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Frontiers of Biomedical Engineering: Lecture 1 Transcript

Professor Mark Saltzman: Thisis acourse, aversion of which I've taught almost every
year for the last twenty years and it evolves alittle bit every year. | think | get alittle bit

better at it, so hopefully you'll get some advantage from that experience. But the ideaisto

try to present to you what's exciting about Biomedical Engineering, the ways that one can

take science and mathematics and apply that to improve human health. I'm not working
alone here, but we have three teaching fellows who are affiliated with the course, two of

which are here today. Yen Cu is back there, Yen raise your hand higher so everyone can

see. Yen worked on the course last year and she's the senior of th e teaching fellows that
are working on the course this year. Serge Kobsa is in the back and helll be the second

teaching fellow. | should mention that Yen is a PhD student in Biomedical Engineering

and Sergeisan M.D./PhD student who's getting his PhD in Biomedical Engineering. The
third teaching fellow couldn't make it today, his name is Michael Look and I'll introduce
him to you when he's available.

Pay la mot khoa hoc, mot phién ban ma t6i da day gan nhu hang nam trong hai muoi
ndm qua va no phét trién mot it moi ndm. T6i nght rang t6i da kha hon mot chit trong
viéc dd, vi vay hy vong ban sé nhan duoc mot s lgi ich tir kinh nghiém d6. Nhung y
twdng chinh 1a ¢d gang mang dén cho ban nhitng gi |i tha vé ki thuét y sinh, 1a céc
phuong phap ldy toan hoc va khoa hoc va &p dung ching dé cai thién stc khoe con
nguoi. T6i khong lam viéc mot minh & day, ma chang téi co ba trg gidng cung tham gia
vao khda hoc, hai trong s6 dé dang & day hom nay. Yen Cu tré lai d6 roi, Yen gio tay cao
hon dé moi ngudi cé thé nhin thdy. Yen tham gia quan Ii khéa hoc nay nam truéc va cd
dy la ngudi cé tham nién hon nhiing tro gidng maéi tham gia v ao khda hoc ndm nay. Serge
Kobsa & phia sau va anh s& la trg giang tht hai. Yen [a mét nghién ctru sinh nghanh ki
thuat y sinh va Serge la mét cling la nghién ctru sinh da tét nghiép nghanh KT thuat y
sinh. Trg gidng th* ba khéng c6 mat & day, tén anh ay la Michael Look va toi sé gidi
thiéu anh dy cho ban khi anh dy c6 mat.

This is the goa for my first lecture today, to try to answer these questions. Y ou might
have already noticed that I'm using the classes V2 server so the syllabus is there, I'm
going to go over the syllabus allittle bit later, but the syllabus is available online. The first
reading is available online and I'll talk more about the readings when | get to that portion
of the lecture here. I'm going to post PowerPoints for al the lectures, hopefully at least
the day before the lecture takes place, so | posted this last night. Some students find that
they benefit from printing out the PowerPoints and they can just take their notes along



with the dides as | go and that's one way to do it, but feel free to do it whatever way
works for you, but those should be available.

Pay 12 muc tiéu cho bai giang dau tién cla téi hdm nay, dé cd gang tra 1oi nhitng cau hoi
ndy. CA thé ban d& nhan thay rang tdi dang ding méay chi V2 cta I6p hoc vi vay chuwong
trinh hoc cé & do, la nita t6i s& xem xé ki ludng chwong trinh hoc mét chat, nhung
chuong trinh hoc ¢ san trén mang rdi. Cac bai doc cho budi hoc dau tién da co san trén
mang roi vatéi sé ndi thém vé cac bai doc khi téi dén phan bai gidng & day. Toi sé dang
t4t c& cac bai giang Powerpoints Ién mang, hy vong it nhat 1a ngay tridc khi dién ra bai
giang, vi vay toi da dang cai nay vao dém hém qua. Mot s6 sinh vién nhan thay rang ho
dwoc hudng loi tir viéc in an cac bai giang Powerpoints va ho cé thé chi can ghi chép
thém vao céc dide khi t6i giang va dé la mot cach dé lam diéu do, tat nhién ban cling c6
thé 1am theo bét ci¥ cach nao maban thich, nhung nhitng thir nay s& c6 san .

The questions | want to try to answer today are what is Biomedical Engineering? So why
would you be interested in spending a semester learning about this subject? I'll talk about
who will benefit from the course and a little bit about sort of the detailed subject matter
that we'll cover in the course of this semester. To answer the question what is Biomedical
Engineering, we're going to spend time on that today and we'll spend time on Thursday,
and | want to approach it from a couple of different angles.

Céc cau hoi matéi mudn cb gang tra 10i hom nay 1a K§ thuat y sinh 1a gi? Vay tai sao
ban quan tam dén viéc s dung mot hoc ky dé hoc mon nay? Toi s& nbi vé viéc ai £ duoc
hwéng loi tr khda hoc va mot chat it vé cac van dé chi tiét ma ching ta sé nghién clru
trong mon hoc nay. DE tra 10i cau hoi Ky thuat y sinh lagi, chiing téi sé danh cho né buoi
hém nay vangay Thir nam, vatdéi muén ti€p can no tir mot vai géc do khac nhau.

Oneis by just showing you a series of pictures which you might recognize and talk a bout
why thisis an example of Biomedical Engineering. This is one picture that probably you
all know what it is when you see it, it's a familiar looking image. It's something that
probably we al have some personal experience with, right? This is a chest x-ray that
would be taken in your doctor's office, for example, or a radiologist's office. And it isa
good example of Biomedical Engineering and that it takes a physical principle, that is
how do x-rays interact with the tissues of your body, and it uses that physics, that
physical principle to develop a picture of what's inside your body, so to look inside and
see things that you couldn't see without this device. And you'll recognize some of the
parts of the image, you can see the ribcage here, the bones, you can see the heart is this
large bright object down here. If your - have good eyesight from the distance that you're
at you can see the vessels leading out of the heart and into the lungs, and the lungs are
these darker spaces within the ribcage.

Tht nhat |a chi bang trung bay cho ban mot loat cac hinh anh ma ban c6 thé nhan ra va
noi veé ly do tai sao day lamot vi du vé Ky thuat y sinh. Bay la mot birc &nh maco 18 tat
Cca cac ban déu biét né lagi khi ban nhin thay n6, n6 lamot hinh anh tréng rat quen thudc.
NO laca gi dé ma c6 I8 tat ca ching ta déu cd mot s6 kinh nghiém ca nhan vé n6 , phai
khong? Pay la birc anh chup x-quang nguc duoc 18y trong phong mach béc si, chéng han,



hodc clia mot phong chup x-quang. Vané la mot vi du tot vé Ky thuét y sinh va né dua
trén mot nguyén |i vat i, d6 la cach dé lam céc tia x twong tac vdi cac mo trong co thé
clia ban, vané sir dung nguyén tac vat Ii d6, nguyén tac vat ly dé tao ra birc anh bén trong
co thé clia ban, nhw vay cé thé nhin vao bén trong va thdy nhitng thir khdng thé thay bang
mat thwdng. Va ban s& nhan ra mot s6 phan clia hinh anh, ban cé thé thay 16ng nguc &
day, xuong, ban co thé thdy tim la ving sang rong dudi day. Néu ban - ban cd thi lyc t6t
tlr chG ban ban cd thé thdy cac mach dan rangoa tim vavao phdi va phéi laving khéng
gian t6i hon nay bén trong I6ng nguc.

Physicians over the years of having this instrument have learned how to be very
sophisticated about looking at these pictures and diagnosing when something is wrong
inside the chest, for example. So thisis an example of Biomedical Engineering, one that
is well integrated into our society to the point that we've probably all got a picture like
this somewhere in our past, and where we understand the physical principles that allow
usto useit.

Céc béc sy trong nhiéu nam c6 trong tay phuong tién nay da biét duoc cach dé cé duoc
si¥ tinh vi khi xem xét nhitng birc dnh n ay vachan doan khi cé diéu gi d6 bat 6n bén trong
1dng nguc chang han. Vi vay, day lamot vi du vé K§ thuat y sinh, cai datrd nén phé bién
trong x& hdi cta ching ta dén mirc maco |é tat cd moi nguoi trong chidng ta déu c6 mot
btrc anh giong nhu thé nay dau dé trong qua khir clia chiing ta, va & dé ching ta hiéu
duoc nguyén tac vat Iy cho phép ching ta st dung no.

We've gotten, over the last two decades in particular, very sophisticated about taking
pictures inside the body allowing doctors to ook inside the body and predict things about

our interna physiology that they couldn't predict just by looking at us or putting their

hands on us. Thisimage on the top here is another example of an imaging technique, this
is a Positron Emission Tomograph, or PET image, and it's taken by using radionuclides

and injecting them into you, so radioactive chemicals that interact with tissues in your

body in a specific way and you can where those radioactive chemicals go. It allows us to

look not just at the anatomy of what's going on inside your body like an x -ray does, but to
look at the chemistry, the biochemistry of what's happening inside a particular or gan or
tissue in your body. In this case, these are pictures of the brain and this has been an

exceptionally important technique in understanding how molecules like neurotransmitters
affect disease and how they change in certain disease states in people, and we'll talk about
this as another example of Biomedical Engineering, this advanced method is for imaging

inside the body.

Noi riéng, hon hai thap ky qua, ching ta darét tinh vi trong viéc chon cac bic anh bén
trong co thé cho phép cac bac si nhin bén trong co thé va dy doan nhitng diéu vé sinh ly
bén trong co thé clia chiing ta diéu ma ho khong thé tién doan duwoc khi chi can nhin vao
ching ta hodc dat ban tay cta ho 1én chang ta. Hinh &nh phia trén cung & day lamét vi du
khac vé k¥ thuat chup anh, day 1a mot anh chup Positron cét 16p, hodc anh PET, vano
duoc three hién bang cach st dung céc nuclit phong xa va tiém ching vao ban, sau dé cac
hda chat phéng xa twong tac véi cac mo trong co thé clia ban theo mot cach dac biét va
ban co thé ghi lai noi ma hda chéat phong xa da di. Né cho phép chiing t6i xem khong chi



nhin vao céu tric giai phau cta nhitng gi dang xay ra bén trong co thé clia ban nhu tia x
lam, ma con dé nhin vao hda hoc, hda sinh clia nhitng gi xay ra bén trong mét co quan
hodc md cu thé trong co thé ctia ban. Trong trwdng hop nay, day la nhitng btrc dnh néo va
day datirng lamot ki thuat dac biét quan trong trong viéc hiéu cach thirc m a céc phén tir
chéng han nhu chat dan truyén than kinh anh hudng dén bénh tat va ching thay déi nhw
thé nao khi con nguoi & trong tinh trang bénh tat, va ching t6i sé thao luan vé diéu nay
nhu 1a mot vi du khéc clia K¥ thuat y sinh, phuvong phap tién tién nay dung dé vé hinh
bén trong co thé.

