat clia co hoc lvong tir khdng cho phép
mot vat thé co vi tri va dong lvong xac dinh. Vi vay, day la nhiing tat ca nhitng thir ma
ban van con chua biét khi nao chiing sé co ich, vatéi day ching bdi vi day 1a nhitng thi
lam t6i hirng khéi va dua toi di vao trong vat Ii c6 thé hoac khong dua ban vao vat Ii, tat
nhién ban s& hoc vé cac cudc cach mang I6n nhat vathu vi nhat dén vat ly ngay nay.

All right. So that's what the subject matter's going to be, and I'm going to tell you alittle
bit about how the course is organized. First thing is, this year it's going to be taped. You
can see some people in the back with cameras as part of an experimental pilot program



funded by the Hewlett Foundation and at some point they will decide what they will do
with these lectures. Most probably they'll post them somewhere so people elsewhere can
have the benefit of what you have sitting in the classroom. So I've been t old that from
now on we just ignore the camera and do business as usual. Nothing's going to be
changed. | tried to negotiate a laugh track so that if the jokes don't work we can
superimpose some laughter. | was told "no." | just got to deal with it asit h appens. So it's
going to be--it's like one of the reality shows where things are going to be as they are and
hopefully after a while welll learn to act and behave normally and not worry about its
presence. Then, coming to the rest of the details of the cou rse. By the way, there are more
details on the website that | posted, that was given to me by the university, if you want to
know more about what all thisis about.

Puoc roi. Vi vay, dé la vé cac ndi dung chi yéu cta khoa hoc, vatéi sé cho ban biét mot
cht vé céch thire t8 chirc khoa hoc. Thir nhét 13, trong ndm nay, nd sé& dwoc ghi am san.
Ban c6 thé thdy mot s6 ngudi & phia sau véi may anh nhw mot phan ctia chrong trinh thi
diém duoc tai tro bdi Quy Hewlett va tai mot thoi diém nao dé ho sé quyét dinh lam gi
voi nhitng bai giang nay. C6 & ho sé glri chiing dén noi nao dé dé moi ngudi & noi khac
co thé c6 lgi ich gidng nhu ban dang ngoi trong I6p. Vi vay, tir bay giv tré di toi duoc
b&o rang ching ta chi can bd qua cac may anh v alam nhiém vu binh thudng. Khoéng cé gi
thay ddi. T6i cd géng thwong luong dé dua tiéng cudi clia khan gia vao céc tap tin ghi &m
dé cho néu céc 1oi ndi dua khong hiéu qua ching ta cling cd thé cd dwgc mot sb tiéng
cuoi. T6i dugc bdo 1a"khong". Toi chi phai d6i phd véi n6 khi n6 xay ra. Vi vay, no sé la
- né gidng nhr mét trong nhitng thuc té cho thdy cac thir sé nhw ching von di va hi vong
sau mot khoang thoi gian ching ta s& hoc dwgc cach dé hanh dong va cw x binh thuwong
vakhong phai lo 1dng vé sy hién dién ctia né. Sau do, dén vai p han con lai ctia cac chi tiét
vé khoa hoc. Nhan day, c6é thém nhitng chi tiét trén trang web ma t6i da dang, cai doé
dwgc dua cho toi béi trvong dai hoc, néu ban mudn biét thém tat ca cai nay ndi vé cai gi.

The course organization is fairly ssmple. We're going to meet Monday and Wednesday in
this room, 11:30-12:45. | will give you some problems to do on Wednesday and I'll post
them on the website. Y ou guys should get used to going to the class website. I'm really,
really dependent on that now. | finally learned how to use it. | will use that to post
information, maybe once in a while send e-mail to the whole class. If you want to get
those e-mails, you got to sign up for the course because | push a button and it goes to
anybody who's signed up there. The homework will be given on Wednesday and it's due
before class the following Wednesday.

Viéc t6 chirc khda hoc kha don gian. Chlng ta s& gap nhau vao thv hai vathi tu trong
phong, tir 11:30 dén 12:45. Toi sé cho ban mot s6 bai tap dé lam vao thi tv va chiing toi
S8 dang chang lén trang web. Cac ban sé trd nén quen véi viéc dén trang web cia mén
hoc. T6i that su, that su phu thuéc vao nd bay gi¢. Cudi cung toi da hoc dwgc cach s
dung no. Toi sé str dung dé gli thong tin, ¢ thé mot 1an trong mot [Gc glri e-mail cho ca
[6p. Néu ban mudn nhan dugc nhitng e-mail nay, ban phai dang ky khéa hoc nay bai vi
t6i nhan mot nit vand s di dén bat ki ai da dwgc dang tén & dd. Bai tap vé nha s8 duoc
cho vao ngay thi tv va vao thi tv tuan sau la dén han nop.



Let me introduce you to our head TA, Mara Daniel, who's recently Mara Baraban. So
Mara's going to be the person who will see you after class and she will take the problem
sets that you have submitted before class and she'll give you the graded ones after class.
Okay? That will be sorted up, it'll be up there. So you should drop the homework before
you come into class, rather than furiously work on it during class, and the solutions will
be posted the same afternoon. So there is not much point in giving homework that's late.
But once in a while, you know, you will come up with areason that | just cannot argue
with. You got married, you're getting a transplant, whatever it is. That's fine. You got a
transplant, | want to see the old body part. You got married, | want to see your spouse. If
something happened to a grandparent, I'm counting. Up to four | don't get suspicious. Go
five, six, seven, eight, | will have to look into the family tree. But, you know, any
reasonabl e excuse will be entertained.

Hay dé t6i gidi thiéu cho ban tro gidng di*ng dau cla ching t6i, Mara Daniel, ngwoi moi
day la Mara Baraban. Vi vay, Mara s& la nguoi gap ban sau khi 1én [6p va cod ay sé nhan
céc xap bai tap maban da giri trwdc khi 1én [6p va co ay sé cho ban nhitng diém sau gio
hoc. Bang khong? N6 dwoc sap xép, roi dua 1én do. Vi vay, ban nén glti céc bai tap & nha
trude khi [én 16p, thay vi lam viéc dir ddi v&i no trong |6p hoc, va cac bai giai sé duoc
dang vao budi chiéu cung ngay. Vi vay, khong c6 nhiéu diém cho céac bai tap vé nhandp
tré. Nhung mot 1an vao lic nao do, ban biét, ban s& dwa ra mot ly do ma tdi khdng thé
tranh cai. Ban dalap gia dinh, ban dang cdy ghép co quan, hay bét ct thi gi d6. Biéu do
tot. Ban dwoc cdy ghép, téi mudn thdy phan co thé cii. Ban dalap gia dinh, tdi mudn thay
vo / chdng clia ban. Néu c6 diéu gi xay ra voi ong ba, téi s& can nhic. Lén dén bon toi
khong nghi ngt. BEén nam, sau, bay, tam, tbi sé phai tim trong nhitng cay gia pha. Nhung,
ban dabiét, bat ct ly do gi hop ly sé duoc xem xét.

Relative importance given to these different things, there's 20% for your homework, 30%

for the Midterm, which will be sometime in October, and 50% for the Final. That'll be the
weighted average. But | have another plan called the "Amnesty Plan" in which | also

compare just your fina grade, what you did on the Final exam, and whichever is higher

of the two iswhat | will take to determine your overall course grade. This is something |

used to announce near the end but then some people felt that it's not fair not t o know this
from the beginning. So, I'm telling you from the beginning, but don't dream and think that

somehow the Final's going to be so much different from your regular day -to-day
performance, but to give you some reason to live after the Midterm. So, yo u feel thereis
hope. | can change everything overnight; it does happen. | put that in for a reason because

sometimes some of you have not taken a physics course and you don't know how to do

well in physics and slowly you catch on and by the time it's Final exam you crack the
code; you know how to do well. As far as I'm concerned, that's just fine. If at the end of

the semester you take a three-hour exam in a closed environment and you answer
everything, | don't care what you did in your homework or your Mi dterm. That's not
relevant.

Si quan trong twong ddi cla nhitng thir khac nhau nay, 20% cho bai tap ¢ nha cta ban,
30% cho ki thi gitra ky, sé dwoc dién ra vao lac nao do trong thang 10, va 50% ki thi cqﬁi
ki. D6 sé la trung binh trong s6. Nhuwng téi c6 mét ké hoach duoc goi la "KEé hoach An



xa", trong d6 toi chi so sanh diém cudi cling clia ban, nhi*tng gi ban lam duoc & ki thi cudi
cling, va bat ctr cai nao cao hon trong hai cai sé duoc toi chon dé xac dinh diém cua to an
khéa hoc. Bay la diéu ma t6i thwdng cong bd gan cudi, nhung sau dé6 mdt s6 ngudi cdm
thdy rang néu biét didu nay tir dau thi t6t hon. Vi vay, t6i n6i cho ban ngay tir dau, nhwng
dirng mo va nghi rang diém cudi ki s& khac nhiéu voi cac hoat dong hang ngay throng
xuyén cla ban, nhwng dé cung cap cho ban mét ly do dé song sau khi thi gitra ky. Vi vay,
ban cdm thdy cé hy vong. Toi cd thé thay déi moi thir qua dém; diéu do xay ra. Toi cho
rang diéu d6 1ahop li boi vi doi khi mot s6 ban d& chon khda hoc vat Iy vaban khdng biét
céach dé hoc tt vat ly va dan dan ban bat kip va vao IGc thi cui ki ban dot pha; ban biét
cach dé lam bai tot. D6i voi toi, diéu do tot. Néu & cudi hoc ky ban lam mot bai kiém tra
ba gio trong mdt moi trvong khép kin va ban trd 101 dwgc moi thi, tdi khdng quan téam
dén nhitng gi ban da lam trong bai tdp & nha hodc ki thi gitta ky clia ban. Biéu d6 thich
dang.

So that's how the grading will be done. We have Maras group of TAs. She is the head

TA and she's the one you should write to whenever you have a problem. Then we also

have two faculty members. One is a Postdoctoral Fellow, Mark Caprio. So he will have a
discussion section on Tuesdays between 1:00-2:00 in Sloane Lab. And Steve Furlanetto --
| don't know if Steve is here or not. There's Steve, our new Assistant Professor. He will

have his section on Tuesday night in Dunham Lab, in Room 220. Tuesday night is the
night when you people realize homework is due on Wednesday. So we know that, so he
will be there to comfort you and give you whatever help you need. All right. My own

office hours I've not determined yet. | will have to find out when it is good for you. You
know, | live and work out of Sloane Lab up on the hill and it was easy to have office
hours before or after class but now you have to make a specid trip. So, just give me a
little bit of time to find out maybe by soliciting e-mail responses from you what would be
a good time for my office hours. But for any procedural things, like, you know, this
problem set was not graded properly, and so on, there's no point e -mailing me because
I'm going to send it to Mara anyway. So directly deal with the powers that be.

Vi vay, do la céach chdm diém sé duoc thuc hién. Ching ta cd nhém tro giang clia Mara.
Co6 ay latro giang dirng dau va cd ay la ngudi ban nén viét thuy dén bat cl khi nao ban
gap khé khan. Roi ching ta con cé hai thanh vién trong khoa. M6t ngudi la nghién ctu
sinh sau tién si, Mark Caprio. Vi vay, anh dy s8 ¢c6 mot phan thao luan vao tht tu tr
01:00-2:00 trong phong thi nghiém Sloane. Va Steve Furlanetto - Téi khong biét Steve ¢
& day hay khong. B¢ la Steve, Gido su trg i méi cla ching ta. Anh ay s8 c¢6 phan cla
minh vao dém thi ba tai phong thi nghiém Dunham, phong 220. T6i Thiv ba la dém khi
moi ngudi nhan ra bai tap vé nha dén hang nép vao ngay thir Tuw. Vi vay, ching ta biét
rang, do do, anh ta & d6 dé an Gi ban va cho ban bét ct diéu tro gitp gi maban can. Buoc
roi. Gio lam viéc cla toi toi chwa xac dinh. Toi sé phai tim rakhi nao la tét cho ban. Ban
biét, toi s6ng va lam viéc & ngoadi phong thi nghiém Sloane trén mot ngon doi va rét dé
sip x€p giv 1am viéc trwde va sau giv hoc, nhung bay gid ban phai thuc hién mot chuyén
di dac biét. Vi vay, hay dé cho t6i chut it thoi gian dé tim ra co 1 bang cach thu thap céc
y kién cla cac ban qua mail vé thoi diém nao s& lathoi diém tot cho gio 1am viéc cla toi.
Nhung d6i voi bét ky thd tuc ndo, chang han nhu, ban d biét, xap bai tap nay khéng



dwoc cham diém hop li, vavang vang...... Gti thu cho t6i sé khong c6 ich gi bai vi du sao
di nira toi s& gri n6 cho Mara. Vi vay, hay giai quyét tric ti€p trong pham vi quyén han.

Okay, finaly | want to give you some tips on how to do well in this course and what

attitude you should have. First, | advise that you should come to the lectures. It's not self -
serving; it's not so much for my benefit. | think there is something useful about hearing
the subject presented once orally. Secondly, the book, you can see, one of you had a book

here, it's about 1,100 pages and when | learned physics it was, like 300 pages. Now, |

look around this room, | don't see anybody whose head is three times b igger than mine,
so | know that you cannot digest everything the books have. So | have to take out what |

think is the really essential part and cover them in the lecture. So, you come to class to
find out what's in and what's not in. If you don't do that, there's a danger you will learn
something you don't have to, and we don't want that. Okay, so that's why you come to
class.

Puoc roi, cudi cung tdi mudn cung cap cho ban mot so 1oi khuy én vé cach dé hoc tot
trong khéa hoc. Pau tién, téi khuyén ban nén dén I6p nghe gidng. Diéu dé khong phai la
vu lgi; n6 khéng co lgi ich gi cho tdi. T6i nght rang cé diéu gi do hitu ich khi nghe nhitng
mdn hoc duoc gidi thiéu mot lan bang 1oi. Thir hai, cac cudn sach, ban co thé thdy, mot
sO cac ban cé sach & day, nd khodng 1.100 trang va khi t6i hoc vat ly, né khodng 300
trang. Bay gi®, toi nhin xung quanh phong nay, toi khéng thay bat ct ai c6 dau I6n hon
t6i ba Ian, vi vay toi biét rang ban khong thé tiép thu hét moi thir sach noi. Vi vay, toi
phai rat ra nhi*ng gi matéi nght la nhiing phan trong yéu va dé cap dén ching trong cac
bai giang. Vi vay, ban dén I6p hoc dé tim hiéu nhitng gi c6 va khéng co trong sach. Néu
ban khong lam diéu dé, c6 mdt mai nguy hiém la ban sé hoc thir gi d6 ma ching toi
khong yéu cau, va chiing téi khdng muén diéu dé. Buoc roi, vi thé do laly do tai sao ban
nén dén 16p.

Second thing, most important thing for doing well in physics, isto do the homework. The
20% given to the homework is not a real measure of how important it is. Homework is
when you readlly figure out how much you know and don't know. If you watch me do the
thing on the blackboard, it looks very reasonable. It [o oks like you can do it but the only
way you're going to find out is when you actually deal with the problem. That's the only
time you're going to find out. So, | ask you to do the problems as and when they're
posted. So if | post it on Wednesday to cover t he materia for that week, then you should
attempt it as quickly as possible because I'm going to assume you have done the problems
when you come for the next few lectures. And in doing the homework, it is perfectly
okay to work in groups. You don't have to do it by yourself. That's not how physics is
done. I am now writing a paper with two other people. They are my experimental

colleagues who write papers with 400 other people, maybe even 1, 000 other people.

When they do the big collider experiments in Geneva or Fermilab, collaborations can run
into hundreds. So, it's perfectly okay to be part of a collaboration, but you've got to make
sure that you're pulling your weight. Y ou've got to make sure that if you explain to others
how to do this problem, then somebody else contributes to something else, but you know
what everybody contributed in the end. So the game is not just to somehow or other get



the solution to the problem set but to fully understand how it's done, and the TAs will be
there to help you.

