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APhOL1 -2000 tai Indonesia

Phén thi li thuyét

KI THI VAT LI CHAU A LAN THU NHAT
KARAWACI, INDONESIA

BAI THI LI THUYET
Ngay 25 thang 4 nam 2000
Thdi gian lam bai : 5 gid

Hay doc klrphan nay tridc:

Chi dtmg but dudc phat
Chi viét tren mat glay da dudc da(nh dau
M@ bai toan ldm tren mot 18 gidy neng
Khi ldm ba.l chﬁ yeu dung cbng thic v so. Cang dung it 181 cang ot .
Trén mdi 13 gidy, phal viét nhang dong sau day & tren cung
- 86 bdo danh cua thl sinh( s s do ban t& chuc AphO da qui dinh )
- Sb bai toan va so thd 't cau hdi (vi'du 2/a.)
- S6td glay theo thd tlf
6. Trén trang dau ghi tong s trang cua bai lam cua em.

bW =

W Tap aé bai nay gém co: 7 trang
— g
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Bai s6 1
Bail
Nhat thdc trén v{a tinh cua sao Moc.

Td @4 l4u , trddc khi cac nha khoa hoc co the do mbt cach chinh xdc toc ad
truyén cla anh shng , thi O.Romer, mot nha thién van ngd6i Pan Mach da
nghién cdu nhug théi diérh xay ra cdc nhat thdc trén vé tinh cda sao Moc.
Ong ta @8 cd the xdc dinh duc toc @6 cia anh sdng td viéc quan sdt cAc chu
ki biéu kiéh cfa chuyén ddng cda ve tinh quay quanh sao Moc, Hifih 1 v&
quy dao cda Trai Dat E quanh Mat Trdi S va mot trong nhdng ve tinh M
quay quanh sao Moc. ( Chu ki bieu kién ma ong ta da do 1a thdi gian gida hai
I4n lién tiép ma vé tinh M 16 ra t¥ phia sau cdia sao Moc). ,
Mot ddy rat nhiéu cac quan sat hién tddng nhat thuc da cho phep uoc tinh
dilde mbt cach chinh xac chu ki cda M. Chu ki biéd kieh T quan sat ddde
phu thudc vao vi tri tudng doi cua Trai Dat doi véi duong SJ . Gi4 tri trung
binth cua thoi gian quay mot vong cua ve tinh 14 T, = 42 gid (h) 28 phut (m)
16 giay (s) va chu ki bieu kien 16h nhat 18 T+ 15 s .

Hinh 1: Quy dao cua Trai Dat E quanh M3t Trdi S va cda ve tinh M quanh
sao Méc J. Khohng céch trung binh td Trai Pat E 3éh Mét Trdi S 13 Re
—149.6 x 10° km. Khoang céch t8i da 13 R, e = 1,015 Rg. . Chu ki quay cla
Trhi D% quanh M3t Trdi 1a 365 ngly, clia sao Moc quanh Mat Trdi 1a 11,9
n¥m Khodng chch tu vé tinh M &éh sao Mdc 1 Ry =422 x 10° km.
a. Ding dinh luat van vat hap dan’cda Niuton d&’ddc tinh khodng
chch t sao M&c adh M3t Trdi, xem quy dao cda Tréi Dat v cua
sao Mdc la nhuiig vong tron. R ,
b. Dung 'in@t hé quy chiéu mi, trong do sao Moc Hlﬁ{g yé'h S0 véi
Mt Trdi (SJ). Xac dinh van toc gée ildng 3i cla Trai Pat doi

vdi hé quy chiéi M3t Trdi — sao Mdc ( SI). Tinh toc 40 cia Tréi
Pat trong he(SJ) )
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c. Gia sﬂ’ mot quan sat vien nhin ve tinh M bat Elau 16 ra tf bong t01
khi wmcﬁaalﬁltatﬁlgvélgoc Ok vak]unlnnvetinhloral
tiép theotlancuaanhtarfng v61 gde O+, k=1,2,3, ...Te
nhdng quan dat ay anh ta thu ﬂddc cac chulta quay bleu kién T(tk)
phu thuoc theo théi diém quan sat ty . Theo anh ta thi nhuing su’
khdc nhau cda T(t)_la do su khac nhau cua khoang cach d(tk) td~
saQ Mbc dén ngddi quan sat trong nhdng lan quan sat khac nhau.
Tﬂ' hmh 1 suy ra khoz{ng cach d(tk) cua sao Moc theo ty va dung
mot bleu thﬂc gan dung de’ gial thith khoﬁng cach anh hddng“den
chu ki’ bleu klen cua chuyen Hong quay ca M nhd the nao 105
tinh sai sO ty doi cda gia tri ga.n dung cua khoang cdch ma em vda
thu dddc.

d. Suy ra mdt he thdc lién he gnfa d(t) va T(tk) Bleu d1en chu ki
T(t) theo cdc thdi Zhem tk Tim nhﬁng vi tri cua Tréu -E}at ma anh
ta do dddc chu ki bieu kien cﬁc ﬁal, chu ki bidu kién cu’c tieu va
chukltht?ccuavetmhM o g

e. Udc tinh toc ‘Elo cua anh sang o ket qua tren N‘éu o on goc
cua céc sai sO n‘ong phép 3¢ tith cda em va tith cap @ 1611 cla
sai SO ﬁy

f. Chung ta da blet khm hiung cha Trai -Bat la 5,98 x 10% kg va mot
thdng 1a 27 ngay 7 gid 3 phlit. Hay tinh khoi Iudng ctia sao Moc -
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Bai 56 2
Bai 2
Cich phat hién tia An- pha

Chung ta thddng bi tac dung cﬁa cac but: xa hoac do thién nhieén hoac do
nguon goc nhan tao Vi su tién bo cua cdc 16 phan uhg nguyén tw'va viéc
uhg dung cac dong vi phong Xa trong nong nghiép, cong | nghlep, sinh hoc , y
té, s6’ cac ngudn phong X3 nhén tgo cung tdng theo thdi gian. Mot loa1 but’
xa do cac vjt liéu phong xa phat ra la chum hat an- pha (a) ( Hat an - pha la
nguyen tu’Heli ion hoa hai 14n, co’ hai dién tiéh dudng nguyen t6 va bén don
vi khoi lugng hat nhén).

Cach phat hxen hat Jan - pha bang phuUng phap d’u;n duoc di.lh tren kha n%fng
cua hat nay cG the’ gay ra hién tuong ion hoa khi no bay qua chét khi hoa“c
cac chat khdc. Doi véi hat an — pha trongykhong kh1 oap suat khi’ quyén, ta
co m6t cong thuc thuc nghlem lien hé gida “ c4p” cua hat R,, va nang ludng
E cua no:

R, = 0,318 E*?

trong do R,do bang cmvaE do bang MeV.

Pé phét hién tia an — pha, nguoi ta dung mot budng i ion hda. Do Ia mot dAu
thu chua dﬁy khi, hoat dong theo nguyen tac phan li cac hat tich dién dudng
va am sinh ra do quoa trmh ion hoa cdc nguyen tf khi b6i hat an-pha Qua
trinh thu thap cac dien tich nay t3o | nen mot xung, dign ma ta co the’ phat
hién, khuéch dai va ghl la1 dugc. Hieu d‘lg:n thé’ thiét lap gnfa a-not va ca-tot
dugc giu d'ﬁ ldn & cho qua trifih thi hdp cdc dién tich, khi ching bay trong
khoang giuia cdc dién cut, co thé bo qua.

o il Anode u
Qz----» =
-
alpha
source . Cathode v .
R owt  signal out
to amplifier

/; |4
. NN
window |||||___|=

Hinh 1: S 6 kHoi cia mach do dung buong ion hoa:
Alpha source: Nguon phét tia an-pha
Thin wmdow Cu so bang vat hgu rat mong
Anode : A-not Cathode : Ca- tot.
Signal out to amphﬁer Tin h1eu ra dé dua vao khuéch dai
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a. Mot h¢ do dién tich sinh ra tif budng ion héa 6 dign dung 1a 45 pi co
fara dugc dung dé phat hi¢n hat an-pha c6 cap R, bang 5,50 cm. Cho
rang nang lugng dé{) ta0 ra mot cap ion ( g6rt1/1 c6 mot dién tti';r_nang dién
am khoi higng nho va mgt ion diong khoi ludng Iof, moi hat dén
mang  dién tich béng di¢n tich nguyén ' e =1,60 x 10"°C) trong
khong khi 1a 35 eV. Hoi bién dg thé sinh ra béi midt hat an-pha bang
bao nhieu? |

b. Xung dien the do hat an-pha gdy ra da néi trong cau trén dugdc dat vao
hai d4u mét dién trd R. Dong bao hoa nhd nhat c the phét hign diige
bdi thiét bj nay l1a 10';2 ampe . ( dong bao hoa [a mot dong tuohg ddi
on djnh , nd chuhg to cac dién tich da dudc gdp lai voi cung mot toc
dg nhw'la t6¢ d9 mia nG da dugc sinh ra bdi cdc hat an-pha). Hay tinh
hoat d9 nhd nhaf A(toc dg phén fa cua dong vi phong x3 co phat ra hat
an-pha ) ctia nguon o c6 thé phat hién duge bang thist bi noi tren khi
R, 1a 5,50 cm va higu suat nhan hat an-pha ctia dau thu la10%. :

c. Bubng ion hda noi trén dugc dung de dém cdc xung dién the do hat
an-pha gay ra, ¢6 hiing s6 théi gian © = 10° gidy, Tirh gia tri cua dién
tro'va he s khuéch dai xung dién thé’can thiet deé tao dugc mét tin

’ L4

hiéu bang 0,25 V.

Hinh 2: Buong ion hoa dang hinh tru

d. Buong ion hda cd hai dién cuc hinh tru dude ve trén hinh 2. Vai miot
ong dem hinh try, dién cuc frong ( a-nét) Ia mot day kim loai duohg
kinh d.V0 ngdai (ca-tot) la miot dng kim loai méng dubng kinh D. Hay
tim biéu thuc cua dién truong E(r) va dien thi/a’ V(r) tai mot diém cach
tryc cua dién cyc hinh tru mot khoang r ( vei d/2 < r < D/2 ) khi mat
do dién tich trén mot don vi chiéu dai cua a-not la A. Tv'do suy ra di¢n
dung trén mot don vi dai cua dau thu. Dién trudng danh thung khong
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khi Ey 133 MV m (s danh thung khong khi — s phong dién - se
xy ra khi dién trddng 1dn hén E, - dién trdéng 1én nhat £d the th}zc
hi¢n trong kiidng khi’), Gid s¢ d = lmm va D = 1 cm, hay tinh hieu
dien th?::giﬁa a-not va vo ngoai khi qua trinh E%nh thung xay ra. .
Cho biet: 1MeV = 10° eV; ddn vi do hoat do A trong he don \fi SI la
Curie, viét tt 15 Ci; 1Ci=3,7x 10" phanra / giay = 10° uCi
1picofarad = 102F
Jdr/r=Inr+C.
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Baisd 3
Bai3

4
Hieu lfl;g Stiu-oa Ton- man

Nam 1917, Stlu-oa va Ton-man phat hlen ra rang khi cho dong Ehen
chay qua ] mot cuon day quan quanh mot hinh tru thi no sé quay véi’
mot g1a toc goc nao ao’

Ta haz xet mogl@n cac vong, lam bang day kim loa1 rat mﬁnh, m01
vong cd badn klnh I va dlen 1167 R. Cdc vo vong T aé dﬁéc sap xep ‘mdt cach
deu dan tren mot o trp thuy tinh d%l ma ben trong 1a chan khong Vl
tri cﬁa cac vong tren on try | adéc co ("Imh bang cach ddn cac vong Ho
vao ong tru. So vong tren mot ﬁdh vi chxeu dal doc theo truc aon x1ihg
la n. Ca’c mat phing chda cat vong thi vuong goc véi truc doi xdng
cua ong tru.

(3 mot thbl ('ﬁem nao Ho ta bat Hau guay ong quanh truc doi xdng
cua no_ ' vai'mdt gia toc gbcla o . Hay tigh c&m tg tnfong B 8 tryc
cua hmh tru ﬂ sau mot thbl glan du dg.l) Cho rang Hlen tith e cua mot
Hlen td va khoi lddng m cla Eﬁen fda biet .
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Phan thi thuce nghiém

AphO

Olympic Vat Ly Chau A lan thu 1

KARAWACI, INDONESIA
BAI THI THUC NGHIEM
Ngay 27 thang 4 nam 2000
( M0 1f £ Thoi gian lam bai : 5 gio.
DOC KY PHAN NAY TRUOC:

1. Chi dung but duoc phat.
2. Chi viet tren mot mat giay da duoc danh dau
3. Lam moi bai toan tren mot to giay rieng
4. Trong bai giai, chu y chi dung ky hieu, phuong trinh, so lieu, do thi,
bang so va dung cang it cau van cang tot.
5. Tren moi to giay trong bai lam, can ghi o hang dau:
- So bao danh ( do AphO quy dinh )
- So bai toan va so phan cua bai toan, vi du 2/a.
- So thu tu cua to giay.
6. Ghi tren trang dau tong so trang cua bai lam.

- /-
BMW Ton _
Tap dau bai toan nay co 4 trang.
Qa

o
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Bai s6 1
Bai thi nghiém thu nhat
Xadc dinh khoi luong riéng cda dau.

Trong bai thi nghlem ndy cdc em chi’ duyc dung cdc dung cy va vat lidu sau
day:

Mot & ong nghiém tit dién d@ trén phén lon 6ng tru’ & hai dau ong
M&t binh

. Mot thu’dc chia dQ

M3at 6 ong nhd giot

Glay vé dd thi

Khéin vdi khd / glay lau

Mot vong cao su nhd d€ ddnh dau mdc trén ong nghiém

NUGG cat cd khdi hIQng riéng 13 1,00 g/cm®

Dau duhg trong coc nhua.

3O PO DY O LA o T T B

Trong bai thi’ nghi€ém nay cac em pha1 xac dmh khioi lugng neng cua dau
nhung khong d’ub’c do cac ki¢h thudc cua ong nghle;m. Cac em cung khong
dudc phép do ca nuoc 1an déu vao trong 6ng nglnem cung mot hic.

Trong bad cdo cac em pha1 trinh bay can ke céc nbl dung sau :
a. Cdc cdsd l}f thuyet a& xay dling nguyen Iy phep do
b. Mb ta dﬁy il phu’dng phap valten trinh cu the cua thi nghlem
c. Pua ra gid tri cudi cung cifa khot lubng riéng cfia ddu ma em x4c dinh
dudc.

d. Trinh bay cac sai sO lea phep do va nguon gdc cla chung.
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Bai 56 2
Bai thi'nghiém thu hai

Xd4c dinh gia tri ciia hing so Ste- phan Bon-dé-man (Stefan-
Boltzmann )

Cac em chi dudc dung cdc dung cu va vat heu cho dudi &ay trong thi’

nghi¢m nay:

Nguon dlen mot chieu .

Mot nguon nhlet dot bang dlen lap tren mot tam gach men

Mot von ke s§ ( ki‘hiéu 1a V) va mot ampe ke s0 (ki h1eu la A)

Mot thud¢ kep 3 7

Mot khoi tru nhom, mat ngoai dudc &anh bong, trong rong de co

the chup 1én trén nguon nhiet. Tren kh01 tru co cam dau néng cua

cap nhiét dién ( loai sit- cons tan tan ) d& ao nh1et do c1?a khoi tru.

6. M6t bith cat:h nhlet chda mfo’c va nudé a4 de gid dau lanh cua pin
nhlet dién d nhlet do khong dbi ( bang 0°C) g

7. Mot mi Ti vén ke sd (ki hieu | la mV) se (ﬁfdc noi v01 cap nhlet dlen

8. Mot bﬁng lay mau’ ca’p nh1et dien, trong do chuyen 'doi gia tn doc
tren mi li von k& tinh theo mV thanh nhiet do tudng uhg

9. Cac day dlén K

10. Mot ngon néh va bao diem ae boi den mat ngoai cua khoi tru nhom

TR IRE

Chu tlnch

Cong suat but xa hiéu dung_ cda mot vat co dlen tich mat ngoai la’ S 0’
nhiét ‘do tuyet W& aT truy’én vao midi truong xung quanh cho bdi cong
thu:

P=ecS(T'-Ty)
Trong @6 o & hang s Ste—phan Bon-dé—man, T, 12 nhle;t dd tuyet 3'61 cua
mbi trubng xung, quanh, e = =1 661 vdi vat den tuyet 'dm = 0 @i voi vat
phdn xa tuyet @oi. Nhidt d§ cua mdi tridng xung quanh s& dddc cho sau.
Trong bai thi'nghiém nay cdc em phai xdt dinh hdng s6 Ste—phan Bon-

dd-manc.

/ / D, 5 s C 7/ A
Trong bdo ca0 cac em phai trinh bay can ke cac noi dung sau :
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a. Cac cd sd Iy thuyet as’ xay dyng nguyen Iy phep do

b. Mb td ddy da phdo’ng phap vakéh trmh cu th¢’ cua thi nghlem
c. ‘Ptia ra gid tri cudi cung cifa hang SO Ste-phan Bon-dg-man o
d. Trinh bay cac sai s6'cia phép do va nguon goc cua chiing.

Chu )5:

1. Phii hét suc than trgng khi cam mot so bo phan cua
dyng cy thi’ nghlem Chung cé the” nohg trén 100°C
trong lué lam thifdiém.

2. Cén klem tra nguon Ehén sao cho dong cung cap vao bo
phin @6t nong khéng hic ndo dudc wudt qua 2 ampe
trong luc lam thi nghlem.
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APhO2 -2001 tai Pai Loan
Bai toan li thuyét 1
Khi nao Mat trang tro thanh vé tinh déng bé cua Trdi dat?

Chu ki quay ctia Mit tring quanh truc ctia n6 hién nay dung bang chu ki quay
ctia nd quanh trai dat cho nén mit tring chi luén ludn hudng moét mit vé phia trai
d4t. Nguyén nhan khién hai chu ki d6 bang nhau 14 tic dung cua lyc thiy triéu trong

subt qua trinh lich str 1au dai cta hé Trai dat-Mat trang.

Tuy nhién chu ki quay cua trai dat quanh tryc ctia né hién nay ngin hon chu
ki ctia Mit tring quanh Trai dat. Két qua 1a luc thiy triéu ciia Mat tring tiép tuc tac
dong dé lam cham chuyén dong quay cua trai dat va 1am cho mit tring cang ngay

cang ra xa trai dat.

Trong bai toan ndy ching ta muén udc tinh xem phai bao 1au nira thi chu ki
quay cua trai dat quanh truc ctia nd bang vé6i chu ki quay cta mit tring quanh trai
dat. Khi éy mat trang trd nén thanh mot v¢ tinh déng bd hién ra nhu mot vat thé ¢d
dinh trén bau troi va chi nhitng quan sat vién ¢ phia trai dat d6i dién v6i mat tring la
¢6 thé nhin théy dugc. Chung ta mudn tim xem trai dat s& thuc hién mot vong trong

thoi gian dai bao 1au khi hai chu ky néi trén bing nhau.

Hai hé truc toa d6 vudng goc dugc 1iy 1am nhitng hé quy chiéu. Truc tht ba
ctia hai hé d6 song song véi nhau va vudng goc v6i mit phing quy dao cua mit

trang.

(1). Hé quy chiéu thir nhat goi 1a hé quy chiéu CM la mdt hé quy chiéu quan

tinh ma goc ctuia no6 dit tai khdi tim C cua hé trai dat-mit trang.

(11). Hé quy chiéu thir hai goi 1a hé quy chiéu xyz c6 gdc toa do dit tai tim O
cua trai dat. Truc Z ctia hé ndy trung véi truc quay cla trai dat, con truc x thi ndm
trén dudng ndi gitta tAm cia trai dat va tim cta mit tring va hudng theo chiéu cia
véc to don vi nhu trén hinh 1a. Mit tring ludn luén & phan 4m cua truc x trong hé

quy chiéu nay.
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Trén hinh v& : Earth 1a trai dat, Moon 1a mit tring.

Luu ¥ 1a cac khoang cach trong hinh la khong vé theo dung ti 1€. Miii tén
cong chi chiéu quay cua trai dat va ciia mit tring. Khoang cach tir tAm trai dat dén

tam mit trang ki hiéu bang r.
Cho biét cac dir liéu sau day:
(a) Hién nay khoang cach tir trai dat dén mit trang 1a r, = 3,85.10° m. Tdc do
tang hang nam la 0,038m/nam.
(b) Chu ki quay cua mat trang hién nay la T,, = 27,322 ngay.
(c) Khoi lugng ctia mat trang 1a M = 7,35.10%2Kkg.
(d) Ban kinh cta mat tring 1a R,, =1,74.10° m.
(e) Chu ki quay cua trai dat hién nay 1a T, = 23,933 gio.
(f) Khdi luong cua trai dat1a M = 5,97.10%*Kg.
(9) Bén kinh cua trai datla R =6,37.10°m.
(h) Hang s6 hap dan 1a G = 6,67259.10™ Nm?/kg?.
Khi giai bai toan ta chip nhan céc diéu sau day:
n Heé trai dat-mat trang la co lap voi phﬁn con lai cua vii tru.
(1 Quy dao ctia mit tring quay quanh trai dat 1a mot vong tron.
(111)  Tryc quay cua trai dat vudng goc v6i mit phing quy dao ctia mit tring.