WEell this third picture you can't probably see too much about but you probably recogniz e
what it is, right? Where was this picture taken? What kind of a space was it taken in?

Vang btrc anh thir ba nay ban c6 Ié khong thé thdy qua nhiéu nhung ban co6 thé nhan ra né
la gi, phai khong? Blc anh nay duoc chup & dau? N6 dugc chup trong loai khong gian
nao?

Student: [inaudible]

Professor Mark Saltzman: Somebody said OR or operating room and that's right, thisis
apicture in an operating room, and operating rooms if you went into any operating room
around the country you would see lots of examples of instruments that are used to help
surgeons, anesthesiologists to keep the patient aive and healthy during the course of a
surgery.

Vai nguoi néi OR hodc trong phong mé vadiéu do ding, day labrc anh trong phong mé,
va céac phong mé, néu ban da di vao bat ky phong mé nao trén khap dat nuéc ban sé thay
rat nhiéu vi du vé cac dung cu dugc ding dé hd trg cho béac st phau thuét, bac si gay mé
dé gitr cho bénh nhan con sdng vakhde manh trong qué trinh phau thuét.

This particular one down here, this portion here is a heart/lung machine and this is a
machine that can take over the function of a patient's heart and lungs during the period
when they're undergoing open heart surgery, for example. If they're having a coronary
artery bypass or they're having a heart transplant, then there's some period at which their
normal heart - their heart is stopped and this machine assumes the functions of their heart.
And thisis, | think, an obvious example of Biomedical Engineering, building a machine
that can replace the function of one of your organs even temporarily, for example, during
an operation.

Diéu déc biét dwdi day, phan nay & day la mdt may tim/phoi va day la mot may maco thé
thay thé chirc ning cla tim va ph6i cla bénh nhan trong sudt thoi gian ho trai qua phau
thuat tim mé chang han. Néu ho duoc thyc hién phau thuat bac cau mach v anh hodc cdy
ghép tim, thi s& c6 mot khoang thoi gian nao dé tim binh thwong cla ho - tim cia ho
dirng hoat dong va méy nay s& dam nhan chic ning ciia tim ho. Va day 13, téi nght rang,
mot vi du hién nhién vé k¥ thuat y sinh, ché tao mot may cé thé thay thé chirc nang cla
mot trong nhitng co quan trong co thé ban cho du chi la tam thoi, chdng han, trong lic
phau thuat.



This is another familiar picture, | purposely picked one that looked sort of old fashioned

compared to the usua way you see this, which might be on the ni ghtly news. You see a
bleep going across the screen to indicate that they've got their finger on the pulse of

what's happening, or you seeit in TV shows like ER. Y ou see these images on computer

screens all the time; it's an example of an EKG or ECG, an electrocardiograph. It's a
machine that also looks inside your body, but looks inside in a different kind of way.

Rather than by forming an image or a picture you put electrodes on the surface of the

body and measure the electrical potential as a function of position on the body. It turns
out the electrical potentia or electricity that you can measure on the surface of the body

reflects things that are happening deeper inside like the beating of your heart. If you put

the electrodes in the right position and you measure in the right way you can detect the
electrical activity of the heart and record it on a strip recorder like this one shown here, or

display it on a computer. So this is another example of Biomedical Engineering where

you can look at the function of a heart in a living person and a physician who is
experienced at looking at these, and a machine that works well, with those two things you

can diagnose a lot of things that are happening inside of a heart and welll talk about that

about halfway through the course.

Pay la mot bic anh quen thudc, téi c6 y chon cai c6 vé cli hon so véi cadi maban thuwdong
nhin thay, né cd thé xudt hién & trén cac ban tin budi toi. Ban thdy mot bip bip di ngang
qua man hinh dé cho biét rang chiing biét nhitng gi dang xay ra, hodc ban thdy no trong
chuong trinh TV nhue ER. Ban thdy nhiing hinh &nh trén man hinh méay tinh moi ldc, né la
mot vi du ctia mot EKG hay ECG, may ghi dién tim. 6 la m6t may cling nhin vao bén
trong co thé cta ban, nheng nhin vao bén trong theo mot phwong phap khac. Thay vi
bang viéc tao ra mot hinh anh hodc birc anh ban dit cac dién cuc trén bé mét clia co thé
va do dién thé nhuv mot ham theo céc vi tri trén co thé. Héarala dién thé hodc dién lvong
ma ban do trén bé mat cla co thé phan anh nhitng diéu dang xay ra sau hon bén trong
nhu s dap cua trai tim cla ban. Néu ban dat cac dién cuc & vi tri thich hgp va do theo
céch thich hop ban c6 thé phat hién cac hoat dong dién cua tim v a ghi nd trén mot may
ghi dai nhv cai dwoc hién thi & day, hay hién thi nd trén méy tinh. Vi vay, day la mot vi
du khac vé Ky thuat y sinh, & d6 ban c6 thé xem cac chirc nang cua tim clia mot nguai
dang tinh tdo va mét bac si la nhitng ngudi c6 kinh nghiém trong viéc nhin céi nay, va
mot may hoat dong t6t, véi hai thir nay ban cé thé chan doan nhiéu thir dang xay ra bén
trong tim vachuing toi sé ndi vé diéu do trong khoang gitra ctia khéa hoc.

This picture might be less familiar to you but you probably al know that we have

developed over the last 100 years or so the ability to take cells out of a person, or c ells
out of an animal, and keep those isolated cells alive in culture for extended periods of

time: this technology is called cell culture technology. We're going to spend quite of bit

of time talking about it during the third week of the course. By taking cells from the skin,
for example, or cells from your blood or cells from the bone marrow and keeping them

alivein culture, we've been able to study how human cells work and learn alot about the

functioning of human organism. We've also learned how to not only keep cells alive, but
in certain cases make them replicate outside the body, so maybe you could take a few

skin cells and keep them in culture in the right way and replicate them so that you get

many millions of skin cells after several weeks or so.



Anh nay c6 thé I1a it quen thudc véi ban nhung c6 18 tat ca cac ban déu biét rdng ching toi
da phét trién hon trong khoang hon 100 ndam qua kha nang lay té€ bao ra khdi co thé con
ngudi, hodc ra khoi co thé dong vat, va gitr cho nhitng té€ bao bi cach li nay con song
trong qua trinh cdy trong khoang thoi gian dai: kT thuat nay dwoc goi la ki thuat nudi cay
t€ bao. Ching ta s& bd mot it thoi gian dé tim hiéu vé nd trong sudt tuan thir ba ctia khoa
hoc. Bang céch l4y céc té bao tir da chdng han, hodc cac té bao tir mau hodc céc té bao tir
thy xwong va gitt cho ching song trong qua trinh cdy, ching toi da co thé nghién clu
céch thirc hoat dong cla t€ bao nguwoi va tim hiéu nhiéu vé hoat dong cta co thé con
nguoi. Ching toi cling d& nghién clru cach thic dé khong chi la gitr cho céc té bao con
sdng, ma trong treong hop nao do lam cho ching tai tao bén ngoai co thé, do dé ban ¢
thé ban cd thé 1dy mot vai té bao da va gitr ching trong noi nudi cdy theo céach thich hop
vatéi tao chiing dé cho ban nhan dwgc hang triéu té bao da sau khoang vai tuan.

Now one of the new technologies that's evolving, that we're going to talk about in the last
half of the course, is taking cells that have been propagated in this way outside the body
and encouraging them to form new tissues. This is one exam ple of that: thisis actually
artificial skin. It'sin this Petri dish. Here is a thin membrane, it's a polymer scaffold, and
on that polymer scaffold scientists have placed some skin cells and they've alowed it to
grow. And if you maintained it in the ri ght way, this polymer scaffold together with the
skin cells will grow into skin. And you can use this tissue engineered skin to treat a
patient who's had severe burns, for example, or a diabetic who's developed ulcers that
won't heal. So thisis an example of a technology that's just emerging now, it's certainly
going to impact you in your lifetime and we'll talk about how it works and what the
current state-of-the-art is there.

Hién nay mot KT thuat m¢i da dwoc phét trién, chiing ta sé ndi vé Ki thuat nay & nira sau
clia khéa hoc, lalay céc té bao dwoc nhan giong theo cach nay bén ngoai co thé vathic
ddy ching hinh thanh cac mé mai. Bay la mot vi du cho Ki thuat d6: day thuc chat lada
nhéan tao. N6 & trong dia Petri nay. Bay la mét mang moéng, né la mét khung d& polymer,
vatrén khung d& polymer d6 cac nha khoa hoc da dat vao mot sé té bao da vaho datao
diéu kién cho nd phét trién. Vanéu ban duy tri né ding cach, cac khung d& polymer nay
cuing voi cac té bao da sé phat trién thanh da. Vaban ¢ thé str dung da moéng dugc thiét
k& nay dé didu tri cho bénh nhan bdng nang chang han, hodc mdt nguoi bi bénh tiéu
dwong trén co thé ho hinh thanh céc vét loét khong lanh. Vi vay, day lamot vi du vé mot
cong nghé mai ndi 1én hién nay, chac chan né s& co tac dong dén cudc sdng clia ban trong
cudc doi cla ban va ching toi sé& nbi vé cach thirc hoat dong clia né va nd da tién trién
dén dau trong hién tai.

This device held here is really made of mainly plastic and a little bit of metal. It's a fully
implantable artificial heart, and it was introduced about seven or eight years ago now. It
was implanted into the first patient, a gentleman in Kentucky, and he stayed alive for a
period of time with this device replacing his heart. Development of an artificial heart,
again another example of Biomedical Engineering, is something that people have been
trying to accomplish for decades now, and this is the closest that we've come and there
are many advantages of this particular artificial heart. And it's important innovation in
several different ways and we're going to talk about this whole science of building



artificial organs, devices that are made out of totally synthetic components to replace the
function of your natural organs, and the artificial heart is a good example of that.

