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6.002 Circuits and Electronics, Spring 2007
Transcript — Lecture 1

So, one question to ask ourselves is, what is engineering? How do we
define, what is engineering? Well, the definition I like to use is one put
forth by Steve Senturia, one of our professors who is now retired.
Chung ta thudng tu héi, ki thuat la gi? Ching ta dinh nghia nhu thé
nao, ki thuat la gi? Vang, dinh nghia ma tdi thich dung la dinh nghia
dugc néu ra bdi Steve Senturia, mo6t trong s6 cac giao su cua ching ta
hién nay da vé huu.

He defined engineering to be the purposeful use of science. All right,

so what is 6.002 about? So, 6.002 is a first course in engineering. And

I like to view 6.002 as the gainful employment of Maxwell's equations.
Ong ay dinh nghia ki thuat la viéc sir dung khoa hoc c6 muc dich. b ugc
roi, vay con 6.002 thi sao? 6.002 la khdéa hoc dau tién vé ki thuat. Va toi
mudn xem 6.002 nhu la moén hoc tan dung Igi ich cua cac phuaong trinh
Maxwell.

Many of you have seen Maxwell's e quations before. Most of you should
have. And they are hard stuff. 6.002 is all about teaching you how to
simplify our lives, make things simple. So, if you can gainfully employ
Maxwell's equations, gainfully employ the facts of nature to build very
interesting systems.

Nhiéu ban da gap cac phuang trinh Maxwell tu trudc. Da s6 cac ban da
hoc. Va chdng la nhitng th& khé. 6.002 cling s& day ban cach dé don
gian héa cubc séng cua chung ta, lam cho moi th& don gian. Vi vay, ban
cd thé tén dung Igi ich clia cdc phuong trinh Maxwell, tdn dung cac hién
thuc tu nhién dé€ x4y dung nén nhirng hé rat li thu.

So let me show you how the transition is made. So, there's a world
around us, nature, so we made some observations in nature. We make
measurements, and we can write down large tables of measurements.

Vi vy hay dé tdi chi cho ban viéc chuyén dbi nay dudc thuc hién nhu thé
nao. Vang, cé mot thé gidi xung quanh ching ta, tu nhién, vi vay chung
ta thuc hién mot vai quan sat trong tu nhién. Chung ta do, va chung ta
cd thé viét ra nhitng bang s6 liéu 18n.

So, for example, we can take objects and measure the voltage across
them, and look at the resulting current through the elements. So, we
may end up getting a bunch of values such as [CHALKBOARD]. So, we
start out life with making measurements on what exists.

Vi vdy, chdng han, chidng ta cé thé I8y nhitng vat thé va do dién ap
qua chung, va nhin dong dién di qua cac thanh phéan. Vi vay, cudi
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cling chiing ta cé thé& nhan dudc mdt loat cac gid tri chdng han nhu. Vi
vay ching ta khdi dau cudc séng bang viéc do nhirng gi dang ton tai.

And we build a bunch of tables. Now, we could directly take these
tables, and based on observations of these tables, we could go ahead
and build very interesting engineering systems that help us out in day-
to-day lives. _

Va chung ta tao ra mdt chuodi cac bang s6 liéu. Bay gid, chiing ta cd thé
truc ti€p lay nhirng bang nay, va dua trén viéc quan sat nhirng bang
nay, ching ta co thé tién 1én va xay dung nhitng hé théng ki thuét rat Ii
thu giup chung ta trong cudc s6ng thudng ngay.

But that's incredibly hard. Imagine having to resort to a set of tables
to do any kind of useful work. So what we do as engineers, we first
layer a level of abstraction. We look at all the data, and somehow
layer abstraction such that we can simplify or much more succinctly
put in a simple equation or a simple statement what these numbers
are telling us. )

Nhung diéu d6 cuc ki khé. Khéng thé c& moi Ian [am céng viéc nao
ching ta cling sif dung dén mot tap hgp cac bang nhu thé nay. Vi
vay, giong nhu nhitng ki su, nhitng gi ching ta lam la dau tién ching
ta chia thanh tirng I16p mc d6 cua su triru tugng héa. Chiung ta nhin
tat ca cac dir liéu, va bang cach nao d6 phéan I8p triu tugng hda sao
cho ching ta cé thé dan gian hda hodc viét n6 dudi dang mot phuang
trinh don gian hodc mot phat biéu don gian dién dat thay cho nhiing
con s6 nay.

OK, so for example, our physics laws, so laws of physics for example
are simply abstractions, the laws of abstractions. So, these sets of



numbers can be codified by Ohm's law, for example, V is equal to RI,
the voltage current, relates to the resistance of the object.

Véng, vi vy chdng han, cac dinh luét vat li cia chdng ta, nhitng dinh
luat vat li la nhirng su triru tugng hda dan gian, nhirng dinh luat triu
tuong. Vi vy tip hdp cac s6 nay cd thé dugc hé thdng hda thanh dinh
ludt Ohm, chéng han V bang RI, dién &p, dong dién cé lién hé vdi dién
trd cua vat.

So, Vis equal to RI is a law that succinctly describes a set of
experiments, and replaces a large number of ta bles with a very simple
statement. You could call this the law, or you could call it an
abstraction.

Vi vay, V béng RI la mdt dinh ludt md ta mot cach suc tich tdp hdp cac
thi nghiém, va thay thé mot s6 lugng I6n cac bang s6 liéu véi cac phat
bi€u r&t don gian. Ban cb thé goi day la dinh luit, hodc ban ¢ thé goi
no la su triu tugng hoda.

OK so you see laws of physics, call them abstractions of physics if you
like. Similarly, there are Maxwell's equations and so on and so forth.
So, this is what is. This is what's out there. OK, and a law as an
abstraction describe the properties of nature, as we see it, in some
succinct form.

Vang vi vay ban thay cac dinh luat vat ly, goi chdng la su triu tugng
hoa vat li néu ban thich. Tugng tu, d6 la cac phudng trinh Maxwell va
v.v. Vi vay, day la nhirng gi da ndi. bay la nhitng gi ngoai d6. OK, va
cac dinh luat nhu moét su triru tugng hdéa mo ta tinh chat cua tu
nhién, nhu chung ta thay nd, dudi mot s6 dang suc tich.

Now, if you want to go and build useful things, we could take these
abstractions, take Maxwell's equations, and go and bui Id things. But
it's hard. It's really, really hard. And what you learn in, at MIT is this
place is all about simplifying things.

Bay gid n€u ban mudn ti€n hanh xay dung nhirng th& hitu dung, ching
ta cé thé 18y nhitng su tritu tugng hda nay, |8y cdc phuadng trinh
Maxwell nay, va ti€n hanh xay dung cac th&. Nhung no rat khd. No that
su, thuc su khé. Va nhitng gi ban hoc & day, tai MIT nay la tat ca cac
cach dé don gian hda moi thu.

Take complicated things, build layers of abstra ction, and simplify
things so that we can build useful systems. Even in 6.002 we start life
by making a huge leap from Maxwell's equations to a couple of very,
very simple laws.

Chon nhirng th phic tap, tao ra cac I8p triu t ugng hda, va ddon gian
héa céc thr d€ cho ching ta cé thé xady dung nhitng hé théng hitu
dung. Thadm chi trong 6.002 ching ta bat dau c udc séng bang cach tao
ra mot budc nhay I6n tir cac phuang trinh Maxwell dén mot vai dinh
luat rat, rat don gian.



OK, I'm going to show you that leap that we will make today. So, the
first abstraction that we layer is called the lump circuit abstraction.
OK, in the lump circuit abstraction, what we do is we make a set of
simplifications that allows us to view a set of objects as discrete or
lumped elements.

Vang, téi sé chi cho ban budc nhay ma ching ta sé€ tao ra hom
nay. Vi vay, su triru tugng hoda dau tién ma chung ta phan 16p
dugc goi la su triu tugng hdéa mach tap trung. Vang, trong su triu
tugng héa mach tap trung, nhitng gi chung ta lam la ching ta tao
ra mot tap hdp nhitng su ddn gian héa cho phép ching ta nhin tap
hdgp cac vat thé nhu cac phéan t rdi rac hodc tap trung.

So, we may, I will define voltage sources. We'll define resistors. We'll
define capacitors, and so on. OK, and I'm going to make the jump, and
show you how we make the jump in a few minutes. So, on that sort of
abstraction, we then layer yet another abstract layer.

Vi vay, chiing ta cd thé, tdi sé& dinh nghia ngudn dp. Chung ta sé dinh
nghia dién trd. Chung ta sé dinh nghia tu dién, va van van. Vang, va toi
sé€ thuc hién nhay, va chi cho ban cach chidng ta thuc hién viéc nhay
trong choc nira. Vi vay, trén nhirng loai triru tugng dé, sau dé chung ta
ti€p tuc phan I&p thanh nhirng I8p triu tugng khac.

And let me call that the amplifier abstraction. OK, remember, here we
are absolutely down and dirty. We are setting the probes, measuring
objects, and building huge tables. We abstracted things into simple
laws, and life got a little better.