Diéu thi hai, diéu quan trong nhat dé hoc tot vat ly, lalam céc bai tap & nha 20% cho bai
tdp & nha khong phai 1a thudc do ding dan makc do quan trong clia n6. Bai tap vé nha
thuc su gilp ban suy ra dwoc ban da biét bao nhiéu va khéng biét bao nhiéu. Néu ban
xem t6i [am moi thit trén bang, no trong rat hop ly. Dwdng nhr ban ¢é thé 1am né nhung
khi ban thwc sy doi mat véi n6 ban khong thé lam dwgc. D6 la 1Uc duy nhat ban thuc sw
nhan ra. Vi vay, téi yéu cau ban phai lam nhirng bai tp ngay khi ching duogc gt Ién. Vi
vay, néu toi giri no Ién vao ngay Thi tw dé 6n lai cac van dé da dwoc dé cap trong tuan
nay, sau do ban nén cd gang 1am no cang nhanh cang tét, vi toi s& gia st rang ban dalam
cac bai tap do roi khi ban dén nghe cac bai giang tiép theo. Vatrong khi lam céac bai tap
vé nha, cac ban nén lam viéc theo nhom. Ban khéng can phai lam chding mot minh. D6
khong phai 1a cach mavat ly duoc thuc hién. Hién tai téi dang viét mot bai bao cung véi
hai nguoi khac. Ho la nhitng dong nghiép thi nghiém cta t6i nhitng nguoi viét bao cung
v@i khoang 400 nguoi khac, tham chi 1, 000 nguoi khac. Khi ho 1am thi nghiém may gia
toc tai Geneva hodc Fermilab, sd cong sw ¢d thé 1én dén hang tram. Vi vay, hoan toan tot
dé trd thanh mot phan cla sw cdng tac, nhwng ban phéi chic chan rang ban dalam phan
cong viéc ctia ban. Ban phai dam bao rang néu ban giai thich cho nhitng ng udi khac cach
lam nhiing bai tap nay, thi ngudi khac & dong gop vao cai gi khac, nhing cubi cung ban
biét nhitng gi moi nguoi da dong gop. Vi vay, hoc nhom khong chi la dén dé nhan duwoc
|0i gidi cla cac xap bai tap ma con phai hiéu day di né dwgc lam nhu thé nao, va céc tro
giang s& & do dé gilp ban.

Every day there's going to be a TA in the undergraduate lounge. | would urge you to use
that. That's a beautiful new lounge that the Provost's Office alowed us to build for
physicists and chemists, or whoever happens to be in the building. If you go there on the
third floor of Sloane, you may run into other people like you who are trying to work on
problems. You may run into upper-class students, students who are more advanced, you
will run into your TA. So that's a good climate. There are coffee machines and there are
lounge sofas and everything else. There are computers, there are printers, so it's a good
lounge, and | think if you go there one day a week to do your problem sets, more often
that's a good meeting place, | recommend that.

M0i ngay s& c6 mot tro giang trong sanh dai hoc. Toi héi thac ban tan dung diéu do. D6
[& mot phong mai dep ma phong giao vu cho phép chiing ta xay ding cho cac nhavét ly
va hda hoc, hodc bét ct ai ngau nhién & trong tda nha. Néu ban di dén do 1én tang thi ba
clia Sloane, ban c6 thé ngau nhién gip ngudi khac giéng nhu ban dang ¢6 gang lam céc
bai tap. Ban c6 thé ngau nhién gip cac sinh vién & I6p trén, céc sinh vién hoc trudc ban,
ban s& ngau nhién gap tro giang cta ban. Vi vay, dé 1a mot mdi truvong tét. Co may pha
ca phé va co ghé sofa & sanh vamoi thir khac. C6 may tinh, cé may in, vi vay n6 la mot
phong tét, va téi nght rang néu ban dén dé6 mot ngay mot tuan dé lam céc xdp bai tap,
thong thuong do la mot noi gap gé tot, tdi dé nghi nhu thé.

Thefina piece of advice, thisis very important so please pay attention to this, whichis, |
ask you not to tak to your neighbors during lecture. Now , this looks like a very



innocuous thing, but you will find out, it is the only thing that really gets my back up.
Most of the time | don't really care. I'm redlly liberal, but this disturbs me because | am
looking at you, I'm trying to see from your reaction how much of my lecture you are
following, and then it's very distracting when people are talking. So please don't do that.
If you talk, | am going to assume you are talking about me. If you laugh, I'm going to
assume you are laughing at me. That's not really what | think, but that's how disturbing it
is when people talk, and very nice students who do not realize this often disrupt my line
of thinking. So | ask you to keep that to a minimum. Once in awhile you'll have to talk to
your neighbor and say, " Can you please pass me my pacemaker that fell down?' That's
fine. Then you go back to your business. But don't do too much of that.

L&i khuyén cudi cung, diéu nay rat quan trong vi vay hdy cha y dén diéu nay, do I3, toi
yéu cau ban khong noi chuyén véi nguoi ngdi canh ban khi toi dang giang . A, digu nay
c6 vé nhu la mot diéu vo hai, nhwng ban sé& nhan ra, dé la diéu duy nhat thuc sy lam toi
buc bdi. Nhiéu lan téi khéng thuc si quan tam. Toi that sy rong réi, nhung diéu nay lam
phién toi bai vi téi dang nhin ban, tdi dang c6 ging suy ratlr phan ng ctia ban xem ban
ndm dwoc bao nhiéu trong nhitng gi téi n6i, va do dé rat réi tri khi cac ban dang noi. Vi
vay, xin dirng lam diéu d6. Néu ban noi chuyén, tdi sé nghT ban dang noi vé tdi. Néu ban
cuoi, toi sé nght ban dang cudi toi. Biéu dé khong thuc sv nhu nhitng gi téi nghi, nhung
diéu dé cho thdy nd phién nhu thé nao khi moi ngudi ndi chuyén, va cac sinh vién rét dep
khong nhan ra diéu nay thwdng lam gian doan dong suy nght cla toi. Vi vay, toi yéu cau
ban han ché diéu d6 dén murc toi thi€u. Dai khi ban sé phai néi v&i ngudi ngdi gan ban,
"ban c6 thé vui long chuyén cho t6i may trg tim da bi roi xudng khong?' Diéu dé tot. Sau
do6 ban quay trd lai véi cong viéc. Nhung dirng lam diéu dé nhiéu lan.

Finally, there is this ancient issue about sleeping in class. Now, my view is, it's just fine,
okay. | know you guys need the rest and interestingly, the be st sleepers are in the first
couple of rows. | haven't met you guys. It's not personal. | have found some people really
have to come to the first and second row because they claim that if they don't hear me
they cannot really go to sleep. Now, that was tru e in Sloane but | think Luce has got very
good acoustics so you can stretch out in the back. But my only criterion isif you talk in
your sleep, now that's not allowed because talking is not allowed. Next, if you're going to
sleep, | ask you to sit between two non-sleepers because sometimes what happens, the
whole row will topple over. We don't want the domino effect. Now, it's going to be
captured on tape and that's going to be really bad for my reputation, so spread yourself
around other people. All right. So that's it in terms of class, you know, logistics and
everything.

Cubi cung, co6 mot van dé cd xua vé ngl trong I6p hoc. Bay gio, quan diém cua toi 13,
diéu do tot, dwoc. Toi biét cac ban can nghi ngoi vathu vi, noi nga tot nhat 1ahai day dau
tién. Toi chuwa gap ban. Diéu d6 khong phai mang tinh ca nhan. Téi da nhan thdy mot s6
ngudi thue sy phai dén cac day ban thi nhat vatht hai vi ho xac nhan rang néu ho khdng
nghe t6i ndi ho thuc s khong thé ngl dwoc. Bay gio, diéu do ding & Sloane nhung toi
nght rang Luce c6 do vang am vi vy ban c6 thé thw gidn & phia sau. Nhuwng tiéu chi duy
nhét cla t6i lanéu ban mé trong Itc ngu, hién tai diéu d6 khong dwoc phép vi n6i chuyén
la khéng duoc phép. Tiép theo, néu ban sip ngu, téi yéu cau ban phai ngdi gitta hai nguoi



khong ngu bdi vi thinh thodng cé diéu gi xay ra, nhitng ngudi trong ban sé lay ban day.
Ching t6i khéng mudn hiéu (rng domino. Hién tai I6p hoc sé dugc ghi am ghi hinh va
nhitng viéc dé thuc si khong t6t cho danh tiéng cla toi, vi vay hdy hiéu cho nguoi khac.
Puoc roi. Vi vay, do la diéu khoan trong 16p hoc, ban dabiét, hau can vatat cd moi thi.

I'm going to start going into the physics proper. | will try to finish every lecture on time,

but sometimes if I'm in the middle of a sentence or the middle of a derivation, | may have
to go over by a couple of minutes; there's no need to shuffle your feet and move stuff
around. | know what time it is. | aso want to get out like you guys, but let me finish

something. Other days | may finish afew minutes before time. That's because the ideas of

physics don't fall into 75-minute segments and sometimes they spill over alittle bit. Also,
I'm used to teaching this course three times a week and now it's suddenly twice a week,

and so things that fell into nice 50-minute units are now being snipped up different ways
so it's pretty difficult. So, even for me, some of it will be new and the timing may not be
just right. I should tell you first of al that in this class, the taping is not going to affect

you because the camera is going to be behind your head. | mentioned to you in the
website that this is not the big opportunity you've been looking for to be a star. Only the
back of your head will be seen. In some cases, the back of the head could be more
expressive than the front, in which case this is your opportunity and I wish you luck. B ut
otherwise, just don't worry about it because you will be only heard. Y ou may not even be

heard. So, I've been asked that if a question is not very clear, | should repeat it so that

people listening to it later will know what the question was.

Toi s& bat dau di vao ndi dung chinh clia vat ly. Toi s& ¢6 gang hoan thanh moi bai giang
ding gi¢, nhung doéi khi néu toi & gira mot cau hodc dang & gilra mot qua trinh suy luén,
tdi co thé s& phai tré gid vai phat; khdng can phai 1& chan clia ban hodc di chuyén thi gi
dé long vong. T6i biét may gio. Téi cling mudn veé giong nhw ban nhung hay dé toi hoan
thanh moi thir. Nhwng hém khéac tdi ¢ thé hoan thanh bai gidng trudc thoi gian vai phut.
Do la béi vi nhitng y twdng vat ly khéng roi vao phat thie 75 va doi khi ching tran ra mét
chit. Twong tw, téi da quen day mén ndy ba budi mot tuan vabay gio thinh linh né dugc
x&p hai budi mot tuan, va do d6 nhitng thit roi vao phat thir 50 dep bay git sé bi cét ra
theo nhitng cach khac nhau va hoi kho cho t6i. Vi vay, ngay ca doi véi téi, mot s6 trong
no s la méi va cach dinh thoi sé khéng chinh xac. T6i nén néi cho ban biét trwdc hét
trong 16p nay, viéc ghi hinh s8 khong anh hwéng dén ban vi may anh & phia sau dau cla
ban. Toi dandi vai ban trén trang web rang day khong phai |a co hoi I6n dé ban tré thanh
ngbi san. Chi phia sau dau cua ban dwgc nhin thdy. Trong mét s6 trwdng hop, phia sau
dau cé thé gay an twong hon phia trwdc, trong treong hop nay day co hdi clia ban va toi
chic ban may méan. Nhung nguoc lai, dirng lo lang bai vi chi c6 dau cia ban dugc quay
phim. C6 thé khong thay dau cla ban. Vi vay, t6i da duoc yéu cau la néu mot cau hoi
khong ro rang, t6i nén | dp lai né dé moi nguwdi nghe nod l1an sau biét cau héi lagi.

Let me make one thing very clear. That is, I'm not in favor of your talking to each other
because you're distracting. Your stopping me at any time is just fine. I welcome that
because I've seen this subject for God knows how many years. The only thing that makes
it different for me is the questions that you people have. You can stop me any time and
you should not feel somehow you are stopping the progress of the class. Thereis no fixed



syllabus. We can move things around and it's far more exciting for me to answer your
guestions than to have a monologue. So, don't worry about that. So stop me anytime you
don't follow something, and don't assume that you're not following something because
there's something wrong with your level of comprehension. Quite often, you guys come
up with questions that never cross my mind, so it's very interesting. And things we've
been repeating year after year after year, because they sound so reasonable, suddenly
sound unreasonable when some of you point out some aspect of it that you didn't follow.
So, it could be very interesting for al of usto have issues to discuss in class, and quite
often some questions are very common and your classmates will be grateful to you that
you brought it up. Otherwise, you know, TAs get ten e-mails, all with the same question.
Okay. So I'm going to start now. Anybody have any questions about class? The format?
The Midterm? The exams? All right. Y es?

Hay dé toi lam ré mot chuyén. D0 la, t6i khong thich cac ban ndi chuyén véi nhau vi khi
d6 cac ban bi phan tdm. Ban c6 thé ngét 10 toi dé dat cau hoi ltc n do cling duoc. Toi
hoan nghénh diéu dé vi trong bao nhiéu ndm nay t6i nhan thdy rang moén nay danh cho
chta biét. Biéu duy nhat lam cho n6 khac ddi voi tdi 1a nhitng cau héi clia cac ban. Ban
cO thé ngat 1oi toi bat ct luc nao dé dat cau hoi va ban dirng nght bang cach dé ban dang
l[am cham lai tién d6 hoc tap cla I6p. Khong c6 chuong trinh hoc ¢ dinh. Chilng ta ¢co
thé xé dich moi tht va doi vdi toi tra 1oi cau hoi cla cac ban sé tha vi h on nhiéu so véi
doc thoai mét minh. Vi vay, dirng lo lang vé dieu do. Vi vay, hdy ding toi lai bat ci Itc
nao ban khong theo kip tht gi d6, va dirng nght rang ban khéng theo kip th ¥ gi d6 la do
né vt qua tam nhan thic ctia ban. Kha thudng xuyén, cac ban dua ra nhitng cau hoi toi
chua tirng nght dén, vi vay rat tha vi. Va nhitng thi¢ ma chang t6i 13p lai ndm nay qua
nam no, bdi vi ching c6 vé qua hop Ii, dot nhién co6 vé khong hop li khi mot s6 trong cac
ban chi ra mot khia canh nao do6 cta né ma ban da khong theo kip. Vi vay, déi voi tat ca
chiing ta co thé rat tha vi dé thao luan trong I6p, va kha thuong xuyén mot so cau hdi rat
phd bién va ban hoc cuing I6p cla ban sé biét on ban vi ban da dwa né Ién. Néu khong,
ban biét, cac trg giang s& nhan duoc 10 e-mail, cé cung mot ndi dung. Buwoc réi. Toi sE
bét dau ngay bay gid. CO ai co bét ki cau hoi ndo vé viéc t6 chire 16p hoc khong? Hinh
thirc? Thi gilra ki? Cac bai kiém tra? A vang?

Student: You said there's going to be two hours to be announced. How do we wait for
[inaudible]

Thay ndi & co hai gio dé nhan duoc thong bao. Tui em cho nhu thé nao
Professor Ramamurti Shankar : Oh, you mean my office hours?

O, y ban muén ndi dén git 1am viéc cla toi &?

Student: No. | thought there was an [inaudibl €]

Da khéng. Em nghi dé la



Professor Ramamurti Shankar : No, the discussion sections are Tuesday afternoon from
1:00-2:00, and Tuesday night from 8:00-10:00, and the website has got all the details on
when and where. Y es?

Khoéng, cac phan thdo luan tir 1:00 dén 2:00 vao chiéu thi* ba va dém th* ba tir 8:00-
10:00, vatrén trang web sE ¢0 tat ca cac chi tiét vé thoi gian va dia diém. Badng khong?

Student: So the lab times will still be [inaudible]
Vi vay thoi khoa biéu thuc hanh & phong thi nghiém sé van la

Professor Ramamurti Shankar : Yeah. There are many, many lab times and you have to
go to the website for the lab. And, by the way, that reminds me. I've got here lots of flyers
given to me by the director of the labor atories which will tell you which lab is the right
lab for you, and they're offered many times aweek. Y es?

Vang. C6 rat nhiéu, nhiéu thoi khoa biéu thwe hanh vaban phai dén trang web clia phong
thi nghiém. V&, nhan day, diéu d6 nhac nh téi. O day téi cé rat nhiéu to roi dwoc cho toi
b&i giam déc phong thi nghiém sé cho ban biét phong thi nghiém nao la phong thi
nghiém phu hgp véi ban, va ching dugc cung cap nhiéu lan moét tuan. Vang ?

Student: As far as knowing the material, just from your class, how import ant is taking a
lab concurrent with this class?

Trong chirng muyc hiéu ro tai liéu, ngay tir trén [¢p, chon mot phong thi nghiém dong thoi
V@i 16p hoc nay quan trong nhu thé nao?

Professor Ramamurti Shankar : | think it's a good idea to take the lab, particularly in
this particular class because | don't have any demonstrations. They're all in the other
building. So, this will remind you that physics is, after al, an experimental science and
you will be able to see where all the laws of physics come from. So, i f you're going to
take it, you should take it at the sametime. Y es?