Thiét bi duoc gilr & day thuc su duoc tao ra chi yéu tlr chat déo vamot it kim loai. B6 la
mot trai tim nhan tao hoan toan cd thé cdy ghép, va né daduoc gidi thiéu khoang bay hay
tam nam trwéc day. N6 duoc cdy ghép vao bénh nhan dau tién, mot quy ong tai
Kentucky, va éng ta van con sdng trong mot khoang thoi gian véi thiét bi nay thay thé
tim cla 6ng dy. Ché tao moét trai tim nhan tao, lai la mot vi du khac clia K¥ thuat y sinh,
la diéu gi d6 ma con ngudi da co gang dat dwoc trong nhiéu thap ky nay, va day la thanh
twu gan day nhat ma ching ta dat duoc vatra tim nhan tao dac biét nay c6 rat nhiéu wu
diém. Vatrong chirng muc nao dé day la sy cach tan quan trong va chiing ta sé néi vé
diéu nay trong khoa hoc vé ché tao cac co quan nhan tao, cac thiét bi dwgc lam ratlr cac
thanh phan hoan toan nhan tao dé thay thé chic nang clia co quan tw nhién cta ban, va
tréi tim nhan tao lamot vi du dién hinh trong s6 do.

This picture on the bottom here is realy just a series of colored dots. Some are yellow,

some are red, and some are green - does anybody know what this is? Have you seen
pictures like this? It's an example of atechnology called a gene chip that alows you to,

on each one of these spots there is DNA for example, that's specific for a particular gene

in your genome, in the human genome for example. By incubating a small sample of

fluid from a patient on a gene chip like this, where every one of these dots represents a
different gene, you can see by looking at the pattern of colors on this chip which genes

are being expressed and which genes are not being expressed in that particular individual.

So it lets you do a profile of not just the genes that you possess, for example, but what

genes are actually being used to make proteins in the cells that surround the f luid where
this was collected. So this has been a remarkable innovation. It's another example of

Biomedica Engineering technology that allows us to look at what's happening inside an

individual, a patient, in atotally different way than we were before. B y looking to see not
just what genes you carry but what genes are being used at particular times in your life.

Thisis mainly aresearch tool now, but there's lots of reasons to believe that thisis going

to change the way that physicians practice medicine by alowing them to diagnose or
predict what's going to happen to you in ways that they can't currently. And so we'll talk

about technologies like this, where they're at, what the scientific basis of it is, and how

they might be useful.

Blc anh dudi day thuc sw chi lamot chudi cac chdm mau. Mot s6 mau vang, mot s6 mau
doé, vamot sé c6 mau xanh lacay - co ai biét day la gi khdng? Ban ¢ tirng thdy hinh anh
giong nhu thé nay chua? D46 la mot vi du vé mot cong nghé dwoc goi lamdt chip gen cho
phép ban, trén moi mot diém ndy c6 ADN chang han, n6 dic trung cho mét gen ndo do
trong bd gen ctia ban, trong bd gen con ngudi chang han. Bing cach G mdt mau chat 16ng
nho tir bénh nhan trén mot chip gen nhu thé nay, & d6 mdi mot ddu chdm nay twong trung
cho mot gen khac nhau, bang cach nhin vao céc hoa van mau sac trén chip, ban cé thé
biét dwoc gen ndo dang dwoc biéu dién va gen nao khong dwoc biéu dién trong nguoi do.
Vi vay, n6 cho phép ban lam mét ho so clia khéng chi cac gen maban c6, malacac gen
nao thuc s dang dwoc st dung dé tao cac protein trong cac té bao bao quanh chét long
noi cai nay duoc thu thap. Vi vay, day lamot sy d6i méi dang ké. D6 la mot vi du khac



vé cong nghé K¥ thuat y sinh, cho phép ching ta nhin nhitng gi dang xay ra bén trong
mdt ca nhan, mot bénh nhan, theo mét cach ho an toan khac so v&i nhitng cach ma ching
ta da co trude do. Bang cach nhin dé hiéu khdng chi cac gen maban mang lagi macon la
cac gen duoc st dung tai tirng thoi diém cu thé trong cudc sdng cua ban | agi. Hién nay,
cé nay chi yéu lamot cong cu nghién ctru, nhung co rét nhiéu ly do dé tin rang diéu nay
8 thay d6i cach ma céc béc st ngoai khoa thuc hanh y hoc bang cach cho phép ho chan
doan hodc dv doan diéu gi s& xay ra véi ban theo nhitng cach maho khong thé tién hanh
trong hién tai. Vavi vay ching t6i sé néi vé nhirng cong nghé giéng nhu thé nay, chang &
dau, co s¢ khoa hoc cuia ching lagi, va ching hitu dung nhu thé nao.

This is an airplane, what does that have to do with Biomedical Engineering? Well you

could stretch it and say that an example of engineering to improve human health is
getting them from one place to another, but that would be more of a stretch than I'm

going to make. But it turns out that technologies like airplanes, which were developed in

the last century, have become integral parts of medicine. For example, you al know that

the only treatment for some diseases is to get an organ transplant: a kidney transplant, or

a liver transplant is the only life extending intervention that can be done for some kinds
of diseases. Transplants require donors, and the donor organ is usually not at the same
physical location that the recipient is, and so jets like this one have become very

important in connecting donorsto recipients. A team of surgeonsisw orking to harvest an
organ at one site while another team of surgeons is working to prepare the recipient at

another site, and the organ is flown there. Now why does that happen? Because you have
to get the organ from one place to another fast, right? The organ has to get from one place
to another very rapidly and thisis the fastest way to do it. Well what if we could develop

ways using engineering techniques to extend the life of an organ, so it didn't have to get it

where it went so quickly? Then that would open up lots of more possibilities for organ
transplantation than are known now. What if we could figure out ways to avoid organ

transplantation entirely? What if we could just take a few cells from that donor organ,

ship them to the site, grow anew organ at the site and then implant it there?

Pay la mot may bay, né cé lién quan gi dén Ki thuat y sinh? Vang, ban ciling cé thé suy
réng ravanoi rang, do la mét vi du vé k¥ thuét dé cai thién sirc khde con ng woi 1a dua ho
tlr mot noi nay dén mot noi khac, nhung téi mudn dé cap dén mét ham y khac. Nhung
héarala cac cong nghé nhi may bay, duoc phat trién trong thé ky qua, datré thanh mot
bo phan khong tach roi cia y hoc. Vi du, tat ca cac ban déu biét rang phwong phép diéu
tri duy nhat cho mét s6 bénh la cdy ghép co ndi tang: ghép than, hodc cdy ghép gan la sy
can thiép duy nhat dé kéo dai cudc séng co thé dugc thuc hién cho mdt so loai bénh. Cay
ghép doi hoi phai cd nguoi cho, va ngudi cho thuong & mot dia diém khac véi nguoi
nhan, vavi vay may bay phan lwc nhu thé nay datré nén rat quan trong trong viéc két noi
ngudi cho vai ngudi nhan. Mot nhom bac st phau thuét dang 1am viéc dé thu co quan ndi
tang tai mot noi nao do trong khi mot ddi ngli béc i phau thut khac dang 1am viéc dé
chuan bi nguoei nhan tai mot noi khéc, va cac co quan duoc dwa nhanh téi do. Bay gio tai
sao diéu do xay ra? Bai vi ban phai dwa mot co quan tlr noi nay dén noi khac that nhanh,
phai khéng? Cac co quan phdi duoc dua tr noi nay dén noi khac that nhanh va day la
céch nhanh nhat dé lam diéu doé. Vang, gia nhu ching ta co thé nghi ra cac ki thuat nao
dé dé kéo dai thoi gian song clia cac co quan ndi tang, do dé khéng can phai di chuyén



qua nhanh? Vi vay diéu do sé m¢ ra nhiéu kha nang hon cho cdy ghép ndi tang hon trong
hién tai. Gia nhv chiing ta cd thé nghi ra cach dé tranh hoan toan viéc cay ghép ndi tang ?
Gia nhu chiing ta c6 thé chi can lay vai té bao tlr cac co quan cho dé, chd ching dén mot
noi, phét trién mot co quan moi tai do va sau do cdy ghép né & do?

These are examples of Biomedical Engineering of the future that expand on what we
currently use, which involves to no small extent, technology like this. | would guess that
probably 30% to 50% of you do this everyday, you put a piece of plastic, a synthetic
piece of plastic into your eye to improve your vision. Contact lens technology has
changed dramatically from the time that | was born to the time that you were born, and
the contact lenses you use today are much different than the ones that would have been
used 30 years ago. This is Biomedica Engineering as well. Engineers who are
developing new materials, materials that can be, if you think about it, there's not very
many things that you would want to put in your eye and that you would feel comfortable
putting into your eye, so this is a very safe, a very inert material. What gives it those
properties? What makes it so safe that it can be put in one of the most sensitive placesin
your body, in contact with your eye? Why do you have confidence putting it in contact
with one of the most important organs of your body? Because you trust biomedical
engineers to have done a good job in designing these things and we'll talk about how
biomaterials are designed and tested, and what makes a material, the properties of a
material that you coul d use as a contact lens, what are the properties that it needs to have.

Pay la nhirtng vi du vé K¥ thuat y sinh cla tvong lai mé rong trén nhirng gi ma chdng ta
dang dung trong hién tai, cd lién quan dén pham vi khong nho, cdng nghé nhu thé nay.
Toi doan rang co thé 1a 30% dén 50% trong s6 cac ban lam viéc nay hang ngay, ban dat
mdt miéng nhua, mot miéng nhua téng hop vao mét cla ban dé cai thién tam nhin cla
ban. Cong nghé kinh sat trong da thay doi dang ké tlr Ilc toi duwoc sinh ra dén ldc cac ban
dwoc sinh ra, va kinh sat trong ma ban dung ngay nay khéc rat nhiéu so véi nhitng kinh
sat trong dwoc dung cach 30 nam. Bay ciing la Ky thuat y sinh nita. K§ s dang phat
trién nhiing vat liéu méi, cac vat liéu c6 thé 1a, néu ban suy nght vé no, cdé rat it th ma
ban muén dit vao trong mét minh va ban s& cam thdy thoai mai dwa vao mat cla ban, vi
vay céi nay rat an toan, mot vat liéu tro. Diéu gi mang lai cho n6 nhitrng tinh chat nay?
Diéu gi lam cho n6 qua an toan dén ndi ma no co thé dwoc dit vao mot trong nhitng noi
nhay cadm nhét trong co thé cla ban, tiép xdc v&i mat cta ban? Tai sao ban tin twdng dé
dat nd tiép xdc v&i mot trong nhirng co quan quan trong nhat trong co thé clia ban? Bai vi
ban tin tuéng cac k¥ su y sinh dalam tét cong viéc thiét ké nhitng thit nay va ching ta s&
ndi vé cach vat liéu sinh hoc duoc thiét ké vakiém tra nhuw thé nao, va diéu gi tao ra mot
vat liéu, tinh chét cta vat lieu maban cé thé si dung nhw mét kinh sat trong, nhiing tinh
chét gi mané can phai cé.