Va hay dé tdi goi cai dd la su triru tugng hda bd khuéch dai. Vang, hay
nhd, 8 day chiing ta hoan toan kiét sirc va ban thiu. Ching ta dang
thiét 1ap cac dau do, do cac vat, va xay dung nhirng bang Idn. Chuing ta
da triru tugng hda cac th thanh cac dinh luat don gian, va cudc séng
tré nén tot han mot chut.

OK, I'm going to show you can abstract things further out and build
discrete objects, and, you could build even more in teresting
components called amplifiers and begin playing around with amplifiers.

Vang, t6i sé chi cho ban cach tritu tugng hoa cac thir thém nira va tao
ra nhirng vat rdi rac, va, thdm chi ban cé thé tao ra nhitng thanh phan li
thi dugc goi la cac bé khuéch dai va bat dau lam thi nghiém vdéi bo
khuéch dai.



OK, so when you are using amplifiers, you don't really have to worry
about the details of Maxwell's equations. OK, I'll give you some very
simple abstract rules of behavior for an amplifier, and you can go build
very interesting systems without really, really knowing how Maxwell's
equations applies to that because you will be working at this abstract
layer.

Vang, vi vay khi ban dang dung bd khuéch dai, thuc su la ban khong phai
lo 1dng vé cac phuang trinh Maxwell. Vang, t6i sé chi cho ban mot sé quy
luat triru tugng rat don gian vé hanh vi cia moét bé khuéch dai, va ban cé
thé xay dung mot hé théng rét Ii thi ma thuc su khdng can biét cac
phuang trinh Maxwell ap dung cho né nhu thé nao vi ban dang lam viéc &
muc triu tugng nay.

However, since you're engineers, and you are good at bui Iding such
systems, it's very important for you to understand how we make this
leap from the laws of physics into some of our very primitive
engineering abstractions.

Tuy nhién, bdi vi ban la ki su, va ban gioi vé viéc xay dung nhirng hé
nhu thé&, d6i véi ban hiéu cach thiic chiing ta thuc hién b udc nhay tir
cac dinh luat vat li vao trong mot s6 su triru tugng hoda ki thuat rat co
ban nay la diéu quan trong.

So, once we make the amplified abstraction in 6.002, by the way,
6.002 starts here. We start from the laws of physics and then proceed
all the way out. So, once we talk about amplifiers we will take two
pads.

Vi vay, mot khi chung toi lam su triru tugng hoa khuéch dai trong
6.002, tién thé&, 6.002 bat dau tai ddy. Ching ta bat dau tir cac dinh
luat vat li va sau dé x li bén ngoai. Vi vay, mot khi ching ta néi vé
bo khuéch dai ching ta sé chon hai khai.

On the amplifier, you will build the next abstraction called the digital
abstraction. OK, and with the digital abstraction, we will build new
elements such as inverters and combinational gates, OK? So, notice
we are building bigger, and bigger things, which have more and more
complicated behavior inside them, but which are very simple to
describe, right? So, following the digital abstraction, we will
superimpose the combinational logic abstraction on top of that, and
define functional blocks that look like this: some inputs, some
function, some outputs.

Trén b6 khuéch dai, ban sé xay dung mot su trifu t ugng ti€p theo
dugc goi la su triru tugng s6. Vang, va vdi su triu tugng s6, ching ta
sé xay dung nhirng thanh phan mdi chdng han nhu céc bd dao va cac
cdng két hop, diung khdéng? Vi vay, chi y ching ta sé xay dung
nhitng th& I16n hon, va I8n hon, nhitng cai cé hanh vi phic tap hon
bén trong ching, nhung rat don gian d€ md ta ding khéng? Rdi, tiép
theo su trifu tugng s6, chung ta sé thém vao su triu tugng hda logic
két hgp trén dinh cta no, va dinh nghia cac khéi ch(c nang giéng nhu
thé nay: mot s6 dau vao, moét s6 ham, mot sé dau ra.



The next abstraction on top of that will be the clock digital abstraction,
where we will have some notion of time introduced into the system.
There will be a clock, and this will be some function. And there will be

a clock that introduces time into the sort of logic values that functions
operate upon.

Su triru tugng hda trén dinh clda no sé la su triru tugng hda sb dinh
thdi, 8 d6 ching ta sé cé moét s6 khai niém thdi gian dudc dua vao trong
hé thong. Sé cé mot s6 dong ho, va day sé la mot s6 ham. Va sé cé
moét ddng hd dua thdi gian thanh céc loai gid tri logic d& cdc ham hoat
dong trén do.

Following that, the next level of abstraction that we build is called
instruction set abstraction. OK, now you begin to see things that
consumers get to look at. Can someone give me an example of, or
name an instruction set, or instruction set abstraction? Bingo.

Tiép theo d6, muc ké ti€p cua su trbu tugng ma chung ta xay
dung dudc goi la su tritu tugng hda tap Iénh. Vang, bay gid ban
bat dau thdy cdc th ma khach hang bat dau thdy. Ban nao cd thé
cho toi vi du, hodac néu tén cua mot tap Iénh, hodc su triu tugng
hoéa tap Iénh? Bingo.

So, x86 is one set of abstractions. And in fact, in many universities,
education could well start just by saying, OK, here's an abstraction.
These are the x86 instructions, OK? Some MIT gurus have designed
this awesome little microprocessor, OK? So you just worry about, you
take this abstraction layer here, the assembly instructions, and you go
and build systems on top of that.

Vi vay, x86 la moét tap hgp nhitng su triru tugng hda. Va qua thuc,
trong nhiéu trudng dai hoc, gido duc cé thé sé& bat dau tét chi bang
cach ndi, vang, day la su trtu tugng hda. Nhirng cai nay la cac Iénh
x86, dung khong? M6t vai guru ¢ MIT da thiét ké ra bo vi xtr li nho
dang kinh sg nay, dang khéng? Vay ban vira lo Idng vé diéu do, ban
chon I8p triu tudng hda nay & day, cac Iénh hgp ngll, va ban tién
hanh xay dung cac hé trén dinh cua no.



OK, so this is an abstraction layer called the x86 layer. T here are other
abstraction layers. In 6.004, you will learn about, I believe, the alpha
or the beta, OK, and various other abstractions at this point.

Vang, vi vay day la mot I8p triru tudng dugc goi la 18p x86. Co nhitng
I&p triru tudng khac. Trong 6.004, ban sé hoc vé, toi tin 13, alpha hoac
beta, vang, va nhirng su triru tugng rat da dang khéc tai diém nay.

So, 6.002 kind of goes until here. 6.002 takes me from the world of
physics all the way to the world of interesting analog and digital
systems. OK, 004, the course on computation structures, will show
you how to build computers all the way from simple digital objects all
the way to big systems.

Vi vay 6.002 h6 nhu di cho dén day. 6.002 mang t6i tu thé gidi cua vat
li sang thé gidi cua nhirng hé tudng tu va s6 li thu. Vang, 004, khoa
hoc vé cdu trdc tinh todn, sé chi cho ban cach dé xay dung nhitng may
tinh hoan chinh tU cac d6i tugng s6 dan gian cho dén cac hé théng Ién.

Following that, you learn about lan guage abstractions, Java, C, and
other languages, and that's in 6.002. And there are several other
courses that will cover that. Following this, you learn about software
system abstractions, and software systems, you will learn about
operating systems.

Tiép theo cdi do, ban sé hoc vé su triru t ugng hda ngon ngir, Java, C,
va cac ngén ng{r khac, va dé la trong 6.002. Va cé vai khda hoc khac
sé dé cap diéu do. Ti€p theo cai nay, ban sé hoc vé cach triru tugng
hoéa hé thGng phan mém, va hé thong phan mém, ban sé hoc vé cac
hé diéu hanh.

Any example of an operating system abstraction that people know out
there? What's that? Linux. What else? I'm just wondering how long I'll
have to go before I hear what I want to hear. [LAUGHTER] OK, so we
have a bunch of software systems. y

Va vi du vé mot su triru tugng hda hé diéu hanh ma ngudi ta van biét
dén? No la gi? Linux. Con gi nita? T6i khong biét toi sé phai di bao lau
trude khi toi nghe nhitng gi t6i mudn nghe. Vang, vi vay ching ta co
mot nhdm cac hé théng phan mém.

So, if we have a bunch of software systems, these are nothing but
abstractions. Linux simply implies a set of system calls that the
programs must adhere to. Windows is another set of system calls.
Vi vay, néu ching ta c6 moét bd cac hé thong phdn mém, nhirng cai
nay khong la gi ca ma chi la su triu tudng. Linux don gian la dm chi
mot tdp hop cac I68i goi hé théng ma chuong trinh phai gan bo.
Windows la mét tap hdp cac I8i goi hé thong.

That's it. And see how much money they made out of it? OK, it's all
about abstraction layers, that all start from nature. All right? Build



abstraction upon abstraction upon abstraction upon abstraction, and
someone out here are lots of dollars.

P4 1a nd. Va hiéu dudc bao nhiéu tién ho kiém dudc tir nd? Vang, dé la
tat ca vé cac I8p triru tugng, tat ca cai dé bat dau tlr tu nhién. Dlng
khong? Xay dung mot su triru tugng trén mot su triru tugng trén mot
su triru tugng trén mot su triru tugng, va vai ngudi rat giau & ngoai
day.