(IV) Néu nhu khong c6 mit tring va néu nhu trai dat khong quay thi phan bd khoi

luong cua trai dat 1a doi xing cau va ban kinh cua trai dat 1a R;.
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V)

(V)

Dbi v6i trai dat hodc mit tring thi mé men quan tinh I di véi bét ky truc nao

di qua tdm ciling duoc xem nhu mdé men quan tinh cia mdt hinh cau dong

nhéit khéi lwong M, ban kinh R, tirc 13 | = %MRZ |

Sy phan b bé day ciia nudc bao quanh trai dat dbi véi hé quy chiéu xyz thi

khong thay dbi theo thoi gian.

Cac cau hoéi phai tra 1oi:

(1)

)

@)

Tinh gia tri hi¢én nay cia m6 men dong luong toan phz‘in L cta hé trai dit — mat
trang d6i voi khoi tam C.

Khi chu ki quay cta trai dat quanh truc ctia nd va chu ki quay cau mit tring
quanh trai dat bang nhau thi thoi gian dé trai dit quay mot vong bang bao
nhiéu ? Trong 10i giai thoi gian d6 goi 1a T va biéu dién nd bang don vi 1a ngay
hién tai. Chi yéu cau 1oi giai gan dung nén cac em co thé dung cac cach tinh
gan dung dé tim ra két qua.

Coi trai dat 12 mot qua cu cimg bao phu boi mot 16p nude trén bé mit va cho
rang khi mit tring chuyén dong quanh trai dt thi sy phan bd bé day cua 16p
nude nay trong hé quy chiéu xyz khong thay doi theo thoi gian. Theo mot mo
hinh dd duoc dé thi nguoi ta co xét dén luc ma sat gitra phan qua cau rin va
16p nude bao phu cua trai dat. Dudi sire hit cia mit tring nude bi hat vé phia
mat tring tao ra thuy tridu. Phin rang ciu cia trai dat quay nhanh s& kéo 16p
nuéc dy theo 1am dudng ndi hai diém thuay triéu cao nhat trén mat dat nghién
g6c & di v6i truc x nhu dd v& trén hinh 1b. Két qua 1a luc thay triéu do mit
tring giy ra trén trai dat s& tac dung mot mo men lyc ' quanh O lam cho
chuyén dong quay cua trai dat cham lai.

Cho rang géc 5 khong thay déi va doc 1ap véi khodng céch r tir trai dat dén mat
trang. Khi chuyén dong quay ctia mit tring quanh trai dat dong bd véi chuyén
dong quay cua trai dat quanh tryc ctia né, lyc ma sat khong ton tai nira thi goc

ay bang khong. Khi 4y nguoi ta ching minh duge rang mé men lyc T ti 1¢ véi

1 \ 3 ’ < e 3A A - -
—, I'la khoang cach tur trai dat dén mat trang.
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Hay dyng mé hinh nay dé tinh xem bao gid thi chuyén dong cua trai dit quanh truc

cua no va chuyén dong cuia mat trang quanh trai dat cé cung cung chu ki ?
Trong 101 giai, ki hi¢u thoi gian do 1a t, va tinh gia tri cua n6 theo don vi 1a nam
hién tai.

. e N Moon
Hinhib . /[ Sd

arth

Khi lam bai c6 thé sir dung cac cong thirc toan hoc dudi day :

(M1) V6i 0<s<r va x=scoséd thi:

1 1 x 3x*-s°
— -Gt )
vries?42rx  ror 2r

(M2) Néua=0 v, ‘Z—i":bml-a,th‘u 0* (") —*(t) = (t' —t)ab
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Bai toan li thuyét 2
Chuyén déng ciia mét ludng cue dién trong tir truong

Khi c6 mit mt tir trudng déu va khong doi B, thi chuyén dong tinh tién cia
mot hé dién tich s& kém theo chuyén dong quay. Két qua 1a cac dinh luat bao toan
cla déng lwong va cta thanh phan mé men dong lhwrong doc theo phuong cia tir
truong B sé bj d6i di va khong giong dang thong thudng. Piéu d6 dugc minh hoa
trong bai toan nay khi xét chuyén dong cua mdt ludng cuc dién tao ra tur hai hat co
khéi lwrong m bang nhau va mang dién tich lan luot bang q va —q (g >0). Hai hat d6
dugc ndi v6i nhau bang mot thanh cach dinh ctimg chiéu dai |, khdi lugng khong

dang ké. Goihoi luong khong dang ke. Goi :

)

1 1a véc to vi tri ctia hat tich dién q,
F, lavéctovitriciahatkiava | =F-F,
& 1a van toc goc cua chuyén dong quay cia ludng cuc quanh khéi tim.
F.,, VA Vo, 12 véc to vi tri va véc to van toc ciia khdi tam.

Céc hiéu tng turong d6i tinh va hiéu tng bt xa song dién tir 1a khong dang ké

Luu ¥ rang luc tir tac dung 1én hat tich dién q chuyén dong v6i van téc vV la qixB,

trong d6 tich c6 hudng ciia hai véc to A X A, duge xac dinh theo cac thanh phan X,

y, Z clia véc to ay bang cong thirc
(AXA)x= (A)y (A)z- (A)z (Ay)y
(AXA)y= (A (A)x- (A (A,):
(AXA): = (A)x (A)y- (A)y (A

(1) Cac dinh luat bao toan

(a) Viét cac phuong trinh chuyén dong cua khéi tim cta ludng cuc dién va
chuyén dong quay quanh khéi tAm bang cach tinh luc tong cong tac dung 1én

ludng cuc dién va m6 men lyc tong cong doi voi khoi tam.

(b) Tr phuong trinh chuyén dong cta khéi tim, hiy suy ra dinh lut bao toan

dong luong toan phan viét dudi dang khac. Goi cac dai lwong bao toan da viét
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dué6i khac ma ta dd néi & trén 1a P . Hay viét biéu thirc néi 1én sy bao toan
nang luong E theo v, va @ .

(c) M6 men dong luong gom co hai phan. Mot phan 13 do chuyén dong cua khéi
tam va phan khac 1a do chuyén dong quay quanh khéi tim. Tt dinh luit bao
toan dong luong toan phan viét dudi dang khac va phuong trinh chuyén dong
quay quanh khéi tdm hiy chimg minh rang dai lugng J dinh nghia bang cong
thirc duoi day:

J=(F, XPH®).B
duoc bao toan.
Luwu Y ring:
AXA, ==AXA
A(AXA) =(AXA).A,
A x (A x A) = (A A)A, (A - A)A,
Trong d6 A, A, va A, 1a 3 véc to tiy y. Ap dung nhiéu 1an hai cong thirc dau em co
thé chirng minh dé dang dinh luat bao toan noi trén.
Trong cé phan tiép theo ta cho B hudng theo truc z.
(2) Chuyén ddng trong mit phing vudng goc véi B
Gia su rﬁng thoat dau khéi tam cua ludng cuc dién nam & trang thai nghi ¢
géc toa d0, ¢ hudng theo chiéu truc x va van toc g6c ban dau cua ludng cuc

dién 12 w,2 (2 1a véc to don vi theo chiéu z).

@ Néu d6 16n cua @, nho hon gia tri té1 han o, , thi ludng cuc dién khong thuc
hién n6i mot vong quay quanh khéi tam. Tinh «, .

(b) NGi chung e, > 0, tinh khoang cach cic cuc dai d_ theo phuong x ma khbi
tam co thé dat tGi.

(c) Tinh strc cang tic dung 1én thanh ctimg. Viét biéu thirc ctia n6 theo van

toc goc o .
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Bai toan li thuyét 3
Dao ddng nhiét ciia cdc nguyen tir & bé mdt chat rdn

Trong bai ndy ta nghién ctru dao dong nhiét cta cac nguyén tir & bé mit cia mot
tinh thé nguyén chat c6 cdu trac 14p phuong tim mit (fec). O nguyén t6 cua mang
lap phuong tAm mit 1a mot hinh 1ap phuong, & mdi dinh va ¢ tAm cac mit cd6 mot
nguyén tr nguyén tir nhu di v& trén hinh Fig 3a. Vi tinh thé nhu vay, ta dung ki
hiéu (a,0,0), (0,a,0) va ( 0,0,a) dé biéu thi vi tri ctia 3 nguyén tir trén truc X,y va z
ctia 6 nguyén to. Hang sb mang a bang 3,92 A (Nghia 1a chiéu dai cia mdi canh cta
hinh 14p phuong 14 3,92 A)

Fig. 3a

(1) Tinh thé duoc cit sao cho mit phing chira ABCD tré thanh mit ngoai cua tinh
thé va 1a mat duoc chon dé 1am thi nghiém nhiéu xa electron nang luong thép.
Mot chum electron dong nang 64,0 eV dugc chinh thanh mdt tia hep, chiéu vao

bé mat noi trén dudi mot goc t6i ¢, bang 15.0°. Cha y rang ¢, l1a gbc giira tia

electron téi va phap tuyén véi mat phang. Mit phang toi 1a mat phang chira AC
va phap tuyén v6i mat phang ay. Dé don gian ta cho rang mdi electron chi bi tin

xa ngugc trd lai trén 16p cac nguyén tir ndm trén bé mat.

(a) Coi chum electron t&i nhu mot séng vat chat. Tinh bude song ay.
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(b) Gia str dau thu electron duoc bd tri sao cho no chi phat hién dugc
nhirng electron sau khi nhiéu xa khong di tréch ra ngoai mit phang
t6i. Hoi ta chi quan sat duoc electron sau khi nhiéu xa lam véi phuong

thing dimg nhitng goc bang bao nhiéu ?

(2) Cho rang dao dong nhiét cta cac nguyén tir & bé mit 13 diéu hoa. Bién do dao
dong tang khi nhiét do ting. Thi nghiém nhidu xa electron ning lugng thip cho
ta mot cach dé do duoc bién do cua dao dong trung binh cua dao dong éy.
Cuong d6 I cua chum electron nhiéu xa ti 1é thuan véi s6 electron bj tan xa
trong mot gidy. Mbi lién hé giita cuong d6 I va do dich chuyén G (t) cia cac

nguyén tir & mat ngoai dugc cho bdi cong thire :
I =1, exp {-<[(K'=K)-0]* >} (1)

Trong phuong trinh (1), | va lo la cuong d6 & nhiét @0 T va nhiét do tuyét
dbi. K va K’ cac véc to song electron t6i va electron nhiéu xa. Dau < > duoc
dung dé chi gia tr1 trung binh theo thoi gain. Nho rﬁng cong thuc lién hé gitra
véc to song K va dong luong p cua hat 1a K= 27 p/ h, trong d6 h 1a hang
s6 Planck.
Pé do bién do dao dong ciia cac nguyén tir & mit ngodi cia mot tinh thé kim
loai, nguoi ta dung mdt chum tia electron c6 dong nang 64.0 eV chiéu vao bé
mit cua tinh thé dudi goc toi 1a 15,0°. Pau thu dugc bd tri dé tién hanh phép do
nghién ctru cac electron phan xa. Chi cac lectron tan xa dan hoi 1a ¢ thé phat
hién dugc. D6 thi biéu dién In (1/ lo) theo nhiét dd T duoc v& trén hinh Fig. 3b.
Cho rang k,T 12 ning lugng toan phan ciia nguyén tir dao dong theo phuong
X clia phap tuyén ctia bé mit tinh thé, trong d6 k, 1a hang sé Boltzmann.
(2) Tinh tan sb dao dong cua nguyén tir trén bé mat theo phuong cua phéap

tuyén ctia bé mat tinh thé.
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(b) Tinh d6 dich chuyén binh phuong trung binh theo phwong phap tuyén véi
bé mit clia cac nguyén tir nam & mit ngoai, nghia 1a gia tri cua (< ux®> )2 tai
nhiét d§ 300 K.

Cho biét cdc tham sé sau:
Nguyén tur luong cua kim loai M = 195.1
Hang s6 Boltzmann ks = 1.38x 102 J/K
Khéi luong cua electron = 9.11x 103! kg
Dién tich cta electron = 1.60x10° C

Hang s6 Planck h = 6.63 x 1034 J-s
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Vong thi thue nghiém

Cac dac trung co ban cua pin mat troi
M0 ta chung
Muc dich cua thi nghiém nay 1a dé tim hiéu cac thong sb co ban cta pin
mit troi. Pin mat troi cd thé hép thu song dién tr va bién d6i nang luong cua
photon di hép thy thanh ning lwong dién. Mot pin mit troi chi yéu cau tao boi
mot diot ma dic trung von-ampe theo chiéu thuén trong t6i (nghia 1a d6 thi I-V
khi khong chiéu sang) ¢ thé dugc viét nhu sau:
| = lo(ePV - 1),
Trong d6 lo va B 1 nhitng hang sb.
Diot duoc lam bang chat ban din c6 do rong ving cam Ec — Eyv (xem Fig.
1).
Khi ning lugng ciia photon roi téi 16n hon ning luong cua ving cim, thi photon
c6 thé bi chit ban dan hip thu va sinh ra mot cip dién tir - 16 trong. Céc dién tir
va 16 tréng bi dién truong ndi tai ¢ trong diot tdc dong lam cho di chuyén va sinh
ra dong dién (dong dién quang sinh). V&i pin mit troi con cd nhiéu thong sb

quan trong khéac ngoai dong quang sinh cuia pin.

electron

A
photon x

AVAVAVAVAVAVANG energy gap

C)\ EV (valence band)
hole

Fig. 1

(conduction band)

Phan dudi day giai thich ngan gon céc tén goi va cac nguyén li co ban cua pin

mat troi:
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(1)

()

3)

(4)

()

(6)

Dong nbi tit (Is) 12 cuong d6 dong dién & mach ngoai clia pin mat troi khi

cac cuc cua no bi noi tat, nghia la dién trd cia ngoai bang khong.

Thé hd mach (Voc) 14 hiéu dién thé & hai cuc pin mit troi khi né hd mach,
nghia la di¢én tr¢ cia mach ngoai bﬁng v6 han. Voc con dugce goi 1a hiéu dién

thé quang dién.

Pm 1a cong suat cuc dai & mach ngoai cua pin mat troi, tirc 1a gia tri cuc dai

cua tich IxV.

Hé s 14p day (FF) duoc dinh nghia bang Pm/(IscVoc), n6 1a mot thong sb

quan trong dung dé danh gia chat luong cua pin mat troi.

Vi dong quang dién dugc sinh ra do hap thu photon bai chat ban dan cho
nén dap ung phot cua dong quang dién c6 thé dung dé xac dinh ving cim
clia chat ban dan. Tir gia tri cia nang luong ving cam, ngudi ta c¢6 thé biét
duoc vat liéu ban dan da dung lam pin mit troi.

Vi moi photon téi, cd nang lugng 16n hon dd rong nang lugng ctia vung
cam, déu co thé tham gia vao viéc tao ra dong quang dién (lpn) cta pin mat

tro1 nén:
Ao
1,y oc j% N(A)dA ,

Trong d6 N(1) 13 s6 electron sinh ra bdi cac photon bdi photon c6 budc
song nam trong khoang A va 1+ 84 véi 81 bang mot don vi, L. la budce
song cat cua kinh loc ( xem Fig. 2, Fig. 3, va Fig. 4) va Ao 1a budc song dai
nhat c6 thé sinh ra dugc dong qunag dién. Trong thi nghiém nay N(1) xem
nhu 12 khong thay doi trong toan mién 4nh sang thdy duogc, va mdi kinh loc
dugc phat trong thi nghiém nay déu khong cho di qua tat ca anh sang co
budc song nhé hon mot gidi han nao d6 goi 1a bude song cat A,. Vi thé,
dap mg phd ciia dong Iph khi dung voi mot kinh loc ¢ thé viét don gian

nhu sau:

Iph oC (7\,0—7\,(:).

(7) Ning luong E cua photon lién hé voi bude song ciia photon bang phuong

trinh E = 1240/), trong phuong trinh nay don vi do A 1a nm (10°°m) con
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don vi do E la eV (electron-volt).
II-  Thiét bi va vat tu thi nghiém

(1) Mot pin mit troi dé trong hop den c6 nut dé che anh sang va di dwgc han

trudc day dan vao hai cuc cua pin.

(2) Hai ddng hd van ning chi thi s6 ma dién tré noi khi dung dé do dong dién 1a

rat nho.
(3) Mot bd ngudn dién dung pin (1.5 V x 2)
(4) Mot bién tré chinh xac (0-5 kQ)

(Cha y: Con chay cua bién tré duoc ndi vao ddy mau d6. Khong duoc ndi day

nay vao nguon dién vi no6 co6 thé lam hong bién tro.)
(5) Mot nguon anh sang trang kém theo ngudn cung cap dién.

(6) Hai kinh phan cuc. (Lwu y: nhitng kinh phdn cuc nay khéng con la kinh
phan ciee khi anh sang c6 bude ngan hon buéc séng cdt cua kinh loc mau
vang.)

(7) Ba kinh loc véi cac mau do, cam va vang, mdi mau mot chiée. (dic trung
pho cua kinh loc duge vé trén cac hinh Fig. 2, Fig. 3, va Fig. 4)

(8) Mot gia dé lap kinh loc va kinh phan cyc. (Luu ¥ : kinh loc va kinh phan

cuc co thé 1ap chong 1én nhau trén cung mot gia.)
(9) Mot ban quang
(10) 6 16 xo dé ndi day. Cai ddy vao khe giita cac vong day cua 10 xo.
(11) Mot thude dai 45¢cm.
(12) Giy vé& do thi thudong (10 t0), gidy vé do thi nira loga (5 td)
(13) Hai tim bang chan sang.

(Luu y: Dé tranh 1am hong céac vat tu do nhiét, cac kinh phan cuc va kinh loc nén

deé cang xa nguon sang cang tot.)
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Fig. 3
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Fig. 4
I1l-  Cdc bwéc thi nghiégm
(1) (Cauhoi (1) : 3 diém)

Po va vé& dic tuyén |-V cua pin mit troi khong chiéu sang khi phan cuc né
theo chiéu thuan bang ngudn dién ngoai.
a. V& so do ctua mach dién ma em da dung.
b. V& do thi I-V va x4c dinh cac gid tri B va lo tir cac s6 liéu I-V ma em thu
duoc.
(2) (Cauhoi (2) : 7 diém)

Do cac dic trung clia pin mit troi duoc chiéu sang bang dnh séng tring khi
khong diung nguodn dién ngoai. (Luu y: khoang cach giita nguon sang va hop
dung pin mit troi, ldy bang 30cm nhu v& trén hinh Fig. 5.)
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Ngudn sang Hop pin mat troii

Fig. 5

a. Veé so do mach dién ma em da dung.

b. Po cuong d6 dong dién ndi tit lsc.

c. Do hiéu dién thé ho mach Voc.

d. Tién hanh phép do dé tim mdi lién hé gitta cudng d6 dong dién I va
hiéu dién thé V ¢ hai dau ra cta pin mat troi khi dién tré méc & hai cuc
clia nd ¢o cac gia tri khac nhau va vé& db thi I theo V.

e. Xac dinh cong suét cuc dai Pm cia pin.

f.  Xéac dinh gia tri dién tro tai dé cong suét & 16i ra cua pin dat cuc dai.

g. Tinh hé s lap day, FF = Pm/(1scVoc)

(3) (Cau hoi (3) : 3.0 diém)

Cho réng pin madt tro1 co thé xem nhu mot linh kién ciu tao béi mot
ngudn dong li tuong (ngudn dong do anh sang sinh ra), mot dién tro ndi tat
ngudn dong Rsh, mot diot Ii tudng va mot dién tré ndi tiép Rs.

a. V& so do twong duong cua pin mit troi khi chiéu sang.

b. Suy ra biéu thirc lién hé giita I va V ¢ so do twong duong nay. Viét két
qua theo Ry, R, lph (cuong d6 dong quang sinh), va lq (cuong d¢ dong

dién chay qua diot).
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c. Chorang R, = vb han va R, =0, tim h¢ thuc lién h¢ gitra I va V va
chtng minh ring né co thé viét duoc dudi dang duéi day:
a |
V. =p"n |_ +1
0

Trong d6 Voc 13 hiéu dién thé hd mach, lsc 1a cudng do dong nbi tit, lo va

B la cc hang sb.
(4) (Cau hoi (4) : 4 diém)
Nghién ctru anh hudng cua cudng do chiéu sang.

a. Do va v& d6 thi biéu dién ls theo cudng d6 sang twong d6i va xac dinh

gan dung ham phu thudc giita lsc va cudng do sang twong dbi.

b. Po va v& d6 thi biéu din Vo theo cuong do sang twong ddi va xac dinh

gan dung ham phu thudc giita Ve va cuong do sang tuong doi.
(5)(Cau hoi (5) : 3.0 diém)
Xéc dinh dap tng pho cua pin mat troi.

a. Do va vé d6 thi biéu dién su phu thudc cua lsc vao budc song cit cua ba
kinh loc da cho.

b. Uéc lugng budc song dai nhat ma pin mit troi bat dau hoat dong duoc.

c. Uédc doan xem pin mit troi 1am bang vat liéu nao (Goi y: cho do rong

clia viing vam cuia cac loai ban dan thudng dung 1a:
InAs: 0.36 eV,
Ge: 0.67 eV,
Si:1.1eV,
Si v6 dinh hinh (a-Si : H): 1.7 eV,
GaN: 3.5eV)
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APhQO3 -2002 tai Singapore
Bai li thuyét 1

Bai toan li thliyét 1 (dao déng clia mang tinh thé mét chiéu)

Cé sb N rat 16n (N>>1) cac hat la nhimg chét diém chuyén dong
dwroc, mdl hat c6 khél luong m, va N+1 16 xo0 gidéng nhau, khong c6 khol
lurong, mol cai cé do cung S. Chung duoc nél thanh mét chudl thang. Pau
va cudl chudl ndl vél hai hat cb dinh. Xem hinh vé. Chuél nay duoc ding
lam mo hinh dé xét cac mode dao dong ciia mét tinh thé mét chiéu. Khi ta
lam cho chuol dao dong, dao dong doc ciia chudl cé thé xem nhu la chong
chét cua nhiéu dao dong don gian (ma ta gol l1a mode), mol mode c6 tan so

dac trung riéng.