This is an example of an artificial hip. We've learned a lot about the mechanics of how
humans work as organisms over the last 100 years or so, how we work as sort of physical
objects that have to obey the laws of physics that you know about. We live in a
gravitational field and that it affects our day to day life, and if you have hip pain or ahip
that's diseased in some way, and you can't stand up against that gravitational field in the
same way, that severely limits what you can do in the world. So biomedical engineers



have been working for many years on how to design replacement parts for joints like the
hip: the artificia hip is the most well developed of those. Well talk about this in some
detail. You can imagine that there are many requirements that a device like this has to
meet in order for it to be a good artificial hip and well talk about those and how the
design of these has changed over the years and what we can expect in the future.

Pay la mot vi du vé mot hdng nhan tao. Ching tdi da nghién clru nhiéu vé co ché lam
viéc clia con nguei véi tu cach la nhitng sinh vat trong khoang hon mét tram nam qua,
cach thirc chlng ta hoat dong nhw nhitng loai doi twgng vat li phai tuan theo cac dinh luat
vat |i ma céc ban da biét. Ching ta séng trong trueong hdp dan vané anh hudng dén cude
sdng hang ngay cla ching ta, va néu ban bi dau héng hodac héng bi mot bénh gi dé, thi
ban khong thé dirng Ién chdng lai trvong trong lwc theo cing mot cach, gidi han mot cach
nghiém trong nhitng gi ban c6 thé lam hang ngay. Vi vay, cac k¥ s y sinh d&lam viéc
trong nhiéu ndm nghién clru vé cach thiét ké cac bd phan thay thé cho khép nh v héng:
héng nhan tao la thr dwgc quan tdm phat trién nhiéu nhéat trong s6 nhitng bd phan n ay.
Ching t6i s& n6i vé diéu nay hoi chi tiét mot chut. Ban cé thé twdng twong rang cé nhiéu
yéu cau ma mot thiét bi nhw thé nay phai théa man dé né la mot hdng nhan tao tot va
chiing ta s& ndi vé nhitng cé nay va céch thiét ké chiing da thay déi nhv thé nao trong
nhitng ndm qua vanhiing gi chlding ta cé thé mong doi trong twong lai.

Lastly, up here, is a picture of a much smaller device, this is actually an artificial heart
valve that is made of plastics and meta and can replace the valve inside your heart.
Vavular disease is not uncommon in the world; we'll talk about that alittle bit. We'll talk
about how your normal valves function inside your heart and how your heart couldn't
work in the way that it did if it didn't have valves that were doing a very compl ex
operation many, many times a day. And then well talk about how you can build
something to replace a complicated small part in the body like that.

Cubi cung, trén day, la mot hinh anh clia m6t thiét bi nhé hon nhiéu, day that su 1a mot
van tim nhan tao duoc 1am bang nhwa va kim loai va cé thé thay thé cac van bén trong
tim clia ban. Bénh van tim khdong pho bién trén thé gidi; chiing ta st ndi vé diéu dé mot
chit. Chang ta s8 ndi vé cach cac van binh thudng hoat dong bén trong trai tim cla ban
valam thé nao tréi tim clia ban khéng thé lam viéc theo cach ma né dalam néu n6 khong
c6 cac van thuc hién mot hoat dong rat phirc tap nhiéu, nhiéu lan mot ngay. Va sau dé
chiing ta & noi vé cach thirc dé ban cd thé tao ra thir gi dé dé thay thé mot phan nho phic
tap trong co thé giong nhu thé.

Well let's take a step back for a minute; that's one way of looking at Biomedical
Engineering, by looking at sort of the things that you know about that have been the
result of the work of biomedica engineers and talk more generaly. But what is
engineering? What do engineers do? What makes engineering different than other fields
of study? What makes it unique so that we have a school of engineering at Yale that's
separate from science and the humanities? Any thoughts?

Vang, ching tahdy 1ti mt budce trong mot chdc; do la mot cach dé nhin K§ thuat y sinh,
bang cach nhin vao cac thir maban biét la két qua clia cac cong trinh clia cac ki su y sinh



vanéi mot cach khai quat hon. Nhuwng kY thuat 1a gi? Cac k¥ su lam gi? Biéu gi lam cho
k¥ thuat khac véi cac Iinh virc nghién clru khac? Diéu gi lam cho nd duy nhat dé chiing ta
cod mot truong kY su tai Yale tach biét véi khoa hoc vanhan loai? Co y kién nao khong?

Student: It's more hands-on
N6 mang tinh thiyc hanh hon

Professor Mark Saltzman: It's much more hands-on. You're actualy in there doing
things. Many of the things | showed you were things that were built from parts, that's a
good description. What makes it different from science? Science can be hands -on, you
might be down at the lake picking up algae and studying them or something, that would
be hands-on. But what's different - what would make you an engineer?

Can phai dong tay dong chan rat nhiéu. Ban thuc sy phai tham gia vao dé dé lam moi thr.
Co rét nhiéu thi téi da chi cho ban lanhiing thir dwgc tich Iy tir trong qua khit, d6 1a mot
céch mo ta rat dung. Diéu gi lam cho nd khéc véi khoa hoc? Khoa hoc cé thé mang tinh
thwe hanh, ban c6 thé di t¢i hd nhat 1én mot it tdo va nghién clru chiing hay thit gi khéc,
diéu d6 mang tinh thyc hanh. Nhung diéu gi khac biét - diéu gi s& 1am cho ban trg thanh
mot ky su?

Student: [inaudible]

Professor Mark Saltzman: You design. Scientists observe and try to describe and
engineers try to design. They take those descriptions and the scientist that is known and
they try to design new things, and so if you look at adictionary it has words like this, that
you're designing things or another way to say that is that you're trying to apply science,
you're looking at applications. We're trying to take scientific information and make
something new. The other thing about it is that you could make lots of things that are new
but generally you think of engineers as making things that are not just new but they're
useful, that they do something that needs to be done, and that they do something that
improves life, the quality of life of people.

Ban thiét ké. Cac nha khoa hoc quan sat va cd gang dé mé ta va cac k§ sw cd gang thiét
ké. Ho I8y nhitng mé t& nay va nhitng kién thirc khoa hoc d& biét va ho cd gang dé thiét
ké nhitng thtr méi, va do d6 néu ban nhin vao mot tir dién né c6 nhitng tlr nhw thé nay,
ban dang thiét ké cac thir hodc cach noi khac laban dang cd géng &p dung khoa hoc, ban
dang xét cac ing dung. Chlng tdi dang c6 gang |4y cac thdng tin khoa hoc va lam diéu gi
dé mai. Diéu khac vé nd la ban co thé lam nhiéu diéu mdi, nhwng ndi chung ban nght k§
st nhv la tao ra cac thi khong chi m&i ma con hiru dung, ho lam vai thi can duoc thuc
hién, vaho lam céc thir dé cai thién doi song, chat luvong cudc séng clia con nguoi.

So hereis abrief and very biased history of engineering. It's short. Engineering became a
discipline in about the middle of the 1800s. Lots of universities started teaching
engineering as a discipline including Yale. In 1852, around that time, this might have
been the first course that was offered in engineering in the country: it was taught at Yae



in civil engineering in 1852, and even Yale students don't know this, what a long,
distinguished history of engineering that their own institution has. In fact, the first PhD
degree in engineering was awarded to a fellow named J. Willard Gibbs at Yae in 1863
for athesis he did on how gears work or something, | forget exactly what the details are,
but have you heard of Gibbs? Is it a name that rings a bell? Where did you hear about
Gibbs from?

Vi vay, day la lich st ngan gon va rét thanh kién vé k¥ thuat. N6 ngan. Ky thuat da tré
thanh mot nganh trong khoang gitra nhitng nam 1800. Nhiéu treong dai hoc bét dau giang
day k¥ thuat nhw la mot nganh hoc bao gom ca dai hoc Yale. Nam 1852, quanh thoi diém
do, luc nay da co khéa hoc dau tién duoc dé nghi vé Ki thuat trong nuéc: nganh ky thuat
xéy dwng dan dung duoc gidng day tai Yale vao nam 1852, va tham chi ca sinh vién dai
hoc Yale khong biét diéu nay; mot lich st ki thuat dang hoang, dai mato chirc clia riéng
ho cd. Trong thuc té, vin bang tién st dau tién vé k¥ thuat da duoc trao cho mot dong
nghiép tén la J. Willard Gibbs tai Yale nam 1863 cho mét luan an cla 6ng vé cach thirc
lam viéc clia cac banh rang hay thv gi do, t6i khdng nhé chinh xac chi tiét, nhung ban co
tirng nghe néi vé Gibbs khong? N6 co6 phai 1a mot cai tén quen thudc khdng? Ban biét vé
Gibbstlr dau?

Student: [inaudible]

Professor Mark Saltzman: Sorry?
Sao?

Student: [inaudible]

Professor Mark Saltzman: G, Gibbs free energy, that annoying concept that you had to
try to master in chemistry at some point, but Gibbsis really the father of mode rn physica
chemistry and was one of the most famous scientists of the nineteenth century and got the
first PhD in engineering here at Yale.

G, Gibbs nang lvong tu do, khé niém kho chiu maban phai ¢d gang ndm viing trong hoa
hoc tai mot thoi diém nao dd, nhwng Gibbs thuc sy la cha dé clia hda ly hién dai valamot
trong nhitng nha khoa hoc néi tiéng nhét clia thé ky XIX va d&nhan bang tién sT dau tién
ve k¥ thuat tai dai hoc Yale nay.