Toi nght rang chon mot phong thi nghiém 1a mot y tudng t6t, dic biét 1a & 16p hoc dic
biét nay bdi vi toi khong co bat ky thi nghiém trinh dién n&o. T4t ca ching & trong toa
nha khéc. Vi vay, diéu ndy sé nhic nhd ban rang xét cho ciing vat ly 1a mot khoa hoc thuc
nghiém vaban sé c6 thé hiéu dugc ngudn gdc cla tat cd cac dinh luat vat ly. Vi vay, néu
ban dv dinh chon n6, ban nén chon né cung mét ldc. Vang?

Student: Could you please talk about when you expect [inaudibl €]
Thay cd thé néi vé nhitng gi thady mong doi & chiing em
Professor Ramamurti Shankar : Ah, very good. This is a calculus-based class and |

expect everyone to know at least the rudiments of differential calculus. What's a function,
what's a derivative, what's a second derivative, how to take derivat ives of elementary



functions, how to do elementary integrals. Sometime later, | will deal with functions of
more than one variable, which | will briefly introduce to you, because that may not be a
prerequisite but certainly something you will learn and you may use on and off. But there
are different ways of doing physics. Mine is to demonstrate over and over how little
mathematics you need to get the job done. There are others who like to show you how
much mathematics you could somehow insinuate into the pr ocess, okay.

Ah, rét t6t. Bay la mdt moén hoc dua trén tinh toan va toéi hy vong tat cd moi nguoi phai
biét it nhat cac nguyén li co ban cla cac phép tinh vi tich phan. Ham la gi, dao ham lagi,
dao ham bac hai la gi, cach l1ay dao ham cla nhirng ham co ban, cach lay tich phan co
ban. Thinh thodng sau nay, chiing ta s& gap nhirng ham nhiéu bién, téi s& gidi thiéu chiang
vGi ban mot cach van tat, vi d6 c6 thé khoéng phai 1a céi can biét trwdc, nhung chic chan
d6 la kién thirc ban can hoc vaban cé thé st dung thuong xuyén. Nhung c6 nhitng céach
khéc dé lam vat ly. T6i sé cd chitng td cho ban thdy toan hoc can dé ban ho an thanh mot
van dé la it nhv thé nao. Trong khi c6 nhitng nguoi khac s8 cho ban thay toan hoc maban
can dé hoan thanh cong viéc clia ban lanhiéu nhw thé nao, ding khong.

There are different ways of playing the game, and some of us find great pride in finding
the most simple way to understand something. That's certainly my trademark; that's how |
do my research also. So, if you feel there's not enough math u sed, | guarantee you that |
certainly know enough eventually to snow the whole class, but that's not the point. | will
use it in moderation and use it to the best effect possible rather than use it because it is
there. Okay. So | don't know your mathematical background, but the textbook has an
appendix, which is a reasonable measure of how much math you should know. You've
got to know your trigonometry, you've got to know what's a sine and what's a cosine. Y ou
cannot say, "l will look it up." Your birthday and socia security number is what you look
up. Trigonometry functions you know all the time. Okay. | will ask you, and you do. All
right. And of course, there's trigonometric identities you know from high school. Pages
and pages of them, so no one expects you to know all those identities, but there are afew
popular ones we will use. All right. Anything else? Y es?

C6 nhiéu cach khac nhau dé choi tro choi, va mot s nguoi trong chiing ta cdm thay kiéu
hanh trong viéc tim dwoc cach don gian nhat dé hiéu thi gi d6. D6 chac chan 1anhan hiéu
cla toi, do la cach téi lam nghién clru cla téi. Vi vay, néu ban cdm thay toan hoc dwoc st
dung chua dd, t6i dam bao véi ban rang ti chac chan da hiéu dén cung dé 1am pho phinh
ca l¢p, nhung diéu d6 khdng co ich gi. Téi sé sir dung né mot cach vira phai va st dung
no6 cho cac muc dich co ich chi khdng phai st dung n6 vi né la nhu thé. Bugc roi. Vang,
t6i khong biét nén tadng toan hoc clia cac ban, nhung sach giao khoa c6 mét phu luc, né la
thwdt do hop Ii dé cho ban biét ban nén biét toan hoc & mirc d6 nao. Ban phai biét lvgng
giac, ban phai biét sin la gi vacd sin la gi. Ban khong thé noi, "Dé tdi trand." Ngay sinh
nhat clia ban va s6 an sinh xa hdi la nhiing gi ban can tra. Con cac ham lwgng giac la
nhiing th& ban ludn ludn phai biét. Buoc roi. Toi sé yéu cau ban, va ban lam. Buoc roi.
Vadi nhién, cé nhi*ng dong nhat thirc lwvgng giac ma ban biét tir trudng trung hoc. Rat rat
nhiéu trang, vi vay khdng ai mudn ban phai biét tat c& nhitng dong nhat thirc nay, nhung
c6 mot sO céi pho bién machiing tasé dung. Buoc rdi. Con gi nira khdng? Vang?



Student: This may be a bit early, but when will we be havi ng our Midterm?
DBiéu nay em hdi c6 1€ 1a hoi sém, em mudn biét lakhi nao thi gitra ki?

Professor Ramamurti Shankar: Yeah. Midterm will be sometime around 20th of
October. | have to find out exactly the right time. We have 24 lectures for this class and
the first 12 roughly will be part of the Midterm, but after the 12th lecture | may wait a
week so that you have time to do the problems and get the solutions. Then | will give you
the Midterm. Y es?

Vang. Ki thi gilta ki s& dién ra vao mot Iic nao dé quanh ngay 20 thang 10. Toi phai tim
ra chinh xéc thoi diém thich hop. Ching ta c6 24 bai giang trong toan bd khéa hoc va
khoang 12 bai dau tién nam trong ndi dung thi gitta ki, nhung sau bai giang thi 12 Toi co
thé ch mot tuan dé ban cé thoi gian lam cac bai tap vanhan duoc 10i giai. Sau do, toi sé
cho cac ban thi giira ky. Vang?

Student: If wanting one of the two lab courses, which one do you recommend?

NéEu chon mét trong hai khéa hoc thic hanh trong phong thi nghiém, thay nghi nén chon
khoanao?

Professor Ramamurti Shankar: Yeah, thistellsyou in detail. This flyer answers exactly
that. Okay, there was one more question from somebody? Y es?

Vang, ca nay s cho ban biét chi tiét. T roi nay sé tra Ioi chinh xac cau hoi dé cho ban.
Puoc roi, co thém mot cau hai tir ai d6? Vang?

Student: A few people I've talked to have recommended that we start taking the lab
second semester instead of first. Would that be advisable or should we take both
concurrently?

Vai nguoi em tro chuyén da dé nghi rang ching ta nén bat dau chon phong thi nghiém
vao hoc ki thiv hai thay vi hoc ki dau tién. Vay diéu dé la ding hay ching em nén chon ca
hai mét cach dong thoi?

Professor Ramamurti Shankar : | don't have a strong view. | think you should take the
lab sometime but |1 don't know how many semesters that you have to take. But | would
say the advice of your predecessors is very important. If they tell you thisis what works,
that's better than what somebody like me can tell you. Also, you should talk to Stephen
Irons, who is the director of the labs. He has seen every possible situation. He will give
you good advice.

To6i khong c6 mot quan diém dit khoat vé van dé nay. Toi nghi ban nén chon phong thi
nghiém vao lic nao dé nhung t6i khong biét c6 bao nhiéu hoc ky ma ban phai chon.
Nhuwng toi & ndi vai ban rang 01 khuyén clia nhitng nguoi di trwdc rdt quan trong. Néu
ho cho ban biét day la nhitng diéu ding, diéu do sé tét hon so vGi nhitng gi maai dé nhw



téi ndi voi ban. Ngoa ra, ban nén noi chuyén voi Stephen Irons, giam déc phong thi
nghiém. Ong dy dathay moi tinh huéng c6 thé. Ong 4y s cho ban mot so |0i khuyén tot.

Let's start now. Okay. So we are going to be studying in the beginning what's called

Newtonian mechanics. It's pretty remarkable that the whole edifice is set up by just one

person — Newton -- and he sent us on the road to understanding all the natural pheno mena
until the year 18-hundred-and-something when Maxwell invented the laws of

electromagnetism and wrote down the famous Maxwell equations. Except for

electromagnetism, the basics of mechanics, which is the motion of billiard balls and

trucks and marbles and whatnot, was set up by Newton. So that's what we are going to

focus on, and you will find out that the laws of physics for this entire semester certainly

can be written on one of those blackboards or even half of those blackboards.

Bay @i chling ta hdy bat dau. Bugc rdi. Vi vay, ching ta sé buwdc dau nghién cliu vé co
hoc Newton. S rat khac thwong néu toan bd moét dinh thy duoc xay dwng bdi chi mot
ngudi - Newton - va 6ng da dwa ching ta dén con dwong dé hiéu biét tat ca cac hién
twong tw nhién cho dén nhitng ndm 1800 la luc Maxwell phéat minh ra cac dinh luat dién
tlr va viét ra cac phuwong trinh Maxwell noi tiéng. Ngoai trir dién tir, cic nén tang cla co
hoc, nhu si chuyén dong clia cac qua bong bida vaxe tai va céc vién bi va bét c thi gi,
duoc thiét 1ap bédi Newton. Vi vay, do lanhiing gi machlng ta s tap trung vao, vaban sé
nhan thdy rang cac dinh lut vat Iy cla toan bd hoc ky nay chic chan cé thé dwoc viét
trén mot trong nhitng tdm bang nay hodc tham chi phan nira ctia nhitng tdm bang n ay.

And the purpose of this course is to show you over and over and over again that starting
with those one or two laws, you can deduce everything, and | would encourage you to

think the same way. In fact, | would encourage you to think the way physicists do, even if

you don't plan to be a physicist, because that's the easiest way to do this subject, and that

is to follow the reasoning behind everything I give you. And my purpose will be not to

say something as a postulate, but to show you where everything comes from, and it's best
for you if you try to follow the logic. That way, you don't have to store too many things
in your head. In the early days when there are four or five formulas, you could memorize
all of them and you can try each one of them until something works, but after a couple of
weeks you will have a hundred formulas and you cannot memorize al of them. You

cannot resort to trial and error. So you have to know the logic. So the logical way is not

just the way the physicists do it, it's the easier way to do it. If there is another way that it
will work for non-physicists, | won't hesitate to teach it to you that way if that turns out to
be the best way. So try to follow the logic of everything. Okay.

Vamuc dich cta khéa hoc nay |a chi cho ban 13p di 13p lai rdt nhiéu lan rang bat dau véi
mot hodc hai dinh luat nay, ban c6 thé suy ra tat cd moi thi, vatéi khuyén khich ban suy
nghi theo cung mot cach. Trong thuc té, toi sé khuyén khich ban nghi theo cach cac nha
vat ly hoc nghf, cho du ban khéng c6 du dinh trd thanh nha vat Ii, bai vi do la cach dé
nhét d&é hoc mon nay, va do 1a theo ddi 14p luan dang sau moi thi tdi cung cép cho ban .
Vamuc dich cla toi sé khdng phai néi moi thi nhu dinh dé, ma chi cho ban biét né dén
tlr dau, va s8 t6t cho ban néu ban c6 gang theo d 6i logic. Bang cach do, ban khéng can
phai lvu trir qua nhiéu th* trong dau ban. Trong nhitng ngay dau khi c6 boén hodc nam



cong thirc, ban cé thé ghi nhé tt ca chung v aban co thé thd mdi mot trong s chiing cho
dén khi nhé hét, nhung sau maot vai tuan ban sé c6 mdt tram cong thirc va ban khong thé
nhé tat ca ching. Ban khong thé dung phwong phap thi sai. Vi vay, ban phai biét logic.
Vi vay, cach logic khdng phai chi la cach cac nhavat li lam nd, dé la cach don gian hon
dé lam ndé. Néu c6 mot cach khac ding cho nhitng ngudi khong phai nha vat Ii, toi sé
khong ngan ngai dé day cho ban cach dé néu do la cach tot nhat. Vi vay, hay thir theo dGi
logic ctia moi thi. Buoc chi.

So, Newtonian mechanics is our first topic. So, Newtonian mechanics has two parts. All

of physics is a two-part program. The plan, every time, is to predict the future given the
present. That's what we aways do. When we do that right, we are satisfied. So the
question is, "What do you mean by ‘predict the future?™ What do you mean by the

future? What do you mean by the present? By "present,” we mean --we will pick some
part of the universe we want to study and we will ask, "What information do | need to

know for that system at the initial time, like, right now, in order to be able to predict the
future?' So, for example, if you were trying to study the motion of some object, here is
one example.

Vi vay, co hoc Newton la chi dé dau tién cla ching ta. Vang, co hoc Newton c6 hai
phan. Moi mon vat ly la moét chuong trinh hai phan. Thong thwong, muc tiéu 1a dé du
doan twong lai dua trén hién tai. Do la nhitng gi ching taluén luén lam. Khi chidng talam
diéu d6 dang, chung ta hai 1ong. Vi vay, cau hdi 13, "Ban mubdn néi gi qua cum tir 'dw
doan tuong lai?"™ Ban muén ndi gi qua tir tvong lai? Ban mudn néi gi qua tir hién tai?
Qua tir "Hién tai," ching ta mudn noi - ching ta s chon mét s6 phan cta vi tru ma
chiing ta muon nghién clru va chiing ta s& hai, "thong tin gi tdi can dé biét vé hé théng dé
tai thoi diém ban dau, vi du, ngay bay gio, dé c6 thé dw doan tuong lai? " Vi vay, vi du,
néu ban d& cd gang nghién ctru chuyén dong clia mot vat thé nao do, day 1a mot vi du.

[throws a piece of candy for someone to catch]

Professor Ramamurti Shankar : See, that's an example of Newtonian mechanics. I'll
give you one more demonstration. Let's see who can catch this one.

Thdy chua, do la mot vi du vé co hoc Newton. T6i s& cho ban thém moét trinh dién. Hay
xem ai c0 thé bat dwogc céi nay.

[throws another piece]

Professor Ramamurti Shankar: That's a good example. So, that was Newtonian
mechanics at work, because what did | do? | released a piece of candy, threw it from my
hand, and the initia conditions have to do with where did | release it and with what
velocity. That's what he sees with his eyes. Then that's al you really need to know . Then
he knows it's going to go up, it's going to curve, follow some kind of parabola, then his
hands go there to receive it. That is verification of a prediction. His prediction was, the
candy's going to land here, then he put his hand there. He al'so kne w where the candy was
going to land, but he couldn't get his hand there in time. But we can aways make



predictions. But this is a good example of what you need to know. What is it you have to
know about this object that was thrown, | claim, isthe initial location of the object and
theinitial velocity. The fact that it was blue or red is not relevant, and if | threw a gorilla
at him it doesn't matter what the color of the gorilla is, what mood it is in. These are
things we don't deal with in physics.

D6 la mot vi du tot. Hién tuong do bi chi phdi bdi co hoc Newton, béi vi toi dalam gi?
T6i tha mot miéng keo, ném no tir tay toi, va cac diéu kién ban dau latdéi ném nd & dau va
v6i van téc bao nhiéu. D6 1a nhitng gi ma anh dy thdy qua mat minh. Do do, d6 la tat ca
nhitng th* ban thuc suv can phai biét. Sau d6, anh dy biét n6 sé di 1én, nd s& udn cong,
theo mot loai parabol nao dd, sau dé tay clia anh ta s& dwa dén dé dé chup né. D6 la sy
xé&c minh mot dy doan. Dy doan cla anh ay 13, keo sé roi xuéng dat & day, nén anh ay sé
dat tay & d6. Anh ay cling biét keo sé roi xuéng dat & dau, nhung anh dy khong thé dua
tay dén dd kip. Nhung chiing ta ludn ludn coé thé dy doan. Nhwng day la mot vi du tot vé
nhi*ng gi ban can biét. Nhitng gi ban can biét vé vat thé bi ném, tdi x&c nhan, lavi tri ban
dau cla vat thé vavan tdc ban dau. Thuc té lané mau xanh hay dé gi khdng quan trong,
vanéu tdi ném mot con khi gorilla vao anh ta thi mau cla con khi la gi, tam trang clia n6
ra sao khong quan trong. Bay la nhitng diéu ching ta khéng gidi quyét trong vat ly .

There is a tall building, a standard physics problem. An object falls off a tall building.