%&w&w&wwﬂn S N~ Y YN S S ——

0 a 2a 3a na (N-1)a Na N+ 1lua=L

(a) Hay viét phuong trinh chuyén dong cua hat thir n. [0,7 diém]
(b) Pé gial phuong trinh chuyén dong cua phan (a), ta ding nghiém dudl dang

Xu(®) = A sin nka cos (of + ),
trong d6 X,(w) 1a do dich chuyén cua hat thir n so Vol vi m cin bang, o la tan so goc
ciia mode dao dong va A, kvaalacac hang sb: k la cac sb song, o la cac tan sb cua
mode. V&i moi gié tri cia k, c6 mét gié tri cua tan s6 o twong ung. Hay tim sy phu
thude cia  theo &, cac gié tri duoc phép cua , va gia tri cuc dal cua @. Nhu vay, dao
dong cia chudi la chdng chat cua tat ca cac mode dao dong do.
Cho cac cong thirc: (d/dx) cos ax = - a sin ax, (d/dx) sin ax = & cos ax, & =

constant; sin (4 + B) = sin A cos B + cos A4 sin B; cos (4 + B) = cos A cos B —sin 4
sin B. [2.2 diém)]

Theo Planck, nang lugng cua photon véi tan s6 o 1a ho, trong d6 la hang
sd Planck chia cho 27. Lmstem da mo rong diéu nay bing cach cho rang méi
mode dao dong c6 tan s6 @ thi nang luong clia né ciing tinh dugc nhu trén.
(wru ¥ ring mode dao dong khéng phai la mot hat ma la mot c4u hinh dao
dong don gian cua toan chudi. Mode dao dong nay cling tuong tu nhu
photon va dugc goi 1a phonon. Trong phan con lai cua bai toan, ching ta sé
theo ddi nep nhimg hé qua cua y tuong nay Gia thiét tinh thé duoc tao nén
bdi mot s rét 16n (~10 ) cac hat dugc xép thanh chudi thang.
(¢c) V&i mt gia tri cho trude cua o (hodc k) co thé khong c6 phonon, cé 1 phonon, c6 2
phonon, hoic mdt sé phonon bét ki. Vi thé ta can tinh nang lwong trung binh (E(w )) cua
mét mode ¢6 tin s6 ©. Goi Pp(w) la xac suét dé c6 p phonon véi tan s6 . Khi dy, gia tri
nang luong trung binh can tinh la:
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o

z pho P (@)
(B)=2 ——

> P (@)

p=0

Mac dii phonon ia gian doan, nhung vi ¢6 rit nhiéu phonon (va P, tr& nén rat nho khi
p 16m) nén ta c6 quyén mo rong gi6i han lay tong dén tan p = cc, ma khong bi sai
dang ké . Bay gio xac suat Pp dugc tinh bang cong thirc Boltzmann

Py(w) o exp (- phco/kBT),

trong 46k la hing sb Boltzmann va T la nhiét do tuyét dbi cua tinh thé coi nhu
khong doi. Hé s ti 1é trong cong thirc trén khong phu thuéc p. Hay tinh nang luong
trung binh cua cac phonon c6 tan sb o.
Khi tinh. c6 thé dung cong thirc: (d/dx) & = (df/ dx) ™.

[2 diém]

(d) Sau day ta mudn tinh nang luong toan phan Er cua tinh thé. Trong phén (c) ta da tim
duge nang lugng trung binh (E(w)) cia mode dao dong . Pé tinh Er ta phai nhan |
(E(@)) véi sb mode dao dong cua tinh thé c6 trong khoang tan s6 bang don vi quanh gia
tri @, rdi Iy téng trong toan khoang tir @ = 0 dén Wmax.

Xét mot khoang Ak cia mien cac so song. Vi N rat Ion va véi Ak rat lon so vdi
khoang cach giira hai gié tri dwoc phép lién tiép cua k, hay tinh so mode c6 thé tim duoc
trong khoang Ak? [1diém]

(e) Dé sir dung céac két qua cua (a) va (b), ta thay gan dang Ak bang (di/dw)de va thay
tong bing tich phén theo @. (Tir day, dé cho tién, ta ding bién  thay cho k .) Tinh tong
sé mode cua tinh thé trong phép gan dung nay va rut ra cong thirc dé tinh Et nhung
khong can tinh toan dén cing.

Khi lam bai c6 thé sir dung cong thurc sau: £dx/~/l -xt=xl2.
[2.2 diém]

(f) Nhiét dung mole (nhiét dung phén tir) Cy cua tinh thé & thé tich khong dbi c6 thé dugc
kidm ching bang thuc nghiém : Cy = dEr/dT (T la nhiét d tuyét dbi). Véi tinh thé dang
xét, hay tim sy phu thudc cua Cy vao T ¢ mién nhiét 4o rat cao va rét thap (nghia la cho
biét n6 1a hang sé, 1a ham béc nhat hay Ia ham lily thira cua nhiét do trong timg khoang
nhiét ). V& mét cach dinh tinh db thi biéu dién Cy theo T, dé thay duoc xu huong da
duoc du doan & mién nhigt do 7 rét thap va rat cao.

[1.9 diém]
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Bai li thuyét s6 2

Bai toan li thuyét 2

Sung duong ray

Mot chang trai & P va mét c6 gai & Q 'yéu nhau say dim. Hai dja diém d6 & cach
nhau mét eo bién cé chiéu rong w = 1000 m. Sau khi hoc & trén 16p vé li thuyét
cua sung duong ray, chang trai voi ché tao mét thiét bi nhu vay dé tu phong
minh qua eo bién. Chang dung mét duong déc cé thé diéu chinh dugc do déc 6,
trén do chang dat song song hai thanh ray bang kim loai, cach nhau L = 2,00 m
(chiéu dai mdi thanh ray 1a D = 35,0 m). Chang tim cach mac mét nguon dién
mét chiéu 2424 V vao cubi clia cac thanh ray. M6t thanh dan dién co thé truot
tr do trén cac duong ray kim loai va chang trai c6 thé treo minh trén d6 mét
cach an toan khi thanh dan dién truot trén duong ray.

Mot ki su tai nang, cam dong vi mbi tinh do, da thiét ké mot hé thong co thé tao
ra mot tr truong B = 10,0 T, tUr truong nay duge hudng vudng goc voi mat
phéng clia cac duong ray. Khéi luong cua chang trai 1a 70 kg. Khoi luong cua
thanh dan dién l1a 10 kg va diéntré ciand laR =1,0 Q.

8=10.0T M
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Ngay khi chang trai vira hoan thanh viéc ché tao thiét bi va thir thay né hoat
dong hoan hao, chang nhan dugc mét cu dién thoai cua nang. Nang vua khoc
vira néi rang néu trong vong 11 gidy sau ci dién thoai nay ma chang khong dén
duoc Q thi cha nang sé ga nang cho mot anh triéu phi. Néi xong, nang cup may

ngay.

1000m

......«...

Chang trai 14p tic hanh dong va phong minh qua eo bién dé dén Q.

Bing cach sir dung cac budc néu dudi day, hay cho biét liéu chang trai c6 dén
kip khong, va néu dén dugc thi chang da phai dat goc 6 trong khoang gia tri
nao?

(a) Tim biéu thic cia gia téc cua chang trai theo phuong song song voi
duong ray.

[3 diém)]
(b) Tim biéu thirc cia
i. thoi gian trugt trén dudng ray t va
ii. thoi gian bay t;
cuia thanh dan dién phu thudc vao géc 6.
[3 diém]

(¢) V& d6 thi biéu dién tong thoi gian T = ti+t; theo goc nghiéng 6.
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[1.5 diém]
(d) Dua vao céac thong sb c6 lién quan cua thlet bi nay, hady xac dinh khoang
gia tri cua goc ma chang trai can phai dat. Néu cin thi c6 thé vé& thém mot do

thi nira )
[2.5 diém]

Gia thiét rang:

1) Théi gian tir lac dién thoai bi cat dén ltc hoan tat moi cong viéc chuan bi
dé phéng minh (nhu 12 dat goc nghiéng 6 thich hop) la khong dang ké. Nhu thé
c6 nghia la qua trinh phong | bat dau & thoi diém t = 0, khi thanh dan dién (co
chang trai bam trén do) bat dau chuyén dong..

2) Chang trai c6 thé khéi hanh tir bat ki diém nao trén duong ray.

3) Pau trén cia duong ray va diém Q ¢ cing mét dé cao va khoang cach

gitra hai diém d6 1a w= 1000 m

4) Moi vén d& guanh viéc dam bao an toan cho chang trai nhu luc tiép dat,

chéng dién giat v.v. . déu khong dang ngai.

5) Dién tro cua thanh ray kim loai, dién tr¢ trong cua ngudn dién, ma sat

gitra thanh dan va duong ray, suc can cua khéng khi déu dugc bo qua.

6) Léy gia toc trong truomg la g = 10 m/s’

Mot so cong thire toian hoc:

1. Ie""dx =——

o .a N \ éﬁ — b A s a bt bt
2. Nghiém ctia phuong trinh i a+bx 1a x(1)= ‘;(e 1)+ x(0)e™ .
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Bai toan s6 3
Bai toan li thuyét 3

Ché tao phién ban dan

Nguoi ta goi qua trinh ché tao cac “chip” ban dan tir silic 12 qua trinh ché tao
phién. Trong cong nghe hién dai, co dén trén 20 qué trinh. Chung ta tap trung
khao sét viéc tao mang mong.

Trong qua trinh ché tao phién, mang mong cua cac vét liéu khac nhau duge phu
trén bé mat cia phlen silic (goi la de) Bé mat cua dé phai cuc ki sach truge khi
qua trinh phu bat dau. Mot luong rat nho cia 6 xy hoac cua cac nguyén t6 khac
s& dan dén su tao thanh cac 16p bi nhiém ban. Toc d6 tao thanh 16p d6 dugc xac
dinh boi dong phan tir khi dép vao bé mat d¢é. Néu goinla s6 phan tr trong mot
don vi thé tich khi, thi dong phan tir tir phia khi di dén mét don vi dién tich dé la:

trong d6 ¥ toc d6 trung binh cia phén tir khi.
(a) Cho réng cac phan tir khi tuan theo dinh luat phan bé Maxwell-Boltzmann

372
: ”A’; TJ ],: e-Mr:/(lRTl A
trong 46 W (v)dv 1 ti phan phén tir ¢6 toc 46 nam trong khoang v va v +dv, M1a
khéi lugng phan tir cia khi, T 1a nhiét d6 tuyét doi cua khi va R la hang s6 khi Ii
tudng, hdy chimg minh rang toc do trung binh cua cac phan tir khi duoc cho boi
cong thire

W(v) = 4z [

§RT
VaM

o= [v W) dv=
0

[1.5 diém)]

(b)  Gia thiét rang chét khi 1a khi 1i tuéng & ap suét thdp P, hay chimg to ring
dong phan tir duge tinh theo cong thire
I

N 27z mkT

trong d6 m 1a khéi lugng ciia mét phan tir va 7 la nhiét do cua khi.
[1.5 diém]

(¢) Néu ép suat con lai cua 6 xy trong hé chén khéng la 133 Pa, va xem phan
to 6 xy nhu mot qua céu c6 ban kinh xap xi bang 3.6 x 10™° m, hady udc
tinh xem thoi gian can thiét de tao ra mot 16p don phan tur 6 xy trén phlen
& 300° C 12 bao nhiéu. Cho rdng moi phan tir 6 Xy dap vao bé mat phién
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silic deu dong lai trén d6. Ciing thira nhén rang cac phan tir 6 xy trén mang
duoc sip xép canh nhau. ‘
[1.7 diém]

(d) Trong thuc té, khong phai moi phan tr 6 xy dap vao phién silic déu phan
img véi silic. Piéu nay c6 thé duoc md hinh hoé thong qua khéi niém nang
lrong kich hoat: cc phan tir mubn phan ung duoc vdi silic thi trude khi
phan 1mg, né phai c6 nang luong 16n hon nang luong kich hoat. Vé mat
vat li, thi nang luong kich hoat nay néi 1én rang lién két hod hoc giira cac
nguyén tit silic v&i nhau phai bj pha huy trude, réi lién két gitra nguyén tir
silic va nguyén tir 6 Xy mdi hinh thanh duoc. Cho rang nang luong kich
hoat cho phan {ng 12 1 eV, hay uéc tinh phai can thoi gian bao lau méi
lang dong dugc mot 16p don nguyén tr 6 Xy ¢ nhiét 46 no6i o trén. Em c6
thé thira nhan rang dién tich nim dudi dd thi phan b6 Maxwell da néi
trong phén (a) ¢ gié tri bing mét don vi.

0.0014 -
0.0012 -
0.001 -
W(v) 0.0008
0.0006 |
0.0004
0.0002 -

0 . e

0 500 1000 1500 2000 2500 3000

Téc dg, v (m/s)
[2.8 diém)]

(e) Dé thuc hién qué trinh ‘quang khic, ngudi ta phfl lén bé mat phién silic
sach mot 16p polyme trong sudt (keo cam quang) cd chiét sudt x = 1,40. Pé do
chiéu day cua 1ép keo cam quang, ngudi ta chiéu 1én bé mat phién mét chum
sang song song, don séc, ¢6 budc séng 2= 589 nm. Khi 16p keo cam quang cé
chiéu day cuc tiéu d nao do, thi khi chim sang chiéu vudng goc vai 16p keo, sy
giao thoa sé€ lam triét tiéu chum sang phan xa. Hay tim biéu thirc lién hé gitra d,
pva 2. Tinh d tir nhitng so liéu da cho trén day. O day, em c6 thé coi silic nhu

mot méi trudng cd chiét suat 16n hon 1 ;40 va bo qua sy phan xa nhiéu lan.
[2.5 diém)]
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Cho biét:

Khéi luong phén tr ciaa 6 xy 12 32 g mol ™.
Hang s6 Boltzmann la k =1.38 x 107%] K.
S6 Avogadro la N, = 6.02 x 10* mol K

jx"’ et dx = = Fpd L et
2 k* k
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Bai thi thi nghiém
Bai s6 1
Part A

Po do phan xa va xac dinh chiét suat

1.Co sO

Muc dich cta thi nghiém nay 1a do su phu thudc géc ctia do phan xa ctia anh séng
phan cuc va xac dinh chiét sudt ciia mot phién ban dan.
Khi 4nh sdng dap vao bé mat ban din, mot phan bi phan xa, mot phén truyén qua
va mot phan bi hdp thu. Ti phin cong sudt d4nh sdng bi phan xa dugc goi la do
phén xa (con goi 1a hé s6 phan xa). N6 duge dinh nghia nhu 1a ti s6 clia cong suat
anh séng bi phan xa I, trén cong suat dnh sang t6i I; :

]r

R="t
7 (1)

Anh sang t6i c6 thé dugc phan tich thanh 2 thanh phén phan cuc. Mot thanh phan
phan cuc song song v6i mat phing t6i (goi la phan cuc p) va mot thanh phén
vuong géc véi mat phing téi (goi l1a phan cuc s). V6i bude séng laser do dung
trong bai nay, su hdp thu trén bé mat ban din c6 thé bo qua. Trong diéu kién do,
v6i dnh sdng di tir khong khi t6i vat liéu, do phan xa R va R (Ian luot cho cac
thanh phan p va s) dugc cho bdi cic phuong trinh Fresnel:

ncost, — cost
+JR =—F"™— "~
P cosO, + ncosb, 2
B \/E _ cosb, — ncosb, 3)

cosB, + ncos0,

trong do n la chiét suat cta vat liéu, 0; la goc t6i, 0, 1a géc phan xa, va 0, 1a géc
truyén qua (hay goc khiic xa), nhu trén hinh 1.

1,' Ir
khong khi 616
Maiu.cé chiét
sudt n 9”_ i
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Hinh 1

Trén thyc t€, khong do duge tryc ti€p Rg va R, khi 6, = 0. Tuy nhién, cic phuong
trinh Fresnel cho phép tinh dugc n tr Ry va R, ma ta do dugc G cac goc toi
nghiéng. Mot trong cc so d6 do dugc vé trén hinh 2 duéi day, va mot anh chup
cua thiét bi dugc néu & hinh 3.

Maiu

y Y
Thuy ti*

Khéi méiu E
Laser diode
Mau trén trén gid quay
gid quay g
Ban phén cuc P :
trén gid quay
Detector
dnh sdng
4 v v ¥
Déng ho
do cong

suat laser \

An niit nay dé do )

Fig. 3

Ghi chi: Vach méoc dé diéu chinh géc nam ¢ goc trén bén trai cua gia quay
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I1. Thiét bi va vat liéu

(1) Mot diot laser 1ap trén gid quay, cung v6i bo pin 3 V. Laser phét ra budc song
650 nm.

Chi yd: Khong dugce nhin vao tia laser
Canh giac vdi cac tia di lac va tia tan xa

Ding gidy mong duoc cip dé lau sach bé mat kinh va mau

(2) Mot ban phan cuc thing dudng kinh 20 mm dugc lap trén gid quay. (Chu 0 y.
géc quay 0° & trén gid quay khong cho biét gi vé truc phan cuc cua ban phan cuc)

(3) Mot tAm kinh (c6 chiét sudt 1.57 d6i véi dnh séng c6 budc séng 650 mm) vz
mot phién ban din dugc gan vao 2 mat d6i nhau cua mot kh6i méu hinh hop cht
nhat.

(4) Mot gid quay quang hoc c6 bo kep dé gitt kh6i mau.

(5) Mot déng hd do cong sudt laser hién s6, va ddu do dnh sdng (detector ant
séng) duoc lap vao mot chan c6 thé quay quanh mau.

(6) Pudng ray quang hoc

(7) Gidy vé& do thi dé biéu dién cong sudt laser theo gbc dat cta gid quay ban phar
cuc (2 to)

(8) Gidy vé do thi dé biéu dién hé s6 phan xa theo géc t6i (4 t0)
(9) Bang chén 4nh sang

(10) Mot den pin va mot thude do mém.

III. Thi nghiém va tinh toan

(1): Xdc dinh mat phéng phan cuc cta dnh sdng laser t6i. (1 diém)
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Diot laser phét ra 4nh sdng phan cuc mét phdn, & budc séng 650 nm. Dé cho
phép do c6 thé tién hanh vdi két qua tét, truc phan cuc ctia ban phan cuc can dugc
dat doc theo thanh phén phan cuc thang manh nhét cia tia laser

Pé thu dugc R va Rp , cin xac dinh duoc su dinh huéng cta truc phan cuc cua
ban phan cuc, dé c6 thé chi dong tao nén dnh sdng phan cuc song song hoac
vuong goc véi mat phing téi. Truc phan cyc clia ban phén cuc c6 thé tim dugc tir
cong suat cua tia laser dugc phan xa tir mat kinh c6 chiét suat da biét 1a 1,57.

Véi hé quang hoc da duoc chinh t6t nhét c6 thé dugc, hay:

a) Xéc dinh su dinh huéng twong d6i cta diot laser v6i ban phan cuc (tic la
hiéu do bang do giita géc dat cua laser diot trén gid quay va cla ban
phan cuc trén gid quay) sao cho ban phan cuc dugc dinh hudng theo
thanh phan phan cuc manh nhat cua tia laser. Trong cic phép do sau do,
ta coi ban phan cuc va nguén nhu 1a mot hé, va khi can quay thi luon
quay ca ban phan cuc va laser di cing mot goc.

b) Lap miéng kinh (& trén khéi mau) vao gid quay, sao cho né lap géc
Brewster véi tia toi. Do va vé do thi phu thudc cua cong suat tia laser
phan xa vao goéc dat (tinh ra do) cua ban phan cuc. Tur d6, xdc dinh
huéng cta truc phan cuc cua ban phén cuc.

Chu Oy: Méi 14n mudn doc trén dong hé do cong sudt laser, em can an nit
nhu thdy trén hinh 3.

(2): Do do phén xa R, va R, ctia phién bén dan. (5 diém)

Lap khoi mau lén gid quay sao cho mat phén xa cha phién ban dén c6 thé quay
quanh mot truc thang ding & trén duong di cua tia téi.

Véi hé quang hoc da dugc chinh t6t nhat c6 thé dugc, hay:

(a) Chi€u vao mat cua phién ban dan tia sing c6 phuong phan cuc song
song v&i mat phang tdi.

Do cong suat tia laser phén xa va vé& do thi gid tri cia R, theo goc t6i
trong khoang rong nht céc gia tri cia goc téi ma thi€t bi thi nghiém cho
phép.
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(b) Thay déi phuo‘ng phan cuc cla tia t6i phién ban dan sao cho né phan
cuc vuobng géc véi mat phing toi.