Then from these beginnings, engineers transformed life in the twentieth ¢ entury: alot of
things started in the twentieth century and became common place. Things like electricity,
having electricity delivered to your home, so you had to have ways to generate electricity
and to carry it from point to point and it was engineers t hat did that. Built bridges and
roads and automobiles, so we can get from one place to another relatively quickly
because of that. Because there are airplanes that were also developed by engineers in that
century. We designed a lot of new materias that could be used to build things that
couldn't have been done otherwise. Things like steel and polymers, or plastics, and
ceramics, and of course computers which has progressed remarkably due to the work of



engineers in your lifetime, until now you can carry ar ound a cell phone, which would
have been unthinkable even 30 years ago. Engineers in the twentieth century have
transformed our society.

Sau do, tir nhitng budc khdi dau nay, cac k¥ sw da lam thay doi cudc song & thé ky hai
muoi: rdt nhidu diéu bdt dau trong thé ky XX vatrd thanh diéu dang ghi vao s sach.
Nhirng thi nhw dién, dién duoc phan phéi dén nhaban, vi vay ban phai cé nhitng cach dé
tao ra dién va dé mang noé tir noi nay dén noi khac va cac k¥ sw do dalam diéu do. Xay
dung cau, duong vaxe 0 t6, vi vay chiing ta co thé di tlr mot noi nay dén noi khéc tuong
d6i nhanh chong bang thir d6. Bai vi co nhitng may bay cling d& dugc phét trién bdi céc
k¥ su trong thé ky d6. Chiing ta da thiét ké rat nhiéu vat liéu méi cé thé duwoc st dung dé
tao ra nhitng thir ma khéng thé duoc thwc hién bang cach khac. Nhing thét nhu thép va
polyme, hodc nhya, va gém stt, vatat nhién cac may vi tinh da phét trién dang ké do cong
trinh clia cac k¥ su trong doi séng cla ban, cho dén bay gi¢ ban c6 thé mang theo mot
chiéc dién thoai di dong, diéu mangay ca 30 nam trudc khong ai ¢ thé tudng tuong ra.
Céac k¥ su trong thé ky XX dathay doi xahdi cua ching ta.

One of the other things that happened during the twentieth century is that human life
expectancy increased dramatically, people started living a lot longer. What | plot on this

graph hereis as a function time, years, dates, life expectancy as a function of time. What

you'll see here is that about - for the period before sort of 1700 or so, human life
expectancy was less than 40 years of age, so that means a person that was born in that

year could expect to live on average about 40 years: that was the expected life span. T he
expected life spans increased dramatically in the last couple of hundred years until now,

for people that were born when you were born you can expect to live to be 80 years old, a
doubling in life span, fairly dramatic.

Mot trong nhitng thir khac da xay ratrong thé ky hai muoi la tudi tho clia con nguoi da
tdng 1én dang ké, nguoi ta bat dau séng l1au hon rat nhiéu. Nhitng gi téi vé trén do thi nay
& day nhu mot ham thoi gian, ndam, ngay, tudi tho nhu mgt ham theo thoi gian. Nhitng gi
ban sé thay & day laveé - déi voi thoi ki trong khoang tridc nhitng nam 1700, tudi tho clia
con nguoi la dwdi 40 tudi, vi vay diéu do c6 nghta la mot ngudi dwgc sinh ra trong nam
dé cé thé hy vong sbng trung binh khoang 40 nam: do la tudi tho trung binh. Tubi tho
trung binh da tang Ién dang ké trong vai trdm nam cudi cung cho dén bay gio, doi voi
nhitng nguai duoc sinh ra khi ban duoc sinh ra, ban cé thé hi vong song dén 80 tudi, mot
sy tang gap dodi trong tudi tho, kha an twong.

So what's responsible for that? Why are people living lo nger than they did just a few
hundred years ago? Well there's a clue here on the dlide. | indicated a couple of points
here where if we looked in the 1665 in London you could ask the question - another way
to ask the question why are people living so long is to ask the question, why do people
die? In 1665, 93% of the people that died in that year died of infectious diseases. In

contrast, if you look at a U.S. city, ten years ago in 1997 for example, then people still

died but they didn't die predominantly from infectious diseases. They died from other
things: only 4% died from infectious diseases.



Vi vay, cdi gi chiu trach nhiém vé diéu d6? Tai sao hién nay con ngueoi séng lau hon so
vOi vai tram nam truede? Cling c6 mot manh méi & day trén slide. Toi chi ra mot vai diém
& day trong d6 néu ching ta nhin vao ndm 1665 tai London ban c6 thé dat cau hdi - mot
céch khéc tra 10i cau hoi tai sao con nguoi song lau nhuw thé la dé dat cau hoi, tai sao con
ngudi chét? Nam 1665, 93% nhitng ngudi chét trong nam dé vi bénh truyén nhiém.
Nguoc lai, néu ban nhin vao mét thanh phé MY, mudi ndm trwéc, ndm 1997 chéng han,
thi ngudi ta van chét nhung ho khéng chét chil yéu vi céc bénh truyén nhiém. Ho da chét
vi nhitng li do khéac: chi c6 4% chét vi bénh truyén nhiém.

So one of the reasons there is a huge increase in life span is because people aren't dying
of things that they would have in prior years. Why the change in infectious diseases?
Why did | focus on that one? What makes it so much better to be alive now in terms of
your likelihood to die of an infectious disease than it did in London in 1665?

Vi vay, mot trong nhitng Iy do dan dén si gia ting tui tho trung binh nhanh 1abdi vi moi
ngudi khdng chét vi nhitng li do maho da chét trong nhitng nam trudc. Tai sao ¢ sy thay
d6i trong cac bénh truyén nhiém? Tai sao toi tap trung v & cai d6? Diéu gi lam cho kha
ning ban séng sot tredc 1 cin bénh truyén nhiém hién gio cao hon so véi thoi diém nam
1665 ¢ London ?

Student: [inaudible]

Professor Mark Saltzman: Yes, but what specifically?
Vang, nhung diéu gi ladac trung?

Student: [inaudible]

Professor Mark Saltzman: Drugs like antibiotics, Penicillin, Erythromycin, again
something else you probably all had experience with and you think well that's not
Biomedical Engineering that's science, that's somebody discovering a molecule that kills
microorganisms. That's true, it is science, but in order for that to go from being a science
that works in a laboratory or in one hospital to being Penicillin which could be used all
over theworld, you've got to be able to make it in tremendously large quantities and that' s
the work of biomedical engineers, making Penicillin in the kinds of quantities that you
need so that a dose could be available for everyone in the world if they got infected, and
to make it not just in abundance but make it cheaply enough that everyone c ould afford it.
So if you can make 100 tons of the drug but it costs $100,000 a gram that might not be a
useful drug because nobody could afford to use it. So it's the work of biomedical
engineers, realy, to take these innovations in science like drugs an d make them useful,
make them so that everybody can take advantage of it.

Céc loai thudc nhv khang sinh, Penicillin, Erythromycin, lai la nhitng thr ma tat ca cac
ban déu da biét vaban cling c6 thé nght doé khong phai la Ky thuat y sinh dé |akhoa hoc,
do la ai d6 phat hién mot phan tir giét chét cac vi sinh vat. D6 la sy that, né la khoa hoc,
nhung dé diéu dé di tir khoa hoc trong phong thi nghiém hay trong mét bénh vién dén



Penicillin ndo c6 thé dwoc st dung trén khap thé gidi, ban phai c6 kha ning ché tao nd
vei sO lugng rat 16n va do la cong viéc cta k¥ suv y sinh, lam cho Penicillin dat dén mot
lvong téi han vé s8 lugng ma ban can cho mét liéu thudc cé thé cé san cho tat cad moi
nguoi trén thé gidi néu ho danhiém bénh, va dé 1am cho nd khdng chi phong pht ma con
lam cho nd ré cho moi nguoi c6 dd tién mua. Vi vay néu ban cé thé ché tao ra 100 tén
thudc nhung gia ciia moi gam 1a $ 100,000 thi c6 |& nd 1a loai thudc khdng hitu dung
dung bdi vi khéng ai cé thé du kha nang mua dé sir dung nd. Vi vay, dé la cong trinh clia
céc k¥ su y sinh, thuc sw, dé c¢d nhitng d6i méi trong khoa hoc nhw thude va lam cho
chiing c6 ich, lam cho moi nguoi c6 thé tan dung dwoc loi ich cla no.

Y ou also mentioned vaccines and we're going to talk alot in the middle part of the course
about vaccines and the engineering of immunity. How do you engineer what happens in

our immune system in order to protect us from diseases? That's another example of an

area where biomedical engineers have made tremendous contributions. So just to go a
little bit further with that point, if you looked at the causes of death in London in 1665
here's a list that | got from a source that was written at that time, and | don't even
understand what some of these things are, but the ones in green are infectious diseases,

they're infectious causes of disease. Spotted fever in purples for example, which we call

measles, was a significant cause of death as was the plague, whi ch we don't have
anymore, thank goodness. But people died typically of either infectious diseases or they

died during childbirth, or they might have died at old age which would have been 50 or

so at that time. In contrast today, because we have antibiotics and we have vaccines,
people don't die of infectious diseases as often. They live much longer lives and they live
to die of something else and the leading causes of death currently haven't changed very

much since 1997 when this data was published: they di e of heart disease and cancer
primarily. Those are the number one and two causes of death. We're going to talk a lot

about how one can use the technology that we have now to treat these kinds of diseases
like cancer and heart disease. But why do you think these are the number one and two
now? How come these have risen above infectious diseases over the last several hundred

years? Why is cancer one of the leading killers in the U.S. now but wasn't even on the
chartsin 1665?