Object could be a person. So we don't ask why is this guy ending it all today? We don't

know, and we cannot deal with that. So we don't answer everything. We just want to
know when he's going to hit the pavement, and with what speed. So we ask very limited

guestions, which is why we brag about how accurately we can predict the future. So, we
only ask limited goals and we are realy successf ul in satisfying them. So, we are
basically dealing with inanimate objects.

C6 mot toa nha cao, mot bai toan vat ly tiéu chuan. M6t vat roi xuéng tlr mot toa nha
cao. Vat thé dd co thé lamot nguoi. Vi vay, chling ta dirng hdi tai sao ga nay két thic tat
ca moi thr vao ngay hdm nay? Chung ta khong biét, va ching ta khong thé giai quyét
diéu do. Vi vay, ching ta khong trd 1&i moi thii. Ching ta chi mudn biét anh ta sé cham
via heé khi nao, vavéi téc do bao nhiéu. Vi vay, ching ta hdi nhitng cau hdi rat han ché,
dé la i do tai sao ching ta khoe khoang vé viéc chiing ta cé thé dw doan twong lai chinh
xac nhu thé nao. Vi vay, ching ta chi dat muc tiéu han ché va ching ta thuc su thanh
cong khi théa man ching. Vi vay, vé co ban ching ta lam viéc voi cac vat thé vo tri vo
giac.

So the product of Newtonian mechanics of predicting the future gi ven the present, has got
two parts, and oneis called kinematics and the other is called dynamics. So, kinematicsis
a complete description of the present. It's alist of what you have to know about a system
right now. For example, if you're talking about the chalk--if | throw the chalk, you will
have to know where it is and how fast it's moving. Dynamics then tells you why the
object goes up, why the object goes down and why is it pulled down and so on. That's
dynamics. The reason it comes down is gravity is pulling it. In kinematics, you don't ask
the reason behind anything. Y ou simply want to describe things the way they are and then
dynamics tells you how they changed and why they changed.



Vi vay, cac san pham cuta co hoc Newton vé dy doan twong lai dua trén hién tai, c6 hai
phan, vamot la dong hoc va cai kia la dong lwc hoc. Vi vay, dong hoc 1a mdt mo ta hoan
chinh vé hién tai. D6 la mét danh sach nhitng gi ban can biét vé hé théng ngay bay gio .
Vi du, néu ban dang ndi vé vién phan - néu tdi ném vién phan, ban sé phai biét n6 & dau
vano di chuyén nhanh nhu thé nao. Sau dé dong lwc hoc sé cho chiing ta biét tai sao vat
thé di 1én, tai sao vat thé di xudng vatai sao nd bi kéo xudng va vv. D6 la dong luc hoc.
Ly do n6 di xudng lado luc hdp dan kéo no xubng. Trong dong hoc, ban khéng hoi Iy do
dang sau bat ct diéu gi. Ban chi don gian mudn mé ta céch thirc chiing chuyén dong va
dong lwc hoc cho ban biét chiing d&thay doi nhuw thé nao vatai sao chiing thay doi.

So, I'm going to illustrate the idea of kinematics by taking the ssmplest possible example.
That's going to be the way I'm going to do everything in this course. I'm going to start
with the simplest example and slowly add on bells and whistles and make it more and
more complicated. So, some of you might say, "Well, I've seen this before,” so maybe
there is nothing new here. That may well be. | don't know how much you've seen, but
quite often the way you learned physics earlier on in high school is probably different
from the way professional physicists think about it. The sense of values we have, the
things that we get excited about are different, and the problems may be more difficult.
But | want to start in every example, in every situation that | explain to you, with the
simplest example, and slowly add on things.

Vi vay, toi s& minh hoa y twdng clia dong hoc bang cach 1dy vi du don gian nhat. D6 sé 1a
cach matdi sé 1am moi thi trong khoa hoc nay. Téi s& bt dau véi vi du don gian nhat va
tlr tlr thém vao nhitng thr xa xi valam cho n6é ngay cang phtc tap hon. Vi vay, mot sb
ban cé thé ndi, "Vang, t6i da nhin thdy diéu nay roi ", vi vay cé 1é diéu dé khong co gi
mai & day. Co thé ding. Toi khdng biét ban da hiéu bao nhiéu, nhung kha thuong xuyén
cach maban hoc vat i trwéc day tai truong trung hoc cé 1é la khac véi cach ma cac nha
vat ly chuyén nghiép suy nghi vé nd. Y thirc giatri maching toi co, nhitng digu gay hirng
tht cho chiing t6i khéc, va nhitng van dé c6 thé khd hon. Nhung téi mu6én bét dau & moi
vi du, trong moi tinh huéng matéi gidi thich véi ban, véi cac vi du don gian nhat, vatl tir
thém vao moi thir.

So, what we are going to study now is a non-living object and we're going to pick it to be
amathematical point. So the object is a mathematical point. It has no size. If you rotate it,
you won't know. It's not like a potato. You take a potato, you turn it around, it looks
different. So, it's not enough to say the potato is here. You've got to say which way the
nose is pointing and so on. So, we don't want to deal with that now. That comes later
when we study what we call "rigid bodies'. Right now, we want to study an entity which
has no spatial extent. So just a dot, and the dot can move around all over space. So we're
going to simplify that too. We're going to take an entity that lives along the x axis.

Vi vay, nhitng gi chiing ta s& nghién ctru trong hién tai sé lavat thé khong séng va ching
ta s& chon nd nhuw la mot diém toan hoc. Vi vay, vat thé la mot diém toan hoc. N6 khong
c6 kich thwéc. Néu ban xoay né, ban khong biét. N6 khong giéng nhu khoai tay. Ban ldy
mot cl khoai tay, ban xoay nd, nd cé vé khac nhau. Vang, khéng du thi gio dé néi khoai
tay & day. Ban phai no6i cai mli dwoc tro theo cach nao va vv. Vi vay, ching téi khoéng



muon gidi quyét dleu do6 ngay bay gid. Biéu d6 s xudt hién sau nay khi ching ta nghién
clru "céc vat thé ran ". Ngay by gio, ching téi mudn nghién ctru mot thwc thé khéng co
kich thudt khong gian. Vi vay, chi lamdt ddu chdm, va ddu cham c¢6 thé di chuyén xung
quanh khap khéng gian. Vi vay, ching ta s& don gian hoa diéu dé niva. Chiing ta s& chon
mot thuc thé di chuyén doc theo truc x.

[draws aline with integrals|

It moves along aline. So you can imagine a bead with a wire going through it and the

bead can only dlide back and forth. So, this is about the simplest thing. | cannot reduc e
the number of dimensions. One is the lowest dimension. | cannot make the object simpler

than being just a mathematical point. Then, you've got to say, "What do | have to know

about this object at the initial time? What constitutes the present, or what co nstitutes
maximal information about the present?’ So what we do iswe pick an origin, cal it zero,

we put some markers there to measure distance, and we say thisguy issitting at 1, 2, 3, 4,

5. Heisditting at x = 5. Now, of course, we've got to have units and the units for lengths
are going to be meters. The unit for time will be a second, and time will be measured in

seconds. Then we'll come to other units.

N6 di chuyén doc theo mét dudng thdng. Vi vay, ban ¢ thé tudng tvong mot hat véi mot
day di qua n6 va hat chi cé thé trwgt qualai. Vi vay, day lath don gian nhat. T6i khong
thé giam s chiéu. M6t 1a s chiéu it nhat. Toi khong thé lam cho vt thé don gian hon
mot diém toan hoc. Do dd, ban c¢d thé noi, "Toi can biét gi vé vat thé nay vao thoi diém
ban dau? Cai gi cau thanh hién tai, hay ca gi cdu thanh thong tin t0i da vé thoi diém hién
tai?" Vi vay, nhiing gl chang talam la chiing ta chon mét géc toa do, goi n6 bang khoéng,
chlng t6i dat mot s6 vat lam ddu vao do dé do khoang céch, va ching ta ndi thang nay
dang & tai 1, 2, 3, 4, 5. N6 dang ¢ tai x = 5. Bay gi0, tat nhién, ching ta phai c6 nhitng
don vi va cac don vi do dai s& lamét. Bon vi thoi gian sé la gidy, vathoi gian sé dwoc do
theo gidy. Sau d6, ching ta st dén cac don vi khac.

Right now, in kinematics, thisis all you need. Now, there are some tricky problemsin the
book. Sometimes they give you the speed in miles per hour, kilometers per year, pounds
per square foot, whatever it is. You've got to learn to transform them, but | won't do them .
| think that's pretty elementary stuff. But sometimes | might not write the units but I've
earned the right to do that and you guys haven't so you'll have to keep track of your units.

Everything's got to be in the right units. If you don't have the units, then if you say the
answer is 19, then we don't know what it means. Okay.

Ngay bay gi0, trong dong hoc, day la tat cd nhitng gi ching ta can. Bay gi®, c6 mot s6
van dé tinh té trong sach. Bdi khi ho cho ban téc do theo don vi dam / gi¢, km / nam,
pound/phdt binh phwong, hay bat ké thiv gi d6. Ban phai tim hiéu céch chuyén doi ching,
nhung toi s& khdng 1am ching. Téi nght rang d6 la thir khéa co ban. Nhung doi khi toi co
thé khong ghi cac don vi, nhung t6i da gianh dwoc quyén lam diéu dé va céc ban khong
dwoc lam nhu vay, do do ban sé phai theo d&i cac don vi cta ban. Moi th(* phai ding don
vi. Néu ban khong cé don vi, thi néu ban noi két qua 1a 19, thi ching téi khong biét nd cod
y nghia gi. Buoc roi.



S0 here's an object. At a given instant, it's got a location. So what we would like to do is
to describe what the object does by drawing a graph of time versus space and the graph
would be something like this. You've got to learn how to read this graph. I'm assuming
everyone knows how to read it.

Vi vay, day la mot vat thé. Tai mot thoi diém nao do, nd & mot vi tri. Vi vay, nhiing gi
chling tamudn 1am |amo ta vat thé do 1am gi bang cach v& mot do thi vi tri theo thoi gian
va do thi sé co dang nhu thé ndy. Ban s& phai hoc cach doc db thi nay. Toi gia st rang tét
ca moi nguoi déu biét cach doc no.

[draws a graph of x versust]

This doesn't mean the object is bobbing up and down. | hope you realize that. Even
though the graph is going up and down, the object is moving from left to right. So, for
example, when it does this, it's crossed the origin and is going to the left of the origin.
Now, at the left of the origin, it turns around and starts coming to the origin and going to
the right. That is x versus t. So, in the language of calculus, x is a function of time and
this is a particular function. This function doesn't have a name. There are other functions
which have a name. For example, thisis x = t, x = t?, you're going to have x = sin't and
cost and log t. So some functions have a name, some functions don't have a name. What
a particle tries to do generally is some crazy thing which doesn't have a name, but it's a
function x (t). So you should know when you look at a graph like this what it's doing.

Diéu nay khong c6 nghta la vat thé lac v 1én xubng. T6i hy vong ban nhan ra diéu do.
Médc du cac do thi di 1én xudng, vat thé dang di chuyén tir trdi sang phai. Vi vay, vi du,
khi nao n6 lam diéu nay, né vuot qua goc toa do va s di sang trai clia goc toa do. Bay
gi0, & bén tré cla gbc toa do, nd quay lai vabat dau dén gbe toa do va di vé bén phai. D6
lax theo t. Do do, theo ngdn ngir gidi tich, x lamét ham cla thoi gian va day la mét ham
dac biét. Ham nay khdng co tén. C6 mét ham khéc co tén. Vi du, day lax =t, x = t2, ban
S8 ¢ x= sint vacost valogt. Vi vay, mot s6 ham c6 tén, mot s6 ham khong c6 tén. Nhiing
gi mamot hat cd dé lam ndi chung lamot so thiv gi d6 ngu xuan khong cé tén, nhung né
laham x (t). Vi vay, khi nhin d6 thi c6 dang nhw thé nay ban nén biét né thé hién cai gi.

So, the two most elementary ideas you learn are what is the average velocity of an object,
as then ordered by the symbol v-bar. So, the average is found by taking two instants in
time, say t; and later t, and you find out where it was at t, minus where it was at t; and
divide by the time. So, the average velocity may not tell you the whole story. For
example, if you started here and you did al this and you came back here, the average
velocity would be zero, because you start and end at the same value of X, you get
something; 0 over time will still be 0. So you cannot tell from the average everything that
happened because another way to get the same 0 isto just not move at al. So the average
iswhat it is. It's an average, it doesn't give you enough detail. So it's useful to have the
average velocity. It's useful to have the average acceleration, which you can find by
taking similar differences of velocities. But before you even do that, | want to define for
you an important concept, which isthe velocity at agiventime, v (t). So thisisthe central



idea of calculus, right? | am hoping that if you learned your calculus, you learned about
derivatives and so on by looking at x versust.

Vi vay, hai y twéng co ban nhat ma ban hoc la van toc trung binh cla vat thé la gi, duoc
ki hiéu la v gach. Vi vay, giatri trung binh duoc tim bang cach 14y hai gia tri tic thoi
theo thoi gian, gia st t1 va sau dé la t2, vaban tim ravi tri ctia né tai thoi diém t2 trir vi
tri cla no tai thoi diém t1 va chia cho hiéu thoi gian. Vi vay, van toc trung binh cé thé
khong cho ban biét toan bd cau chuyén. Vi du, néu ban bét dau & day v a ban dalam tat ca
diéu nay va ban tré lai day, van téc trung binh s& bang khong, bdi vi ban bat dau va két
thiic tai cing mot gid tri clia x, ban c6 duoc cai gi do; 0 trén thoi gian s& van 1a0. Vi vay,
tlr van toc trung binh ban khong thé néi moi thir d& xay ra bdi vi néu ban dirng yén khong
lam gi ca thi van téc trung binh ciing bang khong. Vi vay, van téc trung binh nhu n6 vén
di. N6 [amét gid tri trung binh, né khéng cung cdp cho ban di moi chi tiét. Vi vay khai
niém van téc trung binh la cé ich. Khé niém gia toc trung binh ciing cé ich, ban cé thé
tim né theo cach twong ty can ct vao sy khac nhau vé van téc. Nhung ngay ca trudce khi
ban lam diéu dd, t6i mudn dinh nghia mot khai niém quan trong, la van toc tai mot thoi
diém nhat dinh, v (t). Vi vay, day lay tudng trong tim cla gidi tich, phai khong? Tai hy
vong rang néu ban d& hoc giai tich, ban d& hoc vé dao ham vav.v..bang cach xét x theo t.

So, | will remind you, again, thisis not a course in calculus. | don't have to do it in any
detail. | will draw the famous picture of some particle moving and it's here at t of some
value of x. A little later, which is t + At. So At is going to stand always for a small finite
integral of time; infinitessimal interval of time not yet 0. So, during that time, the particle
has gone from here to there, that is x + Ax, and the average velocity in that interval is A x/
At. Graphically, thisguy is A x and this guy is At, and Ax over At isaratio. Soin calculus,
what you want to do is to get the notion of the velocity right now. We al have an

intuitive notion of velocity right now. When you're driving in your car, there's a needle
and the needle says 60; that's your velocity at this instant. It's very inter esting because
velocity seems to require two different times to define it -- the initial time and the final
time. And yet, you want to talk about the velocity right now. That is the whole triumph of

calculus is to know that by looking at the position now, the position dightly later and
taking the ratio and bringing later as close as possible to right now, we define a quantity

that we can say isthe velocity at thisinstant.

Vi vay, t6i s& nhic nhd ban, mdt 1an nita, day khong phai 1a mot khoa hoc gii tich. Toi
khong can phai lam n6 chi tiét. Toi s8 v& mot biic anh quen thuéc cla mot hat nao dé
dang di chuyén vand ¢ day tai thoi diém t ('ng véi gid tri x nao d6. Mot chat sau do, né la
t + At. Vang, At ludn la ki hiéu ciia moét khoang thoi gian nhé xac dinh, thoi gian nhd vé
cuing nhung chua bang 0. Vi vay, trong thoi gian do, hat da di tir day dén do, do la x +
Ax, vavan tdc trung binh trong khoang thoi gian d6 la A x / At. V& mat do thi, thang nay
la A x vathang nay la At, va Ax trén At lamot ty s8. Vi vay, trong giai tich, nhitng gi ban
muon lam la nhan khai niém van toc tic thoi. Tat ca ching ta déu c6 mot y niém truc
giac veé van toc tirc thoi. Khi ban dang lai xe, c6 mot cay kim vakim chi 60; d6 la van téc
clia ban tai thoi diém dé. Rat thi vi vi dwong nhu van tdc doi hdi hai thoi gian khac nhau
dé dinh nghta no - thoi diém dau vathoi diém cudi. Vavao lUc nay, ban mudn néi vé van
téc tirc thoi. D6 1a toan bd thanh tyu cla giai tich 1a biét rang bang cach nhin vao vi tri



hién tai, vi tri & sau thoi diém dé mot chat valdy ti s6 va sau do dua cang gan dén thoi
diém hién tai, chiing ta dinh nghia mot dai lugng ma ching ta cé thé noi la van toc tai
thoi diém nay.