Do cong sudt tia laser phan xa va v& d6 thi gid tri clia R theo géc t6i
trong khoang rong nhat céc gid tri ciia géc t6i ma thi€t bi thi nghiém cho
phép.

(3) Tinh chiét suét cuia phién ban dan (4 diém)

(a) Tir cac phuong trinh Fresnel, hdy ching to rang:

[EEE
o (v

Tir céc d6 thi em vé dugc, hodc bang ciach nao khéc, hdy xdc dinh

khodng cdc gid tri cia gc t6i ma & d6 cc ddu ciia *,/R, 1a duong
hodc am .

(b) Diing céc d6 thi thu dugc & Cau (2), hay lap 6 bo cdc gid tri cua R, va
R, & céc goc 20°, 30°,40°, 50°, 60° va 80°.

Tinh 6 gi4 tri cua chiét sudt n cua phlen ban din bang cach dung 6 bo
g1a tri trén. Hay tinh gi4 tri trung binh cha n va u6c lugng do 1éch chuin
cta né.

(c) Diing céc dd thi thu dugc & Cau (2), bang cdch ngoai suy, hdy xdc dinh
R, va Ry tng vdi tia t6i vuong géc. Tir d6, tinh chiét sudt n cha phién
ban din bang két qua ngoai suy nay.
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Bai s6 2
Muc dich thi nghiém

Muc dich thi nghiém 1a nghién ctu sy phu thudc tdn s6 cia mot am thoa v6i hai
vat c6 khéi lugng bing nhau dinh & hai nhénh cla né (tai mot diém dinh truée
gin ddu cha nhénh). Sau d6 dinh hai vat c6 kh6i lugng X nhu nhau vao hai
nhanh clia &m thoa va x4c dinh X .

Peén hoat nghiém

Thi nghiém nay cdn ding mot den hoat nghiém. D6 1a mot thi€t bi dién tr don
gian gébm c6 mot den phéng dién ma ta c6 thé 1am cho phét sdng trong mot thoi
gian rit ngan véi cudng do séng cao. Chép sing dugc lap lai sau nhiing khoang
thdi gian rat déu nhau. Pén hoat nghiém cho phép do tn s6 quay hoac dao dong
ctia mot vat ma khong phai dung dén vat dang chuyén chuyén dong.

Chii ¥: Tudi tho clia dén hoat nghiém c6 gi6i han va dugc quy dinh bdi s6 xung
t6ng cong ma né c6 thé phat ra. Khong nén dé dén chay ma khong dung dén.

Xét mot vat dang chuyén dong quay tron déu. Chi€u sing nd bang dén hoat
nghiém. Néu tin s6 cdc chdp séng 12 boi s6 hodc udc s6 cla tan s6 cta vat dang
chuyén dong thi ta nhin thdy vat d6 nhu ding yén. Do d6, chu ki quay cua vat c6
thé xdc dinh dugc bing cdch chinh tan s6 1ap lai ciia chép sdng.

Goi t4n s6 quay cla vat 1a x Hz, tan s6 chdp séng 1a y Hz. Khi d6 trong khoang
thoi gian 1/y gidy gilfa hai chp séng lién tiép, vat d6 da quay doc mot géc bang
27x/y.

Néu y/x 1a mot s6 vo ti tiic 1a khong biéu dién dugc bang ti s6 cua hai s6 nguyén
thi ta thay vat khong ding yén, va ta thdy né c6 thé quay cham theo chiéu tién
hodc 1di, tuy theo y/x 12 hoi nhd hon hodc hoi 16n hon mot phan s6 hitu ti nao d6
géan no.

Néu y/x = g/p v6i g va p 1a nhiing s6 nguyén, thi dén hoat nghiém phét chép
sang ¢ ldn trong p chu ki tron ven cla vat chuyén dong. Khong nhiing thé, néu p
va ¢ khong c¢6 u6c s6 chung (nhu ta gia thiét tir day vé sau), thi mdi chdp séng s&
cho thdy mot vi trf clia vat. Va nhu vay, nhin duéi 4nh sédng den hoat nghiém, ta
thdy vat dimg yén & ¢ vi tri.

Néu q qu 16n, thi rat khé c6 thé dém dugc s6 vi tri ma vat dang quay hién ra.

L{ thuyét 4p dung cho vat quay néi ¢ trén cling dugc dp dung cho mot am thoa
dang dao dong diéu hoa, néu ta xem dao dong nhu la hinh chiéu cta chuyén
dong tron trén mot dudng kinh cho truée. Tuy nhién, trong trudng hop nay, vi ctr
sau mdi nira chu ki, vat dao dong vé lai dudng di clia n6 theo chiéu ngugc véi
lic trudc, nén doi khi c¢6 thé x4y ra 12 hinh anh ctia vat trong mot nira chu ki nay
lai tring v6i hinh nh clia né & nita chu ki ti€p theo. Nhu vay chi thay dugc mot
anh c6 cudng do sing gip do6i, mac di d6 12 hai anh. Ta phdi cang gidc véi sy
tring phiing bat thudng nay trong céc quan sat thuc nghiém.

Xic dinh su dong bo co ban
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Ta thu dugc su déng bd co ban khi dén phét saing mot 14n trong méi chu ki quay
hoidc dao dong cla vat ta dang quan sat. Nhu th€ ta thay vat ding yén & mot vi
tri. Tuy nhién, khi tdn s6 chép séng 1a mot ude s6 (1/2, 1/3, 1/4 v.v..) clia tin s6
quay cua vat, thi ta cling thdy nhu th€ va rat khé phan biét véi tru'ong ho‘p da noéi
trén. Nhu thé, néu tin s6 quay ctia vat 1a hoan toan chua biét, thi dé x4c dinh su
déng bo co ban, t6t nhat 1a bat ddu quan sat véi tdn s6 chdp sdng 16n. Khi dy ta
s& thdy dugc nhiéu anh cua vat. Tiép theo, ta giam din t4n s6 chép sdng cho dén
khi nhin thdy anh don ddu tién cla vat. Nén dung céch lam d6 trong moi phép
do khi cén tim su déng bo co ban.

Boi cua tan s6 co ban

Boi cia tdn s6 co ban s& xay ra khi dén hoat nghiém chdp sdng v6i tan s6 cao
hon tdn s6 cha vat dang quan sat. Nguoc lai, khi tdn s6 chdp thdp hon tdn s6
chuyén dong clia vat, dugc goi la udc clia tin s6 co ban.

Néu tin s6 chdp sdng cuia den 16n hon tdn s6 quay cla vat ¢ lan ta s€ nhin thay
nhiéu anh.Khi 4y vat quay hién ra du6i dang nhiéu vat ding yén , xép déu dan
quanh mot vong trdn. Néu tdn s6 chép sdng gép doi tan s6 vat quay, hay g/p = 2
, ta thdy hai vat ndm cach nhau géc 7 ra dian ; Néu tdn s6 gdp 3 , hay ¢/p =3 ta
s€ thay 3 vat nam cach nhau goc 21/3 v.v. Tém lai tan s6 cua vat quay la tn s6
chép sang chia cho s6 anh cta vat nhin thay. Trong trudng hOp téng quat néu
g> p > 1, den hoat nghlem chdp sdng q lan trong p chu ky clia vat chuyén dong,
ta cling thdy vat ding yén & q vi tri.

Udc cua tan so co ban

Bay gic‘f gia sit ¢/p nhd hon don vi. Néu tdn s6 chdp sing ding bang 1/p lan tan
s cha vat quay, v6i p > 1, thi vat s& thuc hién dugc p chu ky trong mbi chu ky
chép sdng va ta chi thdy mot anh du‘ng yén. Néu p>q>1 den hoat nghlem s€
chép sdng q 14n trong p chu ky chuyén dong clia vat, va s6 dnh diing yén ma ta
nhin thdy s€ la q.

Am thoa

Mot am thoa duge thiét k& dé cho né ¢ thé dao dong & tdn s6 co ban khéng co
hoa ba khi ta gé n6. Hai nhanh cia am thoa rit d6i xing v6i nhau dé chiing
chuyén dong hoan toan ngugc pha v6i nhau, va & méi thdi diém ching tic dung
nhiing luc bang va ngugc chiéu 1én tam cla c4n. Téng luc tac dung 1én cén ludn
luon bing khong nén cén khong dao dong, va khi cdm cén ta khong lam dao
dong clia 4m thoa bi tit dan. Tuong tu , néu cic nhdnh cla am thoa khong dao
dong v6i pha nhu da néi & trén, thi s& sinh ra mot lyc tudn hoan téc dung lén can
lam cho dao dOng clia &m thoa bi tit dan nhanh chéng.

Ta c6 thé lam glam tdn s6 co ban cua am thoa bang cach gin hai vat c6 khéi
luong nhu nhau vao c4c nhanh clia né. Ta phai gén hai vat cho thuc d6i xiing dé
dao dong ctia am thoa bi tt ddn it nhat.

Chu ky dao dong T cua m0t am thoa c6 tai nhu vay cho boi cong thic:

T%=A(m+ B)
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trong d6 A 12 mot hing s& phu thuoc vao kich thudc , hinh dang, va co tinh cua
vat liéu 1am am thoa, B 1a mot héng s6 tuy thuoc vao khéi lugng hiéu dung cta
mdi nhénh dao dong.

Cac dung cu thi nghiém duoc cung cap:

1. Mot den hoat nghiém ma tdn s6 chp sang dugc chi thi béng s6.

2. Mot dén pin nho.

3. Mot am thoa c6 hai vat niang 31,6 g gén d6i xing v6i nhau & hai nhénh , va
kh6i tam cla vat nang tring v6i diém P da dénh ddu rd rang trén moi
nhanh.

4. Hai chiéc kep gidy ma tay don bdy bing day thép c6 thé théo ra dugc. Cic
tay don d6 chi dung dé md kep, khi lam thi nghiém thi phai théo ra.

5. Hai vat nang giong nhau , khéi lugng X chua biét.

6. Mot bo gém cic vat c6 kh6i lugng da biét : 5g, 10g, 15g, 20g, 25g, méi loai
c6 hai vat.

7. Gidy vé d6 thi chia do déu (5 t¥).

Cac budc thi nghiém

Budc 1: S déng bo co ban va cdc phép do tdn s6 boi (2,7 diém ).

(a) Chinh cho dugc su déng bo co ban giita cic chdp sang cliia dén hoat
nghiém va dao dong ciia am thoa c6 gin vat nang khoi lugng 31,6g
v6n ¢6 cha né trén moi nhdnh. Mudn biét vat nang c6 duge gin véi
khéi tam nim ding diém P hay khong thi phai tam thdi thdo né ra dé
nhin, ( vi d4u ctia diém P ddnh trén cdc nhénh bi vat nang che khuat).
Ghi lai tdn s6 co ban ctia chép sdng clia dén hoat nghiém.

(b) Cho t4n s6 chdp sdng cao hon tdn s6 co ban, hdy c6 ging tim that
nhiéu tdn s6 chdp sdng ma ta nhin dudc cic anh ding yén clia 4m thoa
c6 gin vat nang 31,6g khi n6 dao dong. Hay tim cdc gid tri cua q/p
ling v6i cac truong hop ay.

(c) Lap bang ghi s6 liéu do dugc ( theo trinh ty q/p tang din ) theo mau
duéi day . Viét q/p dudi dang mot phan s6 hitu ty.

Tan s6 doc trén | S6 anh ding yén dém dugc Gia tri cia g/p
den hoat
nghiém
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V& d6 thi (duong thing ) biéu dién céc tdn s6 chép sidng doc dugc trén
mdy hoat nghlém theo céc tdn s6 boi clia am thoa. Ghi gid tri cla g/p
tuong ung véi cdc diém trén do thi .

Budc 2 : Céc phép do tin s6 uéc (2,3 diém )

a. Cho tdn s& chdp sdng cua mdy hoat nghlem nho hon tan s6 co
ban clia am thoa c6 gin vat nang 31,6g, va doc hét cdc tan s6
chép sdng ma ta nhin thay cdc anh ding yén clia am thoa khi n6
dao dong.

b. Lap bang ghi s6 liéu do duogc giéng nhu trong cau 1, nhu‘ng theo
thi tu gidam dén cta q/p. V& do thi ( dudng thang ) bleu dién cac
tan s6 chdp sang da doc dugce theo tdn s6 udc cua am thoa ( c6
gin 31,6g ). Ghi gia tri cha g/p ting Vi cac diém trén d6 thi

Budc 3 : Xac dinh khéi lugng X cua vat nang trong cap vat chua biét khoi
luong. (5diém)

a. Thdo bo vat niang 31,6 g khoi cdc nhanh cta am thoa ( nho dé
cung thdy duogc diém P da danh d4u trén nhdnh ) . Xdc dinh tan
s6 dao dong ctia am thoa khong c6 gan vat nang.

b. Po tin s6 dao dong cta am thoa ¢ gan cac vat nang 5g, 10g,
15g, 20g, va 25g lan lugt & céc nhanh cua am thoa. Mbi lan thay
vat nang nhé kiém tra ky xem kh6i tam ctia n6 ¢c6 nam ding
diém P hay khéng Nh§ ring ta g01 gid tri “m” cla vat nang la
t8ng khéi lugng ctia chinh vat d6 va khéi lugng cia cdi kep gidy

ding dé kep vat ( da thdo bo tay don béy ).

c. Lap bang ghi két qua da thu duoc trong phan (b) va vé dé thi biéu
dién T2 theo m. Xdc dinh do doc clia dudng biéu dién va giao
diém clia n6 véi truc m.

d. Thay cédc vat nang khoi luo‘ng da biét bing cdc vat nang c6 khoi
luong chua biét X. Po tdn s6 dao dong khi c6 cac vat nang nay.
Suy ra khoi lu0ng X. Nhéc lai mot 14n nita 1a X bao gom ca khoi
luong ctia cdi kep gidly ( da thdo bo cdc don by ).
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APhO4 -2003 tai Mahidol University, Bangkok-Salaya, Thailand
Bai thi Li thuyét
I. Sw chuyén quy dao ciia vé tinh

Trong mot twong lai gan, ty chung ta c¢6 thé tham gia vao viéc phong mot vé

tinh, ma theo quan di€ém vat li, chi can str dung co hoc don gian.

uz

a) Mot vé tinh c6 khéi lugng m dang quay quanh Trai Dat c6 khéi luong M theo
mot qui dao tron, ban kinh Ro. Tinh van tc Up ctia vé tinh khdi lugng m theo M, Ro
va hang s6 van vat hap dan G.

(1 diém)

b) Ta can dua vé tinh ndy vao quy dao di qua diém P cach tdm Trai Dat mot khoang
R: bang cach ting (hdu nhu tirc thoi) van tde ciia nd & diém Q tir uo 18n ur. Tinh ug
theo Uo, Ro, Ru.

(2 diém)

¢) Suy ra gié tri toi thiéu cta us theo up ma vé tinh can c6 dé thoat hoan toan khoi

anh hudng cua Trai Bat.

(1 diém)
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d) (Lién quan dén phan b.) Tinh vén toc Uz clia v¢ tinh tai diém P theou,, R, R, .

(1 diém)
e) Bay gio, tai diém P, ta mudn thay ddi quy dao cua vé tinh thanh quy dao tron co
ban kinh R, bang cach ting gia tri ciia u, (hau nhu tic thoi) t6i u,. Tinh do 16n cia
u, theo u,,R,, R, .

(1 diém)
f)

quy dao trung :
binh ban kinh R\

Néu vé tinh bj nhidu loan nhe va tic thoi theo phuong ban kinh, sao cho no bi 1éch
khoi quy dao hoan toan tron ban kinh R, luc dau, hay tinh chu ki dao dong T cua r

quanh khoang céach trung binh R, .

Goi y: Cac em c6 thé str dung (néu thiy can thiét) phuong trinh chuyén dong cua

mot v¢ tinh trén quy dao:

d? d 2\ Mm
M —TF—| — G| T = =G i, 1
{dt2 (dt ) } r? (D

va dinh luat bao toan mémen dong luong:

mrzie = CoOnStant e ()
dt
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g) Hay v& phéac toan bd quy dao bi nhiéu loan cing véi quy dao khong bi nhiéu

loan.
(1 diém)
I1. Con quay quang hoc
Vao nam 1913, Georges Sagnac (1869-1926) da xét viéc st dung mot bo

cong huong vong dé tim su troi cia é te vil tru doi voi véi mot hé quy chiéu quay.
Tuy nhién, nhu thuong xay ra, cac két qua cua 6ng di c6 nhitng tng dung ma chinh
ong cling chua bao gio mo tdi. Mot trong nhitng ing dung d6 1a con quay s¢i quang
(Fibre-Optic Gyroscope- FOG) dya trén mot hién twong don gian ma lan dau tién
Sagnac da quan sat dugc. Hién tuong vat 1i chu yéu lién quan dén hiéu tng Sagnac
1a do su dich pha giy nén boi hai chum tia sang két hop dugc truyén theo hai chiéu
nguoc nhau vong quanh mot vong dang quay 1am bang soi quang. D6 dich pha nay
con duoc dung dé xac dinh van tdc goc ciia vong dang quay.

Nhu chi ra trén so d6 ¢ Hinh 1, mot song anh sang di qua diém P vao mot soi
quang hinh tron ¢ ban kinh R dit trén mot bé quay voi van tée gc khong doi Q
theo chiéu kim dong hd. Tai ddy, song anh sang bi tich thanh hai séng truyén theo
hai huéng nguoc nhau doc theo vong: theo chiéu kim dong hd (CW) va nguge chiéu
kim d6ng hoé (CCW). Chiét suat cua vat lidu 1am soi quang 1a p. Gia thiét duong

truyén tia sang trong soi quang 1 mot duong tron tron tru cd ban kinh R.

Duong di cua tia sdng
trong so1 quang

Hinh 1

a) Trén thuc t€, van toc quay ctia vong nhd hon van toc anh sang rat nhi€u, sao cho

(RQ) <<c?. Hiy tim hiéu thoi gian At = t"—t~ trong d6 t* va t chi thoi gian
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di hét mot vong kin cua céc tia di theo chiéu kim dong hd (CW) va nguoc chiéu kim
ddng hd (CCW). Hay viét két qua theo dién tich A duoc bao quanh béi cai vong.
(2 diém)

b) Hay tim hiéu quang trinh AL ctia tia CW va tia CCW khi chung di hét mot vong
kin trén cai vong dang quay

(2 diém)

¢) V&1 mét soi quang hinh tron ¢6 ban kinh R = 1 m, hdy tim gia tri cuc dai cia AL

d6i voi su quay cua Trai Dat. Cho p =1,5. (1 diém)

d) Trong phan b), phép do c6 thé duoc khuéch dai bang cach ting sd vong ctia cudn
soi quang 1én N vong. Hiy tim hiéu s6 pha A cua hai tia sang khi chung da di hét

chi€u dai cudn sQi quang. (1 diém)

So d6 tht hai ciia Con quay Quang hoc 1a Con quay Laser Vong ( Ring
Laser Gyroscope - RLG). Piéu nay c6 thé thuc hién bang cach dit hoc cong huong
ctia ngudn phat laser vao mot vong dudi dang mot tam giac déu, chiéu dai tong cong
ctia vong 1a L, nhu trén Hinh 2. Ngudn laser & ddy s& sinh ra hai ngudn sang két hop
lan truyén theo hai hudng nguoc nhau. Bé duy tri dao dong cia laser trong bé cong
hwéng vong hinh tam gidc nay, chu vi ciia vong phadi bang mét sé nguyén lan budc
song A. Etalon (bo chuan mau), 1a mdt dung cu phu duoc dit chen vao vong; né co
thé gay ra trong vong cac ton hao co tinh loc lwa theo tan sd, sao cho céc kiéu dao

dong khong mong mudn bi lam yéu di hoac bi loai trur.
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Detector

guong ban ma 50%

Ngudn laser

Hinh 3: Minh hoa Con quay Laser
Vong dugc noi téi trong bai toan
nay

Hinh.2: So d6 minh hoa Con quay Laser
\Vong

e)Tim hiéu s6 thoi gian truyén At theo chidu kim ddng hd va nguge chiéu kim dong
hé cho truong hop vong hinh tam giac nhu trén Hinh 2. Viét két qua theo Q va dién
tich A duoc bao quanh bai vong. Chimng t6 rang két qua nay ciing giéng hét nhu két
qua d6i v6i vong hinh tron. (2 diém)

f) Néu cai vong nay quay véi tan sd goc Q nhu trén Hinh 2, s& c6 su khac nhau vé
tan s gitta hai phép do CW va CCW . Tim tan s6 phach Av quan sat dugc giira hai
tia CW va CCW theo L,Q,4 (2

diém)
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II1. ThAu kinh Plasma

Vat li cac chum hat cuong do 16n ¢6 anh huong manh khong chi t61 nghién
clru co ban ma con t&i ca cac tng dung trong y hoc va coéng nghiép. Thau kinh
plasma 1a mot dung cu tao ra sy hoi tu cuc manh & cudi cua buff)ng va cham tuyén
tinh. Dé thiy 15 cac kha ning ctia thiu kinh plasma, c6 thé so sanh né véi cac thau
kinh tir va tinh dién thuong gip. Trong cac thiu kinh tir, kha ning hoi tu ti 16 véi
gradien tur truong. Trong thuc té, gi61 han trén cua thau kinh héi tu t& cuc vao
khoang 10? T/m, trong khi d6 véi thiu kinh plasma c6 mat d6 10*” cm3, kha ning
hoi tu ctia né twong duong voi mot tir truong cd gradien 3x10° T/m (16n hon khoéang
4 bac so v6i thau kinh tir cuc tur).