Ban ciing d& dé cap dén véc xin, & gitra clia khda hoc chiing ta s& néi nhiéu vé vac xin va
KT thuat mién dich. Lam thé nao dé ban sip dat nhitng gi s& xay ra trong hé théng mién
dich cla ching ta dé bao vé ching ta khéi bénh? D4 1a mot vi du khac vé mot Iinh vuc
ma cac k¥ su y sinh da c6 nhitng déng gép to I&n. Vi vay, chi can di xa hon moét chit voi
quan diém dd, néu ban xét cac nguyén nhan gay tlr vong & London nam 1665 ¢ day la
danh sach matéi da nhan dwoc tir mot ngudn dwoc viét vao thoi gian d6, vatéi tham chi
khong hiéu vai thir trong s6 nhitng cai nay la gi, nhung nhitng cd mau xanh la bénh
truy&n nhiém, chiing la cac nguyén nhan gy ra céac bénh truyén nhiém. S6t ni mun duoc
t6 mau tia chang han, cai ma ching ta hay goi 1a bénh s&i, 1a mdt nguyén nhan dang ké
gay chét nguoi cung véi bénh dich hach, loai bénh ma hién nay khéng con nira, cdm on
chtia. Nhung théng thurong ngudi ta chét hodc lavi bénh truyén nhiém hodc ho chét trong
khi sinh, hodc ho chét vi tudi gia khoang 50 tai thoi diém dé. Tréi lai ngay hdm nay, boi
vi chiing ta co céc loai thudc khang sinh va ching ta co vac-xin, con ngudi thuong khéng
chét vi cac bénh truyén nhiém. Ho séng cudc séng lau hon nhiéu va ho chét vi nhitng



nguyén nhan khéc va céc nguyén nhan gay tlr vong hang dau hién nay da khong thay doi
nhiéu so v&i nam 1997 khi di liéu nay da duoc xudt ban: cht yéu ho chét vi bénh tim va
ung thu. D6 la nguyén nhan gay tlr vong s6 mot va sb hai. Chung ta sé ndi rat nhiéu vé
céch thirc ma nguoi ta st dung cac cong nghé trong hién tai dé chira tri cac loai bénh nhu
ung thr va bénh tim. Nhuwng tai sao ban nghT bay gi¢ day la nhitng s6 mét va hai? Lam
sao dé trong hon vai trdm nam qua, ching d& phét trién hon c& nhitng bénh truyén nhiém?
Tai sao bénh ung thw 1a mét trong nhitng ké giét nguwoi hang dau & My hién nay nhung
tham chi khong c6 trén do thi vao nam 1665?

Student: [inaudible]

Professor Mark Saltzman: Soit could be that - what's your name?
Vi vay c6 thé la—tén ban lagi?

Justin

Professor Mark Saltzman: So Justin said it could be new things that are around and
you're exposed to stuff we weren't exposed to before and that's true. Our environment has
changed, the world has become industrialized. We're exposed to things that might cause
cancer where weren't exposed to them before and so that might be a reason.

Gi4o su Mark Saltzman: V ang, Justin ndi rang mdi tredng séng thay d6i va céc ban dang
ti€p xdc véi th ma ching toi da khong tiép xuc tir trudc va diéu do ding. Moi trudng
clia chlng ta dathay doi, thé gi¢i datrd thanh cong nghiép hda. Ching ta dang ti€p xuc
vOi nhitng thir ¢6 thé gay ra ung thuy ma trudc day khong hé co vavi vay dé cé thé la mot
ly do.

Student: they might not know what it was?
C6 thé ho chua biét nd la gi nira phai khong thay?

Professor Mark Saltzman: In 1665, they weren't diagnosing cancer. It was easy to tell if
somebody had an infectious disease but you might not have known that they had cancer
at that time and they just died. We didn't have the same methods of diagnosis that we do
now, so maybe it was just not diagnosed then.

Nam 1665, ho khéng chin doan dwoc bénh ung thw. Dé dé noi ai do c6 bénh truyén
nhiém hay khong, nhing ban khong thé biét dwoc ho ¢d bénh ung thu hay khéng vao thoi
diém dé vaho chi co chét mathdi. Chiing ta da khong cé nhirng phuong phap chan doan
nhw chiing ta ¢ hién nay, cho nén ltc dé bénh ung thw chuwa dugc chan doan

Student: [inaudible]

Professor Mark Saltzman: People are living longer and so now they have more
opportunity to get cancer, right? The longer you live the more opportunity you have to



acquire a disease like cancer, which often i s an accumulation of defects that occur over a
long period of time. So we're going to talk about cancer. For example, how cancer
diagnosis has improved, what are some of the causes of cancer in the environment around
us and how can we protect ourselves from it, and we'll talk about treatments for it as well.

Cardiovascular disease, why is cardiovascular disease on the top?

Con ngudi séng 1au hon va vi vay bay gio ho ¢6 nhiéu nguy co hdi mac bénh ung thw
hon, phai khong? Ban cang sng 1au hon ban cang c6 nhiéu kha ning méac mot bénh nao
d6 chéng han nhu ung thu, nd thwong 1a sy tich Ity cac khuyét tat xay ra trong mot thoi
gian dai. Vi vay, ching ta sé& ndi vé bénh ung thw. Vi du, phwong phap chan doan bénh
ung thw duoc céi thién nhuw thé nao, ca gi la tac nhan gay ra ung thu trong moi truong
xung quanh chiing ta valam thé nao dé chiing ta co thé tw bao vé minh tlr nd, va chiing ta
cling n6i vé phuong phap diéu tri danh cho né nira

.Bénh tim mach, tai sao bénh tim mach ndm & trén dinh?
Student: [inaudible]

Professor Mark Saltzman: Obesity or generally our diets are different than they werein
1665. We eat different kinds of things and many people think that that's what has
contributed to much more heart disease. But it could also be that it wasn't as easily
diagnosed then. So people were dying of old age and that was really heart disease that
was killing them they just didn't know, so it's multi -factorial and wel'll talk about that.

| just wanted to show you this last graph, or this last set of statistics to go from causes of
death in the U.S. to causes of death in the world, to illustrate that what happens in the
world around us in the U.S. isn't necessarily the same as what happens in other places
around the world. In other places, infectious disease is a much bigge r part of their life and
amuch greater risk of death from infectious diseases and parasitic diseases if you live in
places other than the U.S. or Western Europe, for example. So the problem of infectious
disease prevention and treatment isn't solved yet, you know this, right? So there's plenty
of room to still innovate in that way, to develop new methods that could protect against
diseases like AIDS or diseases like malaria that we don't have problems with here but
they do in many parts of the world, and so we'll talk about that.

Béo phi hodc ché do an noi chung clia ching ta hién nay khac so véi nam1665. Ching ta
an nhiéu thir khac nhau va nhiéu nguoi nghi rang do 1a nhitng gi gop phan 1am cho bénh
tim gia tdng nhiéu hon. Diéu dé ciing c6 thé nhwng khéng dé dé chuan doan ding duoc.
Vi vay, nguai tachét vi tudi giavathyc s labénh tim dang giét ho maho khong biét, vi
vay n6 lamot da nhan t6 vachuiing tasé ndi vé né.

T6i chi mudn cho ban thay biéu do cudi cling nay, hoéc tap thong ké cudi cling nay di tir
nguyén nhan gay tlr vong & Hoa Ky dén nguyén nhan gay tr vong trén thé gi¢i, dé minh
hoa cho nhitng gi xay ra trong thé gi¢i xung quanh ching ta & My khéng nhat thiét phai
giong nhu nhitng gi xay ra & nhitng noi khac trén thé gigi. O nhitng noi khac, bénh truyén



nhiém bénh 1a mdt phan rét 16n trong cudc s6ng clia ho vanguy co gay ti vong I6n hon
nhiéu do bénh truyén nhiém va céc bénh ky sinh tring néu ban séng & nhitng noi khac
ngoai Hoa Ky hodc Tay Au chang han. Vi vay, vin d& cong tac phong chéng va diéu tri
bénh truyén nhiém chua duoc giai quyét, ban biét dieu nay, phai khdng? Nhu vay, cé rét
nhiéu khoang tréng dé doi moi theo cach do, dé phat trién cac phwong phap mai co thé
chdng lai cac bénh nhu AIDS hodc nhitng bénh nhu sét rét ma ching ta it gap & day
nhwng ho 1am & nhiéu noi trén thé gidi, vavi vay ching ta sé noi vé diéu do.

| mentioned the book for the course and the book is a book that I've written. It's not
published yet and so I'm going to put chapters from the book that are in fairly final form,
and | think you'll find them easy to read, but you don't have to buy it. It's going to be
posted on the Internet and I'll post chapters sort of in advance of the reading assignments.
If you looked on the classes server you saw Chapter 1, and Chapter 1 describes s ome of
the sort or organization of Biomedical Engineering into sub -disciplines, which I've listed
here.

Toi da dé cap dén sach cho khéa hoc va cac cubn sach la sach ma t6i da viét. N6 chua
dwgc xuat ban vavi vay toi sé duwa ra cac chwong ¢ dang cap nhat mai nhat, vatéi nght
ban s& nhan thiy ching dé doc, nhung ban khong can phai muano. N6 sé duoc dang trén
mang Internet vatéi sé& dang cac chuwong Ién trvdc phan tai liéu doc thém. Néu ban nhin
trén may chu 16p ban thdy Chuong 1, va Chuong 1 mo ta mot s6 cach phan loai hoac to
chtrc ciia Ky thuat y sinh thanh cac dé tai nhd, ma tdi daliét ké & day.

So we're going to talk about thinking about the body as a system, as a system that can be

understood the same way a motor could be understood or a computer that co uld be
understood. That study is Systems Physiology and that's an important subdivision of

Biomedical Engineering. Well talk about instrumentation a little bit and I've mentioned

this, things like the EKG machine and the heart/lung machine are instruments that are
designed to either keep patients alive or to allow you to monitor their function over time.

Well talk about imaging which | mentioned, biomechanics or the study of humans as
mechanical objects. Well talk about a field which is growing now calle d biomolecular
engineering and that is the design of biomaterials or new materials that can be implanted

in the body, it's new ways of drug delivery. It's this whole field of tissue engineering that

| mentioned earlier. We'll talk about artificial organs and we'll talk about systems biology
or thinking about how to acquire information for things like gene chips and use that

information to understand what's happening in a complex organism like you.

Vi vay, chlng ta sé& ndi vé viéc xem co thé nhw 1a mot hé thong, cling giong nhir mot hé
thong co thé dwoc hiéu theo cach giéng nhu hoat dong ctia mot dong co hodc mot may
tinh. Nghién cru do6 lasinh ly hoc hé théng va dé la mét nghanh quan trong clia K thuat
y sinh. Chlng ta s& noi vé cac thiét bi moét chat va téi da dé cap dén diéu nay, nhitng thr
nhu may EKG va mdy tim / phoi la cac dung cu duwoc thiét ké dé gitr cho nhiing bénh
nhan con sng hodc cho phép ban gidm sat hoat dong cuia ho theo thdi gian. Chang toi sé
noi vé su tao dnh ma toi dadé cap, sinh co hoc hodc nghién ctru con ngudi nhw nhitng doi
trong co hoc. Chlng ta s& ndi vé mot Iinh vic hién nay dang phét trién dvoc goi la sinh
hoc phan tr va do la viéc thiét ké cac vat liéu sinh hoc hodc vat liéu méi co thé duoc cdy



ghép vao trong co thé, do la céch thirc méi dé dua thudc vao co thé. D6 la toan bo ITnh
vuc k§ thuat mdé matdi da dé cap trwdc do. Chung ta sé noi vé cac co quan nhan tao va
chiing toi s& ndi vé cac hé thdng sinh hoc hay suy nght vé viéc | am thé nao dé cé duoc
céc thong tin cho nhirng thir nhw chip gen va sir dung thong tin dé dé hiéu nhitng gi dang
xay ra trong mot sinh vat phtrc tap nhw ban.