So v of t, v(t) is the limit, At goes to O of Ax over At and we use the symbol dx/dt for
velocity. So technicaly, if you ask what does the velocity stand for --Let me draw a
general situation. If a particle goes from here to here, Ax over At, | don't know how well
you can see it in this figure here, is the slope of a straight line connecting these two

points, and as the points come closer and closer, the straight line would become tangent

to the curve. So the velocity at any part of the curve is tangent to the curve at that point.

The tangent of, this angle, this 8, is then Ax over At.

Vivay, v clat, v (t) lamot gidi han, khi At trong ti s6 Ax trén At tién t¢i 0 va chang ta
dung ki hiéu dx / dt cho van toc. Vi vay, vé mat ky thuat, néu ban hoi van téc dai dién
cho céi gi - Hay dé toi phat hoa mdt truong hop tong quat. Néu mot hat di tlr day dén day,
AXx trén At, toi khdng biét ban ¢é thé nhin thdy n6 tot nhuw thé nao trong hinh & day, la do
déc cta duong thdng ndi lign hai diém nay, va khi nhitng diém dén ngay cang gan nhau,
dwong thang sé trd thanh tiép tuyén véi dwdng cong. Vi vay, van téc tai bat ky phan nao
clia duong cong latiép tuyén véi duong cong tai diém do. Tiép tuyén cla, goc nay, 6 nay,
do d6 la Ax trén At.

Okay, once you can take one derivative, you can take any number of derivatives and the

derivative of the velocity is called the acceleration, and we write it as the second
derivative of position. So I'm hoping you guys are comfortable with the notion of taking

one or two or any number of derivatives. Interestingly, the first two derivatives have a
name. The first one is velocity, the second one is acceleration. The third derivative,
unfortunately, was never given a name, and | don't know why. | think the main reason is

that there are no equations that involve the third derivative explicitly. F = ma. The ais
this fellow here, and nothing else is given an independent name. Of course, you can take
a function and take derivatives any number of times. So you are supposed to know, for

example, if x(t) is t", you're supposed to know dx/dt is nt™. Then you're supposed to
know derivatives of simple functions like sines and cosines. So if you don't know that
then, of course, you have to work harder than other people. If you know that, that may be

enough for quite some time.

Puoc réi, mot khi ban co thé ldy dao ham, ban cd thé ldy dao ham bao nhiéu lan ciing
dwoc va dao ham cla van toc duoc goi la giatée, va ching ta viét né nhv dao ham béc
hai cla vi tri. Vi vay, tdi hy vong cac ban da thong thao vé khai niém dao ham bac nhét,
bac hai va bac n. Diéu thi vi 13, hai dao ham dau tién cé tén. Cai thr nhat |a van toc, ca
thv hai la giat6c. Bao ham bac ba, khéng may, khéng bao gi ¢ dugc dat tén, vatéi khong
biét tai sao. T6i nghT ly do chinh lakhéng c6 cac phuong trinh lién quan dén dao ham bac
ba mot cach rd rang. F = ma. ala dong chi & day, va khdng con céi gi khac c6 mot tén
doc lap. Tat nhién, ban c6 thé chon mdt ham valdy dao ham bao nhiéu 1an tuy y. Vi vay,
ban cé nhiém vu phai biét, vi du, néu x (t) latn, ban phai biét dx / dt la nt(n-1). Sau d6
ban phai biét dao ham ctia cac ham don gidn nhu sin va cos. Vi vay, néu ban khong biét



diéu do thi, tat nhién, ban phai lam viéc cuc luc hon nhitng ngudi khac. Néu ban biét diéu
dd, cd thé di cho thoi gian kha lau.

Okay, so what I've said so far is, a particle moving in time from point to point can be
represented by a graph, x versus t. At any point on the graph you can take the derivative,

which will be tangent to the curve at each point, and its numerical value will be what you

can call the instantaneous velocity of that point and you can take the derivative over the

derivative and call it the acceleration. So, we are going to specialize to a very limited

class of problemsin therest of this class. A limited class of problemsis on e in which the
acceleration is just a constant. Now, that is not the most general thing, but I'm sure you

guys have some idea of why we are interested in that. Does anybody know why so much

time is spent on that? Y es?

Puoc roi, vay nhitng gi toi dandi cho dén bay gio 1a, mot hat di chuyén theo thoi gian tir
diém nay dén diém khac co thé dwoc biéu dién bdi mot do thi, x theo t. Tai bat ky diém
nao trén do thi, ban c6 thé 1dy dao ham, no s& latiép tuyén vai duong cong tai moi diém
vagiatri bang s6 ctia nd sé lanhitng gi ban cé thé goi lavan tdc tirc thori clia diém dé va
ban c6 thé ldy dao ham ctia dao ham dé va goi né lagiatdc. Vi vay, ching ta sé tap trung
vao mot loai bai tap trong phan con lai ctia khéa hoc nay. Mot I6p cac bai tap gigi han la
cé matrong dé gia téc chi 1a hang s6. Hién tai, d6 khdng phai la thir tdng quat nhat,
nhung t6i chéc chan rang cac ban da hiéu duoc tai sao chlng ta quan tam dén nd. CO ai
biét tai sao ching ta danh qua nhiéu thoi gian cho né khdng? Moi ban?

Student: [inaudible]

Professor Ramamurti Shankar : Pardon me?
Nhac lai cho thay dwoc khong?

Student: [inaudible]

Professor Ramamurti Shankar : Right. The most famous example is that when things
fall near the surface of the Earth, they all have the same acceleration, and the accelerat ion
that's constant is called g, and that's 9.8 meters/second?. So that's a very typical problem.
When you're falling to the surface of the Earth, you are describing a problem of constant

acceleration. That's why there's alot of emphasis on sharpening you r teeth by doing this
class of problems. So, the question we are going to ask is the following, "If | tell you that

aparticle has a constant acceleration a, can you tell me what the position xis?"

Bung. Vi du ndi tiéng nhat lakhi cac vat roi gan bé mat trai dat, tat ca ching déu co gia
t6c gidng nhau, va gia t6c hang s6 d6 duoc goi la g, va nd bang 9,8 mét/gidy binh
phuong. Vi vay, d6 lamot bai toan rét dién hinh. Khi ban roi gan bé mat clia Trai dét, ban
S5 md t& mot bai todn co giatdc hang s6. D6 1a ly do tai sao ching ta can tap trung vao
loai bai tap nay. Vi vay, cau hdi ching ta s& hdi la nhu sau: "Néu tdi cho ban biét mot hat
co giatde khong doi a, ban ¢ thé cho téi biét vi tri x clia né & dau khong?”



Normally, | will give you a function and tell you to take any number of derivatives.
That's very easy. This is the backwards problem. You're only given the particle has
acceleration a, and you are asked to find out what is x? In other words, your job is to
guess a function whose second derivative is a, and thisis called integration, which is the
opposite of differentiation, and integration is just guessing. Integration is not an
algorithmic process like differentiation. If | give you a function, you know how to take
the derivative. Change the independent variable, find the change in the function, take the
ratio and that's the derivative. The opposite is being asked here. | tell you something
about the second derivative of a function and ask you w hat is the function. The way we
do that is we guess, and the guessing has been going on for 300 years, so we sort of know
how to guess.

Binh thuong, toi sé cho ban mdt ham va yéu cau ban ldy dao ham mot s6 lan tuy y. Diéu
do rat dé dang. Pay la bai toan nguoc. Ban dwoc cho mot hat co gia tdc a, va ban dwoc
yéu cau tim vi tri x clia nd? N6i cach khéac, cong viéc clia ban la doan mét ham ma dao
ham bac hai cta né la a, vacai nay dugc goi la tich phan, ngwoc véi vi phan, vatich phan
chi la doan. Tich phan khéng phai 1a mét qua trinh thuat toan giéng nhu vi phan. Néu toi
cho ban mot ham, ban biét cach dé l1dy dao ham. Thay doi cac bién doc lap, tim sy thay
doi ctia ham, 14y ti s6 va do la dao ham. Céi nguoc lai dwgc yéu cau ¢ day. Toi cho ban
dao ham bac hai ctia mdt ham va héi ban né la ham gi. Cach ching ta lam diéu dé la
chiling ta doan, va sy doan da dién ra khoang 300 ndm, vi vy ching ta phan nao biét cach
doan.

S0, let me think aoud and ask how | will guess in this problem. | would say, okay, this
guy wants me to find a function which reduces to the number a when | take two
derivatives, and | know somewhere here, this result, which says that when | take a
derivative, | lose a power of t. Inthe end, | don't want any powers of t. It's very clear I've
got to start with a function that looks like t. This way when | take two derivatives, there
will be no t left. Well, unfortunately, we know thisis not the right answer, because if you
take the first derivative, | get 2t. If | take the second derivative | get 2, but | want to get a
and not 2. Then it's very clear the way you patch it up is you multiply it by this constant

and now we're al set. This function will have the right second derivative. So, this
certainly describes a particle whose acceleration is a. The a is hot dependent on time. But
the question is, is this the most general answer, or isit just one answer, and | think you all

know that thisis not the most general answer. It is one answer. But | can add to this some
number, like 96, that'll still have the property that if you take two derivatives, you're
going to get the same acceleration. So 96 now is atypical constant, so I'm going to give
the name c to that constant.

Vi vay, hay dé toi nght thau dao va bao cach toi sé doan bai toan nay. T6i s& ndi, vang,
ong nay mudn t6i tim mot ham sé bién thanh akhi t6i 1dy dao ham hai 1an, vatoi biét noi
nao dé quanh day, két qua nay, né ndi rang khi toi 14y dao ham, t6i mat mot [Ty thira cla
t . Cudi cing, t6i khéng mudn bt ky Iy thira ndo clia t. RG rang toi phai bat dau voi mot
ham c6 dang t2. Bang cach nay, khi toi 18y dao ham bac hai, s khong con t nita. Vang,
that khong may, ching ta biét day khéng phai la cau trd 10i chinh xac, béi vi néu ban ldy
dao ham béac nhét, téi nhan duoc 2t. Néu tdi 1dy dao ham bac hai téi dwoc 2, nhung toi



mudn nhan dugc a chir khdng phai 2. Thi rd rang chiing ta cd thé chinh xac héa n6 bang
céach nhan né véi hang s6 ndy vabay gid ching ta d& hoan thanh. Ham nay s& c6 dao ham
bac hai dung. Vi vay, céi nay chic chdn mo td mot hat ma giatée ctia né bang a. akhong
phu thudc thoi gian. Nhwng cau hoi dat ra 1a, day co phai la cau tra 10i tong quat nhat
khong, hay n6 chi 1a mot trong nhiéu cau tra 10, vatoi nght rang tét ca cac ban biét rang
day khong phai la cau tra 1oi tong quat nhat. N6 la mét cau tra 1oi. Nhwng toi co thé thém
va0 céi ndy con sb nao do, nhu 96, ma nod van con co tinh chat 1a néu ban 1dy dao ham
bac hai, ban s& nhan dugc ciing mdt gia téc. Vi vay, bay gio 96 lamdt hang sé dién hinh,
do dd, toi s& dat tén hang s6 do lac.

Everyone knows from calculus that if you're trying to find a function about which you

know only the derivative, you can always add a constant to one person's answer without
changing anything. But | think here, you know you can do more, right? You can add

something else to the answer without invalidating it, and that is anything with one power

of tinit, because if you take one derivative it'll survive, but if you take two derivatives,
it'll get wiped out. Now, it's not obvious but it is true that you cannot add to this anymore.

The basic idea in solving these equations and integrating is you find one answer, so then

when you take enough deriv atives, the function does what it's supposed to do. But then
having found one answer, you can add to it anything that gets killed by the act of taking

derivatives. If you're taking only one derivative you can add a constant. If you're taking

two derivatives you can add a constant and something linear in t.. If you knew only the
third derivative of the function, you can have something quadratic in t without changing
the outcome.

Moi ngudi déu biét tir giai tich rang néu ban ¢6 tim mét ham maban chi biét dao ham ciia
nd, ban co thé ludn ludn thém mot hang s6 vao cau tra 1o ma khong thay ddi bat cir diéu
gi. Nhung ti nght rang & day, ban biét ban c6 thé 1am nhiéu hon nita, phai khong? Ban
¢ thé thém thir nira vao cau tra 16i makhong lam né sai, va dé la mot s hang bét ki co t
mii mot trong do, b&i vi néu ban 1y dao ham béc 1 nd s& van con, nhung néu ban 18y dao
ham bac hai, n6 sé bi x6a so. Bay gio, né khong rd rang nhung dung la ban khong thé
thém v&o két qua ndy céi gi nita. Y twdng co ban trong viéc giai nhitng phuong trinh nay
va lay tich phan la ban tim mét cau tr Ioi, do do, sau do khi ban ldy di dao ham, ham
lam nhi*tng gi né c6 nhiém vu phai lam. Nhwng sau khi tim dwgc cau tra 1oi, ban co thé
thém vao nd bat ¢t thir gi ¢d thé bi triét tiéu khi 1ay dao ham. Néu ban chi lay dao ham
mat 1an, ban c6 thé thém vao mot hang s6. Néu ban dang 14y dao ham béc hai ban c6 thé
thém mat hang s6 vatht gi dé tuyén tinh theo t.. Néu duoc cho dao ham bac ba ctia ham,
ban c6 thé c6 dwa vao mat dai lwong bac hai theo t makhong thay déi két qua.

So, this is the most general position for a particle of constant acceleration, a. Now, you
must remember that this describes a particle going side to side. | can aso describe a
particle going up and down. If | do that, | would like to cal | the coordinate y, then | will
write the same thing. You've got to redlize that in calculus, the symbols that you call x
and y are completely arbitrary. If you know the second derivative of y to be a, then the
answer looks like this. If you knew the second derivative of x, the answer looks like that.
Now, we have to ask what are these numbers, b and c.



Vi vay, day lavi tri tong quat nhat doi voi hat cd gia toc khong doi, a. Bay gio, ban phai
nh¢ rang cai nay moO ta mot hat di tir phia nay sang phiakia. Téi cling c6 thé mo td mot
hat di 1én va xudng. NEéu t6i lam diéu dd, tdi mudn goi hé toa dd y, thi tbi s& viét cung
mat tht. Ban nén nhén ra rang trong giai tich, cac ki hiéu ma ban goi lax vay hoan toan
tly y. Néu ban biét dao ham bac hai clia y 1a a, thi cau tra 101 sé gidbng nhu thé nay. Néu
ban biét dao ham bac hai clia x, cau trd 10i s8 nhu thé d6. Bay gio, ching ta phai hoi
nhitng s6 nay labao nhiéu, b vac.

So et me go back now to this expression, x(t) = at¥ 2 + ¢ + bt. It is true mathematically,
you can add two numbers, but you've got to ask yourself, "What am | doing as a physicist
when | add these two numbers?' What am | supposed to do with a and b? | mean, with
the b and c¢? What value should | pick? The answer is that simply knowing the particle
has an acceleration is not enough to tell you where the particle will be. For example, let's
take the case where the particle is falling under gravity. Then you guys know, you just
told me, acceleration is -9.8, my g is -9.8. We cdl it "minus"’ because it's accelerating
down and up was taken to be the positive direction. In that case, y(t) will be -1/2gt* + ¢ +
bt.

Vi vay, bay gio hdy dé toi tra lai biéu thirc nay, x (t) = at2 /2 + ¢ + bt. V& mat toan hoc
né ding, ban cé thé thém hai con sO, nhwng ban phai tw héi minh: "Véi tw cach la mot
nha vat i tdi dang lam gi khi t6i thém hai s6 nay?' T6i phai |am gi v6i a vab? Y toi 13,
vOi b vac? Toi nén chon gia tri nao? Cau tra 1oi lachi biét giatée cta hat chwa du dé cho
ban biét hat s&€ & dau. Vi du, ching ta hay xét truong hop hat dang roi xuéng dudi tac
dung cua trong lwc. Thi nhuw ban biét, ban chi can néi véi t6i, gia téc 1a-9,8, g clia toi la-
9,8. Chuling ta goi nd la "trlr" vi nd dang chuyén dong xubéng duwdi va hwdng lén duoc
chon la hwéng duwong. Trong tredng hop do, y (t) sé la-1/2gt2 + ¢ + bt.