Duéi ddy, chung ta s& 1am 3 tai sao cac chum hat twong d6i tinh c¢6 cuong do
16n lai c6 thé tao ra nhitng chum ty hoi tu, ma khong déy nhau ra xa.

a) Xét mdt chum tia electron hinh tru dai c6 mat do hat déng nhat N va van tdc
trung binh v, (ca hai dai luong déu xét trong hé quy chiéu phong thi nghiém). Tim
biéu thtrc cta dién truong tai mot diém bén trong chum tia, cach truc gifra cua chum
tia mot khoang r, béng cach st dung Dién Tur hoc co dién.

(1 diém)
b) Tim biéu thirc cta tir trudng & ciing diém nhu trong cau a). (2 diém)
¢) Tim lyc tong hop hudng ra ngoai, tac dung 1én mét electron trong chum tia khi
electron di qua diém do.

(1 diém)
d) Gia thiét rang biéu thic thu duoc & ¢) ap dung duoc cho cac van tdc twong ddi

tinh, hay tim luc tic dung 1én electron khi Vv tién gan dén van tdc 4nh sang c, trong

1 .
do C= \/ﬁ . (1 diém)
0/40

e) Néu chum tia electron d6 (c6 ban kinh R) di vao trong mot plasma c6 mat do déu

n, <N (plasma 1a khi bi ion ho4, gom céc ion va electron c6 mat d¢ dién tich bang
nhau), tim luc téng hop tac dung 1én moét ion cua plasma ding, tai mot diém & bén
ngoai chum tia, cach truc cua chum tia mdt khoang r’, & mdt thoi diém cach lac

chum tia di vao plasma mot khoang thoi gian dai. Em c6 thé gia thiét rang mat do
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ion cua plasma gitr khong d6i va tinh d6i xtmg tru van dugc duy tri.
(3 diém)

f) Sau mot thoi gian du dai, tinh luc tong hop tac dung 1én mot electron cta chum tia
nam trong plasma, tai diém céach tryc giita ciia chum tia mot khoang r, gia thiét
v—>c, v6i diéu kién 1a mat do ion cua plasma giir khong doi va tinh déi xiémg tru

van dugc duy tri. (2 diém)
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Bai thi thuc hanh

I. Xac dinh dién dung

Co so

Ta d3 biét tu dién dong mot vai tro dang ké trong cac mach dién. Co nhiéu

phuong phap khac nhau dé do dién dung ctia mot tu dién. Trong thi nghiém nay, em

can tién hanh thi nghi¢m dé xac dinh dién dung cua mot tu dién béng cach st dung

mot mach dién xoay chiéu don gian.

Trén Hinh 1.1(a), mét tu dién c6 dién dung C va mét dién tro R duoc mic ndi

tiép vao mot ngudn xoay chiéu cé tan so cua dién ludi. Cong suat dién tiéu hao trén

dién tro R phu thudc vao cac giad tri &,, C, R va tan so f cua dién ludi. Viéc phan

tich bang d6 thi méi quan hé nay c6 thé duoc dung dé xac dinh (llll

& sin ot @ 220 V xoay chidu

CcC — 4 :%‘% D

50 Hz

® RCRBRA

Hinh 1.1 (a): Mach dién Hinh 1.1 (b): So dd
xoay chiéu dung dé xac dinh C thiét bi duoc st dung

Vit liéu va dung cu

1.
2.

AN AN o

tu dién

ba dién tro da biét gid tri, voi sai s #5% (R, =680Q, R, =1500Qva
R. =3300Q2) nhu vé trén Hinh 1.1(b)

bién thé ha thé cho ngudn xoay chiéu, f =50 Hz

von ké hién sé

cac soi day ndi dién

cac to gidy veé do thi c¢o 6 chia déu
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Chi y: M4y do van ning hién s6 trong thi nghi¢ém nay chi dwgc dung dé do

hiéu dién thé hiéu dung (V) trén R. Khéng dwoc dung né dé do cic

dai lwong khac

Hudéng din
a) Tim biéu thirc cho cong sut tiéu hao trung binh P trén dién trd R theo g, RC
va o.

(1 diém)
b) Suy ra diéu kién dé cho P cuc dai. (1 diém)
¢) Bién dbi biéu thirc tim dugc & a) thanh biéu thirc néu su phu thudc tuyén tinh gitta
dai lugng o va dai lugng S nao do.

(1 diém)

d) Po hiéu dién thé hiéu dung V trén dién tré' R voi moi kha ning t6 hop kha di cia
R, Rs va R..

(2,5diém)
e) V& d6 thi caa P theo R va tir do thi nay, tinh gié tri cua dién dungC. (2
diém)
f) T ¢), v& do thi cia o theo B va xac dinh dién dung C. (2 diém)
g) Uéc tinh sai s6 cta C thu duoc ¢ e) va f). (0,5
diém)
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II. L6 khoét hinh tru
Co sé

C6 nhiéu cach nghién ctru mot vat c6 khoét 16 & bén trong. Phuong phéap dao
dong co hoc 1a mot trong cac phuong phap khong pha huly mau. Trong bai nay, em
dugce cip mot hinh 14p phuong bang ddng thau, c6 mat d6 dong nhét, bén trong co
mot 16 khoét hinh tru. Em can tién hanh cic phép do co hoc khong pha huy méu va
ding cac dit liéu d6 dé v& mot d6 thi thich hop va tim ra ti sb giita ban kinh cua 15

khoét va canh cua khéi 1ap phuong.

Khéi 14p phuong canh a c6 mot 16 khoét hinh try ban kinh b nam doc theo
truc d6i xtmg cua nd, nhu dugc vé trén Hinh 2.1. Lo khoét nay duoc day bﬁng cac
dia rat mong lam bang cung vat liéu. A, B, C 1 cac 16 nho & cac goc cua khdi lap
phuong. Céc 16 d6 co thé dung dé treo khéi 1ap phuong theo 2 cach. Hinh 2.2(a) chi

ra cach treo dung B va C; con cach treo dung A va B duogc vé & Hinh 2.2 (b).

B

......

Hinh 2.1 Khéi lap phuong c6 15 khoét hinh try
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Phén trén cua gia

P)

"A

(2.22) (2.2b)

Hinh 2.2 Hai cach treo khdi 1ap phwong

Khi tim cac cong thirc can thiét, hoc sinh c6 thé dung nhing kién thirc sau day:

Y
% Véi mot khéi 1ap phuong dic, canh a, thi

X 1 AT
..... R e | = =Ma’® ddi véi ca hai truc
........... c.m. 6
c.m. = khéi tam (center of mass)
Y
T Vé6i mot khoi try dic, ban kinh b, chiéu dai a,
thi
X
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Vit liéu va dung cu

1. khéi 1ap phuong bang dong thau

2. dong ho bam gidy (thi ké)

3. gia do

4. day dé treo

5. thudce do

6. Cc to gidy v& d0 thi co chia 6 déu

Thi nghiém

a) Chon mdt trong hai cach treo khdi 14p phuong bing hai soi diy nhu vé& trén Hinh
2.2, va tim biéu thirc cho m6 men quan tinh va biéu thirc cho chu ki dao dong
quanh truc thang dung di qua khdi tam, theo ¢,d,b,a va g. O day 7 1a chiéu dai

ctia moi day va d 1a khoang cach giira hai day. (2 diém)
b) Thuc hién cac phép do co hoc can thiét, khong phd huy miu, rdi dung nhing dir

[N A~ A A - 7 N .7 . 5 b - R
liéu thu dugc dé vé mot do thi thich hop va tim gié tri cua — . (8 diém)
a

Gia tri cia g & Bangkok la g = 9,78 m/s?
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APhO5 -2004 tai Ha Ngi, Viét Nam
Bai thi li thuyét
Bai thi li thuyét s6 1
PO KHOI LUQONG TRONG TRANG THAI KHONG TRONG LUQNG

Trong mot tram khoéng gian quay quanh Trai dit c trang thai khong trong
luong. Do d6, ta khong thé dung nhitng dung cu do trong luong théng thudng dé tir
d6 suy ra khdi luong cta cac nha du hanh vii tru. Tram nghién ctru vii tru Skylab 2
va mot vai tram nghién ctru vii tru khac dugc trang bi mot thiét bi do khéi luong ctua
nguoi. Thiét bi nay gdm c6 mot cai ghé gan & dau ciia mot 10 xo. Pau kia cua 16 xo
duoc gén vao mot diém cb dinh cua tram. Truc cua 10 xo di qua khdi tdm cua tram,
do ctiing cua 16 xo 1a k = 605,6 N/m.

1. Khi tram dang c6 dinh trén bé phong, thi chiéc ghé (khong c6 ngudi) dao
dong véi chu ky To = 1,28195 s.

Tinh khéi luong mo cta chiée ghé. [2,0 diém]

2. Khi tram dang quay trén quy dao quanh Trai ddy, nha du hanh vil try ngdi
trong chiéc ghé va do chu ky dao dong T' cua chiéc ghé. Anh ta thu duoc T' =
2,33044 s. Anh ta tinh dai khai khdi lwong ctia minh thi thiy nghi ngod va tim cach
xac dinh khoi lugng thuc cua minh. Anh ta do lai chu ki dao dong cta chiéc ghé
(khong c6 nguoi) va tim dugce To' = 1,27395s.

Luc do anh ta dang trong trang thai lo ltrng trong tram.

Tinh khéi lugng thuc cua nha du hanh vii try va khdi luong cua tram. [4,0
diém]

Chu y: B6 qua khdi luong ciia 10 xo.
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Bai thi li thuyét s6 2
SQI QUANG

No= n

Mot soi quang hoc (goi tat 13 soi quang) gdm mdt 16i hinh tru, ban kinh a, 1am
béng vat li¢u trong sudt c6 chiét suat bién thién lién tuc tur gia tri N = Ny trén truc dén

n=n, (vdi 1 <nz < ni) & khoang cach a dén truc theo cong thic:
n=n(x) =nv1l-a’x’

v6i x 1a khoang cach tir diém c6 chiét suat n dén truc cua 15, o 1a hang s6.

Lo1 duoc bao boc boi mot 16p vé l1am béng vat liéu co chiét suat n, khong doi.
Bén ngoai soi quang 13 khong khi, c¢6 chiét suat no.

Goi Oz 1a tryuc cua s¢i quang hoc, vdi O 1a tdm cua mot dau soi.

Cho no =1,000; n1 = 1,500; n2 = 1,460; a = 25 um.
1. Mot tia sang don sic duoc chiéu vao soi quang tai diém O dudi gbc té1 6, mat
phang ti 13 mat phiang xOz.

a. Hay chi ra rang tai mdi diém trén duong di cua tia sang trong soi quang, chiét

suit n va goc 6 giira tia sang va truc Oz thoa man hé thirc ncosd = C, véi C 1a mot

hang s6. Tim biéu thtc cta C theo n1 va & . [1,0 diém]

1
b. Str dung két qua cau 1.a. va hé thirc lugng giac cosé = (1+ tan® 6’)7E , trong d6

dx v A 1A o A A , \ sy . ge R x
tand = P x"1a do doc cua tiép tuyen cua duong di tia sang tai diem (X, z), hdy suy
z

ra phuong trinh cho X'. Tim biéu thirc diy du cua « theo ni, n2 va a. Bang cach dao
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ham hai vé ctia phuong trinh nay theo z, tim phuong trinh cho dao ham bac hai x".
[1,0 diém]

c. Tim biéu thtrc ctia ham s6 x theo z, tirc 1 x = f(z), thoa man phuong trinh trén.

D6 1a phuong trinh dudng di cua 4nh sang trong soi quang . [1,0 diém)]

d. V& phac quy dao cua hai tia sang di vao sgi quang dudi hai goc téi 6 khac
nhau trong mét chu ki day du. [1,0 diém]

2. Su truyén ciia anh sang trong soi quang hoc.

a. Tim goc td1 cuc dai Gm, dudi goc téi do6 anh sang van con co6 thé lan truyén

bén trong 18i cta soi quang. [1,5 diém]

b. Xac dinh biéu thtc toa d6 z cua giao diém cua tia sang v&i truc Oz voi 6 # 0.
[1,5 diém]

3. Anh sang dugc st dung dé truyén tin hiéu dudi dang nhirg xung cuc ngan (bo

qua do rong cua xung).

a. Xac dinh khoang thoi gian t dé anh sang di tir diém O dén giao diém thi nhat
voi truc Oz voi goe to1 6 # 0 va 6 < Oim.

Ti s gitra toa do z tai giao diém thir nhat va t duoc goi la tbc do lan truyén cua
tin hiéu anh sang doc theo soi quang hoc. Gia thiét rang toc d6 nay thay d6i don diéu
theo 4.

Tim tdc d6 ndy tmg véi 6 = Gwm (2oi 1a vwm).

Tim téc d6 truyén thang cua tia sang doc theo truc Oz. (goi 14 Vo)

So sanh hai téc d6 do. [3,25 diém)]

b. Chum sang mang tin hi¢u la mot chum sang hdi tu di vao soi quang tai diém O
dudi cic goc t6i @ khac nhau v6i 0 < @ < Gw. Tinh tan s6 1ap lai cao nhét f ctia xung
tin hiéu dé & khoang cach z = 1000m thi hai xung lién tiép van con tach biét nhau
(nghia 1a cac xung khong de 1én nhau).

Chuay:
1. Tinh chat séng ctia 4nh sang khong duoc xét dén trong bai toan nay.

2. B6 qua su tan sac cua anh sang.
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3. Téc d6 anh sang trong chan khong 13 2,999x 108 m/s.
4. Em c6 thé dung nhirng cong thirc sau day:

Chiéu dai ctia mot cung nhoé nguyén t ds trong mit phang xOz la:

dx )
ds=dz. |1+]| — q
dz ds

:lArcsin% z

dx
S ey

. bx
2
. X x [a% _b?x? +a Arcsm;
J. /az_bzxz B 2b? 2b°

eArcsinx 1a ham s6 nguoc ciia ham sé sinx. Gid tri ciia n6 1a goc nho nhat co

sin bang Xx. Néi khac di, néu y = Arcsinx thi siny = x.
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Bai thi li thuyét s6 3
SU NEN VA SU GIAN NO CUA MOT HE HAI KHi

Mot xi lanh duoc chia 1am hai phan béi mot vach ngin di dong MN, phan bén
trai duoc giéi han boi day cua xi lanh va vach ngin MN (Hinh 1), phan nay chira
mot mol hoi nude. Phan bén phai duoc gisi han bai vach ngin MN va pittong di

dong AB, phan ndy chira mot mol khi nito (N2).

Thoat tién, thé tich va nhiét do cua khi ¢ haiphan ~ \, v

A
la bang nhau, vach ngan MN dan nhiét tot, nhiét dung 0 0
clia no rat nho, co thé bo qua. _?_1 _?_2 -
Thé tich riéng ciia nudc ¢ thé 1ong thi bo qua so ! 2
v6i thé tich riéng cta hoi nudc & cung nhiét do. M B

Hinh 1
Nhiét hoa hoi L dugc dinh nghia 1a nhiét lugng

can thiét dé 1am cho mot don vi khdi lugng vat chat bién doi tir thé 1ong sang thé hoi
¢ cung nhié¢t do.
Dbi v6i nude ¢ To = 373 K, L = 2250 kJ/Kg.

1. Cho rang pittdng va thanh xi lanh din nhiét tot va vach ngin MN cé thé trugt ty
do khong ma sat. Trang thai ban dau cta cac khi trong xi lanh duoc xac dinh nhu
sau: ap sut p1 = 0,5 atm; thé tich toan phan (cua ca hai khdi khi) Vi = 2Vo; nhiét do
T1=373 K.

Pittong AB nén tir tir cac khi trong mot qua trinh gan can bang va dang nhiét cho

t6i thé tich toan phan cudi cung 1a Ve = Vo/4.

a. V& d6 thi p(V) cta khi trong xi lanh, tirc 13 dudng cong biéu dién su phu thudc
clia 4p sudt p vao thé tich toan phan V cua hai khéi khi trong xi lanh & nhiét do Ti.

Tinh nhitng toa d6 cta nhitng diém quan trong cua duong cong. [1,5 diém]

Cho hang sb khi li twong R = 8,31J/mol.K hodc R = 0,0820 lit.atm/mol.K; latm
=101,3 kPa.

Duéi ap suét po = 1 atm, nude sdi ¢ nhiét do To = 373K

b. Tinh cong ma pittdng thuc hién trong qua trinh nén khi. [1,0 diém)]
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av _

InVv

c. Tinh nhiét toa ra bén ngoai trong qua trinh nay. [1,5 diém)]

2. Tat ca moi di€u kién van nhu ¢ cau 1, trir di€u kién 1a c6 ma sat gitra vach ngan

va thanh xi lanh, sao cho vach ngan NM chi di chuyén khi hiéu ap suét tac dung 1én

hai mat cua n6 16n hon hodc bang 0,5 atm (cho rang hé s6 ma sat nghi va h¢ s6 ma

sat truot 13 bang nhau).

a. V& duong cong p(V) biéu dién sy phu thudc cua ap suat p cua khi & phan bén

phai theo thé tich toan phan V cua céc khi trong xi lanh & nhiét d6 Ti. [1,5 diém)]

b. Tinh cong ma pittdng thuc hién trong qua trinh nén khi. [0,5 diém)]

c. Sau khi thé tich ciia cac khi dat dén gia tri Ve = Vo/4 thi pittong AB dich

chuyén tur tr vé bén phai trong mdt qua trinh gian n¢ gan can bang va dang nhiét ctua

ca hai chét (nudc va nito) cho dén thé tich toan phan ban dau 2Vo. V& tiép dd thi &

ciu 2.a biéu dién qua trinh nay. [2,0 diém]

Goi y cho cau 2

Hay 1ap bang nhu sau dé v& cac dudng cong trong cic cdu 2.a va 2.c

Trang Phén bén trai Phén bén phai Thé tich ap suat 1én
thai - - — toan phan pittdng AB
Thé tich | 4p | Thétich | ap suat
suét

Ban Vo 0,5atm Vo 0,5 atm 2Vo 0,5 atm
dau

2

3
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Cubi 2Vo
cung

3. Cho rang xi lanh va pittong 1 cach nhiét, con vach ngan MN dugc giit cb
dinh va din nhi¢t t5t. Trang thai ban diu cla cac khi nhu & cau 1. Pittong AB di
chuyén tir tir vé phia bén phai va thé tich ctia phan bén phai ting 1én cho dén khi hoi

nudc & phan bén trai bat dau ngung tu.
a. Tinh thé tich cudi cing ctia phan bén phai. [3,0 diém]

b. Tinh cong ma khi thyc hién trong qua trinh gidn nd nay. [1,0 diém]

. . , C .
Ty s0 cua nhi¢t dung dang ap va nhiét dung dang tich 1a y = C—p , do1 voi khi

\

R [ T R
nito la 71=g,dm v61 hoi nuée 1a y, =

o | o

Trong khoang nhiét d6 tir 353K dén 393K ta c6 thé sir dung cong thirc gan ding:

P = P, exp T
0 RIT T,

trong d6 T 1a nhiét do s6i ciia nude dudi ap suat p; u 1a khéi lugng mol. Con po, Lo

va To duoc cho ¢ trén.
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Bai thi thi nghiém
Bai thi thue nghiém s6 1
HIEU UNG HALL VA HIEU UNG TU - PIEN TRO
THIET BI VA VAT LIEU
1. Ba dong hd do van ning hién sb

2. Mot cam bién Hall ¢6 4 chan MNPQ duoc ¢d dinh trén mot mach in, mot cap day
dan ndi vao M, N; mét cip day dan khac ndi vao P, Q (M: day mau den, N: ddy mau

vang, P: ddy mau do, Q: day mau luc).

3. Mot nam cham vinh ctru hinh dia, ban kinh r = 14 mm, d¢ day t = 4mm. Cam ung
tir vuéng goc voi bé mat dia. Gai tri Bo (tinh theo Tesla) cta tir trudng tai bé mat

nam cham dugc ghi trén bé mat cia no.

Trong khi 1am thi nghiém, dé nam cham xa cam bién Hall néu khong dung
dén no.
4. Mot cudn day gdm N vong duoc quin quanh mot 18i ¢6 hinh xuyén, lam bang mot
loai vat liéu sit tir. Ban kinh trung binh cta 13i 13 p= 25 mm. L&i hinh xuyén nay c6
mot khe hep bé rong d =3 mm.

5. Mot hop c6 hai pin khé 1,5 V. Mot pin duoc mac ndi tiép voi mot bién tro 10 kQ
duoc goi 1a nguon 1, dung dé cap dién cho cam bién Hall. Pin con lai goi 1a nguon 2,

duoc dung dé cép dién cho cudn day, va chi cam dién lac do.