OK, so based on these abstractions, we can then build useful things for
human beings. We can build very useful things, video games, so we
can send space shuttles up, and a whole bunch of other systems.

Vang, vi vay dua trén nhirng su triru tugng hda nay, sau do chung ta cé
thé xay dung nhitng thd hitru dung cho con ng udi. Chiang ta cé thé xay
dung nhitng th( rat hitu dung, video game, vi vay chlng ta cé thé gui
tau con thoi I1én, va toan b6 nhom cac hé thong khac.

But it's based on these abstraction layers. What's unique about
education at MIT? What's unique about 6.002 and EECS? Is to my
knowledge, there are not many other places in the world where you
will get an education in everything going all the way from nature to
how to build very complicated analog and digital systems.

Nhung né dua trén nhitng I8p triru tugng hdéa nay. Diéu gi la d6c nhat
trong cach gidao duc cua MIT? Diéu gi la d6c nhat vé 6.002 va khoa
EECS? Theo t6i dudc biét, & cac ndi khac trén thé gidi ban khé ma
nhan dugc su gido duc theo kiéu moi th( di suSt con d udng tir tu
nhién dén cach dé€ xay dung nhitng hé thdng s6 v a tucng tu rat phic
tap.

OK, we will show you layer upon layer upon layer upon layer, peel
away the onion until you are down to raw nature, OK, through



Maxwell's equations. So, 6.002, 004, this is 033, OK, 6.170, and so
on.

Vang, ching toi sé chi cho ban I&p trén I&p trén I8p trén I18p, lam tréc
vo cu hanh cho dén khi nao ban di xu6ng t&i thién nhién tho so,
vang, qua cac phuong trinh Maxwell. Vi vay, 6.002, 004, day la 033,
vang, 6.170, va v.v..

OK, the whole EECS is about building abstraction layers, one on top of
the other. So that's one path. There's the analog path. The analog

path would take an amplifier, and build an abstraction layer called the
op-amp.

Vang, toan bd EECS ndi vé viéc xay dung cac I8p triu tugng, mot cai
phia trén cai kia. Vi vay dé la moét dudng. Do la dudng tucng tu. Dudng
tuong tu sé 1ay bo khuéch dai, va xady dung moét I6p triru tudgng dudc goi
la bd khuéch dai thuat toan.

See how similar they all look? You know the amplifier, the inverter of
the digital world, and the operational amplifier in the analog world,

just different ways of looking at the same devices. So, to build an
analog system, to build an operational amplifier, and then, here we go
end up building a whole bunch of different interesting analog system
components.

Bi€t tat ca chung trong gidbng nhau nhu thé nao khéng? Ban biét bd
khuéch dai, b6 dao cua thé gigi s6, va bé khuéch dai thuat toan trong
thé gidi tucng tu, chi la nhitng cach khac nhau dé nhin cing mot thiét bi.
Vi vay, dé€ xay dung mdt hé théng tuong tu, dé€ xdy dung mot bd khuéch
dai thuat toan, va sau dd, chiang ta két thuc véi viéc xay dung toan b
mot nhdm cac thanh phan hé théng tudng tu li tha khac.

OK, and these components might look like oscillators. They might look
like filters. OK, they look like pow er supplies, a whole bunch of very
interesting abstract components, w hich pulled together can then give
you the next set of systems.

Vang, va nhirng thanh phan nay cé thé la bé dao déng. Ching cé thé |a
cac bd loc. Vang, ching cé thé |a ngudn, toan bé moét nhém nhiing
thanh phan trifu tugng rét li thd, ching hoda hdp véi nhau dé sau dé cho
ban tap hdp cac hé thdéng tiép theo.

And these systems might be toasters, or say for example other analog
systems like the various control systems for various power plants and
so on and so forth, and ultimately, fun and dollars. OK, so 6.002 is
about going from physics all the way to this point.

Va nhirng hé théng nay cd thé€ 1a 16 nudng banh mi, hodc nhitng hé
théng tuong tu khac chdng han nhu nhitng hé théng diéu khién khac
nhau cho cac nha may dién khac nhau v.v..va v.v.., va cudi cung,
niém vui va nhirng t& do la. Vang, vi vay 6.002 ndi vé viéc di tur vat

li d&n tan diém nay.



We will build interesting analog systems, and take you up to

interesting digital system components, from which 004 will take you all
the way to building computer architectures. So that, in a nutshell, kind
of gives you a feel for the space of EECS.

Chung ta s€ xay dung nhirng hé thGng tudng tu li thd, va mang ban di
dén nhitng thanh phan hé thong s6 |i tha, tu d6 004 sé dua ban dén
viéc xay dung kién tric may tinh. Sao cho, trong mét ban tém tat ngén
gon, hau nhu cho ban cam giac vé khong gian cta EECS.

OK, this chart here is almost a vig nette of what EECS at MIT is all

about. And this is the world according to Agarwal, because he's

teaching 002. OK, so this is 6.002, and the rest of EECS is somewhere
out there.

Vang, & day do thi nay gan nhu la mot bang mo ta ngan vé tat ca nhirng
gi ma EECS tai MIT sé nghién clu. Va day la thé€ gidi theo Agarwal, vi
ong ay dang day 002. Vang, vay day la 6.002, va phan con lai cia EECS
la dau dé ngoai kia.

OK, so I'm going to do now is throughout this course; I want you to
think about which part in this vignette we are in. So, right now, I'm
going to start here and take you here. OK, and as you get closer and
closer, things get simpler, and simpler, and simpler.

Vang, vi vay bay gid tdi s& diém sd ludc vé khda hoc nay; Té6i mudn
ban suy nghi vé viéc ban & phan nao trong bang mo ta ngan nay. Vi
vay, ngay bay gid, téi s& bat dadu & day va mang ban dén day. Vang,
va khi ban cang dén gan han, moi th(r ngay cang tré nén daon gian
han.

Still, the final abstractions are pedal, brake, steering whe el. I mean,
that's the abstraction to play a game, right, four or five very simple
interfaces, and that's all you need to know. And everybody in the
world can play stuff.

Van con su triru tugng hoa cudi cung la ban dap, cai phanh, banh I3i. Y
tdi 1a dd la su triru tugng hda dé chai trd chai, dung khdng, 4 hodc 5
giao dién ddn gian, va dé la tat ca nhirng gi ban can biét. Va moi ngudi
trén thé& gidi cé thé chaoi th dé.



So remember, this stuff is complicated. This stuff is very, very simple.
OK, and the more we build abstractions and come to this side, things
get simpler and simpler. So, a large part of what I'll cover today is
make the biggest simplification.

Vi vay hdy nhd rang, th& nay phiec tap. Cai nay rat, radt don gian. vVang,
va han nifa ching ta xay dung nhirng I18p triru tugng va dén phia nay,
moi th& ngay cang daon gian han. Vi vay, phan I6n nhitng gi toi sé dé
cap hém nay la tao ra su dan gian hda I8n nhat.

The biggest simplification we will make his go from Maxwell's equation
to some very, very simple algebraic rules. OK, I did Maxwell's
equations myself. And I tell you, they were very interesting stuff but
complicated.

Su daon gian hda I6n nhat ma ching ta s€ lam la dua né di tir phuadng
trinh Maxwell dén cac quy luat dai s6 cuc ki don gian. Vang, t6i da tu
lam cac phudng trinh Maxwell. Va t6i bao ban, ching la nhirng thi rat
li thd nhung phc tap.

I can't imagine building efficient systems using Maxwell's equations.
So, let's take an example, OK? So, let's say I have a battery. Just
switch to page three of your course notes. And let's say I connect that
to a bulb.

Toi khdng thé tudng tuong ra viéc xay dung nhitng hé théng cé hiéu
qua dung nhirng phuong trinh Maxwell. Vi vay, hay lay moét vi du, dugc
khéng? Vi vay, gia sur téi co6 moét binh dién. Chi viéc lat sang trang ba
trong phan hudng dan khoa hoc cua ban. Va gia s toi n6i nd véi mot
bong den.

OK, and this is a wire. And, the battery supplies some voltage, V, and

I ask you a simple question. What is the current through the bulb? OK,
so here is something that I can build using objects. I can pick a ro und
from stores and so on.

Vang, va day la mo6t day. Va binh dién cung cap moét dién ap nao do, V,
va toi hoi ban mét cdu hoi don gian. Dong dién di qua bdng dén bang
bao nhiéu? Vang, vi vay day 1a vai th ma tdi co thé xay dung ding
nhitng dbi tugng nay. T6i chi can di mot vong quanh culra hiéu va v.v..

And I can collect them up in this way, and ask the question, what is
the current, I? Now, if all you've done is learn about Maxwell's
equations, you can roll up your sleeves and say, ah-ha! The first step
is to write down all of Maxwell's e quations, and you can say, del cross
E is minus del and go on, and on, and on, OK, and write out all of
Maxwell's equations and say, now how do I get from there to here?
OK, it's very good.

Va tdi co thé tdp hop chung lai theo cich nay, va hoi mét cau hdi,
dong dién I bang bao nhiéu? Bay gid néu tat ca cac ban da hoc cac
phuong trinh Maxwell réi, ban cé thé xang tay &o 1&n va ndi, ah-ha!