S0, the point is, every object falling under gravity is given by the same formula, but there

are many, many objects that can have many histories, al falling under gravity, and what's

different from one object and the other object is, when was it dropped, from what height,

and with what initial speed. That's what these numbers are going to tell us and we can

verify that as follows. If you want to know what the number cis, you say, let's put time t
= 0. In fact, let me go back to this equation here. You'll put time t = 0, x(0) doesn't have
this term, doesn't have thisterm, and it is c. So | realize that the constant, c, is the initia
location of the object, and it's very common to denote that by Xo.

Vi vay, van dé & day 1a, moi vat thé roi dudi tac dung cla trong luc dugc cho bdi ciing
cong thirc, nhung cling co rat nhiéu, nhiéu vat thé cé thé cé nhiéu sy khac nhau, tat ca
déu roi dudi tac dung cua trong lwc, va sy khac nhau gitra mot vat thé va mot vat thé khac
la gi, khi n6 duoc tha, tir dd cao bao nhiéu, va voi téc do ban dau bang bao nhiéu. D6 1a
nhitng gi ma céc con sd nay sé cho ching ta biét va chiing ta co thé xac minh diéu do nhw
sau. Néu ban mudn biét 6 ¢ béng bao nhiéu, ban noi, ching ta hdy dat thoi gian t = 0.
Trong thuc té, hay dé toi tré vé phuong trinh nay tai day. Ban sé dat thoi giant =0, x (0)
khong c6 s hang nay, khong 0 sO hang nay, vand bang c. Vi vay, toi nhan rarang hang
S8, ¢, lavi tri ban dau cda vat thé, vané thuong duoc ki hiéu bang xO0.



So the meaning of the constant ¢ is where was the object at the initial time? It could've
been anywhere. Simply knowing the acceleration is not enough to tell you where it was at

theinitia time. You get to pick where it was at the initial time. Then, to find th e meaning
of b, we take one derivative of this, dx/dt, that's velocity as a function of time, and if you
took the derivative of this guy, you will find as at + b. That's the velocity of the object.
Then, you can then understand that v(0) is what b is, which we write as vo. Okay, so the
final answer isthat x(t) looks like xo + Vo t + 1/2 at®. Okay. So what I'm saying hereiswe
are specidizing to alimited class of motion where the particle has a definite acceleration,

a. Then, in every situation where the body has an acceleration a, the location has to have
this form, where this number (xg) is where it was initialy, this (v ) was the initia
velocity of the object. So, when | threw that thing up and you caught it, what you are

doing mentally was immediately figuring out where it started and at what speed. That
was your initial data. Then in your mind, without redlizing it, you found the trgjectory at

all future times.

Vi vay y nghia clia hang s6 ¢ lavi tri ctia vat thé tai thoi diém ban dau? N6 khong thé &
moi noi. Chi biét gia toc khong di dé cho ban biét vat thé & dau tai thoi diém ban dau .
Ban phai chon vi tri ban dau cta né. Sau dd, dé tim y nghta cta b, ching taldy dao ham
bac nhat clia cai nay, dx / dt, d6 la van tdc nhu ham theo thdi gian, va néu ban lay dao
ham cla thang nay, ban sé tim dugc at+b. D6 13 van téc cla vat thé. Sau do, ban co thé
hiéu rang v (0) 1ab, ma chiing toi viét nhu 1a v0. Buoc rdi, vay cau tra 1o cubi cing lax
(t) cothé lax0 + vO t + 1/ 2 at2. Buoc roi. Vi vay, nhitng gi tdi néi & day la ching ta
dang tap trung vao mot loai chuyén dong han ché trong dé hat co gia toc xac dinh , a. Do
dé, trong moi trvdng hop & d6 vat thé co gia toc a, vi tri phai c6 dang nay, & day (x0) nay
lavi tri ban dau, (vO) nay lavan toc ban dau cla vat thé. Vi vay, khi tdi ném vat dé l1én
va ban bat n6, nhitng gi ban dang lam trong dau Ia ngay 13p ttc suy ra duoc n6 bat dau &
dau va c6 van téc bao nhiéu. D6 ladi liéu ban dau clia ban. Sau d6, trong tdm tri clia ban,

khdng nhan ra né, ban tim dwoc quy dao tai tat ca moi thoi diém trong twong lai.

Now, there is one other celebrated formula that goes with this. I'm going to find that, then
I'll give you an example. Now, I'm fully aware that this is not the flashiest example in
physics, but I'm not worried about that right now. You'll see enough things that will
confound you, but right now | want to demonstrate a simple paradigm of what it meansto
know the present and what it means to say this is what the future behavior will be. We
want to do that in the simplest context, then we can make the example more and more
complicated, but the phenomenon will be the same. So, what we have found out so far,
I'm purposely going from x to y because | want you to know that the unknown variable
can be called an x or can be called ay. It doesn't matter, as long as the second derivative
is a; that's the answer.

Bay gi0, c6 mot cong thirc noi tiéng khac di vai cdi nay. Toi sé tim ra nd, sau do t6i sé
cho ban mot vi du. Bay gio, toi hoan toan hiéu rang day khong phai lavi du |0e loet nhét
trong vat ly, nhwng t6i khong phai lo 1ang vé diéu d6 ngay bay gid. Ban sé thdy dd nhitng
thv [am ban bai r6i, nhing ngay bay gi¢ tdi mudn chirng minh mét mé hinh don gian cla
nhitng gi nd mudn ndi dé biét hién tai va né ndi gi vé chuyén dong cla hat trong tuong
lai. Chlng t6i muén lam diéu do trong trwong hop don gidn nhat, sau do ching ta c6 thé



lam céc vi du ngay cang phtrc tap hon, nhung hién tugng sé€ tuong tw. Vi vay, nhitng gi
chling ta d& tim ra cho dén bay gio, téi c¢d ¥ di tir X tdi y vi téi mubn ban biét rang bién
chua biét c6 thé dwoc goi lax hodc cé thé duoc goi lay. Diéu d6 khdng quan trong, mién
la dao ham bac hai laa; dé la cau tra 10i.

Now there's a second formula one derives from this. You guys probably know that too

from your days at the daycare, but | want to derive the formula and put it up, then well

see how to use it. Second formulatries to relate the final velocity of some time, t, to the
initial velocity and the distance traveled with no reference to time. So the trick is to

eliminate time from this equation.

Béy gi0 cd mot mdt cong thirc thir hai ma ngudi ta dardt ratir céng thirc nay. Co |1€ céc
ban biét diéu d6 tir nhitng ngay & nhatré, nhung t6i mudn rdt ra cong thirc va dua né 1én,
sau do6 ching ta sé thdy céach st dung nd. Cong thirc thir hai ¢d gang thiét 1ap méi lién hé
gifra van toc cudi cling tai mot thoi diém t nao doé véi van toc ban dau va khoang cach da
di chuyén, khéng chira thoi gian. Vi vay, thl thuat 14 dé khiv thoi gian tr phwong trinh
nay.

S0 let's see how we can eliminate time. You know that if you took a derivative of this,
you will find v(t) is vp + at. What that means is, if you know the velocity of the given
time and you know the initial velocity, you know what time it is. The time, in fact, is v -
Vo over a. If | don't show you any argument for v, it means v at time t and the subscript of
0 meanst is zero. So what this says is, you can measure time by having your own clock.

A clock tells you what timeit is, but you can also say what time it is by seeing how fast

the particle is moving because you know it started with some speed. It's gaining speed at

some rate a. S0, if the speed was so and so now, then the time had to be this. So time can

be indirectly inferred from these quantities. Then you take that formula here (t) and you
put it here, (y(t)) to see a times t, you put this expression. So what will you get? We'll get
an expression in which there is no t; t has been banished in favor of v. So, I'm not going
to waste your time by asking what happens if you put it in. | will just tell you want
happens. What happens is, you will find that v = v,> + 2a times (y- yo). [Note: The
Professor said x when he meant y] How many people have seen this thing before? Okay.

That'salot. Look, | know you've seen this.

Vi vay chling ta hdy xem céch chiing ta khi thoi gian nhu thé ndo. Ban biét rang néu ban
|8y dao ham clia cai nay, ban s& tim duoc v (t) bang vO + at. Diéu dé c6 nghia la gi, néu
ban biét van toc tai mot thoi diém cho trudc va ban biét van téc ban dau, ban S8 biét thoi
gian labao nhiéu. Qua thuc, thoi gian lav - v0 trén a. Néu t6i khdng chi ra bat ki doi s6
nao cho v, diéu do c6 nghta lav tai thoi diém t vachi s6 dwdi 0 c6 nghia lat bang khéng.
Vi vay, diéu nay ndi |én rang, ban cd thé do thoi gian theo ddng ho cla riéng ban. Mot
ddng hd cho ban biét thoi gian bang bao nhiéu, nhing ban ciing c6 thé noi thoi gian bang
bao nhiéu bang cach xem hat chuyén dong nhanh nhu thé nao vi ban biét né bat dau voi
toc do nao do6. NO tang tdc véi téec dd a nao dd. Vi vay, néu toc do lanhw vay va nhu vay
bay gio, thi thoi gian phai la nhw thé nay. Vi vay, thoi gian co thé dwoc suy ra truc tiép tlr
nhiing dai lvgng nay. Sau do, ban lay cong thirc d6 & day (t) vaban dat né vao day, (y (1))
dé thdy a nhan t, ban dat vao biéu thirc nay. Vi vay, ban sé nhan dugc gi? Ching ta sé



nhan dwgc mot biéu thiec ma trong dé khong cé t; t da bi truc xuat c6 lgi cho v. Vi vay,
toi s khong lang phi thoi gian dé lam cu thé viéc do ra. T6i sé ndi ngay cho ban diéu gi
xay ra. Diéu xay ra I3, ban sé tim dugc v2 = vo2 + 2a nhan (y-y0). [Ghi chi: Giao su noi
x khi 6ng dy mudn noi y] C6 bao nhiéu ngudi da thdy diéu nay r6i? Vang. Rat nhiéu.
Nhin nay, t6i biét cac ban dathay diéu nay.

At the moment, | have to go through some of the more standard material before we go to
the more non-standard material. If this part's very easy for you, there's not much | can do
right now. So let me draw a box. Drawing a box to you guys means important. These are
the two important things. Remember, | want you to understand one thing. Ho w much of
this should you memorize? Suppose you've never seen thisin high school. How much are
you supposed to memorize? | would say, keep that to a minimum, because what the first

formula tells you should be so intuitive that you don't have to cram this. We are talking
about particles of constant acceleration. That means, when | take two derivatives, | want

to get a, then you should know enough calculus to know it has to be something like at?,
and half comes from taking two derivatives. The other two you know are stuff you can
add, and you know where you're adding those things, because the particle has a head

start. It's got an initial position. Even at = 0, and it has an initial velocity, so even without
any acceleration, it will be moving from y° to y° + vt. The acceleration gives you an extra
stuff, quadratic in time. Once you've got that, one derivative will give you the velocity,

then in a crunch you can eliminate t and put it into this formula. But most people end up
memorizing these two because you use it so many times. It eventualy sticks in you but
you shouldn't try to memorize everything.

Tai thoi diém nay, t6i phai thao luan qua mot sd kién thirc tiéu chuan hon trurdc khi ching
ta di dén cac kién thirc nang cao. Néu diéu nay qua dé ddi vai ban, t6i khéng thé 1am gi
duoc ngay bay gio. Vi vay, hady dé toi khoanh tron cong thirc nay. Khoanh tron nghia la
quan trong. Day 14 hai diéu quan trong. Hay nhé rang, tdi mudn ban hiéu duwgc mot diéu.
C06 bao nhiéu trong sb cai nay ban nén nhg? Gia st ban chwa tirng thay cai nay & treong
phd thong. Ban c6 nhiém vu nhé bao nhiéu? T6i xin ndi, hay gilr diéu dé & mirc toi thiéu,
b&i vi nhitng gi cong thic dau tién cho ban biét qua tric giac nén ban khong can phai
nhodi nhét cai nay. Chiing ta dang noi vé céc hat cé giatdc khong doi. Diéu dé cé nghia I3,
khi t6i 1dy dao ham bac hai, t6i mudn cé duoc a, thi ban nén biét giai tich dé biét n6 phai
la at binh, va mot phan hai dén tir viéc ldy dao ham bac hai. Hai cd khac ban biét la
nhitng tht ban c6 thé cong, va ban biét noi ban cong nhitng cai nay, vi hat c6 mot khai
dau. N6 c6 mot vi tri ban dau. Tham chi at = 0, vano c6 van toc ban dau, do do, tham chi
khong cé giatdc, nd sé di chuyén tir yO dén y0 + vt. Giatdc cho ban thém mét thit, binh
phuong cla thoi gian. M6t khi ban cé diéu do, dao ham bac nhat sé cho ban van t6c, sau
dé ngay 1ap trc ban c6 thé loai b t va dat né vao cong thirc nay. Tuy nhién, hau hét moi
ngudi sé két luan lanhd hai ca nay vi ban dung né nhiéu lan. Cudi cung né luu lai trong
ban nhung ban khéng nén c6 nhé moi thi.

So, we are now going to do one standard problem where we will convince ourselves we
can apply this formulae and predict the future given the present. So the problem | want to
do--there are many things you could do but | just picked one, and this is the one with
round numbers so | can do it without a calculator. Here's the problem. There is this



building and it's going to be 15 meters high, and I'm going to throw something and it's
going to go up and come down. It's something | throw up has an initial speed of 10
meters per second. So we have to ask now, now that my claim is, you can ask me any

guestion you want about this particle and | can answer you. Y ou can ask me where it will

be nine seconds from now, eight seconds from now, how fast will it be moving. | can
answer anything at al. But what | needed to do this problem was to find these two
unknowns. So, you've got to get used to the notion of what will be given in general and

what is tailor-made to the occasion. So, we know in this example the initial height should
be 15 meters and the initial velocity should be 10, and for acceleration, I'm going to use -
g and to keep life smple, I'm going to call it -10. As you know, the correct answer is 9.8,
but we don't want to use the calculator now so we'l | cal it -10. Consequently, for this
object the position y, at any time t is known to be 15 + 10t - 5t°. That is the full story of
this object. Of course, you've got to be a little careful when you use it. For example, let's
put t equal to 10,000 years. W hat are you going to get? When t is equal to 10,000 years or
10000 seconds, you're going to find y is some huge negative number. You know, that's
not right, what's wrong with that reasoning?

Vi vay, bay gio ching ta sé lam m6t bai toan tiéu chuan, & dé chiing ta co thé ty thuyét
phuc minh rang chiing ta c6 thé 4p dung cac cong thic nay va tién doan twong lai dua
trén hién tai. Vi vay, bai tap t6i mudn lam - c6 rat nhiéu diéu ban c6 thé 1am nhung t6i chi
chon mot, va day la bai todn v&i nhitng sd dep vi vay t6i ¢ thé lam né ma khéng can
may tinh. Day la bai toan. Cé mot toa nha nhw thé nay vané cao 15 mét, vatdi s& ném
vat gi d6 vand s di Ién varoi xudng. Van toc ban dau ctia n6 1a 10 m/s. Vi vay, bay gio
chiing ta phai hdi, bay gi¢ x&c nhan cla toi 13, ban co thé hdi t6i bat ky cau hoi nao ma
ban muén vé hat nay va toi co thé tra 10i ban. Ban co thé hdi t6i, ndé s& & dau sau chin
gidy ké tir bay giv, tdm gidy ké tir bay gio, né chuyén dong nhanh nhu nhw thé nao. Toi
co thé tra |0 bat cv diéu gi. Nhung nhitng gi tdi can dé lam bai toan nay latim hai bién
nay. Vi vay, ban phai quen véi céc ki hiéu duoc cho dudi dang tong quat va nhirng gi pht
hop véi hoan canh d6. Vi vay, trong vi du nayR ching ta biét d6 cao ban dau la 15 mét va
van téc ban dau la 10, va doi véi giatéc, toi sé s dung g va dé cho bai toan don gian, t6i
s8 cho n6 bang 10. Nhw ban d& biét, cau tra 1oi chinh xéac 1a 9,8, nhwng ching ta khéng
mudn st dung may tinh bay gi’ vi vay ching ta s& cho né bang 10. Do vay, déi voi vat
thé nay vi tri y, tai bat ky thoi diém nao s& 1a 15 + 10t - 5t2. D6 la lich sir day du vé vat
thé nay. T4t nhién, ban phai cin than khi ban ding no. Vi du, hay dit t bang 10.000 nam.
Ban s& nhan duoc cai gi? Khi t bang 10.000 ndm hodc 10.000 gidy, ban sé& thdy y |a mot
sO am rat Ién. Ban biét, diéu do khong ding, co gi khdng on voi lap luan do?