6. Mot thudc do goc c6 mot 16 nhd & tam.

7. Mot thm nhua ¢6 mot chiée kim nho ¢b dinh trén noé.

8. Mot gia d& cho mach in véi cam bién Hall.

9. Mot miéng nhya nho dung dé c¢b dinh cam bién trén chiéc kim.
10. Day dan dién c6 dién tro khong dang ké

11. Gidy vé& db thi.
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10kQ
Bién tré

Hinh 1

THi NGHIEM

I. Giéi thi¢u:

1. Hi€¢u ung tir dién tré va hi¢u irng Hall.
Cho mot mau vat din hinh hop chit nhat chiéu dai a, bé rong b va bé day ¢
(xem Hinh 2). Dong dién I chay theo hudng a. Néu mau dugc dit trong tir truong

B, tir truong s& anh hudng dén dién tré R clia mau. Sy

anh hudéng nay goi la hi€u ung tu-dién tré (magneto-

resistivity effect viét tat la MRE). Goi AR 14 d¢ tang di¢n c 2 M / \e
tr& cia mAu, Ro 1a gia tri cua R khi khong ¢ tir trudng, P L
khi d6 d6 16n cia MRE duoc dinh nghia boi ty sé AR/RG. b 5 //N I

Gia thiét rang tir truong dit vao 1a tir truong déu Hinh 2
n

—

va véc to cam tng tir B song song vi mat trén ciia mau
nhu chi ra trong Hinh 2. Néu nhu hat dan dién trong mau la electron, thi lyc Lorentz
s€ kéo ching 1én trén va mat trén ciia mau tr¢ nén tich dién am. Hi¢u ing nay goi la

hiéu g Hall. Hiéu dién thé xuit hién gitta dién cuc M (6 mit trén) va dién cuc N
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(6 mat dudi) duoc goi 14 hidu dién thé Hall. Hiéu dién thé nay co thé do duoc nho
mot von ké.
Hiéu dién thé do duoc gitra hai dién cuc M va N duoc cho boi
Umn = Un + Vi @
trong d6 Uy 13 hiéu dién thé Hall, Vivn 13 hiéu dién thé khi khong c6 tir truong, giy
ra boi mot vai hiéu ing khong mong doi (cac dién cuc M va N khong chinh xac ¢ vi
tri d6i dién nhau....)
Binh thudng thi hiéu dién thé Hall Un ty 1& thuan véi IB.sing, va do 16n caa
MRE ty 1¢ thuin vé6i B2%sin26, trong do 01a goc giira véc to B va chidu dong dién.
Tuy nhién, khi mau c6 hinh dang bét ky thi su phu thudc ciia Un va AR/R vao B sind
c6 thé phire tap hon.
Hi¢u ung Hall dugc sur dung dé ché tao thiét bi do tur truong. Thiét bi nay goi
|a cam bién Hall. Véi cam bién Hall, biéu thirc ctia Un duge cho la:
Un=0o.l.B.sin 6 2
trong d6 a dugc dinh nghia la do nhay cua cam bién Hall.
I1. Miu do:

Mau do trong thi nghiém nay 1a mot cam bién Hall thuong mai. N6 bao gém
mot tAm ban dan nho, mong, dugc boc nhua, c6 4 dién cuc khong c6 hi¢u dién thé
tiép xtic, ndi v&i cac chan M, N, P, Q (xem Hinh 3). N6 dugc st dung trong thi

nghiém nay dé nghién ctru ca hai hiéu tmg: MRE va Hall.

e [
0 N
Hinh 3

Dit cam bién trong tir truong va st dung mot 6m ké dé do dién tro giita cac
chan M va N, ta c6 thé suy ra d6 16n cia MRE. Cho mét cuong d6 dong dién (I ~ 1
mA) chay tir P dén Q, ta c6 thé nghién ctru hiéu tng Hall thong qua viéc do hiéu
dién thé giita M va N nho mot milivon ké.

II1. Thi nghiém:
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1. X4c dinh d9 nhay o ciia cam bién Hall

Cho dong dién chay qua cam bién | ~ 1 mA. Giit cho khoang cach gitta cam
bién va tdm cua mat nam cham y = 2 cm. Diéu chinh hudéng ciia nam cham dé thu
duogc gia tri 16n nhat cta hiéu dién thé Hall. Do hiéu dién thé Hall v&i mot vai gia tri
cua | va xac dinh d§ nhay « cua cam bién Hall.

V61 mot nam cham dang dia ban kinh r, day t, tir truong tai mot diém & mot

vi tri ndm trén truc cia no6 va cach tam dia khoang y >> t thoa man biéu thirc:

y+t y

T e

1
B(y)ocEBO

trong d6 Bo la cam ung tu tai bé mit nam cham. Gia tri cia Bo duogc cho trén mit
nam cham. [2,0 diém)|

2. Nghién ciru sw phu thude ciia Uy vao géc 6 giira véc to' cam tng tir B va
chiéu dong dién.
Cho dong dién chay qua cam bién | ~ 1 mA. Giit cho khoang cach gitta cam

bién va tdim cua mat nam cham y = 2 cm. Pat nam cham lén thudc do goc sao cho bé

mit nam cham vudng goc véi duong nbi cam bién voi tim ciia nam cham.
a) Hay v& phéc thao so d6 b tri thi nghiém.
b) Lap bang gia tri ciia Un theo @ trong khoang -90° < 6 < 90°,
¢) Nghiém lai sy ti 1¢ gitra Un va Sinﬁbéng viéc st dung mot dd thi duoc vé& mot

cach thich hop. [2,5 diém]

—

3. Nghién ciru sy phu thudc ciia AR/R vao B, véi B vudng goéc véi mit phing
ciia miu:

Hiu Ung tir dién tr¢ MRE c6 y nghia chi trong tur truong di manh. Vi vay

nén sir dung tir truong manh dén mic co thé.
a. Hay v& phéc thao so d6 bd tri thi nghiém.

b. Thyc hién viéc do dac va 1ap bang s licu.
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c. Gia thiét rang AR/R ~ B¥, x4c dinh gia tri ctia k bang viéc sir dung mot do thi
duoc v& mot cach thich hgp. Udc lwong do 1éch cuc dai cua gia tri k thu duoc. [4,0
diém]

4. Xac dinh do tir thim tuwong déi K cua 1oi sit tir ciia cudn day hinh xuyén:

Xac dinh do tir tham tuong d6i p cua vat liéu 1am 16i & cudng do dong dién 1
theo tiimg budc hudng dan sau day:

* Pt cam bién Hall vao trong khe hep cua 13i.

* NOi cudn day va am-pe ké véi nguon 2. Chi s dung loi vao "COM'" va

""20A" cua am-pe ké trong trudng hop nay.

* Po cuong do dong di¢n | trong cudn day va cam tng tr B trong khe hep
cua 101

* Tinh gi4 tr1 cua u

Em can sir dung moi hé thue sau day:

B(27p—d)
U

+Bd =47107" NI [1,5 diém]

Ban kinh trung binh cta 15i 1a p = 25 mm, N 1a s vong day, d6 rong ctia khe hep 1a
d=3mm
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Bai thi thure nghiém s6 2

HQP DEN
THIET BI VA VAT LIEU
1. Mt dao dong ki dién tir hai chum tia.

2. Mot may phat chirc ning phét ra cac song hinh sin, tam giac va vudng c6 tan sb tir
0,02 Hz dén 2 MHz.

3. Mot "Hop den" ¢6 hai nhom day ndi: nhém ABCD va A'B'C'D'. Ngoai ra con co
hai day din cho dién tré mau Ry = 5 kQ.

4. Céac day nbi co dién trg rat nho, bo qua duoc.

5. Giay vé& d6 thi.

Chu y: Ban khong dugc phép mo "Hop den".

THi NGHIEM

Trong hop den c6 hai nhom phan tir thu dong (d6 1a cac phan tir thudc cac
loai: dién tro' R, tu dién C hodc cudn cam L). Nhém thir nhét gém ba phﬁn to Z1, Z2,
Z3 dugc nbi trong mot mach hinh sao nhu chi ra trong hinh 1. Céc phén tr duoc ndi
ra ngoai qua cac dau nbi A, B, C and D, véi A 1a dau ndi chung ciia nhém ABCD.
Nhom thir hai bao gom ba phan tir Z'1, Z'2, Z's dugc ndi v6i nhau theo cach giong
nhu trén d&én cac dau A', B!, C' va D', v6i A' 1a dau ndi chung ctia nhém A'B'C'D".

1. St dung dao dong ki dién tir va may phat chuc nang, hdy xac dinh loai va gia tri
(d6 1a dién trd cta R, dién dung cua tu dién C, do tu cam cta L) ctia moi phﬁn tor 7,
Zy,Z3vaZ', Z'2, Z'. [5,0 diém]

2. N6i nam diém B, C, B', C' va D' v6i nhau. Ta dugc mot hop den mdi véi 4 dau ra
(g0i 1a hop den DD'A"). [5,0 diém]

a.V& mach di¢n cua hop den nay.

b. Dit tin hiéu hinh sin 14y tir may phat chtrc ning vao hai chét D va A'.

Upa-

V& d6 thi ctia ty sd cac bién do cua hiéu dién thé K = va do léch pha ¢
DA'

gitra hai hi€u di¢n the nay theo tan s6 f cta tin hi¢u.
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c. Cac do thi déu c6 mot diém dac biét ¢ tan so fo xac dinh. Xac dinh gia tri cia

Up:

tan so fo, ti s0 K = va do 1éch pha ¢ ¢ tan so do.

DA'

d. Suy ra hé thuc giita fo va cac gia tri ciia cic phan tir trong hdp den va tinh gia

trj cta fo. [5,0 diém]
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APhOG6 -2005 tai Indonesia
Bai thi li thuyét

Bai toan 1

1A. Xilanh, 1 xo, va pitténg c6 khdi lwong (5 diém)

Xét n = 2 mol khi héli li tuéng & ap suét Po , thé tich
Vo va nhiét do To = 300 K, dyng trong mdt binh
chtra hinh try thang dung, phia dudi cia mot pittong
(xem Hinh 1.1). Pittong nim ngang, c6 khdi lugng
m = 10 kg (gia thiét g = 9,8 m/s?), c6 dién tich A =
500 cm?, c¢6 thé chuyén dong khong ma sat; phan
trén cua binh khong chira khi. Mot 16 xo thang dung
dugc gan véi pittong va vai thanh trén cia binh. Bo
qua sy lot khi & cac mat tiép xuc va bo qua nhiét
dung riéng ctia binh chtra, pittong va 16 xo. Hé nim
can bang va 1o xo khong bi nén hoic din. B6 qua
khéi lwong cua 16 xo.

)

A

|

i

{

XX

| 110 xo

L pittdng

Hinhl.1

a. Hay tinh tan s6 dao dong nho f cua pittong khi né bi lam 1éch mot khoang nho

khoi vi tri can bang. (2 diém)

b. Bay gio, pittong bi day xudng dudi dén khi thé tich cua khi con mdt nira, roi

duogc tha ra véi van tdc ban dau bang khong. Hay tinh (cac) gia tri ctia thé tich khi

S SR PYDPAI ¢ \'/}
ltc van toc cua pittdng 1a oA

(3 diém)

Cho d9 cimg cua 106 xo 1a k = mgA/Vo . Moi qua trinh trong chéat khi déu 1a doan
nhiét. Hing s6 khi 1a R=8,314 JK*mol™. V&i khi don nguyén tir (héli), st dung

hang s6 Laplace (chi s6 doan nhiét) y =5/3.
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1B. danh du (5 diém)

Mot em bé 1am cho cai du dung dua bang cach dtng 16n va khom nguoi xubng. Quy
dao cua khdi tdm em bé dugc minh hoa trén Hinh 1.2. Goi ry 1a khoang cach theo
phuong ban kinh, tinh tir truc quay cta cai du dén khéi tim ctia em bé khi em bé
ding, con rq 1a khoang cach tir truc dén khoi tdm khi em bé khom ngudi. Cho ti s6
gifta rgvary la 2110 = 1,072 , tic 1a em bé chi dich chuyén khdi tim cta minh

khoang 7% so v&i khoang cach trung binh dén truc quay cia cai du.

Dé cho viée xét duge don gian, ta gia thiét cai du khong cé khdi luong, bién do cua
cai du 1a da nho va khoi luong cia em bé tap trung o khbi tam. Ta ciling gia thiét 1a
su chuyén tir khom ngudi sang ding (su chuyén tir A sang B va sy chuyén tir E sang
F) 1a nhanh so véi chu ki cua cai du, va c6 thé coi 1a tic thoi. Tuong ty, ta gia thiét
1a su khom ngudi xudng (su chuyén tir C sang D va su chuyén tir G sang H) c6 thé

col nhu xdy ra tuc thoi.

Khom nguoi

Hinh 1.2

Em bé can phai thuc hi¢n bao nhi€u chu ki nhu vay dé 1am cho bién do (hodc van

tdc goc cuc dai) ting 1én hai 1an?

Country Country code | Student No. | Question Page No. Total

no No. No. of pages
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mau tra o1

1A

f (cong thirc)

b)

Vgas (cong thirc) =

(Cdc) gid tri ciia thé tich khi =

1B

N (s6 chu ki) =
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Bai toan 2
Hdi tu bang tir trwong

C6 nhiéu thiét bi sir dung chum tia manh gdm cac hat tich dién. éng phong tia dién
tr dugce dung trong cac dao dong ki, cic mdy thu hinh hodc trong kinh hién vi dién
tar. Trong cac thiét bi nay, chum hat dugc héi tu va lam I¢ch rat giéng nhu cach
chum sang bi hoi tu va lam Iéch trong cadc dung cu quang hoc.
Chum hat c6 thé duge hoi tu bai dién truong hoac tur trudong. Trong bai toan 2A va
2B, ta s¢ xem chum hat duogc hdi tu béi tir truong nhu thé nao.
2A. hdi tu bing tir treong trong ong diy (4 diém)
Hinh 2.1 cho thdy mét sung electron dit bén trong, ¢ khoang giita cia mot dng day
dai. Cac electron chui qua mot 16 trén andt co thanh phan van téc ngang nho.
Electron s& chuyén dong theo mot dudng xoan. Sau dung mot vong, electron lai
quay vé truc, truc ndy di qua 16 va diém F. Bang cach diéu chinh tir trudng B bén
trong éng day mdt cach thich hop, nguoi ta co thé 1am cho moi electron cung hoi tu
¢ diém F sau diing mot vong. Hay sir dung cac dit liéu sau day:

e Hiéu dién thé duoc dung dé ting tdc cac electron 1a V = 10 kV

e Khoang cach gitra anot va diémhoitu Fla L=0,50m

e Khoi lugng ctia mot electron m = 9,11x 103 kg

e Dién tich cia mot electrone = 1,6 x 101° C

o 1, =47x10" H/m

e X¢ét bai toan trong khuon kho phi twong ddi tinh.

a) Tinh B sao cho electron trd lai gap truc & diém F sau dung mot vong quay. (3
diém)

b) Xéac dinh cudng d6 dong dién trong éng day, biét rang dng day c6 500 vong
day trén mdi mét chiu dai cua né.

(1 diém)
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2B. Hii tu bang tir trwong Ro (FRINGING FIELD) (6 diém)

Hai cuc nam cham dit ndm ngang cach nhau mot khoang sao cho tir truong giita
ching 1a B theo phuong thing ding (xem Hinh 2.2). Cac mit cua cuc c6 dang hinh
chit nhat v6i chiéu dai | va chiéu rong w . Ta xét tir trudng 10 & gan ria cua cac cuc
(tir truong 10, tiéng Anh 13 fringing field, 1a tir truong gan véi cac hiu tmg o ria cia
cac cuc). Gia st tir trudng ro ton tai trén khoang b (xem Hinh 2.3). T truong 1o c6
hai thanh phén 1a Bx i va B; k. D¢ cho don gidn, ta gid thiét rang |B,|=B|z|/b, trong
d6 z = 0 12 mit phang & dung giita hai cyuc tir. Cu thé la:

e khi hat tir ngoai di vao vung tu truong ro, thi B =+Bz/b,

e khi hat di vao vung tir trrong r0 sau khi da di qua nam cham, thi B =—-Bz/b
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o . Mt
ro R4 phang
L

[ R R ——

Chum hat
hep

Hinh 2.2. Nhin téng thé (cha ¥ rang 0 rat bé).
z
- X=b

Hinh 2.3. Tt truong ro

Mot chum hep gdm céc hat ¢ cung khdi lwong m va dién tich duong q, di vao nam
cham (gan trung tim) véi van toc 16n v song song v4i mat phang nam ngang. Kich
thude ciia chum tia theo phuong thang dimg co thé so sanh dugc véi khoang cach
gitra hai cuc nam cham. C6 mét chum hat di vao nam cham dudi mot goc € nho ddi
v6i dudng thang trung tdm va ra khoi nam cham dudi goc -q (xem Hinh 2.4. Gia
thiét 6 rat bé). Gia thiét ring goc 0 ma theo d6 hat di vao ving tir trudng ro ciing 13

g6c @ ma theo d6 hat di vao ving tir truong déu.
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A

Hinh 2.4. Nhin tir trén xudng

Chum hat s& bi hoi tu béi tir truong rd. Hiy tinh gan dung tiéu cy néu ta dinh nghia

tiéu cy nhu minh hoa trén Hinh 2.5 (gia st b<<I va gia st thanh phan z cta d6 léch,

trong khu vuc tir truong déu, 1a rat nho)

- L.

= °

—

f l
Hinh 2.5. Nhin ngang
Country Country code | Student No. | Question Page No. Total
no No. No. of pages
mau tra 10

2A
a)

B (cong thirc) =
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b)

| (cong thirc) =

2B

Ti€u cu (cong thirc) =
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Bai toan 3
sir 1éch hwéng anh siang boi gwong chuyén dong

Su phan xa anh sang boi guong chuyén dong twong dbi tinh khong phai 13 diéu
méi vé mit 1i thuyét. Anhxtanh dé thao ludn vé kha ning va dé xuat mot quy trinh
dung phép bién d6i Lorentz dé thu duoc cong thirc phan xa bodi guong chuyén
dong v6i van tée V. Mic du vy, cong thirc ndy ciing c6 thé thu duoc bang cach
st dung mot phuong phap kha don gian. Xét qua trinh phan xa nhu trén Hinh 3.1,
& d6 guwong phang M chuyén dong véi van tc v = vé, (trong do é la véc to don
vi trén truc x) d6i v6i hé quy chiéu phong thi nghiém F. Guong hop mét goc 4
v6i van téc ( chil ¥ 14 ¢<90°, xem Hinh 3.1). Mit phang cua guong c6 phap
tuyén n. Chum sang c6 goc tdi a va goc phan xa S, twong ung la cac goc giita
A voi chum t6i 1 va véi chim phan xa 1'trong hé quy chiéu phong thi nghiém F.
C6 thé chimg minh dugc rang:

sina—sinﬂ:%sin¢sin(a+ﬂ) Q)

Hinh 3.1. Su phan xa cua 4nh sang bdi guong chuyén dong twong ddi tinh.
3A. Gwong Anhxtanh (2,5 diém)

Khoang mot thé ky trude, Anhxtanh da tim ra dugc dinh luat vé su phan xa song

dién tir boi mot guong chuyén dong véi véan toc khong dbi v =—vé, (xem Hinh
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3.2). Bang cach 4p dung phép bién doi Lorentz cho két qua thu dwgc trong hé

quy chiéu ma guong dung yén, Anhxtanh da tim duoc:

2
[1+(Vj Jcow—zv
C c

2
1—2V003a+(VJ
c c

cos f =

(2)

Khéng dung dén phép bién dbi Lorentz, chi st dung cong thire (1), hiy tim ra
cong thuc (2).

Hinh 3.2. Guong Anh xtanh chuyén dong vé bén trdi véi van toc V.
3B. Su dich tin s6 (2 diém)
Van 1a tinh huéng nhu phan 3A, néu chum tia t&i don séc tan sb f dap vao guong
M, hdy tim tin sé méi f* sau khi nd phan xa tir bé mit ctua guong chuyén dong.
Néu «=30°vav=0,6c¢ trong Hinh 3.2, hé1 d6 dich tan sd Af béng bao nhiéu

phan tram cua f .
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3C. Phwong trinh gwong chuyén dong (5,5 diém)

Hinh 3.3.

Hinh 3.3 biéu thi céc vi tri clia gwong & thoi diém t, va t. Vi quan sat vién
chuyén dong sang trai, guong chuyén dong twong ddi sang phai. Chum sang 1
dap vao diém a & thoi diém t, va bi phan xa thanh chim 1'. Chum 2 dap vao
diém d ¢ thoi diém t va bi phan xa thanh chum 2'. Do vay ab 13 mit dau séng
clia anh sang téi & thoi diém t,. Cac nguyén tir & diém bi nhidu loan béi mat dau
song toi ab va bit dau phat song. Sy nhidu loan, do mit diu song ab gy nén,
dirng lai & thoi diém t khi mat dau song cham diém d.

Dua vao Hinh 3.3 cho su truyén anh sang hodc st dung cac phuong phéap khac,
hay tim ra phuong trinh (1).

Country Question Total
Country code | Student No. Page No.

no No. No. of pages
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3A. Guong Anhxtanh

Chiing minh:
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3B. b6 dich tan s6

Do dich tan s6 =

3C. Phuong trinh guong chuyén dong
Chirng minh:

Chtng minh:
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Bai thi thi nghiém

Trude khi bit diu 1ip thi nghiém, cain doc ki toan bd dé bai !

Poc phin nay trude:

1. Thoi gian lam bai 1a 5 gio.

2. Chi dung but va cac thiét bi duoc cip. Em c6 thé dung mdy tinh riéng cta em.

3. Chi viét trén mét mit cua to gidy duoc cp.

4. Ngoai cic to gidy tring ma em c6 thé viét thoai mai, c6 mot tap Gidy trd loi
(Answer sheets) ma trén d6 cac em phai tom tit cac két qua da thu duoc. Céac két

qua bang s6 can dugc viét voi so chit so thich hop, dimg quén viét don vi.