Budc dau tién la viét ra tat ca cac phuaong trinh Maxwell, va ban cé
thé néi, rot E bang trir dB trén dt va v.v...Vang, va viét ra tat ca cac
phuadng trinh Maxwell va ndi, bay gid t6i di tr d6 dén day nhu thé
nao? Vang, rat toét.

You can do it. OK, you can do it, but it's very complicated. OK, so
instead, what you're going to do is take the easy way. So, what I want
to remind you is that this course is actually very easy.

Ban co6 thé |am né. Vang, ban cé thé lam no, nhung né rét phuc tap.
Vang, vi vay thay vao do, nhitng gi ban s& lam la chon cach dé hon. Vi
vay, nhitng gi tdi mudn nhac ban la khda hoc nay thuc su rat dé.

OK remember, we're going to be building abstraction upon abstraction
to make your lives easier. If you think your lives are getting more
complicated, then you are not using intuition enough. OK, just
remember the big I word.

Vang, hay nhdg, ching ta sé xay dung nhiing su triu tugng hoéa trén
nhifng su triiu tugng hda dé lam cudc sdng ching ta dé dang hon.

NEu ban nghi cudc s6ng cua chung ta tré n én phlc tap han, thi day

la do ban chua phat huy dudc hét truc giac cia minh. Vang, hay

nhé nhirng tu toi noi.

It's all about making things simple. OK, so let me give you an analogy.
So, suppose you have an object. OK, and I apply a force to the object.
It's an analogy, OK to get some insight into how to do this.

T4t ca la 1am nhitng th( nay don gian. Vang, vi vy hay dé tdi chi cho
ban mdt vi du tudng tu. Gia s ban c6 mdt vat thé. Vang, va tdi tac
dung luc [én vat thé. N6 1a mét vi du tuong tu, ching ta s& nhan dugdc
mot hi€u biét sdu séc va ap dung nd dé lam cai nay.



So, I say here's an object. I apply a force, and I ask you the question.
What is the acceleration of the object when I apply a force, F? So, how
would you do it? OK, and eighth, or ninth, or tenth grader can do this.
Vay, tdi ndi day la mot vat thé. Téi tdc dung mot luc, va tdi hdi ban
mot cdu hoi. Gia téc chia vat bang bao nhiéu khi téi tdc dung luc F? Vi
vay, ban sé lam diéu dé nhu thé nao? Vang, hoc sinh I8p 8, hoac 9,
hodc 10 cé thé 1am diéu nay.

OK, they would ask me, what's the mass of the object? OK, I ask you
what is the acceleration? You would turn around and ask me, what is
the mass of the object? I tell you, the mass of the object is M.

Vang, ho sé& hoi toi, khdi lugng cua véat thé béng bao nhiéu? Vang, toi
hdi ban gia t6c bang bao nhiéu? Ban sé hoi ngudc lai tdi, khéi lugng
clia vat thé bang bao nhiéu? Tdi tra Ii ban, khdi lugng clia vat thé |a
M.

And then you say, oh sure, A is F divided by M, done. It's as simple as
that. OK, I could have gone into all kinds of differential equations and
so on to figure that out, but you asked me for the mass.

Va sau do6 ban ndi, 6, chac chan a bang F chia M, xong. N6 d 6n gian
nhu vay db. Vang, tdi co thé sé xét tat ca cac loai phuong trinh vi phan
va v.v.. dé suy ra diéu d6, nhung ban hai téi khéi lugng.

And you gave me the answer, A is F divided by M. So, you ignored a
bunch of things. You ighored the shape of the object. You ignored its
color. You ignored its temperature. OK, and you ighored the soft or
hard or whatever.

Va ban cho tdi cau tra I8i, a bang F chia M. Vi vay, ban da bé qua nhiéu
th&. Ban d& bd qua hinh dang cla vat thé. Ban da bd qua mau sic cua
no. Ban da bo qua nhiét do cua né. Vang, va ban da bé qua d6 mém
cing cua nd hay bat c thdr gi khac nira.

OK, you ignored a whole bunch of things. You were focused on one
thing. OK, you're focused on its mass. And, it turns out that the
process really was developed from a set of simplifications. That is
called, does anybody remember this? Point mass simplification.
Vang, ban da bo qua qua nhiéu thi. Ban chi tap trung vao mot thu.
Vang, ban chi tap trung vao khaéi lugng cua nd. Va hdéa ra la qua trinh
thuc su dudgc phat tri€n tir mot tdp hop céc su don gian hda. Cai dé
dudc goi la, c6 ai nhé ndé dudc goi la gi khdng? Su ddn gian hoda chat
diém.

OK, so, in physics, you've done this before. OK, you've simplified your
lives by viewing objects as having a mass at a point, and force is
acting at that point. OK, M is that property of the object that is of
interest to you.

Vang, vi vay, trong vat li, ban da lam diéu nay tu trudc. Vang, ban

da don gian hda cudc sdng cla ban béng cidch xem cac vat thé nh v



cd khéi lugng dat tai mét diém, va luc dang tac dung 1én diém dé.
Vang, M la tinh chat dé cua vat thé ma ban quan tam.

This process is called, in physics, point mass discretization. OK, now
using an analogy, and I'm going to show you a similar simple process
to do the problem with the light bulb. OK, so take my light bulb again,
And I focus on the filament of the light bulb.

Trong véat ly, quy trinh nay dudc goi 1a su rdi rac hda chat diém. Véng,
vi vay hdy xét lai cdi bong den cua to6i, va tbi sé chi tap trung vao day
toc bong den.

OK, all I care about is the current flowing through the light bulb. OK, I
don't care about whether the filament is twisted, whether it's hot. I
don't care about its shape. I don't care about its color.

Vang, tat ca nhirng cdi ma t6i quan tam la dong dién chay qua bdng
den. Vang, t6i khong quan tam dén day toc cé bi méo hay khong, né cé
nong hay khéng. Téi khdng quan tam dén hinh dang ctda né. Téi khong
quan tdm dén mau séc clta no.

All T care about is the current. OK, so to do that, what we can do here
at a very high level is since we just need the current and don't care
about a bunch of other properties, we will simply replace the bulb with
a discrete object called a resistor.

Va nhiing gi tdi quan tdm la dong dién. Vang, vi vay dé lam diéu do,
nhitng gi ching ta cé thé lam & day & muc rat cao |a bdi vi chdng ta chi
can dong dién va khéng quan tam dén mot loat cac tinh chat khac,
chidng ta don gian sé thay béng dén véi moét vat rGi rac dudc goi la dién
tré.

So the discrete object is a resistor, much like the point ma ss
simplification that we did earlier that replaced the bulb filament with a
object called a resistor, a discrete object called a resistor.

Vi vay vét rdi rac |a dién trd, rat giéng véi su don gian hda chat diém ma
chidng ta da lam tu trudce thay thé day téc bong den véi mot vat dudc goi
la dién trd, mot vat rGi rac dudc goi la dién tré.



Or a lump object called resister, and put a value next to it just like the
mass for the object, a resistance value, R. OK, now what I can do is in
the same manner, replace the battery with an object called a battery
object, and connect that here, the voltage, V, applied to it.

Hodc mdt vat thé khdi dudc goi 1a dién trd, va dat mot gid tri k& bén nd
gidng nhu khéi lugng d6i vGi vat thé, gia tri dién trd, R. Vang, bay gid
nhitng gi tdi c6 thé l1am la theo cing mot ki€u, thay binh dién bang mot
vat dudc goi la vat binh dién, va két n6i né & day, dién ap, V, dat 1én né.

V falls across the resistor, and I get my I simply from Ohm's law as we
divide by R. So, notice here, to replace this complicated bulb, this
really twisty, weird old thing with this discreet thing called a resis tor,
and its only property of interest was its resistance value, R, direct
analogy to what we did there.

V dat trén dién trd, va tdoi nhan I cua t6i don gian tu dinh luat Ohm khi
ching ta chia cho R. Vi vay, chu y & day, thay thé bong phic tap nay,
th( cl ki khé hiéu, thuc su quanh co nay véi nhitng thr rdi rac nay
dugc goi la dién trd, va tinh chat quan tam duy nhat cua né la gia tri
dién trd cua nd, R, giong hét véi nhirng gi chung ta da lam & dé.
So, since R represents the only property of interest, we can simply
ignore all the other things. So, notice here, we've done things the
simple way. And remember, in EE, in the electrical engineering, we do
things the simple way.

Vi vay, bdi vi R biéu dién chi tinh chdt quan tdm, chdng ta d dn gian cé
thé bo qua tat ca cac th& khac. Vi vdy, chi y & day, ching ta da lam céac
th( theo cach dan gian. Va hdy nhd rang, trong EE, trong ki thuat dién,
ching ta lam cac th (& theo cach don gian.

OK, we could go the hard route and do Maxwell's equations, and get
PhD's in physics, and so on. But out here, we are looking to do useful,
interesting systems in the simplest way that we can. OK, we do things
a simple way.

Vang, chung ta cé thé di dudng di khé va lam céac phuong trinh
Maxwell, va nhan bang tién si vat li, va v.v..Nhung ngoai day, ching ta
quan tam dén viéc lam cac hé thong li thd, h{tu dung theo cach dan
gidn ma ching ta cé thé& [am. Vang, chlng ta lam cac th & theo cach
daon gian.