Student: [inaudible]

Professor Ramamurti Shankar : So you cannot use the formula once it hits the ground
because once it hits the ground, the fundamental premisethat a was a constant of -9.8 or -
10 is wrong. So that's another thing to remember. Once you get a formula, you've got to
always remember the terms under which the formula was derived. If you blindly use it

beyond its validity, you will get results which don't make any sense. Conversely , if you
get an answer and it doesn't seem to make sense, then you've got to go back and ask, am |

violating some of the assumptions, and here you will find the assumption that the particle



had that acceleration a istrue aslong it's freely falling under gravity but not when you hit
the ground. Now, if you dug a hole here until there, and of course it may work until that
happens, okay. But you've got them every time. This is so obvious in this problem, but
when you see more complicated formula, you may not know all the assumptions that
went into the derivation and quite often you will be using it when you shouldn't. All right.

Vi vay, ban khong thé sir dung cong thic khi nd cham mat dét, vi mot khi né cham mat
dét, cac gia thuyét co ban a la hang s6 bang -9,8 hodc -10 la sai. Vi vay, do la mot diéu
khac dé nhd. M6t khi ban cé duoc mot cong thire, ban phai ludn ludn ghi nhé nhitng diéu
kién ma sb hang dwoc rat ra tir d6. Néu ban st dung n6 qua mu quang vuwot xa hiéu luc
clia n6, ban sé nhan duoc két qua do khdng cd nghia. Nguoc lai, néu ban nhan duwgc mot
cau trd 101 vano duong nhu khong cd y nghia, thi ban phai quay lai vahoi, toi davi pham
mot s6 gia dinh phai khong, va & day ban sé tim thdy gia dinh rang hat co gia téc a diéu
d6 1a dung mién 1ano di chuyén ty do dwéi tac dung cla trong luc nhung khdng phai khi
n6 cham dat. Bay gi®, néu ban d&o mdt 16 tir day cho dén dd, va di nhién no6 co thé ding
cho dén khi diéu d6 xay ra, vang. Nhung ban c6 ching moi lic. Diéu nay qua rod rang
trong bai todn nay, nhwng khi ban gap nhitng céng thirc phic tap hon, ban cé thé khong
biét tat cd cac gia thuyét khi rat ra né va kha thuong xuyén, ban sé s dung n6 khi ban
khong nén. Buoc roi.

See, this you agree, is a complete solution to this miniature, tiny, Mickey -Mouse
problem. Y ou give me the time and I'll tell you whereit is. If you want to know how fast
it'smoving at a given time, if you want to know the velocity, | just take the derivative of

this answer, which is 10 - 10t. So let me pick a couple of trivial questions one can ask.
One can ask the following question. How high does it go? How high will it rise? To what

height will it rise? So, we know it's going to go up and turn around and come down.

We're trying to see how high that is. So, that is a tricky problem to begin with because if
you take this formula here, it tells you y if you know t, but no, we're not saying that. We
don't know the time and we don't know how high it's rising so you can ask, "How am |

supposed to deal with this problem?' Then you put something else that you know in your
mind, which is that the highest point is the point when it's neither going up nor coming

down. If it's going up, that's not the highest point. If it's coming down, that's not the
highest point. So at the highest point it cannot go up and it cannot go down. That's the
point where velocity is 0. If you do that, let's call the particular time t*, then 10t* - 10 =
0, or t* is 1 second. So we know that it'll go up for one second then it will turn around

and come back.

Thay khong, cai nay ban dong y, lamat 1oi gidi hoan chinh cho vat thu nhé nay, nhé xiu,
bai toan chudt Mickey. Ban cho téi thoi gian va toi sé cho ban biét nd & dau. Néu ban
mudn biét nd di chuyén nhanh bao nhiéu tai bat ki thoi diém nao, néu ban mudn biét van
tc, t6i chi can l1dy dao ham cla két qua nay, no bang 10 — 10t. Vi vay, hay dé t6i chon
mot vai cau hdi thong thwong ma ngudi ta ¢ thé hdi. Nguwoi ta c6 thé hoi cau hdi sau day .
N6 di 1én cao bao nhiéu? N6 ndy 1én cao bao nhiéu? Hodc chiéu cao mané nay lén labao
nhiéu? Vang chiing ta biét n6 sé di |én va quay lai va di xuéng. Ching ta dang c6 gang
xem cai d6 cao bao nhiéu. Vi vay, do 1a mot bai toan tinh té dé bat dau bai vi néu ban
chon cong thic nay & day, né sé& cho ban biét y néu ban biét t, nhung khéng, ching ta



khong noi diéu d6. Chung ta khong bi ét thoi gian va chang ta khéng biét né ndy 1én cao
bao nhiéu, do dé ban cd thé hoi, "Vay t6i giai bai toan nay nhu thé nao?" Sau do, ban dat
thém ca gi khdc ma ban biét vao trong dau ban, dé la diém cao nhat la diém khi nd
khong di 1én ma ciling khéng di xuéng. Néu né di Ién, doé khéng phai la diém cao nhat.
Néu né di xubng, dé khong phai la diém cao nhat. Vi vay, tai diém cao nhat n6 khong thé
di 1én va n6 khong thé di xudng. D6 1a diém matai d6 van téc bang 0. Ching ta hdy goi
thoi gian cu thé do 1a t*, do do 10t* - 10 = 0, hay t* bang 1 gidy. Vi vay, chlng ta biét
rang né sé di 1én trong mot gidy sau d6 nd sé quay lai vadi xudng.

Now, we are done because now we can ask how high does it go, and you go back to your,

andy (1) is 15 + 10 - 5, which is what? Twenty meters. By the way, you will find that |

make quite a lot of mistakes on the blackboard. Y ou're going to find out, you know, one

of these years when you start teaching that when you get really close to a blackboard, you

just cannot think. There's definitely some inverse correlation between your level of

thinking and the proximity to the blackboard. So if you find me making a mistake, you've

got to stop me. Why do you stop me? For two reasons. First of all, I'm very pleased when
this happens, because I'm pretty confident that | can do this under duress, but | may not

do it right every time. But if my students can catch me making a mistake, it means they

are following it and they are not hesitating to tell me. Secondly, as we go to the more
advanced part of the course, we'll take a result from this part of the blackboard, stick it

into the second part and keep manipulating, so if | screwed up in the beginning and you

guys keep quiet, we'll have to do the whole thing again.

Bay gi0, ching ta da hoan thanh bdi vi bay gi¢ ching ta cd thé biét nd di 1én cao bao
nhiéu, bang cach quay lai biéu thic clia y(t), vay (1) bang 15 + 10-5, bang bao nhiéu?
Hai mwoi mét. Qua day, ban thdy rang tdi pham kha nhiéu 16i trén bang den. Nhu ban
biét, ban s& nhan ra, mét trong nhitng nam dau khi ban bat dau day khi ban thuc su tién
gan dén bang den, ban khéng thé suy nghi. Chac chin c6 mot mdi twong quan nguoc nao
do gitra mirc do tv duy cla ban va sy gan bang den. Vi vay, néu ban thay téi pham mot
16i, ban phai dirng toi lai. Tai sao ban dirng tdi lai? Co hai ly do. Truéc hét, toi rat vui khi
didu nay xay ra, vi téi khatw tin rang toi c6 thé 1am diéu nay do cwéng ép, nhung co thé
t6i khong lam né ding moi ltc. Nhung néu céc sinh vién clia tdi co thé phat hién 16i clia
toi, diéu do cd nghia la ho dang theo ddi bai hoc vaho khdng ngap nglrng dé cho téi biét.
Tht hai, khi ching ta dén phan nang cao hon cla khéa hoc, ching ta 8 1dy két qua tw
day, dan n6 vao trong phan thi+ hai vatiép tuc thao tac, do do, néu t6i xt li tinh hudng
kém vao llc ban dau va cac ban gilr yén lang, thi ching ta s8 phai 1am lai toan bd moi thi
mot lan nia.

| would ask you when you follow this thing to do it actively. Try to be one step ahead of
me. For example, if I'm struck by lightni ng, can you do anything? Can you guess what
I'm going to say next? Do you have any idea where thisis going? Y ou should have a clue.
If | die and you stop, that's not a good sign, okay. Y ou've got to keep going alittle further
because you should follow the logic. So, for example, you know, I'm going to calculate
next when it hits the ground. Y ou should have someidea of how I'll do it. But thisis not a
spectator sport. If you just watch me, you're going to learn nothing. It's like watching the
U.S. Open and thinking you're some kind of a player. Y ou will have to shed the tears and



you've got to bang your head on the wall and go through your own private struggle. |
cannot do that for you. | cannot even make it look hard because | have memorized this
problem from childhood, so there is no way | can make this look difficult. That's your
job.

Toi s& hoi ban khi ban theo d6&i diéu nay dé 1am n6 hang hai. Hay ¢ gang di trudc téi
mot budc. Vi du, néu tbi bi sét danh, ban co thé lam gi khdng? Ban c6 thé doan nhitng gi
toi S8 noi ti€p theo khdng? Ban c6 bét clr y twdng nao vé viéc van dé nay di dén dau
chua? Ban can phai c6 mét dau méi. Néu tbi chét, v a ban dirng lai, d6 khdng phai la mot
tin hiéu t6t, dwgc chir. Ban nén tiép tuc di xa hon mot chat béi vi ban da theo dai logic.
Vi vay, vi du, ban dabiét, tiép theo t6i st tinh toan khi nao né cham dat. Ban nén c6 mot
S0 y twdng vé cach toi s& lam diéu do. Nhung day khong phai la mon thé thao thu hit
nhiéu khan gid. Néu ban chi nhin t6i, ban s& khéng hoc duoc gi. Giéng nhw xem gidi
quan vot Mi mé réng va nghi ban 1a mot loai nguoi choi nao dé. Ban sé phai chay nuoc
mat va ban phéi dap dau cla ban vao twong va trai qua cudc tranh ddu ndi tdm riéng clia
ban. T6i khong thé lam diéu dé cho ban. T6i tham chi khoéng thé lam cho nd cé vé kho vi
toi da nhé bai toan nay tir thoi tho du, vi vay khong co céach nao toi ¢o thé lam cho nd
kho. D6 la cbng viéc cla ban.

All right. So, we know this point at one second is 20 meters, so let's just ask one other

guestion and we'll stop. One other question may be, "When does it hit the ground and at
what speed?’ -- atypical physics question. So when does it hit the ground? Well, | think
you must know now how to formulate that question. "When does it hit the ground” is
"When isy = 0"? By the way, | didn't tell you this but | think you know that | picked my
origin to be here and measured y positively to be upwards and | called that 15 meters.
You can call that your origin. If you cal that your origin, your Yo will be 0, but ground
will be called -15. So, in the end, the physics is the same but the numbers describing it
can be different. We have to interpret the data differently. But the standard origin for

everybody is the foot of the building. You can pick your origin here, some crazy spot. It

doesn't matter. But some origins are more equal than others because there is some natura

landmark there. Here, the foot of the building is what | call the origin. So, in that

notation, | want to ask, whenis y = 0? | ask when y = 0, then | say 0 = 15 + 10t - 5t% Or
I'm canceling the 5 everywhere and changing the sign here | get t* - 2t - 3 = 0. That's
when it hits the ground. So let's find out what the timeis. So tisthen2 + or - or + 12
over 2, whichis2 + or - 4 over 2, whichis -1 or 3. Okay, so you get two answers when it
hits the ground. So it's clear that we should pick 3. But you can ask, "Why isit giving me

a second solution?' Anybody have an idea why?

Puoc roi. Vi vay, ching ta biét diém nay tai mot gidy la 20 mét, do dd, ching ta héy hoi
ngay mot cau hdi khac va ching ta s& dirng. M6t cau hoéi khac cé thé 1a, ‘Khi nao nd
cham dét va voi téc do bang bao nhiéu?’ -- Mot cau hoi vat ly dién hinh. Vi vay, khi ndo
n6 cham d4t? Vang, bay gid tdi nghi rang ban phai biét cach dé 1am thanh cong thirc cau
héi do. “Khi nao né cham dat” nghia la “Khi nao y = 0”?. Nhan day, t6i da khong cho
ban biét diu nay nhung t6i nghT rang ban biét rang t6i d& chon gbc toa do cla ti & day
vay dwong la hwdng 1én vatéi goi dé la 15 mét. Ban cd thé goi dd la gbe toa do clia ban.
Néu ban goi dé 1a gbc toa dd ctia ban, y0 clia ban sé& bang 0, nhung mat d4t sé co toa do la



-15. Vi vay, cudi cung, hién tvgng vat ly la nhv nhau nhing cac con s6 md ta né co thé
khac nhau. Chang ta phai gidi thich cac di liéu khac nhau. Tuy nhi én, gdc toa do tiéu
chuan cho moi nguoi la chan cla toa nha. Ban c6 thé chon gbc toa do clia ban & day,
diém v& van nao do. Diéu dé khéng quan trong. Nhwng mot sd hé toa do cd gia tri hon
nhitng toa do khac vi c6 mot méc tw nhién nao d6 & d6. O' day, téi goi chan clia tdanhala
gdc toa dd. Vi vay, theo quy wéc dd, téi mudn hoi, khi nao y = 0? T6i héi khi naoy =0,
thi t6i n6i 0 = 15 + 10t - 5t2. Hodc t6i don gian 5 & moi noi va doi ddu & day toi nhan
duoc t2 - 2t - 3= 0. D6 la khi né cham mat dat. Vi vay, hdy tim thdi gian bang bao nhiéu.
Vang t bang 2 + hodc — hodc + 12 trén 2, n6 1a2 + hoic - 4 trén 2, bang -1 hoic 3. Puoc
roi, do do, ban duoc hai cau tra 10 khi n6 cham mat dat. Vi vay, rd rang la chiing ta sé
chon 3. Nhung ban c6 thé hoi, “Tai sao né lai mang dén cho t6i nghiém thi hai?” C6 ai
biét tai sao khong?

Student: Because there was an entire parabola [inaudibl €]
Bai vi né latoan bd mot parabon

Professor Ramamurti Shankar: That's correct. So her answer was, if it was a full
parabola, then we know it would've been at the ground before | set my clock to 0. First of
al, negative time should not bother anybody; t = 0 is when | set the clock, | measured
time forward, but yesterday would be t = -1 day, right? So we don't have any trouble with
negative times. So the point is, this equation, it does not know about the building. Doesn't
know the whole song and dance that you went to a building and you threw up a rock or
anything. What does the mathematics know? It knows that this particle happened to have
aheight of 15, atime O, and avelocity of 10, atime O, and it isfalling under gravity with
an acceleration of -10. That's al it knows. If that's all it knows, then in that scenario there
is no building or anything else; it continues a trgjectory both forward in time and
backward in time, and it says that whatever seconds, one second before you set your
clock to O, it would've been on the ground. What it meansisif you'd release arock at that
location one second before with a certain speed that we can calculate, it would've ended
up here with precisely the position and velocity it had at the beginning of our experiment.

Chinh xac. Vang cau tra 01 cta cd dy |a, néu n6é lamot parabol, thi suy rané s£ & tai mat
dat trudc khi toi thiét 1ap dong ho cla toi bang 0. Trudc hét, thoi gian am khong qudy ray
a; t=0lakhi tdi bam gio, toi do thoi gian hudng vé tvong lai, nhung hém qua sé lat =-1
ngay, phai khéng? Vi vay, ching ta khdng c6 bat ky van dé gi vgi thoi gian am. Vi vay,
van dé & day 1a phuong trinh nay, né khong biét gi vé tda nha. Khéng biét vé toan bd bai
hat va khiéu vii ma ban da dén toa nha va ban da ném mot hon da |én hay béat ci thi gi.
Toén hoc biét cé gi? NO biét rang hat nay dong thoi co chiéu cao 15, tai thoi diém 0, va
van téc bang 10, tai thoi diém 0, vand roi dwdi tac dung cla trong luc vai gia téc -10. D6
|a tat ca nhitng gi no biét. Néu do la tit ca nhitng gi nd biét, thi trong vién canh doR
khong co tda nha hodc bét ct thir gi khéc, nd van tiép tuc mdt quy dao vira di vé tredc
theo thoi gian vira di 10i theo thoi gian, vand néi rang bét cir gidy ndo, mdt gidy trudc khi
ban thiét 1ap déng ho clia ban 1a0, n6 s& & mat dat. Nhirng gi né mudn néi lanéu ban tha
hon dé tai vi tri d6 v&i mot toc do nao dé6 mot gidy trwéce khi ching ta c6 thé tinh, n6 sé
két thiic & trén day vai vi tri vavan téc ding nhu |Gc bat dau thi nghiém.