5. Viét lén gidy trang cac két qua cua tt ca cac phép do va moi thir ma em cho 13
quan trong dé giai bai todn, ma em mudn duoc cho diém. Tuy nhién, em nén dung
chu yéu 1a cac phuong trinh, con sb, ki hiéu, d6 thi va hinh v&, va dung cang it
chir cang tét.

6. Cac em nhét thiét phai viét 1én dau mdi to gidy: tén nudc ("Country code"), ma
sO thi sinh ciia em (gidng nhu trén thé, "Student ID"). Trén cac to gidy trang, can
viét: s6 thir ty cia mdi to, (tr 1 dén N, “Page No.”) va tong s trang (N) cua cic
t gidy tring ma em dd dung va mudn dugc cho diém (“Page total”); dé tréng 6
“Problem”.

7. Thi sinh can bat dau mdt trang mdi cho moi phan. Can viét s6 cia phan ma em
dang lam ¢ dau cua moi phan. Néu em dung mot so to gidy ma em khong mudn

duoc tinh diém, thi vach mét chir X 16n trén ca trang va dung danh sb trang do.

8. Khi d 1am xong, hiy dit cac to gidy theo ding thir tw (gidy tra 101 trén cing, sau
d6 cac to gidy da dung xép theo thir tu, roéi dén cac to gidy khong dung, va dudi
cung 1a to in d& bai) r6i cho tat ca vao phong bi ma tir 46 em da 14y ching ra. Sau

d6, d¢ moi thr 1én ban. Em khong duoc mang bat cir vat gi ra khoi phong.
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1. Xdc dinh hinh dang bang sw phén xa
Mé dau
Quan sat truc tiép bang mit 13 phuong phap ma con nguoi dung mat dé nhin dang
vat thé. Mic du vy, khong phai tit ca moi thr trong cudc séng cé thé quan sat truc
tiép dugc. Ching han nhu em c6 thé néi thé nao vé vi tri cua xwong giy? Liéu c6 thé
nhin thiy bao thai & trong bung ngudi phy nit mang thai khéng? Lam cach nao dé
nhén ra cac té bao ung thu trong ndo? Tt ca nhitng diéu nay doi hoi ki thuat dic biét
lién quan téi quan sét gian tiép.
Trong thi nghiém nay, em phai xac dinh hinh dang cua vat bang quan st gian tiép.
Em s& dugc phat hai hop hinh tru kin, va & trong mdi hop céd chira mdt vat c6 hinh
dang chua biét. Thir thach ddi véi em 13 khdm pha vat ma khong duoc mo hop. Céac
y tudng vat li dbi voi thi nghiém nay 1a don gian, nhung 6c¢ sang tao va mot sb ki
nang 13 can thiét dé giai quyét no.
Thi nghiém
Dung cu

Dbi voi thi nghiém nay em s& dugc phat:

1) Hai hop hinh try (xem hinh ¢ trang sau), trong mdi hop co6 chira:

a. Mdt vat ¢6 hinh dang chua biét ma em phai xé&c dinh (do6 la vat c6 dang hinh

hoc don gian vdi cdc mat bén 1a mat phéng hoac mat tru)

b. Mit trén (2a) va mat bén bao quanh chu vi (2b) cia hop hinh tru c6 thudc do

7

goc.
c. Mot nim 6 trén (3) ma em c6 thé xoay
d. Mot den lade (4)

2) Pin dy phong cho dén lade

3) Mot thude

4) Giay v& db thi

Phuwong phap thi nghiém
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Céc thi sinh phai xac dinh hinh dang cua vat & bén trong hop hinh tru kin. BPuong
kinh cua hinh try c6 thé do dugc bang thuéc. Thi sinh khong dwoc phép mé hop
hinh tru hodc phd niém phong dé xdc dinh hinh dang ciia vat. Vit 1a tim kim loai
day 8 mm v&i cac mit bén duoc danh bong dé c6 thé phan xa 4nh sang nhu guong.
Em c6 thé quay vat bang nim ¢ phan trén cua hinh tru. Khi nim quay, thi truc quay

cua vat trung voi truc cuia hop hinh try.

Dén lade c6 thé tit mé duoc bang cach xoay nd. Em c6 thé didu chinh vi tri chum
sang bang cach xoay dén lade cing hodc nguoc chiéu kim déng hd. Sy phan xa cia
chum lade tir dén lade c6 thé quan sat doc theo chu vi ciia hinh tru kin. & ddy, ta do
bang thudc do goc. Bang viéc xoay nam & nap trén khi dén lade dang sang, em s&
thay 1a khi em quay vat thi vi tri cia 4nh sang phan xa tir vt sé thay doi. Néu dnh
sdng tir dén lade yéu hodc dén lade khéng hoat déng, hay yéu ciu héi dong coi thi
thay thé. Bang cach quan sat moi lién quan giita vi tri gbc cua vat (doc duoc trén
thude 2a) va goc cua tia lade phan xa (doc dugc trén thude 2b), em co thé xac dinh

hinh dang cua vat.
Véi mbi vat (Ivu y rang hai vét co hinh dang khac nhau):
A. V& do thi su phu thudc cua: ‘géc cua tia lade phan xa theo vi tri gbe cua vat’.
(2 x 1 diém)

B. Xac dinh s6 mat bén cua mdi vat (2x0,25 diém)

C. Dung cac dir liu tur dd thi dé vé phac hinh dang cta vat, va tim ra cac vi tri
goc cua nhitng chd chuyén cta cac mit bén, theo thudc do goc & mit trén cia
hop.

(2 x 1,5 diém)
Riéng véi vat c6 it mit bén, thi can phai lam thém hai ciu sau :

D. Hay v€ truc quay cua vat va xac dinh cac khoang céach tur truc dén mdi mit

bén
(2 x 1,5 diém)
E. Hiy xac dinh d6 dai cua cac mit bén (khong can phan tich sai sd) va cac goc

giira hai mit bén ké nhau (2 x 0,75 diém)
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Em can trinh bay két qua ctia em trén gidy vé& d6 thi, va tim ra cac phuong trinh toan

hoc ma em st dung dé xéc dinh hinh dang cua vat.

Ghi chu:

1. Mot vat c6 tat ca cac mat bén la nhirng mat phéng, con vat kia c6 mot mat cong.
2. C6 thé em gip tinh hudng 14 tia sang bi phan xa hai 1an trén vat.

3. Trong truong hop mit bén 1 cong, thi khong can xac dinh ban kinh cong, nhung

can xac dinh mat 1a 10m hay 161 d6i véi truc quay.
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2. Sw him bang tir truwong trén mit phang nghiéng
Mé dau
Khi mdt nam cham chuyén dong gan mot vat dan khong co tir tinh nhu ddng, nhom,

thi n6 chiu tdc dung ciia mot lyc lam tiéu hao nang luong, goi 1a Iyc ham tir. Trong

thi nghiém nay, chiing ta s& nghién ctru ban chat cua luc do.

Luc ham tir phu thudc vao:

d6 manh ctia nam cham, dugc xac dinh bdi mé men tir ctia no (W);

dién dan suat cta vat dan (oc);

kich thudc va cach bo tri cua nam cham va vat dan;

khoang cach giita nam cham va mit vat dan (d);

van toc twong ddi (V) ciia nam cham ddi véi vat dan.
Trong thi nghiém nay, chiing ta s€ nghién ctru sy phu thudc cta luc ham tir vao vin
toc (V), v khodng cdch giiva nam chdm va vt din (d). Luc nay c6 thé biéu thi

bang cong thirc thuc nghiém sau:

Fus = —K, dPVv" @
trong do
Ko 12 mot hang s6 phu thudc vao p, oc va cach bd tri ciia cua vat dan va
nam cham, ma trong thi nghiém nay thi cach bd tri da duoc ¢d dinh.
d 1a khoang céch tir chinh gitra nam cham dén mat vat dan.
% 1a van tdc ctia nam chAm

pVva n 13 cac s6 mii ma ta cAn xac dinh trong thi nghiém nay.
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Thi nghiém

Trong thi nghiém nay, can phdi phdn tich sai sé.

t
Dung cu \ﬁ\
(1) Nam cham Neodym-Sit-Bo hinh tru det ¢6 15. il
Bé day: tw = (6,3+0,1) mm S
Puong kinh ngoai: du = (25,4£0,1) mm N
_ i , Cac cuec tw ,
Hai cyc cia nam cham ¢ trén hai mat phang, nhu thay

trén hinh vé bén.
(2) Thanh nhém (2 thanh)

(3) TAm nhya dung lam mit phang nghiéng, va mot khe thang dé cho nam cham

lan trong do.
(4) Gia thi nghiém bang nhya
(5) Pong ho bam gidy hién sb.
(6) Thudce
(7) Gidy vé& dd thi (10 to)
Théng tin bo sung:
Gia tbc trong trudng dia phuong: g =9,8 m/s?
Khéi lwong ctia nam cham: m = (21,5£0,5) g
Phwong Bic-Nam dwoc ghi 6 trén ban.
Huwéng din sir dung dong hé bam gidy hi¢n so:

- Pong ho dang chay binh thudng, muén dung dé do thoi gian nhu mot dong
hd bam gidy thi bAm nut M. Trén man hién ra 0:00:00. BAm nut D dé bat dau do thoi
gian. BAm D mot 1an nira s& lam dong ho ding lai. Néu bAm D lan nita, dong ho s&
chay va dém tiép. Bam D nira thi dong ho lai ding... Khi dong hd da dimg, mudn

dua vé 0, can bam S.

- Néu da bam D dé bit dau do thoi gian, mudn ding dong hd ma lai bdm

nham S, thi can dua vé 0 bang cach bam tiép D, r6i bdm S hai 1an lién tiép.
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- Néu di bam D dé bt dau do thoi gian, mudn dimg dong hd ma lai bam

nham M thi dua vé 0 bang cach bam tiép nhu sau: S > M — D — S.
Bai nay chia lam hai phan:
(A) Lap dit va mo dau
(B)Nghién ctru lyc ham tur.
Ghi cha:
Trude khi thi nghiém, can chic chin 14 mit phang da sach.
Cau hoi
Hay v& day du cac hinh trong bai giai ciia em dé cho bai lam duoc dé hiéu

(A) Lap dat

Hinh 1. Mdt phdng nghiéng chwa c6 cdc thanh nhém

Tha cho nam cham lan trong khe nhu trén Hinh 1. Chon géc nghiéng nhé mdt

céch hop li @& nam cham khong 1in nhanh qua.
[1] Vi nam cham rat manh, nén né ¢ thé chiu ngau luc déng ké do twong tac véi
tur truong Trai DPat. Do d6, nam cham s& bi xoay khi 1an va cham vao thanh

khe, gdy nén ma sat 16n. Em 1am nhu thé nao dé giam dén mirc t6i thiéu ngiu

luc nay? Hay dung hinh v& dé giai thich.
[1,0 diém]
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nam cham dyd.
f——

N

nhin thang

Hinh 2. Hé do da ldp dat, cung véi hai thanh nhém

Pit hai thanh nhom nhu thay trén Hinh 2, véi khoang cach ¢& d=5mm. Nhé
ring khoing cach d dwoc tinh tir chinh giita nam chim nhw thiy & hinh
dong khung cua Hinh 2.

Lai tha cho nam cham lan. Em s& nhan thiy rang nam cham lin xudng dudi

cham hon nhiéu so véi trong 1an quan sat trudce, do ¢6 luc ham tur.

[2] Hay vé cac dudng cam ung tir va cac luc dé giai thich co ché ctiia sy ham tu.

[1,0 diém]
(B) Nghién citu lyc ham tir
Giir nguyén thi nghiém duoc lap dat nhu trén Hinh 2, ciing véi khoang cach c&
d =5 mm (c6 mot khe ¢& 2 mm giita nam cham va moi thanh nhom).
[1] Gitt khoang cach d khong doi, nghién ctru sy phu thudc cua lyc ham tr vao

van toc v. Hay v& d thi thich hop dé xac dinh sé mii n trong phuong trinh

(1) va giai thich cach lam cta em.
[4,0 diém]

Biy gi0, thay d6i khodng cach thanh nhom-nam cham (d) & ca bén phai va bén

tréi. Chon mot goc nghiéng nho hop 1i va giir khong doi.
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[2] Nghién ctru sy phu thudc cia lyc him tir vao khoang cach d. Hay vé& db thi

thich hop dé xac dinh s6 mii p trong phuong trinh (1) va giai thich cach lam

cua em.

[4,0 diém)]
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APhO7 -2006 tai Kazakhstan
Dé thi li thuyét
Bai toan li thuyét s6 1

Bai nay gom bon phin ddc lap véi nhau
A. [2,5 diém] Hai tAm phing dan dién gidng hét nhau a va B cé dién tich twong tng
la -Q va +q (Q > q > 0) duoc dit song song, cach nhau mot khoang nho. Mot tim
phing khéc 1a y (gidng hét hai tAm kia) c6 khdi lwong m, c6 dién tich +Q duoc dat
song song v4i hai tim lac ddu va cach tim S mot khoang d (xem Hinh 1). Dién tich
bé mat cua cac tim 1a S. TAm y dugc tha tuor nghi va co thé dich chuyén tu do, trong
khi cac tAm « va g dugc giit ¢6 dinh. Gia thiét rang sy va cham giita S va y 1a dan
hdi, bo qua luc trong trudong va cac hiéu Gng bién. Gia thiét rang co du thoi gian dé

dién tich phan bo lai gitta tim £Vva y trong khi va cham.

Al) Cudng d6 dién truong Ei tac dung 1én tdm y trude khi nd va cham véi

tam S bang bao nhiéu?
A2) Pién tich Qs Vva Q, ciia cac tim £Va  sau va cham bang bao nhiéu?

A3) Hiy xac dinh van tbc v cia tim y sau va cham, khi nd cach tim S
khoang d.

o B Y
d
-Q +q +Q
Hinh 1

B. [2,5 diém] Mot pittong linh dong, khong co khéi lugng chia mot cai binh thanh
hai phan. Binh dugc c6 lap véi mdi trudng. Mot phan ctia binh chita mot lugng m; =
3,00 g khi hydré & nhiét d6 Tio = 300 K, phan kia cta binh chita mot lugng mz =
16,00 g khi 6xy & nhiét d6 Too = 400 K. Khdi lugng mol cia hydrd va oxy tuong
tmg 1a 1 = 2,00 g/mol va z» = 32,00 g/mol, va R = 8,31J/(K.mol). Pittdng dan nhiét
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kém, va két qua cudi cung 1a nhiét do cua hé can bang. Tat ca cic qué trinh duoc coi
1a chuén dung.

B1) Nhiét d cudi cing ctia hé 1 T bing bao nhiéu?

B2) Ty sd giita ap suit cudi cung Ps va ap sudt ban dau Pi bing bao nhiéu?

B3) Tong nhiét luvong Q duogc truyén tir 6xy sang hydrd bang bao nhiéu?
C. [2,5 diém] Viing Mariana ¢ Thai Binh Duong c6 do sau H = 10920 m. Nudc
min & bé mit dai duong c6 khéi lugng riéng po = 1025 kg/m?, médun dan hoi
K=2,1.10° Pa. Gia tbc trong truong l1a g = 9,81 m/s?. Bo qua sy thay doi nhiét do va
gia toc trong trudng theo do sau, dong thoi ciing bo qua ap suat khi quyén. Hay tinh
gia tri bang s6 cua ap suat P(H) & ddy viing Mariana. Em c6 thé dung phuong phap
chinh x4c hodc phuong phap lap. Trong trudng hop tinh ldp, em ¢ thé chi can giir
lai s6 hang khac khong dau tién trong biéu thirc ctia hé s6 nén.

Ghi chl: Chat 1ong c6 hé s6 nén rat nho. Hé s6 nén dugc dinh nghia bai hé thirc

1(dvj
oa=———
V dP T=const

Mo dun dan hoi K 13 nghich dao cua a, tac 1a K=1/ a.

D. [2,5 diém] Hai thdu kinh méng c6 d6 tu 1a D1 va D2 dugc dit cach nhau mot
khoang L = 25 cm, truc chinh trung nhau. D9 tu la nghich ddo cua tiéu cu. H¢ nay
tao ra mQt anh that cung chiéu cia mét vat dit trén truc chinh gén véi thau kinh Dy,
vo1 d§ phong dai 17 = 1. Néu ddi vi tri cta hai thdu kinh cho nhau, thi hé cling tao

mot anh that cting chiéu véi vat nhung voi do phong dai I = 4.

D1) Céc thiu kinh thudc loai nao? Trong Phiéu tra 16i, em hiy ky hiéu thau
kinh hoi tu 13 «+», va thau kinh phan ky 13 «-». Dung hinh v& dé minh hoa cau tra 1oi

cua em.

D2) Hiéu sb clia cac do tu AD = D1 - D2 cua hai thiu kinh bﬁng bao nhiéu?
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Bai toan li thuyét s6 2
Dao dong tir bi ham béi ma sat trugt
Mé dau veé li thuyét

Trong co hoc, nguoi ta thuong dung cai goi la khong gian pha (phase space), la
mot khong gian tudng twong co cac truc gdm cac toa do va cac dong luong (hoic
van tdc) cua tit ca cac chit diém cua hé. Cac diém cua khong gian pha dugc goi 1a

cac diém tao anh. Mdi diém tao anh xac dinh mot trang thai cua hé.

Khi hé co hoc tién trién, diém tao anh twong ung di theo mot quy dao trong
khong gian pha, ma ta goi la quy dao pha. Nguoi ta vé mot miii tén trén quy dao pha
dé chi chiéu tién trién. Mot bo cua tat ca cac quy dao pha kha di cua mot hé co hoc
dugc goi 1a chan dung pha (phase portrait) ciia h¢. Su phan tich chan dung pha cho
phép nguoi ta khao sat cac tinh chat dinh tinh quan trong ciia dong hoc ciia hé, ma
khong can giai cac phuong trinh chuyén dong cua hé dudi dang tudng minh. Trong
nhiéu truong hop, viée dung khong gian pha 1a phuong phép thich hop nhét dé giai
cac bai toan vé co hoc.

Trong bai toan nay, chiing t6i dé nghi cac em dung khong gian pha dé phan tich
mdt sd hé co hoc c6 mot bac tu do, tic 1a cadc hé duogc md ta boi chi mot toa do.
Trong truong hop nay, khong gian pha 1a mat phang (hai chiéu). Quy dao pha 1a mot
duong cong trong mit phang d6, nd duoc xac dinh bing su phu thudc ciua dong
lwong vao toa do cua diém, hoic nguoc lai, béng su phu thudc cua toa dg cua diém
vao dong luong.

DPé lam thi du, chung t61 trinh bay mdt quy dao pha ciia mdt hat tu do chuyén
dong doc theo truc x, theo chiéu duong (Hinh 1).

PA
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Hinh 1. Qu¥ dao pha cua mét hat ty do
Bai toan
A. Chan dung pha (3,0 diém)

Al. [0,5 diém] Hiy v& quy dao pha ctia mot chat diém tu do, chuyén dong giira
hai btrc tudng song song, phan xa tuyét d6i, dit & x = - L/2 va x= L/2.

A2. Hiy khao sat quy dao pha cua dao dong tir diéu hoa, tic 13 cua chit diém c6

khdi lrong m chiu tac dung cua luc Hook F = - k x:
a) [0,5 diém] Hay tim phuong trinh cta quy dao pha va cac thong s6 cia no.
b) [0,5 diém] Hay v& quy dao pha ciia dao dong tir diéu hoa.

A3.[1,5 diém] Xét chat diém co khoéi lugng m gin & dau ciia mot thanh cing
khong c6 khéi lugng, c6 chiéu dai L, mot dau thanh dugc cb dinh (gia toc trong
truong 1a g). Bé cho thuan tién, ta dung goc « giita thanh va phuong thang ding lam
toa d6 ctia hé. Mit phang pha chinh 13 mat phang voi cac toa d6 (o, da/dt). Hay
nghién ctru va vé chan dung pha cuia con lic ndy véi goc o bat ki. Hoi hé nay co thé
¢ bao nhiéu loai quy dao pha khac nhau vé tinh chat? (goi s6 cac loai quy dao nay
la K). Hay v& it nhat mot quy dao pha dién hinh cho mdi loai. Cac loai quy dao pha
khéc nhau nay duogc xac dinh tir mot s diéu kién, hay tim cac diéu kién d6. (Pung

liy cac diém can bang 1am cac quy dao pha). Bé qua luc can cua khong khi.
B. Dao ddng tir bi him béi ma sat truwot (7,0 diém)

Khi xét luc can d6i voi mot chuyén dong, ta thuong ké dén hai loai lyc ma sat.
Loai th&r nhat 1 lyc ma sat phu thudc vao van toc (ma sat nhét), va dugc xac dinh
bdi  F =-w. C6 thé lay thi du vé truong hop chuyén dong clia mot vat ran trong
chit khi hodc trong chat long. Loai thtr hai 1a lyc ma sat khong phu thude vao do 16n
ctia van tdc. No duoc xéac dinh bai gid tri F = uN va céd chiéu nguoc voi chiéu cua
van toc twong di cua cac vat tiép xtic v6i nhau (ma sat truot). Co thé 13y thi du vé

truong hop chuyén dong ciia mot vat ran trén bé mat cia mdt vat ran khac.