All right, so we just did this, and boom, I found out what the current
was. Now, I cheated a little bit. I've cheated a little bit. R is a lumped
abstraction for the bulb. So, you look at this resistor here.

budc ro6i, vi vay chung ta chi lam diéu nay, va ngay lap tlc, t6i tim
dugc dong dién bang bao nhiéu. Bay gid, toi llra mot chut. T6i d& Iira
mot chut. R l1a su triu tugng hoéa tap trung cua bdong dén. Vi vay,
ban xét dién trd nay & day.

That is simply a placeholder. It's a stand-in for this complicated thing



called a bulb. It's a discreet object. It's a lumped object, and
represents the bulb. Now, so most of 6.002 will take off from here,
OK, and that's it.

D6 1a mot vat thé ché don gian. N6 1a moét ngudi déng vai phu cho
thr phirc tap nay dudc goi la bong den. N6 la mot vat rGi rac. N6 la
mot vat gop lai, va bieu dién bédng dén. Bay giG, vay hau nhu 6.002
sé bat dau tir day, vang, va do la no.

To very simple stuff, like V is equal to IR, it's a simple high scho ol
algebra to take off in that direction. But before we go there, it's
important to understand, why was it that we were able to make the
simplification? OK, we did something else.

Dai vai thr rat don gian, chang han nhu V béng IR, dé la dai s6 trung
hoc don gian dé bat dau theo hudng dd. Nhung trudc khi chiing ta
dén do, rat quan trong dé hiéu, tai sao ching ta cd thé tao ra sy’ don
gian hdéa? Vang, chung ta lam thém th( nira.

Something's going on under the covers here. On the one hand, I say
let's use Maxwell's, and then I jump out and say, hey, we can just use
this simple thing. I did something that allowed me to go from here to
here.

Moi th( sé tiép tuc dudc dé cap & day. Hay noi cach khac, téi ndi
chidng ta hay dung phudng trinh Maxwell, va sau d6 téi nhay ra ngoai
va ndi, hey, chiing ta cd thé chi dung th& don gian nay. Toi d& lam vai
th cho phép t6i di tir day dén day.

And you need to understand why I did that and how I did that.
Understand it once, and then you won't have to need that information



again. You just need to understand it. So, let's take a closer look at
the bulb filament, and look at what we really did.

Va ban can hiéu tai sao téi lam diéu dé va cach thirc toi lam diéu dé.
Hiéu né mot Ian, va sau d6 ban s& khdng phai can lai cac thdng tin
dd. Ban chi can hi€u né. Vi vy, ching ta hdy nhin gédn hon day tdéc
bong den, va xét nhirng gi ching ta thuc su lam.

So, here's my filament, A, and let's say that the surface area here, I
label that SA, and the one down here SB, my voltage, V, applied there,
and this is what I call my black box that I've replaced with a resis tor.

Vi vay, day la day toc cua tdi, A, va ching ta hdy gilr st rang dién tich bé
mat & day, toi dat no la SA, va cai dudi day la SB, dién ap cua toi, V, tac
dung |én d0, va day la nhirng gi ma toi goi la hOp den cua t6i ma toi da
thay bang mét dién trd.

Notice that, in order for this to work, V and I need to be defined. So I
needs to be defined, and V needs to be defined. OK, if I give you a
random object, and I don't tell you anything else about the object, it's
not clear I can do that.

Chu y réng, dé cho céi nay hoat déng, V va I can phai xac dinh. Vi vay I
can xac dinh, va V can xac dinh. Vang, néu t6i cho ban mot vat ngau
nhién, va toi khong cho ban biét bat cr thir gi nira vé vat, toi khong biét
la t6i c6 lam dudc khéng nira.

OK, if it's @ much more general situation, I have to write down

Maxwell's equations, and this is what I would write down. Write down ]
dot dS as a function of the coordinate here integrated over the area
minus, OK, I would have to start from there from one of Maxwell's
equations.

Vang, néu nod la trudng hop tdng quat hon nhiéu, tdi phai viét ra cac
phuadng trinh Maxwell, va day la nhitrng gi ma t6i s€ viét ra. Vi€t ra J nhan
dS nhu moét ham cua hé toa d6 & day dudc lay tich phan trén dién tich
trir, vang, toi sé€ bat dau tir do, tir mot trong nhirng phuong trinh
Maxwell.

All right, notice that this becomes IA, and this becomes IB in our
simplification. But, if I don't tell you anything else, you have to start
from here. You will have some varying current here by point.

budgc roi, chl y radng cai nay trg thanh IA, va cai nay tré thanh IB
trong su dan gian hda cua chung ta. Nhung, néu ban khong cho toi
bi€t thém gi nita, ban phai bdt dau tir day. Ban phai cé dong dién nao
dé bién d6i & day theo tung diém.

You might have some other current coming out here because I may
have some charge buildup happening inside. If charge is building up
inside the filament; then I would have to put del g by del t out here,
right, the current in minus the current out must equal charge buildup.
Ban cd thé cd mot vai dong khac 10 ra & day vi toi cd thé c6 mdt su tich



tu dién lugng nao dé xay ra bén trong. N&u céc dién tich c sdn bén
trong day téc; thi tdi sé phai dat del q trén del t ngoai day, dung khoéng,
dong mang d&u trir dong hién ra phai bang su tich tu dién lugng.

Whoa, where is this and where is that? So this is reality. This is really,
really what I have to do. But how did I get there? How did I get there?
The key answer is, as engineers, when in doubt we simplify.

Whoa, cdi nay & dau va cai dé & dau? Vi vay day la mét su thuc. Diéu
nay thuc su, thuc su |a nhitng gi téi phai [am. Nhung cdch dé dat dugc
diéu d6 nhu thé& nao? Cach thic dé dat dudc diéu dd? Cau tra I8i then
chot la, la mot ki su, khi nghi ngd chidng ta don gian hoa.

Remember, we are engineers. Our goal in life is to build interesting
systems. OK and some are motivated by money. OK, so our goal is to
build interesting systems and do good to humanity. So, as long as we
can build a good light bulb, we are happy.

H&y nhd rang, chiang ta la nhitng ki su. Muc tiéu clda ching ta la xay
dung nhitng hé théng li thd. Vang va mét sd dudc thic ddy bdi tién.
Vang, vi vay muc tiéu cua chung ta la xay dung nhitng hé thong li thu
va lam diéu tét cho nhén loai. Vi vy vdi diéu kién 1a ching ta ¢ thé tao
ra bong den sang tét, chung ta hanh phc.

So what we can do is we can say, look, all I care about is building
interesting systems. So I can say, hey, this stuff is too hard. Let's
make the assumption that all the systems that we will consider will
have this thing be zero.

Vi vdy nhitng gi chidng ta cé thé lam |a ching ta cé thé& ndi, nhin
nay, tat ca nhirng gi toi quan tam la xay dung nhirng hé thdéng li
thd. Vi vy toi cd thé ndi, hey, thr nay qud kho. Ching ta hay gia
s(r rang tat ca hé théng ma chuing ta sé xét sé co th( nay bang 0.

OK, in other words, if I take a complete object, if I take an element like

a resistor or a capacitor, the box around the entire element, OK, and I

want to just deal with those systems in which this thing is zero.

Véang, hay néi cach khac, néu toi Idy mot vat thé hoan chinh, néu téi 18y

moét yéu td chdng han nhu dién tréd hodc tu dién, dong khung xung

quanh toan b6 yéu t6, vang, va toi mudn chi giai quyét nhirng hé nay
trong do6 cai nay bang khéng.



You can come and beat me up and say, but why? Why not? Why am 1
doing this? And I am saying the world is arbitrary. I'm an engineer; I
want to build good systems. By making this simplification, I eliminate
this squiggle thing, and so on.

Ban c6 thé dén va danh téi nhi t& va ndi, nhung tai sao? Tai sao
khéng? Tai sao t6i lam diéu nay? Va tbi sé nodi thé gidi la tuy hing.
T6i la mot ki su; t6i mudn xay dung nhirng hé théng tét. bang cach
thuc hién su don gian hda nay, toi da bo qua th& nguéch ngoac nay,
va V.v...

I don't want to deal with it. I want to make my life simple. So this is
gone to zero because, why? Because I have said that in the future I
will only deal with those elements for which this is true.

To6i khong mudn gidi quyét nd. T6i mubén lam cho cudc sdng cua toi
dan gian. Vi vay cai nay ti€n dén khong bdi vi, tai sao? Bgi vi toi da
ndi rang trong tudng lai tdi sé chi khao sat nhirng thanh phan nay
ma trong do diéu nay dung.

I'm going to discipline myself. I'm going to discipline myself to only
deal with those systems. OK, Maxwell is turning around and, you

know, mad at me and all that stuff, but tough. So this, what I've said
about making a simplification here, and this is one of the
simplifications I'm making.

Toi s& tu thi hanh ki ludt ddi vaéi tdi. T6i sé tu thi hanh ki luét chi dé giai
quyét nhirng hé nay. Vang, Maxwell dang quay ngudc lai va, ban biét,
gian gilr vai t6i va cac thr dé, nhung khong nhudng bo. Vi vay cai nay,
nhirng gi toi da noi vé viéc tao ra su dan gian hdéa & day, va day la mot
trong nhirng su’ dan gian hdéa ma t6i dang tao ra.