Now, I've highlighted three of these in blue here, imaging, mechanics, and biomolecular
engineering because if you go on to study Biomedical Engineering here at Yale an yway,
these are the things that you might pick to emphasize on. These are the things that we do
best and where we have advanced course work available in these three categories and so
I'm going to emphasize these three but we'll talk about all of these subj ects as we go
through the course. The syllabus is posted online. I've just copied it here so you could
take alook at it.

Bay gi0, t6i da danh dau nhitng cai nay mau xanh lam & day, hinh &nh, co khi, va k¥
thuat sinh hoc phan t& bdi vi néu ban di vao dé nghién clru KV thuat y sinh & day tai Yale
du sao di nira, day la nhitng thr ma ban cé thé chon dé tap trung vao. Day la nhiing th
ma treong ching ta cé wu thé nhat va & day ching toi da dua cac dé tai Ién dwdi dang ba
danh sach nay vavi thé t6i sé nhan manh baca nay nhung ching t6i sé ndi vé tat ca cac
chu dé khi chiing ta vao trong khda hoc. Chrong trinh hoc duoc dang I1én. Toi chi can sao
chép nd & day dé ban c6 thé xem no.

Week 1 we're trying to talk about this question, what is Biomedica Engineering. Ther e
are some chapters here for readings. Chapters 1, 2, and 4. I've only posted Chapter 1,

which basically reviews the things I've talked about today. Chapters 2 and 4 are really

reviews of things that you probably already know something about, so they're re views of
basic chemistry. So chemical concepts that are important for us to all understand as we

move forward and review of proteins and biochemistry, basically. So I'm going to post

those online and we're not going to talk about them directly in the lectu res but they're
there as aresource, so if you read about something like pH and you've forgotten what pH

is, you can go back to Chapter 2 which is posted and you can read about pH and | try to

take you through sort of what you need to know in order to unde rstand the rest of the
course material. And if you've forgotten about proteins and what their structure is like,

you can go to Chapter 4 and read sort of a brief review of protein biochemistry.

Tuan 1, ching ta s& ¢6 gang néi vé cau hoi nay, K¥ thuat y sinh 1a gi. C6 mot s6 chwong
dé doc & day: Chuong 1, 2, va 4. T6i chi dang Chuong 1, vé co ban n6 chi nhac lai nhing
diéu ma t6i da ndi trong ngay hdm nay. Chuong 2 va 4 thuc s nhic lai nhitng thir ma co
thé ban da biét r6i, chiing 6n lai héa dai cuvong. Vi vay, ddi véi ching ta cac khé niém
hda hoc rat quan trong dé tat cd ching ta hiéu khi chiing ta di chuyén vé phia trvdc va
xem xét cac protein vahéa sinh. Vi vay, t6i sé dang nhitng thtr nay 1én mang va ching ta
s khong néi vé ching trong bai gidng nira ma chiang dwoc xem nhu mot tai liéu tham
khao, do do, néu ban doc vé mét cai gi do nhu do pH vaban da quén pH la gi, ban cé thé
quay lai Chwong 2 da dugc dang |én vaban co thé doc vé do pH vatdi c¢d gang dua ban
dén nhitng gi ban can biét dé hiéu dwgc phan con lai cla bai gidng. Va néu ban da quén



vé protein va ciu truc clia ching, ban co6 thé dén chwong 4 va doc cac loai binh [uan ngan
gon vé héa sinh protein.

In the section this week, I'll talk about the section meetings in just a moment, but there's
no required section meeting this week. During the section times I'll be available if you
feel like you want to read Chapters 2 and 4 and then come and ask questions, sort of a
tutoria on these topics of chemistry and biochemistry, then I'll be available to talk abou t
that during that time. We'll start with Week 2 talking about Genetic Engineering; what's
DNA, how can it be manipulated, how is our ability to manipulate DNA led to things like
gene therapy which can now be in people. And well talk about that and that's what
Chapter 3 is about. Well talk about cell culture engineering during Week 4, how do you
maintain cellsin culture, what are the limits of this. How can you use cultured cells to do
things, and how do engineers build new things out of cultured cells i s going to be a
subject we talk about throughout the rest of the course and the chapter is listed here. So |
think that's enough, you can follow along with the syllabus and see sort of what the topics
are each week, what the reading assignment is to do bef ore the lecture in order to get the
most out of the lecture.

Vé nhiém vu trong tuan nay, t6i sé no6i vé phan hdi hop mot chat, nhung khdng cé phan
yéu cau hop mat trong tuan nay. Trong subt thoi gian hop mat tdi s& c6 mat néu ban cdm
thy thich ban muén doc Chwong 2 va 4 va sau do dén va dat cau hoi, chang han nhw cac
cau hoi vé cac chi dé hoa hoc vahoda sinh nay, thi toi sé cé mat dé noi vé diéu dé trong
thoi gian do. Tuan 2 ching ta s& bat dau noi vé céng nghé gen; ADN lagi, né duoc thao
tac nhu thé nao, thé nao lakha nang cla ching ta dé thao tac ADN d& dan t¢i nhitng thir
nhu liéu phap gen ma hién tai da dwoc st dung. Va ching ta s8 néi vé diéu dé va do la
nhitng gi Chuong 3 dé cap dén. Ching ta s8 néi vé k§ thuat cdy té bao trong Tuan 4, lam
thé nao dé ban gilr cac té bao trong moi trvong nudi cdy, gidi han cla diéu nay lagi. Ban
c6 thé str dung céc té bao nudbi cdy dé lam gi, valam thé nao dé cac k¥ su tao ra nhitng
thr m&i ngoai cac té bao dwoc nudi cdy la mot chi dé ching ta ndi vé trong subt phan
con lai ctia khéa hoc va chuong duoc liét ké & day. Vi vay, toi nghi nhu thé la dd, ban cé
thé theo ddi chuong trinh hoc va thdy dugc phan ndo cac chi dé ctia moi tuan 1a gi, céc
bai doc thém la gi dé thuc hién trudc khi Ién 16p nghe giang dé hiéu duoc toan bo bai
giang.

Now, each week we have a section meeting, required section, they're all - al the sections
meet on Thursday afternoon and the idea of the section is to amplify on some subject
weve talked about during the week. We do this in the undergraduate Bi omedical
Engineering laboratory in the Maone Building so that we can do demonstrations and sort
of hands on projectsto really get alittle bit deeper into the subject that we're considering.
So in the first week we run a section called from strawberries to gene therapy where we
talk about DNA, extract DNA, you can play with the DNA of an organism and we can
think about how to use DNA for other purposes.

Bay gi®, moi tuan chdng t6i c6 mdt cudc hop, phan bat budc, tat ca ching - tat ca cac
budi hop sé dién ravao céc budi chiéu ngay thlr nam vay twdng ctia budi hop la dé mé
rong mot s6 chi dé ma chdng ta da ban trong tuan. Chang ta thuc hién viéc nay trong



phong thi nghiém K§ thuat y sinh danh cho sinh vién & tda nha Malone dé chiing ta cé thé
lam céc trinh dién va thuc hanh cac cong trinh dé hiéu sau hon vé cac chli dé maching ta
da hoc. Vi vay, trong tuan dau tién ching ta sé khdi dong mot bubi hop duoc goi tlr cac
qua dau tay dén liéu phap gen, & dé ching ta ndi vé ADN, chiét tich ADN, ban c6 thé
lam thi nghiém véi cac ADN clia mot sinh vat va ching ta c6 thé suy nght vé cach st
dung ADN cho cac muc dich khac.

In Week 3 you'll actually do some cell culture in the laboratory and look at cultured cells
and learn how to manipulate, do some manipulations on cells and culture, and so on
throughout the weeks. We have a one hour section that's designed to give you some more
detailed experience, some hands on experience with some of the topics we're talking
about. There are no lab reports that are due. There sometimes will be homework
assignments which sort of build on what we've done during the section but it's not alab in
that sense that it's along experience in the afternoon or that requires any detailed reports.
But it is required and | think an important part of the course. There's a mid-term exam
halfway through and a final exam at the end, and there's a term paper which is due near
the end of the course.

Trong Tuan 3 ban s thyc sy tham gia thuc hién cong viéc cdy té bao trong phong thi
nghiém va nhin vao céc té bao nudi cdy vatim hiéu céch thao téc, lam mot so thao téac
trén céc té bao vacéy, vav.v... trong sut tuan 1&. Ching toi c6 mot phan kéo dai mét gioy
duoc thiét ké dé cho ban mot so thi nghiém chi tiét h on, m6t s6 kinh nghiém thuc té vé
mét s6 chi d&é ma ching ta da dé cap. Khdng can phai viét bao cdo thi nghiém. Thinh
thodng sé co6 bai tap vé nha duwoc xay dung dua trén nhitng gi duoc thuc hién trong su6t
budi thi nghiém nhung né khong phai la mot thi nghiém theo nghia dé né la mot kinh
nghiém dai |au vao budi chiéu hodc diéu dé doi hdi bat civ bao céo chi tiét nao. Nhung nd
bét budc va toi nght 1a mot phan quan trong ciia khéa hoc. C6 mdt ky thi gitta ky nira
chirng vamot ky thi cudi ki Uc két thic, vacd mot bai tiéu luan vao gan cudi khoa hoc.

So thisjust - just saying alittle bit more about the sections, there's three sections, we have
online discussion section sign up, has anybody tried to do that yet? Just so they know that
it's available? So it was supposed to be available from day one, you can sign up for a
section that fits your schedule and this is sort of the list of things that we'll go through in
the section meetings.

Vi vay, day chi la - chi can néi mot chut thém vé cac phan, c6 ba phan, ching ta c6 phan
thao luan trwc tuyén c6 dang ki, co ai dathr 1am diéu dé chwa? Chi can dé ho biét rang
né o san? Vi vay, no duoc gia sir 1a da co san tir ngay dau tién, ban co thé dang ky mot
phan phu hop véi lich trinh clia ban va day la danh sach nhirng diéu ma ching ta s& xem
xét trong céc budi hop mat.