So sometimes the extra solution is very interesting and you should always listen to the

mathematics when you get extra solutions. In fact, when a very famous physicist, Paul

Dirac, was looking for the energy of a particle in relativistic quantum mechanics, he
found the energy of a particle is connected to its momentum, this p is what we call
momentum, and its mass by this relation. It's a particle of mass m and momentum p has
this energy so you solve for the energy, you get two answers. Now, your temptation is to

keep the first answer because you know energy is not going to be negative. Particle's
moving, it's got some energy and that's it. But the mathematicians told Dirac, "You

cannot ignore the negative energy solution because it tells you there's a second solution

and you cannot throw them out,” and it turns out the second solution, with negative

energy, was when the theory is telling you, hey, there are particles and there are anti -
particles, and the negative energy when properly interpreted will describe anti -particles.
So the equations are very smart.

Vi vay, thinh thoang cac nghiém phu rat li thi va cac ban nén ludn ludn Iang nghe toan
hoc khi ban nhan duoc cac nghiém phu. Trong thuc t€, khi mot nha vat ly hoc rat noi
tiéng, Paul Dirac, dang tim nang lugng cla hat trong co hoc lwgng ti twong doi tinh, éng
da tim thdy ning lwong ctia mot hat gan voi dong lwong clia nd, p ndy la dong luong, va
khoi lvgng clia né qua hé thirc nay. B4 la mot hat khéi lwvgng m va dong lugng p ¢6 nang
lvong nay va ban co thé giai dé tim nang lvong, ban sé nhan dwoc hai két qua. Bay gio,
cd cai gi do xui giuc ban nén gilr cau trd 10i dau tién bai vi ban biét nang lvgng sé khdng
thé am. Hat dang chuyén dong, né dwoc nhan nang lgng nao dé va dé la né. Nhung toan
hoc da néi véi Dirac, "Ban khong thé bd qua cac nghiém nang lwgng am vi nd cho ban
biét do la nghiém th( hai va ban khong thé viit ching di", va héa rala nghiém thi hai,
vGi nang lvong am, laldc li thuyét néi vai ban, hey, cé hat va co phan hat, va nang lwong
am khi dugc giai thich ding s mo t4 phan hat. Vi vay, cac phuong trinh rat théng minh.

The way the physics works is you will find some laws of motion in mathematical form,

you put in theinitial conditions of whatever, you solve the equations, and the answer that

comes, you have no choice. You have to accept the answer, but there are new answers

besides the one you were looking for. You've got to think about what they mean, and

that's one of the best things about physics because here's a person who is not looking for

anti-particles. He was trying to describe electrons, but the theory said there are two roots
in the quadratic equation and the second root is mathematically as interesting as the first

one. It has to be part of a theory, and then trying to adjust it so it can be incorporated, you

discover anti-particles. So dways amazing to us how we go into the problem, our eye or

mind can see one class of solutions, but the math will tell you sometimes there are new
solutions and you've got to respect it and understand and interpret the unwanted

solutions, and this is a smple example where you can follow what the meaning of the
second solution is. It means that to the problem you pose, there's more than the answers
that you could imagine. Here it meant particle that was released from the ground earlier.

There it meant something much more interesting, mainly anti -particles accompanying
particles. They are going to accompany particles surely as every quadr atic equation has
two solutions.



Céch thirc ma cac nhavat Ii lam viéc latim mot sd dinh luat chuyén dong dudi dang toan
hoc, dwa vao cac diéu kién ban dau, ban gidi cac phuong trinh, va nghiém hién ra, ban
khong co si Iva chon. Ban phai chap nhan nghiém, nhung c6 nhiéu nghiém bén canh cai
ma ban dang tim kiém. Ban phai suy nghi xem chiing c6 y nghia gi, va dé la mét trong
nhitng thit t6t nhét vé vat li vi suy cho cliing muc dich ctia Dirac khdng phai 1atim kiém
phan hat. Ong dang ¢ gang md ta cac electron, nhung |y thuyét néi rang c¢é hai nghiém
trong phwong trinh bac hai vavé mat toan hoc nghiém thiv hai li th nh u nghiém th( nhat.
NG phai lamdt phan cia i thuyét, va sau d6 c6 gang diéu chinh n6 dé n6 cé thé duoc két
nap, ban khdm pha ra cac phan hat. Vi vay ching ta ludn ludn sirng sét khi chiing ta tim
hiéu sau mot van dé, mat hay tam tri clia ching ta co thé thdy mot [¢p cac nghiém, nhung
doi khi toan hoc sé cho ban nhitng nghiém méi va céc ban phai ton trong nd va hiéu va
gidi thich cac nghiém khéng mong mudn, va day la mét vi du don gian, trong dé ban cé
thé theo d6i nghiém thi hai c6 y nghiia gi. N6 c6 nghia labai todan ma ban dat ra, c6 nhiéu
hon mdt cau tra 16 ma ban co thé tudng tvong. O day né c6 nghia 1a hat dwoc tha tir mét
dat trude do. O d6 nd mubn ndi nhitng didu thi vi hon nhiéu, chll yéu 1a cc phan hat
kém theo hat. Chiing sé di ciing v@i cac hat chac chidn nhu moi phwong trinh bac hai c6
hai nghiém.

All right, so now in this problem, we can do something dlightly different, and let's use
this expression here, and | will do that, then I'll stop for today. If you were asking
guestions, like, how high does it go, but you don't ask when does it go to the highest

point, then you don't have to go through the whole process of finding the time at which it

turned around. | don't know where that is, that disappeared on the blackboard, then

putting the time equal to 1 second into this formula. If the question of time is not

explicitly brought up, then you should know that you have to use this formula. So how do

we get it here? Well, we say at the top of the loop, when it goes up and comes down the
velocity is 0. Therefore, you say 02 = initial velocity? + 2 times -g, that's my acceleration,
times y - yo. If you solve for that, you find y - yo = v¢® over 2g, and if you put in the v |
gave you, which was what, 10? That's 100 over 20, which is5 meters. So y= yo + 5
meters, and that was the height to which it rises. | think we got it somewhere else. We
found the maximum height to be 20 meters. Another thing you can do i s you can find the
speed here. If you want to find the speed there, you put the equation vV = vo? + 2 times -g
(Y- Yo). What isy - yo? Thefinal yisO, theinitia yis 15. You solve for that equation and
you will find the final velocity. So, if timeis not involved, you can do it that way.

Puoc roi, vi vay bay gio trong bai todn nay, chiing tdi ¢ thé lam diéu gi dé hoi khac, va
chiing ta hdy st dung biéu thirc nay, vatéi sé lam diéu do, sau do toi sé két thirc budi hoc
hém nay. N&u ban da dat cau hdi, chdng han nhu, né di 1én cao bao nhiéu, nhwng ban
khong héi khi nao no di dén diém cao nhét, thi ban khong can xem xét ti mi toan bd qua
trinh tim thoi gian nd quay lai. T6i khong biét dé 1a noi nao, n6 bién mat trén bang den,
sau do dat thoi gian bang 1 gidy trong cong thirc ndy. Néu cau hoi vé thdi gian khong
dwoc néu rard rang, thi ban nén sir dung cong thirc nay. Vay ching ta nhan duoc né &
day nhu thé n&o? Vang, ching ta thdy & diém cao nhét, van téc bang 0. Vi vay, ban c6 0
binh = van téc ban dau binh + 2 1an-g, d6 la giatdc cla t6i, nhan y - y0. Néu ban gidi ca
d6, ban tim thdy y - y0 = vO binh trén 2g, va thé vO da cho v&o, bao nhiéu, 10? Bang 100
trén 20, bang 5 mét. Vi vay, y = y0 + 5 mét, va d6 l1a chiéu cao mané di 1én. Téi nghi



ching ta nhan duoc né & mdt noi khac. Chang ta tim thay chiéu cao cuc dai 1a 20 mét.
MOt thir khac maban cd thé lam laban c6 thé tim toc do & day. Néu ban mudn tim toc do
& do, ban dit vao phrong trinh v2 = v02 + 2 1an-g (y - y0). y - yO bang bao nhiéu? y cudi
cing bang 0, y ban dau bang 15. Ban giai phuong trinh d6 va ban sé tim duoc van téc
cudi cuing. Vi vay, néu thoi gian khong dwoc cho, ban c6 thé lam bai toan theo cach doé.

| want to derive the last result in another way, then | will stop, and that's pretty interesting

because it tells you the use and abuse of calculus. So I'm going to find for you this result

using calculus in a different way. So, from the calculus we know dv/dt = a. Now,
multiply both sides by v. Now you have to know from elementary calculus that v times
dv/dt is really d by dt of v* over 2. Now, | hope you guys know that much calculus, that

when you take a derivative of afunction of afunction, namely v* over 2 isafunction of v,
and v itself is a function of t, then the rule for taking the derivative is first take the v
derivative of this object, then take the d by dt of t, which is this one. On the right-hand
side, I'm going to write as a dx/dt. This much is standard.

T6i mudn rit ra két qua cudbi cung theo cach khac, sau do toi sé dirng, va diéu dé kha tha
vi, vi n6 cho ban biét viéc si dung valam dung giai tich. Vi vay, tdi sé tim cho ban két
qua nay bang cach st dung giai tich theo cach khac. Vang, tir gii tich ching ta biét dv /
dt = a. By gi®, nhan ca hai vé véi v. Ban da biét tir giai tich co ban rang v nhan dv / dt
thue sy lad trén dt cla v2 trén 2. Bay gid, t6i hy vong ban biét rang khi ban |18y dao ham
clia mot ham clia mot ham, cu thé v2 trén 2 lamot ham cia v, va chinh v lamot ham cla
t, thi quy luat 1y dao ham la dau tién lay v dao ham cuia d6i tuong nay, sau do lay d trén
dt ctia t, két qua bang mot. O vé phai, toi st viét 1a adx / dt. Chirng nay latiéu chudn.

I'm going to do something which somehow we are told never, ever to do, which isto just

cancel the dts. You al know that when you do dy/dx, you're not supposed to cancel that
d. That's actually correct. You don't want to cancel the d in the derivative. But this
happens to be completely legitimate, so I'm going to assume it's true and I'll maybe take a

second and explain why it's legitimate. What this really meansisin a given time, At, the
change in this quantity is a times the change in this quantity. Therefore, you can multiply

both sides by the At, but the only thing you should understand is At, as long as it's small

and finite, will lead to some small infinite errors in the formula, because the formula is
really the limit in which Ax and At both go to 0. So what you have to do is multiply both

sides by At, but remember it's got to be in the end made to be vanishingly small. Aslong

as we understand that, we can do this cancellation and this says on the left -hand side the
change in the quantity V2 over 2 is a times the change in the quantity x. So add up all the
changes or what you mean by integral. Same thing. Add up al the changes. The change
in v* over 2 will be the final V* over 2 - theinitial v over 2 and the other side will be a
times changein x; x - X” and that's the formula | wrote for you: V2 isvg® + 2a (x - X°).

Toi s& lam vai thi mavi mét li do chwa xac dinh chung ta dwoc khuyén la khéng bao gi ¢
nén lam, chi dé khir cac dt. Tat ca cac ban déu biét rang khi ban thuc hién dy / dx, ban
khong duoc khir d d6. Biéu dé thuc su chinh xac. Ban khong mudn khir d trong dao ham.
Nhwng diéu ndy ngau nhién hoan toan cé Ii, vi vay toi sé gia sit n6 ding va co |8 toi sé 1y
lan hai va giai thich tai sao n6 hop li. Ca nay c6 nghia latrong thoi gian nhét dinh, At, su



thay d6i clia dai lwvgng ndy bang a nhan véi sy thay déi ctia dai lwvong ndy. Vi thé, ban co
thé nhan ca hai vé voi At, nhwng thir duy nhat ma ban nén hiéu 1a At, mién 1a n6 nho va
hitu han, s& dan dén mot s6 16i khong xéac dinh nhé trong cdng thikc, bdi vi cong thikc thuc
sy lagigi han trong d6 ca Ax va At tién dén 0. Vi vay, nhitng gi ban phai lam la nhan ca
hai vé vGi At, nhung hdy nhé cudi cling né phai dugc cho tién téi 0. Mién la ching ta
hiéu diéu do, chiing ta cé thé thuc hién phép khir nay va hé thirc nay c6 nghia la @ vé trai
sy thay d6i clia dai lvong v binh trén 2 bang a nhan véi su thay déi cla dai lwong x. Vi
vay cong thém tat ca cac thay doi hodc tich phan. Twong duwong nhau. Cong tat ca céc
thay d6i. Sy thay d6i clia v binh trén 2 cubi cling s& lav binh trén 2 - ban dau v binh trén
2 va vé kia sé laanhan voi su thay déi clia x; x - x0 va dd la cong thirc t6i da viét cho
ban: v binh bang v02 + 2a (x - x0).

So, the point is whenever you have derivatives with something over dt, do not hesitate to
cancel the dts and think of them as Av? over 2 is equal to a times A of x. This will be
actually true as long as both quantities are vanishin gly small. They will become more and
more true as Ax and Av? become vanishingly small, in the limit in which they are
approaching 0, the two will be, in fact, equal. If Ax isafinite amount, like 1 second, this
will not be true because in the starting equ ation, Ax and At and Av® were all assumed to be
infinitesmal. So don't hesitate to do manipulations of this type, and | will do them quite
often. So you've got to understand when it's okay and when it's not okay. What this
means is, in a time At, this quantity changes by some amount, and in the same time, At,
that quantity changes by some amount, then keeping the At equal to some number we
may equate the changes of the two quantities, provided it is understood that Av? over 2 is
achangein V2 over 2 in the same time in which the particle moved a distance, Ax. Adding
the differences, we eliminate time and we get this final result.

Vi vay, van dé & day laban cé dao ham cla cai gi dé theo dt, dirng ngan ngai dé bd cac dt
vaxem ching nhu Av binh trén 2 bang a nhan A x. Diéu nay s thuc sv ding khi ca hai
dai lvgng cuc ki nhé. Chang s& cang tré nén dung hon khi Ax va Av binh tré thanh cuwc ki
nho, trong gidi han ma & dé chang tién ti 0, qua thwc, hai céi s& bang nhau. Néu Ax la
mot s6 luong hitu han, chdng han nhw 1 gidy, didu ndy s& khdng dung bdi vi trong
phwong trinh ban dau, tat cd Ax va At va Av binh duoc gid st larat nhd. Vi vay, khong
ngan ngai dé thao téc nhw thé nay, vatéi sé lam chiing kha thuwong xuyén. Vi vay, ban
phai hiéu khi nao n6 ok va khi nao né khéng ok. Nhitng gi diéu nay mudn néi 13, trong
thoi gian At, dai lwvgng thay doi mot lweng nao dé, vaciing trong khoang At dd, dai lvong
d6 thay déi lwvong nao do, thi gitt At bang mdt s6 nao d6 ma chdng ta co6 thé tinh su thay
d6i cta hai dai lwvong, mién 1an6 duoc hiéu la Av binh trén 2 1a sy thay d6i cla v binh
trén 2 khi hat di chuyén mot khoang cach, Ax. Cong nhitng yéu t vi phan, ching ta loai
bé thoi gian va chiing ta nhan duoc két qua cudi cung nay.

All right. So if you go to your website today, you wi |l find I've assigned some problems
and you should try to do them. They apply to this chapter. Then next week we'll do more
complicated problems that involve motion in higher dimensions, how to go to two
dimensions or three dimensions.



Buoc roi. Vi vay, néu ban di dén trang web hdm nay, ban sé thay tdi da phan cong mot s6
bai tap vaban nén cb gang lam ching. Ching &p dung vao chueng nay. Tuan téi ching ta
s8 lam nhirng bai tap phirc tap hon lién quan dén chuyén dong theo nhiéu chiéu hon, cach
dé di tai hai chiéu hoic ba chiéu.