And I give a name to the simplification. And that's called the lump ed
matter discipline. OK, so I'm saying I will only deal with elements for
which if I put a black box around it, this is going to be true.

Va tbi dat tén cho su don gidn hoda. Va né dudc goi la quy tac gbp
van dé. Vang, vi vay toi ndi la t6i sé chi khdo sat nhitng yéu t6 ma
dGi v8i né néu tbéi dat mot hop den quanh nd, diéu nay sé tréd thanh
su that.

And if this is going to be true, then notice, there is no charge buildup.
Current in must equal current out. Ah-ha! So this becomes IA. This
becomes IB. Yes. OK, I can now deal with IA's and IB's.

Va néu diéu nay dung, thi chu y la, khong cé su tich tu dién tich. Dong
di vao phai bang dong di ra. Aha! Vi vay céi nay trg thanh IA. Cai nay
trd thanh IB. Vang. Vang, bay gid toi cd thé khao sat cua IA va IB.

And IB and IA are equal because this is zero. Notice that there is a
whole bunch of depth here in the jump from here to here. As MIT
graduates, you really, really need to understand why it is that we



made that jump, and then go and use that, and do cool things.

Va IB va IA bang nhau bdi vi cai nay bang 0. Cha y rdng c6 toan bd
mot loat cac diéu bi &n & day khi nhay tir ddy dén day. La nhirng
sinh vién cua MIT, ban thuc su, thuc su can phai hiéu tai sao chiing
toi da thuc hién budc nhay dd, va sau do di va dung nd, va lam
nhitng diéu thu vi.

All right, this allows us to define I. We have a unique I associated with
an element for the current through the element. We still have to worry
about B, and I won't go through that in detail. The course notes have
some discussion of that and so does the textbook.

DBudgc rdi, diéu nay cho phép ching ta dinh nghia I. Ching ta c6 mét I
duy nhat gan véi mot yéu té cho dong dién di qua yéu t6. Ching ta van
con phai lo 1dng vé B, va t6i s& khdng khao sat cai d6 chi tiét. Cac h uéng
dan khda hoc cé mot s6 thao luan vé diéu do v a trong sach gido khoa
cling co.

So V, AB is defined when del phi B, the rate of change of magnetic flux
is zero. So, if I take the element and I take any region outside the
element, this must be true. And you say, why should that be true?
That's not true in general.

Vi vdy V, AB xéac dinh khi del phi B, t&c dd thay ddi cua tur thdng
bang khong. Vi vay, néu tdi chon mot yéu td va tdi chon bat clr
vung bén ngoai cua yéu t0, diéu nay phai dang. Va ban ndi, tai
sao diéu d6 dung? Diéu dd khdng ding trong trudng hdp téng
quat.

Absolutely. It's not true in general. But I, because I choose to, I going
to deal with only those elements. I will discipline myself. But these are
only those elements for which this is true, and this is true.

Chinh xac. biéu dé khéng didng trong trudng hgp téng quat. Nhung tdi,
bai vi tdi chon, tbéi sé chi giai quyét nhirng thanh phan nay. To6i sé tu ki
luat. Nhung chi cé nhitng yéu t6 nao ma trong dé diéu nay dung, va
diéu nay dung.



I'm going to limit my world. I'm going to create a play field for myself.
You want to play; follow my rules. OK, and that's called the lumped
matter discipline. So once you say that I'm going to adhere to the
lump matter discipline, and this is true inside your elements.

Toi sé gidi han thé gidi cua t6i. Toi sé tao ra mot linh vuc vui ch @i cho
chinh t6i. Ban mud6n chai; hay theo luat cua toi. OK, va dé dudc goi la
nguyén téc gdp van dé. Vi vay mot khi ban ndi rang tbi sé tén trong
nguyén tac gép van dé, va diéu nay sé ding bén trong cac thanh phan
cua ban.

This is true outside the elements. You can define VA and VB, and good
things happen to you. OK, let me show you a few exampl es of lumped
elements. But remember, a large part of what we're doing is based on
these two assumptions.

Diéu nay ddng bén ngoai nhitng yéu t6. Ban cd thé dinh nghia VA va
VB, va nhiing diéu t6t xay ra véi ban. Vang, hay dé tdi chi cho ban vai
vi du vé cac yéu t6 dudc gop lai. Nhung hday nhd, phan I6n nhitng gi
chidng ta dang lam la dua trén hai gia thuyét nay.

And to just go through the background on that, I would encourage you
to go to chapter 1 of your course notes and read through just as how
this came about, that comes about. So, by doing that by adhering to a
lumped matter discipline, we can now lump objects.

Va chi d€ xét bgi canh trén dd, toi khuyén khich ban di dén chuong 1
trong hudng dan moén hoc cua ban va doc qua ngay cach thirc ma diéu
nay xay dén, diéu do xay dén. Vi vay, bang cach lam diéu dé tuan thua
quy tic gép vén dé, bay gid chling ta cé thé gdp cac vét thé.

We could lump a bulb into a resistor. OK, so to be clear, a certain
number of lumped objects, and now, the universe is going to be
comprised into lumped objects. OK, so before this, when he went

home, we talked about eggs, and omelets, and light bulbs, and

switches, but once you come to MIT, and after you've taken 6.002,

you begin talking about lumped elements, you know, resistors, voltage
sources, capacitors, little inky -dinky objects that follow the lump ed
matter discipline.

Ching ta c6 thé gdp bdng dén vao trong dién trd. Vang, vy nén dé cho
rd rang, va bay gid, vi tru sé& bao gdbm nhirng vt thé nguy én khéi. Véng,
vi vay trudc cai nay, khi anh ta vé nha, anh ta da ndi vé trirng, va tring
trang, va béng dén, va cong tac, nhung moét khi ban dé€n MIT, va sau khi
ban hoc 6.002, ban bat dau ndi vé cac yéu té nguy én khdi, ban biét, dién
trd, ngudn ap, tu dién, nhirng vat xinh xan den nhu muc theo quy tac
gOp van de.

OK, they stick to very simple rules, and the math that you have to do
to analyze them is incredibly simple. What could be simpler than V is
equal to IR? So, let me give you an example of interesting lumped
elements, and then show you a couple of really nasty lumped



elements.

Vang, ching gan vai nhitng quy luat rdt don gian, va toan hoc ma ban
phai lam d€ phén tich chldng 1a don gidn mot cach kho tin. Cai gi don
gidn han V bang IR? Vi vdy, hdy d€ téi chi cho ban vé nhitng thanh
phan nguyén khai li thd, va sau d6 chi cho ban nhitng thanh phan
nguyén khaoi thuc su gay buc minh.

OK. OK, so what you see out here, so we characterize lumped
elements by the VI characteristics. OK, you apply voltage, measure
the current. OK, so what I can do is I can plot I here, and V here, and
see what it looks like.

Vang. Vang, vay ban thdy gi ngoai day, ching ta da mé ta cac thanh
phan nguyén khdi bang dac tuyén VI. Vang, ban dat dién ap, do dong
dién. Vang, vdy nhitng gi t6i cé thé lam |a tdi c6 thé vé do thi I & day,
va V @ day, va xem no6 nhu thé nao.

OK, I can characterize elements by their VI relationship. And there are

a bunch of elements that I can create based on the VI relationship. So
let me show you a few examples. So for the resistor, since V is directly
proportional to I, and R is a constant, I get a straight lin e.

Vang, tdi c6 thé md ta nhitng yé&u t8 bdi méi quan hé VI cda chung. V a
cd mdt nhdom cac yéu t6 ma tdi co thé tao ra dua trén méi quan hé VI. Vi
vay hdy dé tbi chi cho ban vai vi du. Vi vay d6i vai dién trd, vi V ti 1é truc
ti€p vdi I, va R la hang s6, tdi dugc mot dudng thang.

That's the I axis, the V axis, and this is the resistor. What I actually
have is a variable resistor, so I'm going to change the resistance
value, R, and the curve will also change slope. OK, I changed the value



of R because it's a variable resistor, and the changes slope because
my R is different.

D6 la truc I, truc V, va day la dién trd. Nhirtng gi t6i thuc su co la bién
trd, vi vay toi sé thay ddi gia tri dién tré, R, va dudng cong cling sé
thay ddi do déc. Vang, tdi da thay ddi gia tri cia R vi nd 1a bién tré,
va su thay d6i dé dbc bdi vi R cua téi la khac.

OK, next, let me go to a fixed resistor, and this guy here on the screen
to your left is a fixed resistor. And you see that its IV characteristic is
a line of a given slope, 1 by R, and that's it. I can't change it.

Vang, ti€p theo, hdy dé tdi di dén dién tré cd dinh, va & day thadng nay
trén man dén phia trai cta ban la dién trd cd dinh. Va ban thay rang
tinh ch&t IV cla nd [a mét dudng thang dd dbc cho trudc, 1 trén R, va
vay day. Toi cd thé thay dai né.