Grading - 30% of the grade is for the mid-term, 30% for the final, and the final is not
cumulative, the final covers only things for the last half of the course, so it's redly just
like a - covers half the course but it's given during the final exam period. Ther €'s a term
paper which I'll talk more about as the weeks go on that's aso worth 30% of the grade.
You'll have weekly - approximately weekly homework assignments that account for 10%



of your grade, but they have an impact beyond the 10% because if you can do the
homework and you understand the homework, you're going to have no problem with the
exams. | encourage you to spend more time than the weighting would suggest.

Chdm diém — diém gitra ki chiém 30% , diém cudi ki chiém 30% , va diém cudi ki khéng
tich Iy, ki thi cudi ki chi bao gébm nhitng th* & nlta cudi khéa hoc, do dé, né thuc s chi
gidng nhv mot - bao gdm nira khoa hoc nhung nd dugc cho trong thdi gian thi cudi ki. Co
mot bai ti€u luan cudi khda matéi sé& néi thém vé nd trong qué trinh hoc né cling chiém
30% tdng s6 diém. Hang tuan ban sé c¢é - céc bai tap vé nhachiém khoang 10% s diém,
nhung ching co tac dong vuwgt ra ngoai 10%, vi néu ban co thé lam céc bai tap & nhava
ban hiéu duoc bai tap & nha, ban sé khong c6 van dé véi cac ky thi. Toi khuyén k hich ban
danh thoi gian nhiéu hon dé lam céc bai tap nay.

So how do you get an "A" in the course? It's very simple. You do the reading before
class, you come to class, and you do the homework. And | guarantee you if you do those

three things throughout the course that you'll do well in the course and I've said this
almost every time I've given the course and nobody has ever told me that I'm wrong. And

so do these three things, if you don't get an "A" than you can come back and talk to me

about it later. The assignment for the next class is to do Problem 2 of Chapter 1, which

I've repeated right here, and that's to think beyond what I've talked about in terms of what

is Biomedical Engineering. To think a little bit more about Biomedical Engineering

products that you've encountered in your life, or that you have some experience with, and

then to think beyond what information I've given you in the chapter or in this lecture to

say what products of biomedical engineering do you expect to become routine in the nex t
50 years. So spend ten or 15 minutes thinking about this and write it down and bring your

responses to class in the next period and we'll talk about that.

Vay lam thé nao dé ban nhan duoc hang "A" trong khoa hoc nay? Rét don gian. Ban doc
tai liéu tredc khi dén op, ban dén 16p, vaban lam bai tap & nha. Va téi dam béo rang néu
ban lam t6t ba viéc nay trong su6t khoa hoc ban sé lam t6t trong khéa hoc va toi da noi
diéu nay gan nhw moi khi t6i day khoahoc nay va chwa ai n6i voi toi rang toi sai. Va nhw
vay lam ba diéu nay, néu ban khong nhan duoc loai "A" thi ban c6 thé trd lai va néi
chuyén véi tdi vé né sau nay. Nhiém vu cho budi hoc ti€ép theo lalam Bai tap 2 cla
Chuong 1, diéu matoi daldp di lap lai ngay tai day, va do la suy ngh xa hon nhitng gi toi
danoi vé vé Ky thuat y sinh lagi. Suy nght thém mot chit vé cac san pham clia Ky thuat
y sinh ma ban da gap trong cudc séng cla ban, hodc ban c6 moét s6 kinh nghiém véi no,
va sau dé suy nght xa hon nhirng thong tin ma tdi da cung cap cho ban trong chuong nay
hodc trong bai gidng nay dé noi vé nhitng san pham nao cla k¥ thuat y sinh ma ban hi
vong trd nén thdng dung trong 50 nam tdi. Vi vay, hdy st dung muoi hodc 15 phat dé
nghi vé diéu nay va ghi lai n6 vamang bai 1am cla ban dén 16p trong lan téi va ching ta
sE ban vé né.

So at the end of this first lecture where I've gone some way in trying to tell you what
Biomedical Engineering is about, | thought | would try to relate it in a different sort of
way. And you've heard this poem, London Bridge is Fall ing Down, everybody's heard
this poem? Y ou played the game; | don't know if there's a videogame now, if people play



games like this where London Bridge is Faling Down. This is a picture of London

Bridge, it's an interesting bridge which is important in th e history of London. Bridges
have really changed our society and allowed us to get from one place to another in ways
that we couldn't have gotten to easily before. One of the interesting things about London

Bridge is that it's now no longer in London, it's in Arizona, you can see a palm tree here.
When they reconstructed London Bridge they moved the old London Bridge to Arizong;

some guy bought it. That must be an interesting story, but | just have it here, and | think

the poem tells you something about engineering if you go through it - and the problems
of engineering.

Vi vay, & phan cudi clia bai giang dau tién nay, ltc dé téi sé thuc hién mot so cach c6 dé
cho ban biét ki thuat y sinh 1a gi, t6i nghi t6i s& c6 gang thuat lai n6 theo mot s6 cach
khac. Va ban da nghe bai tho nay, London Bridge is Falling Down, tat c& moi nguoi da
nghe bai tho nay ding khong? Ban choi cac tro choi, toi khong biét bay gio co video
game hay khong , néu nguoi ta choi game gidng nhu thé nay trong dé cau London dang
sup xudng. Bay la hinh &nh cla cau London, nd la mot cdy cau thd vi dong vai tro quan
trong trong lich s ctia London. Nhi*ng chiéc cau thuc sw dathay doi x&a hoi ching tava
cho phép ching ta di tir noi nay sang noi khac bang nhitng cach ma trudc day ta khéng
thé dé dang co duoc. M6t trong nhitng diéu tha vi vé cau London |a hién nay né khong
con & London, nd & Arizona, ban cé thé thdy mot cay co & day. Khi ho xay dung lai cau
London ho chuyén cau London cii téi Arizona; mot s6 ké d& mua n6. D6 han 1a mot cau
chuyén tha vi, nhung t6i vira co n6 & day, vatéi nghi rang bai tho néi voi ban diéu gi do
veé k¥ thuat, néu ban tim hiéu sau vé no - vacéc van dé veé ky thuat.

In bridge building we're well advanced in understanding what are the problems with
building bridges and how do we overcome them? For example, one thing that could
happen is that you build it up with wood and clay, you pick the wrong material for a
bridge, and it will not stand up to the forces of nature. It will wash away and so you got to
pick the right materials in order to build a bridge. So you pick a better material like iron
and steel, that makes a better bridge, we know that now because we have experience with
bridges, but still your bridge might fail. It might fail for a different reason. It might bend
and bow, that isit's not the forces of nature like the movement of the river that's knocking
the bridge down, but it's just the failure of these materials over time, that they don't last as
long as they might. So you build it with a materia like silver and gold, and then you
encounter the problems of society that your bridge might get stolen because somebody
thinks they have a better use for silver and gold than your bridge.

Trong xay dwng cau ching ta cling nang cao hiéu biét vé cac van dé véi xay dung cau | a
gi valam thé nao dé ching ta vuot qua nhitng khé khan do6? Vi du, c6 mot diéu co thé
xay ra la ban xay dung no |én bang go va dat sét, ban chon vat liéu khéng phu hop cho
mot cay cau, vand sé khong bén virng duéi tac dong clia tw nhién. NO s rira troi va do dé
ban phai chon dlng cac vat liéu dé xay dwng mot cay cau. Vi vay, ban chon mot vat liéu
t6t hon nhu sat va thép, 1am cho cay cau t6t hon, bay gio chdng ta biét rang bdi vi ching
ta co kinh nghiém trong viéc xay dung cau, nhung cling van con nhung ciy cau chat
lwvgng khong tot. C6 thé do mot s6 |y do khac nhau. N6 ¢d thé udn cong va cong xudng,
c6 nghia la khoéng phai do tac dong cua tu nhién nhuw su chdy clia dong nwéc pha vé cau,



mané chi lasy hv hdng cla vat liéu theo thdi gian, ching sé khong ton tai lau nhu chang
co thé. Vi vay, ban xay dwng no véi cac vat liéu nhu vang va bac, va sau dé ban gap phai
mt t& nan x& hdi 1a chiéc cau cla ban c6 thé bi danh cdp bai vi ai do nght rang ho cé thé
str dung vang va bac cho nhitrng cong viéc t6t hon lalam cau.

| would say that in Biomedical Engineering, largely, we're still at the stage where we're
trying to understand how things work and how they fail, and what materials are the right
ones. We're maybe where civil engineering and bridge building was 100 years ago. And
that makes it for me a very exciting time to study this because the problems aren't solved
in the way that bridge building is largely a solved problem now. Problems like the
artificia heart are still unsolved, there's still room for innovation, still room to learn from
what hasn't worked before, to learn from science, and to design something better. So one
of my purposes of this course is to get you, whether you study Biomedical Engineering
after this or not, excited about the subject so that you start thi nking about how you could
innovate in this area where lots of problems are till left to solve, so I'll see you on
Thursday hopefully.

Xin ndi rang trong K§ thuat y sinh, phan 16n, ching ta van con & giai doan ma ching ta
dang c6 gang dé hiu duoc céc thir hoat dong nhu thé ndo va chiing bi hdng thé no, va
nhitng vat liéu nao la vat liéu thich hgp. Chiing ta c6 thé, trong ki thuat xay dwng dan
dung va xdy dyng cau da ton tai 100 nam trwdéc. Va doi voi toi viec dé lam cho né tré
thanh mat thoi diém Ii th( dé nghién ctru van dé nay bdi vi nhitng van dé khong duoc giai
quyét theo cach nhu viéc xay dwng cau duoc gidi quyét rong ré hién nay. Cac van dé nhw
tim nhan tao van chua giai quyét, van con cho tréng cho sw cach tan, van con chd tréng
dé hoc hoi tlr nhitng gi da khong ding trwdc day, dé hoc hoi tir khoa hoc, va dé thiét ké
mot cai gi do tot hon. Vi vay, mot trong nhitng muc dich cla toi trong khoda hoc nay la dé
lam cho ban, cho du ban hoc Ky thuat y sinh sau nay hay khéng, bi kich thich vi mén hoc
nay dé ban bat ddu nghi vé& cach ban c6 thé d6i maéi trong Iinh virc ndy vi & do co rét
nhiéu van dé van con dé giai quyét, vi vay hi vong gip cac ban vao ngay Thir nam.