Number three, I have another lumped element called a Zener diode
that you will see in the fourth week of this class, and the

characteristics for the Zener diode look like this: IV. If my voltage

goes across the Zener diode goes up slightly, the current shoots up.

SO ba, t6i c6 mot thanh phan nguyén khoi khac dudc goi la diode Zener
ma ban sé thay trong tuan thda tu cua khéa hoc nay, va dac tuyén
cua diode Zener giébng nhu thé nay: IV. Néu dién ap di qua diode Zener
tédng 1én khdng dang k€&, dong tang nhanh.

But if the voltage becomes negative I don't ha ve any current flowing
into it until the voltage passes on the threshold, at which point my
current begins to build up. OK, so I can increase the voltage a little bit,
and it can show that the current starts building up again.

Nhung néu dién ap am khong cé bat ki dong nao chay qua né cho dén
khi dién &p di qua dat dén ngudng, tai di€ém ma dong bat dau hinh thanh
dan. Vang, vi vay toi cd thé tdng dién dp 1én mot chat, va téi c thé
chi’ng té rang dong bat dau hinh thanh dan trd lai.

So that's another interesting lum ped element called a Zener diode.

Let's switch to the next one called a diode. So a diode looks like th is: IV.

As the voltage across the diode becomes positive, around .6 volts,

or thereabout, the current begins to shoot up.
Vi vay dé la mot yéu té nguyén khai li thd khac dudc goi la diode Zener.
Hay chuyén sang cai ti€p theo dugc goi la diode. Vay diode trong gidng
nhu thé€ nay: IV. Khi dién ap qua diode ducng, quanh 0.6 von, hoac lan
can dé dong bat dau tang Ién.

But when the voltage is below that threshold of .6, then my current is
almost zero. It's another lumped element called a diode. And you will
begin using these elements in your 002 lives to build interesting
systems.

Nhung khi dién ép & dudi ngudng 0.6 dd, thi dong cua tdi gan nhu bang
0. N6 la mét yéu t6 nguyén khdi khac dudc goi la diode. Va ban sé bat



dau dung nhirng yéu t& nay trong 002 cua ban dé xay dung nhitng hé
théng li thu.

The next example is a thermistor. A thermistor is a resistor whose
resistance varies with temperature. OK, so this is a very expensive
little hairdryer, and what I'm going to do is blow some hot air at my
resistor, and you're going to see that its value is going to change
depending on how much I heat it.

Vi du tiép theo la dién trd nhiét. Dién trd nhiét la loai dién tréd ma gia
tri dién tré cla né thay déi theo nhiét d6. Vang, vay day | a mdt may
s8y téc rat dat tién, va nhitng gi tdi s& lam la théi mét s8 khi néng vao
dién trd, va ban s& thdy rang gid tri ctia nd thay ddi phu thudc v ao toi
lam noéng nd nhiéu hay it.

So as it cools down, let me cool it down, so you can see it's coming
down. I can zap it again. I could do this all day. This is so much fun.
OK, so that's another interesting lumped element. As the temperature
rises, its resistance changes.

Vi vay khi né lanh dan, hay dé& téi lam nd lanh dan, vi vay ban ¢ thé
th8y né giam xudng. T6i cb thé sira dGi nd lai. Tdi c6 thé | am diéu nay
subt ngay. Diéu nay qua vui. Vang, vi vay do la mot thanh phan nguyén
khéi Ii thi khéc. Khi nhiét d6 tdng, dién trd cua nd thay doi.

The next thing is called a photo resistor. It's a resistor. It used to be a
resistor; Lorenzo? Oh OK, that's fine. So this is a photo resistor. And
notice that it almost behaves like an open circuit.

Cai ti€p theo dudc goi la dién tréd quang. N6 la mot dién tréd. N6 dugc
dung nhu mot dién trd; Lorenzo? Oh, vang, diéu dé t6t. Vi vay day la
dién trd quang. Va chl y réng né hau nhu hoat dong giéng nhu mot
mach ha.

But what I'm going to do is shine some light on it. When I shine light
on it, it begins to conduct and becomes a r esistor of some value. There



you go. OK, so that's a photo resistor. So now I'm going to show you a
battery.

Nhung nhitng gi téi s€ lam la chi€u anh sang Ié€n no. Khi téi chiéu anh
sang |én nd, né bat dau dan va tré thanh mot dién trd cd6 moét gia tri nao
do. bay. Vang, vay dé la dién tréd quang. Vi vay bay gid toi chi cho ban
mot binh dién.

Notice we did talk about batteries before. I'll show you a battery. So
before you show a battery, just thinking your own minds, what should
the IV characteristic of a battery look like? IV. A battery supplies a
constant voltage.

Chu y rang ching ta d& noéi vé binh dién ti trude. Toi sé chi cho ban moét
binh dién. Vi vay tu trudc ban trung bay mot binh dién, hay nghi theo
cach riéng cua ban, dac tuyén IV cua binh dién sé nhu thé nao? IV. Mot
binh dién cung cdp moét dién ap khdng dai.

You know your little cell, the AA battery, 1.5 volts? So, think of what
the IV characteristic of a battery should look like for three seconds
before it shows you. This is the one I showed, Lorenzo?.

Ban biét pin nhé cua ban, pin AA, 1.5 V? Vi vay, hay suy nghi th{ xem
dac tuyén IV cua binh dién sé nhu thé nao trudc khi tdi chi cho ban.
bay la cadi ma toi da chi, Lorenzo?.

It's a straight line. This is a good battery. It's a straight, vertical | ine, but
says that the voltage is 1.5 volts, or thereabouts. No matter what

current it supplies as an ideal voltage source, it has a fixed voltage, V,
and no matter what the current going through is.
Pé 1a mdt dudng thdng. Pay [a mot binh dién t6t. N6 |la mot dudng
thdng dling, cho biét dién ap c& 1.5 V. B4t k€ dong né cung cép dong
bang bao nhiéu vdi vai tro la mot ngudn ap li tudng, nd co dién ap
khéng d6i, V, va bat ké dong qua né bdng bao nhiéu.
Now, I'll show you a dud, a bad battery, and this is what the bad
battery looks like. So, many of you have had your car batteries die on
you. When you go to the store, they check your batteries. They use
exactly this principle, that dead batteries have resistance.
Bay gid, t6i sé chi cho ban mo6t bu nhin, moét binh dién xau, va binh dién
xau trong giong nhu thé nay. Vi vay, nhiéu ban da cé binh dién xe hdi bi
hu. Khi ban di dén tiém, ho kiém tra binh dién cta ban. Ho dung ding
nguyén tac nay, nhirng binh dién chét dé co6 dién trd.

By the way, you see slopes here. You're thinking of resistance. OK,
they can use this property to figure out that your battery is dead. So
that's a dead battery. And finally, let me show you a bulb.

Qua day, ban thay do doc & day. Ban nghi dén dién tré. Vang, ho cé
thé dung tinh chat nay dé biét dugc binh dién cla ban hong. Vi vay dé
la binh dién hong. Va cudi cung, hay dé tdi chi cho ban mét bong dén.

We started with a bulb, and so I need to end, OK, we started with a



bulb, so I need to end with a bulb. And what you will see is that a bulb
simply behaves like a resistor. Its IV curve is going to look like this.
Chulng ta da bat dau véi mot bédng dén, va vi vay tbi can két thuc, vang,
ching ta d& bat dau vdi bdng dén, vi vay tbi can két thic véi bong den.
Va nhitng gi ban sé thay la bdng den don gian hoat dong giéng nhu dién
tré. budng cong IV cua nd sé cé dang nhu thé nay.

OK, notice this is my bulb. And guess what, it behaves like a resistor.
It's a very interesting kind of resistor, so I won't go into details for

now. But notice its IV characteristic behaves like a resistor.

Vang, cha y day la béng dén cua tbi. Va doan diéu gi, né hoat dong
giong nhu dién trd. N6 la moét loai dién trd rat li tha, vi vay toi sé khong
di vao chi tiét bay gid. Nhung chd y rang ddc tuyén IV cta nd gidng nhu
dién tra.

OK, so those are some pretty standard lumped elements. You deal
with a lot more sets of lumped elements, switches, MOSFETSs,
capacitors, inductors, a bunch of other fun stuff. But before we do
that, what I wanted to tell you, don't go berserk on this abstraction
binge.

Vang, vi vay nhirng cai nay la nhirng yéu t6 nguyén khai kha tiéu
chuén. Ban khao sat nhiéu tép hop céc yéu td nguyén khéi hon, cdng
tdc, MOSFET, tu dién, cubn cam, mot nhdm céac th li thd khac.
Nhung trudc khi chdng ta lam diéu dd, nhitng gi t6i mudn ndi vaéi ban
la, dirng c6 ndi quau vi nhitng cudc ché chén triru tugng hda.

Too much of anything is bad for you. So what I'm going to show you

is, abstractions or models are only valid provided you work within a set
of constraints. Notice, we have already had this tacit handshake which
said that we follow the discipline.

Qua nhiéu diéu xau cho ban. Vi vay nhiing gi téi sé€ chi cho ban la, su
triu tugng hda hoac cac moé hinh chi cé gia tri mién la ban lam viéc
trong mot tadp hop cac diéu kién rang bubc. Chu y, ching ta da cé
nhirng cdi bat tay ngam diéu do ndi rang ching ta theo nhitng quy tac.



Even after we follow the discipline, there are ranges to how well
physical elements can behave like ideal lumped elements. OK, for
example, what we will do is show you the resistor. And it's going to
look like a resistor.

Tham chi sau khi ching ta theo quy téc, cd nhitng pham vi dé céc
thanh phan véat Ii c6 thé hoat déng gidng nhu nhitng thanh phéan
nguyén khdi li tudng tét nhu thé nao. Vang, chdng han, nhirng gi
ching ta sé lam la chi cho ban dién tré. Va no s€ gidbng nhu mot dién
tré.

And I'm going to keep increasing the voltage around it. OK, what's
going to happen at some point? I just keep doing that. If it's an ideal
element, if you're a theorist, you say, oh yeah, the curve will keep
extending until I reach infinity.

Va tbi sé ti€p tuc tang dién ap qua nd. Vang, diéu gi sé xay ra tai mot
diém nao d4? Toi tiép tuc lam diéu d6. Néu nod 1a mot thiét bi i tudng,
néu ban la mot nha li ludn, ban nodi, oh vang, dudng cong sé tiép tuc
kéo dai cho dén khi I dat dén v6 cung.

But this is a practical resistor, so peop le out here can cover your eyes
or something. OK, so you're abstraction can't predict that. All it says is
the current is an amp. It can't predict the heat, light, or the smell.
Nhung day la mot dién trd thuc té, vi vy ngudi ta ngoai day cb thé che
mat cGia ban hodc th( gi dé. Vang, vi vay ban thuc hién su triru tugng
hda khdng thé dodn diéu dé. Nghia l1a dong Ia mét ampe. N6 khdng thé
tién doan nhiét, anh sang, hoac mui.

In the laboratory, even, you get the smell. You know what somebody
has just done. So that's one example of the | umped abstraction
breaking down. So, if I really believe that my own BS, anything is a
lumped element.

Trong phong thi nghiém, tham chi, ban nhan dugc mui. Ban biét ai do
vUa lam gi. Vi vay dé la mot vi du vé su triru tugng hda nguyén khoi
pha v&. Vi vay, néu téi thuc su tin rang BS cua riéng téi, bat cr thr gi
la moét yéu t6 nguyén khoi.

So here's a pickle. A pickle is a lumped element. I can choose it as a
lumped resistor. But this is a very interesting lumped resistor. Don 't
try this at home. This is a standard pickle into which you are pumping
110 V AC.

P4y |a chat tdy. Chat tdy 1a mot yéu td nguyén khéi. Toi cd thé chon nd
la mot dién tré nguyén khoi. Nhung day la mot dién tré nguyén khaoi rat
li thd. Bung thr cdi nay tai nha. Pay la chat tdy tiéu chudn ma ban
bom 110 V xoay chiéu vao trong no.

I promise you, this is a standard pickle. So, it has a fixed resistance,
but your lumped abstraction cannot predict the nice light and sound



effect. OK, so the last two or three minutes what I want to do, so
remember, don't get carried away by abstractions.

Toi hlra v3i ban, day la mét chat tdy tiéu chuén. Vi vy, né cd dién trd
cd dinh, nhung su triru tugng héa nguyén khdi cia ban khdng thé tién
doan hiéu U’ng anh sang va am thanh dep. Vang, vi vay hai hoac ba
phut cudi cung nhirng gi toi mudn lam, vay hdy nhd, dirng qua xuc
dong bdi su triu tugng héda.

There are limits. OK, you can't predict everything. OK, that's the smell
of a pickle. OK, so let me give you a preview of some upcoming
attractions, and show you one more quick simplification in the last few
minutes.

C6 nhirng gii han. Vang, ban khdng thé tién doan moi th(r. Vang, dé la
mui cla chéat tdy. Vang, vi vy hay d€ tdi chi cho ban mét cai nhin téng
quan vé mot s6 su triiu tugng sap tdi, va chi cho ban mét su don gian
hdéa nhanh han trong vai phut cudi.

So what we can do, once we build these lumped elements, we can
connect them in circuits. OK, so I can build a circuit, of the sort. So
here's a voltage source with a bunch of resistors. I can connect them
with wires and build a circuit of the sort.

Vi vdy nhitng gi ching t6i cé thé lam, mdt khi chiing tdi d& xay dung
dudc nhitng yéu t8 nguyén khdi nay, chiing ta cé thé két ndi chling vao
mach. Vang, vi vy toi cb thé tao ra mdt mach vé hé théng déd. Vi vay
day 1a ngudn ap v3i mdt nhdm céc dién trd. Téi cd thé ndi ching véi
day va tao ra mot mach vé hé théng do.

One interesting question we can ask ourselves is, under the lumped
matter discipline, what can we say about the voltages? OK, if I go
around the loop, provided my world adheres to the lumped matter
discipline, what can I say about the voltages around this loop? Ah -ha,



Maxwell again, right? So, I can write Maxwell's appropriate equation to
solve that.

Mot cdu hoi li thd ma ching ta cé thé tu hoi |a, theo nguyén tic ddi
tuong nguyen khoi, chung ta cd thé ndi gi vé dién ap? Vang, néu toi di
quanh mot vong, mién la thé g|d| cua téi tuan theo nguyén tac ddi tugng
nguyén khdi, téi cé thé ndi gi vé dién ap qua vong nay? Aha, Lai la
Maxwll, dung khdng? Vi vay, tbi cd thé viét ra cac phuong tr‘mh Maxwell
thich hgp dé giai quyét diéu do.

OK, voltages have something to do with E and your integral of E dot dI
and all of that stuff, right? So this is the appropriate Maxwell's
equations to use. And I want to find out what happens here.

Pién &p cd gi d6 dé& Iam vdi E va tich phan cua ban E nhan vé hudng dl
va tat ca nhirng thir nay, dung khong? Vi vay day la cac phuong trinh
Maxwell thich hgp dé dung. Va tdi muén tim ra nhitng gi xay ra & day.

Now remember, under LMD, I made the assumption. OK, my world, my
playground, has del phi B by del t being zero. The rate of change
of flux is zero. So, under these circumstances, I can write this.
Bay gid hdy nhd rang, trong LMD, t6i d& s dung mot gia thuyét. Vang,
thé& gidi cla tbi, sdn chai cua tdi, cé del phi B trén del t bang 0. T6c do
thay ddi tir thdng bang khdng. Vi vay, trong nhitng diéu kién nay, tdi cd
thé viét diéu nay.

I can break up this line integral into three parts across the voltage
source and across the two resistors and write that down. OK, and then
when I can do, is now that the right-hand side is zero, I can simply
take this.

Toi ¢ thé chia tich phadn dudng nay thanh ba phan qua ngudn ap va
qua hai dién trd va viét diéu dé ra. Vang, va sau dé khi téi cé thé lam,
la bay gid v& phai bang khdng, tdi don gian cb thé 18y cai nay.

And I know that E dot dl across this element is simply VCA. This is
VAB, and this is VBC equals zero. OK, so when I make the assumption
that del phi B by del t is zero, and I go around this loop, apply
Maxwell's equations, what do I find? I find that the sum of the
voltages, VCA plus VAB plus VBC, is zero.

Va t6i biét rang E nhan vd hudng dl qua thanh phan nay daon

gian la VCA. Day la VAB, va day la VBC bang 0. Vang, vi vay khi
toi gia sur réng del phi B trén del t bang 0, va t6i di quanh theo
vong nay, ap dung cac phu’dng trinh Maxwell, t6i tim dudc gi?

Toi tim ra rang téng cua dién ap, VCA cdng VCB cdng VBC bang
khong.

That's fantastic. So now, I could say hasta la vista to this baby here.
And I can focus on this guy and say, Maxwell's equations, this thing
with squiggles and dels and all that stuff, can be simplified to the sum
of the voltages across a set of elements in a loop in a circuit is zero.



Diéu dé that ki la. Vi vay bay gid, tdi co thé ndi hen gadp lai dra bé nay
& day. Va toi cb thé tdp trung vao thang nay va ndi, cac phuong trinh
Maxwell, th& nay véi nhitng dudng ngodan nghéo va nhiing del va tat ca
th& dd, cé thé dudc daon gian hda bang téng clia dién dp qua tap hop
cac yéu to trong vong trong mot mach bang khong.

OK, and this is called Kirchhoff's first first law, KVL. OK, similarly, in
recitation section, you'll see the application of Kirchhoff's current law,
which comes from this be equal to zero, and all the currents coming
into a node being zero.

Vang, cdi nay dudc goi la dinh luat Kirchhoff th(r nhat, KVL. Vang, tudng
tu, trong phan kiém tra miéng, ban sé thdy ('ng dung cua dinh luét
dong Kirchhoff, né xuat phat tir viéc cdi nay bang khdng, va tat ca cac
dong dién di vao trong moét nat bang khong.

So, KVL and KCI directly come out of the lumped matter discipline. And
you can use those to solve circuits like this.

Vi vy, KVL va KCL nhu 1a su thé hién clia nguyén téc d6i tugng nguyén
kh&i. Va ban cé thé dung cai nay dé gidi mach giéng nhu thé nay.