DPé lam mot thi du dic trung cho loai thur hai, ta xét mdt vat ran trén mot mat
phang nam ngang, gin & dau mot 1o xo; dau kia cua 10 xo duge gitr ¢d dinh. Khbi
lwong cuia vat 1a m, hé sé dan hoi caa 10 xo 13 k, hé s6 ma sat giira vat va bé mit 13 s
Gia thiét rang vat chuyén dong doc theo mot duong thang voi toa do x (x = 0 ung
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v6i 10 xo khong bi kéo din). Gia thiét ring hé sb ma sat nghi va hé s6 ma sat truot
la nhu nhau. Lac dau, vat co vi tri x=Ao (Ao>0) va c6 van tc bang khong.

B1. [1,0 diém] Viét phuong trinh chuyén dong cua dao dong tir didu hoa bi him
bd1 ma sat truot.

B2. [2,0 diém] V& quy dao pha ctia dao dong tir nay va tim cac diém can bing.

B3. [1,0 diém] Hoi vat c¢6 dimg hin ¢ vi tri ma 10 xo khong bi kéo dan khong?
Néu khong, hiy xac dinh do dai cta khu virc ma trong d6 vét co thé dimg han.

B4. [2,0 diém] Hay tim d¢ giam AA cua do 1éch cuc dai ciia dao dong tir theo
chiéu dwong ciia X trong mot dao dong. Thoi gian gitta hai d6 1éch cuc dai lién tiép
theo chiéu duong la bao nhiéu ? Hay tim sy phu thudc A(ts) ctia d6 1éch cuc dai nay,

trong d6 tn1a thoi gian cta lan 1éch cuc dai thir n theo chiéu duong.

B5. [1,0 diém] Hay vé su phu thudc cia toa do vao thoi gian, X(t), va udc tinh sb
dao dong N cua vat.

Ghi chu:
Phuong trinh ciia dudng elip v6i cac ban truc a va b, v4i tdim & gdc toa do, c6
dang:
X2 y2
22t
ac b
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Bai toan li thuyét s6 3
Lam lanh nguyén tir bang laser

Trong bai todn nay, cic em duoc yéu cdu xét co ché cua viée lam lanh
nguyén tr v4i su hd tro ciia bre xa laser. Nhitng nghién ctru trong linh vuc nay dan
dén sy tién bo dang ké trong hiéu biét vé nhitng tinh chit cua cac khi lvong tir gdm
cac nguyén tir lanh. Nhitng nghién ctru nay da dugc trao gidi Nobel nam 1997 va
2001.

Mé dau vé |i thuyét

Xét mot md hinh nguyén tir don gian véi hai mic nang luong, mirc nang
lwgng & trang thai co ban la Eg va mtrc nang luong ¢ trang thai kich thich la Ee. Hi¢u
nang luong la E, — E, =ha,, tan s6 goc cua laser 12 @, do chénh léch tan so cua
laser so v6i an 14 6 = @ — @, << w,. Gia thiét rang moi van tdc ctia nguyén tir thoa
man v <<c, trong dé ¢ la van toc anh sang. Em c6 thé chi can lay dén gan ding bac
mot v6i cac tham s6 nho v/cva Jan. DO rong tu nhién cua trang thai kich thich Ee
do su suy giam tu phét la y << an, Nghia la véi mot nguyén tur ¢ trang thai Kich
thich, thi xac suat tr¢' vé trang thai co ban trong mot don vi thoi gian bang 7. Khi
mot Nguyén tir tré vé trang thai co ban, nd phat xa mot photon ¢6 tan sb gan bang an
theo hudng ngau nhién.

Trong co hoc lugng tir, ¢6 thé chi ra rang khi mot nguy@n tir bi chiéu boéi mot
btic xa laser c6 cuong do yéu, thi xac suat kich thich nguyén tir trong mot don vi
thoi gian phy thudc VAo tan sd a clia birc xa, Xét trong hé quy chiéu gan véi nguyén
tir, duoc tinh theo céng thirc

yl2
ZSO 2 2 <
1+ 4(w, —w,) 1y

Vo <Y

trong d6 So << 1 1a mot tham sé phu thudc vao cac tinh chit ciia nguyén tir va cuong

do cua laser.
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ho oo

Eq

Hinh 1. Cha y rang céc théng so trong hinh khdng theo duing #y 1

Trong bai toan nay, khi xét cac tinh chat cua khi gdm cac nguyén ttr natri, ta bo
qua tuong tac giita cac nguyén tir. Cudng do laser du nho, sao cho sd nguyén tir &
trang thai kich thich luén luén nhé hon nhiéu So v&i s6 nguyén tir & trang thai co
ban. Ta ciing ¢6 thé bé qua anh hudng cua trong truong (trong cac thi nghiém thuc
té, thi tac dung cia trong trudong di dugc bu trir bai tAc dung ctia mot tir truong phu).

Céc gid tri bang so:

Hang s6 Planck n =1,05-10%4Js
Hang sé Boltzmann ky=1,38-102J K
Khéi legng ctia nguyén tir natri m = 3,81-10% kg
Tan s6 néu trong bai toan wo =27 -5,08-101 Hz
D0 rong cua trang thai kich thich y=27-9,80-10° Hz
Mat d6 nguyén tu n=10cm3

Bai toan

a) [1 diém] Gia st nguyén tir chuyén dong theo chiéu duwong cua truc X véi van toc
vx, va blrc xa laser ¢ tin s6 @ truyén theo chiéu 4m cua truc Xx. Tan sb cta bic xa
trong hé quy chiéu gan voi nguyén tir bang bao nhiéu?

b) [2,5 diém] Gia sir nguyén tir chuyén dong theo chiéu duong cia truc X véi van
tdc vy, va hai chum tia laser gidng hét nhau chiéu doc phuong x tir hai chiéu khac
nhau. Tan s6 cua hai laser 1a @, tham s cuong d6 1a so. Hiy tim biéu thirc cua luc

trung binh F(v,) tac dung 1én mot nguyén tir. V&i vx nho, luc ndy co thé dugc viét
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duéi dang F(v,)=-pv, . Hay tim biéu thirc cua £. Néu gia tri tuyét ddi ciia van tdc
nguyén tir giam, hiy xac dinh ddu cua dai luong &= ®—a,. Gia thiét rang dong
lwong ciia mot nguyén tir rat 16n hon dong lwong ciia mot photon.

Sau day, chung ta s& gia thiét rang van tbc cia nguyén tir di nho dé co thé st dung
cong thirc tuyén tinh cho lyc trung binh & trén.

¢) [2,0 diém] Néu sir dung 6 chum tia laser doc theo céac truc X, y Va z, theo cac
hudng duong va am, thi khi £>0 sé& co lyc tiéu tan tac dung lén cac nguyén tir, lam
ning luong trung binh ctia nguyén tir giam di. Diéu d6 c6 nghia 1a nhiét d6 cua khi,
dugc xéc dinh qua nang lugng trung binh, cling gidm. St dung mat do nguyén tr da
cho & trén, hiy udc tinh gia tri bang sd ciia nhiét d6 T, ma & dé ta khong thé coi
nguyén tir nhu nhiing chat diém, do c6 cac hiéu tng lugng ti.

Sau day, ching ta s€ gia thiét ré“lng nhiét do rat 1én hon Toq, va 6 laser doc theo cac
phuong X, y va z duge sir dung nhu di giai thich ¢ phan c).

Trong phan b) em di tinh lwc trung binh tac dung 1én nguyén tir. Tuy nhién, vi ban
chat luong tir cua photon, trong mdi qué trinh hip thu hodc buc xa, dong luong cua
nguyeén tir thay ddi voi cac gia tri roi rac va theo hudng ngiu nhién, do cb cac qua
trinh giat lui.

d)[0,5 diém] Hay xac dinh gia tri bang sb cua binh phwong do bién ddi ctua dong
lwong ctia nguyén tir, (Ap)?, do két qua ctia mot 1an hap thu hodc buc xa.

e) [3,5 diém] Do c6 hiéu tng giat 10i, nén nhiét do trung binh cua khi sau thoi gian
dai khdng phai 1a khdng d6 tuyét ddi, ma tién dén mot gia trj hiru han nao do. Su
tién trién ctia dong lwong ctia nguyén tir ¢6 thé duoc miéu ta nhu sy di chuyén ngau
nhién trong khong gian dong lrong véi mdi bude trung binh 1a./(Ap)? , va nhu sy
lam lanh do lyc tiéu tan. Nhiét do ¢ trang thai dimg dugc xac dinh bai tac dung tong
hop ctia hai qua trinh khac nhau nay. Hay ching t6 rang nhiét do cia trang thai dimg

T, ¢6 dang: T, = hy(x+1)/(4k,). Hay xac dinh x. Gia thiét ring T, rit Ion so véi
X
(Up)Y(2ke m).

Ghi_chu: Néu c4c véc to Py, Py, ... , Pnkhong twong quan thdng ké véi nhau, thi
gia tri trung binh cua binh phwong tong cta ching la
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<(P1+ P2+ ... +Pn)?>=<P1?> + <Py®>> + ... + <P;*>

f) [0,5 diém] Hay tim gia tri bang s6 nho nhat c6 thé c6 cua nhiét d6 do hiéu Gng
giat [0i. Biéu nay dat duoc khi ti s6 8/y bang bao nhiéu?
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Dé thi thi nghiém

Bai thi thi nghiém nay c6 hai phan lién quan véi nhau
Phin 1

Po nhiét dung riéng ciia nhdm
trong khoang nhiét do tir 45°C dén 65°C. (10 diém)
Trong phan nay, em CHI c6 thé sir dung c4c dung cu sau:
1. M6t cbc nhwra €6 nip day véi mot 16 cim nhiét ké;

2. Mot nhiét ké hién sé v6i do chinh xac dén 0,1°C; nhiét d6 cua sensor (10) duoc
hién ra & phia trén cia man hinh, phia dudi la nhiét ¢6 phong. Em khong duoc an
nGt max/min: khi 4n nat max/min s& lam thay do6i s6 chi trén man hinh gitta cac gia
tri hién tai, gid tri 16n nhét va gia tri nho nhat. Néu nhiét d6 ciia nude vuot qua 70°C,
thi nhiét ké chi "H", dé bao rang né vuot qua gidi han do. CHU Y: KHONG
PUQC DUNG NHIET KE NAY PE PO NHIET PO CUA NITO LONG!
NHIET KE CHI CO THE SU DUNG TRONG PHAN 1.

3. Mot khdi nhdm hinh tru ¢6 13;

4. Mot can dién tr voi do chinh xac 1 g; khi st dung hdy dit can trén mat phing
nam ngang. NGt Tare/Zero chinh 1a n(t bat tit (On/Off) dong thoi dat cho sb chi cua
can vé khong. Em dung 4n vao bat ky nat ndo khac. Ghi ch: can tu dong tit (OFF)
sau mot khoang thoi gian, em can bat n6 trd lai (ON) va chinh s6 khong cua can. Ci
khoang 50 gidy, em hay an Ién ban can mot lan dé cho can khdng tu dong tat.

5. Mot dong ho do thoi gian hién sd; an nat bén trai cua dong ho dé thay doi tir ché
d6 ddng ho (Clock) sang ché do do thoi gian (Stopwatch). Trong ché d6 do thoi gian
(Stopwatch), nit & giira 13 nit Dung/Bét dau (Stop/Start), ndt bén phai 1a nat dat lai
(Reset);

6. M6t phich dung nude nong;
7. Mot cbe dung nude da st dung;
8. Gidy v& d6 thi (2 t0);

9. Mot vai soi chi.
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Cac két qua do nhiét dung riéng cua nhém s& duoc str dung trong Phan 2 cia
bai thi thi nghiém.

Nhiét dung riéng ctia nhdm can phai dugce xac dinh tir sy so sanh hai duong
cong thuc nghiém:

1) dudng cong biéu didn qua trinh ngudi di cia nude nong trong cde nhya
khong c6 miéng nhdm (thi nghiém tht nhat);

2) dudng cong biéu dién qué trinh ngudi di ctia nude ndng trong cde nhua co
miéng nhém nhang ngap trong dé (thi nghiém thwr hai);

Nhiét dung riéng cua nude duoc cho la ¢, = 4,20 kJ/(kg K).
Khéi lugng riéng cua nuéc la p, =1,00-10°kg / m®.

Khéi lugng riéng caa nhom la p,, =2,70-10%kg/m°.

Chu y: Hay rat can than véi nwée néng. Em hay nhé ring nwée ¢ nhiét dd
T>50° C c6 thé gay bong. KHONG PUQC SU DUNG NITO LONG
TRONG PHAN NAY!

Nhiém vu

1a) [1 diém] Xay dung bang | thuyét mot cong thirc tinh nhiét dung riéng ciia nhdm
c, tir cac dai hrong do dugc trong thi nghiém: khéi lugng m: ctia nude nong
trong thi nghiém thir nhat, khoi hrong m» cia nudc ndng trong thi nghiém thi
hai, khdi lugng m ciia khdi nhom va ti s6 cia cac nhiét dung K =C,/C,, trong
d6 Ci 1a nhiét dung cua nude trong thi nghiém thir nhat, C, la nhiét dung tong
hop ctia nude va khdi nhém trong thi nghiém thu hai.

Trong phan 1b) va 1c) em sé& tién hanh phép do dé xac dinh K. Phan 1b) va 1c) phai
dugc tién hanh véi cac nap dugce day kin. Gia thiét rang trong truong hop nay su
trao d6i nhiét giita phan dung trong cdc va moi truong phu thudce tuyén tinh vao hiéu
nhiét d6 cta coc va moi truong. Hé s6 ti 1é chi phu thude vao muc nudce trong cdc.
Hay dam bao chic chan la miéng nhdm ngap hoan toan trong nudc & phan 1c). Em
c6 thé bo qua nhiét dung cua ci cc.
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1b) [1,5 diém] Tién hanh thi nghiém tht nhit - khao sat sy lién hé giira nhiét do T:
clia nudc Véi thoi gian t, trong khoang nhiét do tir 45°C dén 65°C. Lap va nop
bang sd liéu. Viét gia tri ciia m1 vao Phiéu tra 151 (answer sheet).

1c) [1,5 diém] Tién hanh thi nghiém th hai - khao sat su lién hé giira nhiét do T»
clia nudc cung véi miéng nhém véi thoi gian t, trong khoang nhiét do tir 45°C
dén 65°C. Lap va ndp bang sb lidu. Viét gia tri ctia mp v m vao Phiéu tra 10i
(answer sheet).

1d) [4 diém] Hay dung db thi dé xac dinh ti s giita cac nhiét dung K =C,/C, va sai
s6 AK . Hay viét cac gia tri cia K va AK vao Phiéu tra 1oi (answer sheet).
1e) [2 diém] Hay xé4c dinh gid tri bang s cua c,, va udc tinh sai s6 Ac,, ciia phép
do. Hay viét cac gia trj ctia ¢, VA Ac, Vao Phiéu tra 1oi (answer sheet).
Phan 2
Po an nhiét hoa hei riéng ciia nito 16ng
(10 diém)
Trong phan ndy em c6 thé str dung cac dung cu sau day:
1. M6t cbe bang nhira xdp €6 nap;
2. Mot phich dung nito long;
3. M6t khéi nhém hinh try ¢6 16 (muc 3, Phan 1);
4. Mot chiée can dién tir 6 d6 chinh xéac dén 1g (muc 4, Phéan 1);
5. Mot dong ho do thoi gian hién sé (muc 5, phan 1);
6. Gidy vé& d6 thi (2 t0)
7. Mot vai soi chi.

An nhiét hoa hoi riéng (ta van goi 1a nhiét hoa hoi) ctia nude thi da dugc biét, trong
khi ching ta lai it d& cap dén mét thanh phan chinh cua khi quyén Ia nito, trong
trang thai 10ng cta n6. Nhiét d6 sdi cua nito long & ap suét binh thuong 12 rat thap,
T, = 77K =-196°C.
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Trong thi nghiém ndy em duoc yéu cau do 4n nhiét hda hoi riéng cua nito. Do ¢6
su trao doi nhiét voi mdi trudng nén nito 16ng trong cdc nhira x6p bay hoi, va khéi
lwong cua nito 16ng giam véi mot toe d6 nao do. Khi mot khdi nhdm, ban dau co
nhiét d6 phong, dwoc nhing ngép trong nito 10ng, nito s& s6i dit déi cho dén khi
nhiét d6 ctia khdi nhém bang nhiét do cua nito 16ng. Khi c6 mot lugng hoi nito phut
nhanh ra khoi cdc, thi tic 14 miéng nhém khong lanh thém nita - sy phut ra nay duoc
gay nén boi su bién mat cua 16p hoi ¢ gitta nhdm va nito 1ong. Sau khi nhiét do cua
miéng nhém bang nhiét d6 cua nito 16ng, thi qua trinh bay boi cua nito lai tiép tuc.

Khi xét trong mot khoang nhiét do rong, ngudi ta thiy rang nhiét dung riéng cai
ctia Nhdm phuy thudc vao nhiét do tuyét doi. DO thi cua nhiét dung riéng ciia nhom,
do theo don vi ty y, phu thudc nhiét 6 nhu trén Hinh 1. Hay sir dung két qua do
nhiét dung riéng cua nhdm trong khoang 45°C - 65°C thu duoc & Phan 1 dé chuan
hoa duong cong nay theo don vi nhiét dung riéng xac dinh.

A1
Sl S _/'_'—_
t/-
s L A
P

v o
< L /’

NG 180 200 75 300 Y0 % TN

Hinh 1. Su phu thudc cta nhiét dung riéng cua nhém, do theo don vi tuy y, vao nhiét
do.

VAR

Chuy
1) Nito 16ng c6 nhiét @d Tn = -196°C. Pé tranh bi béng lanh, em dirng cham vao
nito 16ng va ciing dirng cham vao cac vat di tiép xGc véi nito 16ng. Cha y dé xa
cac do dung ca nhan bang kim loai nhwr do trang sirc, dong hd deo tay v.v...

2) Khong dwoc cho bat ki vat gi (trir khdi nhdm) vao nito 1éng.
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3) Can than khi cho miéng nhém vao nitoe 16ng dé tranh 1am bin hogc lam tran
ra ngoai.
Nhiém vu
2a) [3 diém] Do toc do bay hoi cua nito trong mot cde nhwa x6p c6 ndp day, va do
khéi lrong nito bay hoi trong qué trinh 1am lanh khéi nhdm (khéi nhém duogc
tha vao coc qua mot cai 16 & nép cc).
Tién hanh thi nghiém nhu sau. Dit cdc nhya xp 18n mat can, rét vao dé
khoang 250 g nito long, doi khoang 5 phit va sau d6 bit dau tién hanh do. Sau
khi mot luong nito bay hoi, nhing khdi nhém vao céc - khi d6 xay ra sy soi
manh liét. Sau khi khoi nhém lanh di dén nhiét d6 cua nito 1ong, sy bay hoi ém
diu tr¢ lai. Em can do tiép ¢ ché do nay trong khoang 5 phut nita, dé cho mot
lwong nito nita bay hoi tiép. Trong sudt ca qua trinh ndy, can ghi sé chi
M (t) cua can theo thoi gian.
TRONG BAT Ki TRUONG HQP NAO CUNG KHONG PUQC SO VAO
KHOI NHOM SAU KHI NO PA PUQC NHUNG VAO NITO LONG
Trong bao céo, em can c6 bang gia tri M (t) va m,(t), trong &6 m (t) 1a khoi
lwong cua nito da bay hoi.
2b) [1 diém] Dung cac két qua ciia cac phép do M (t) trong 2a), hdy v& do thi cia
khéi lugng nito bay hoi m, theo thoi gian t. D6 thi can thé hién rd ba giai doan
clia qué trinh: giai doan ém dju trude va sau khi nhing khéi nhém vao, va giai
doan s6i dir doi.
2¢) [3,0 diém] Tir d6 thi, hdy xac dinh khéi lugng mj' cia nito bay hoi chi do trao
d6i nhiét voi khdi nhém, vi khdi nhdém duge 1am lanh tir nhiét d6 phong dén
nhiét 6 nito 1ong. Mudn vay, em can tinh dén su trao doi nhiét voi mdi truong
xung quanh qua thanh caa cbc truée, trong va sau khi khéi nhdm duogc lam
ngudi. Hay viét gia tri m’' va sai s6 cia N6 Am2' vao phiéu tra 15i.
2d) [0,5 diém] Dung két qua cua phép do nhiét dung riéng caa nhdm trong khoang
nhiét do 45°C - 65°C (Phan 1), hdy chuan hoa d6 thi md ta mbi quan hé giira
nhiét dung riéng ciia nhdm va nhiét d9, bang cach chuyén tir don vi tuy y
(arbitrary units, viét tat 1a arb. units) sang don vi nhiét dung riéng xac dinh.
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Trong phiéu tra 161, hay viét gia tri cua hé sé chuyén déi B tir don vi tuy ¥ sang
don vi nhiét dung riéng xac dinh:

cy (J/(kg-K))=B-c, (arbunits)
2e) [2,5 diém] Dung cac két qua cua phép do khéi lrong nito bay hoi do 1am lanh
khéi nhém va db thi da chuan hod cua nhiét dung riéng theo nhiét do, hdy xéc
dinh an nhiét hoé hoi riéng A cua nito. Hay viét gia trj ctia A va sai s6 ctia n6 vao

phiéu tra 1oi.
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APhO8 -2007 tai Shanghai China
Bai thi li thuyét
Bai toan Ii thuyét s6 1
Qua cau chira day chat léng lin qua lin lai (10 diém)

Xét mot qua cau chira ddy chat 1ong, 1an qua lan lai & ddy ciia mot cai bat hinh
cau. Nghia 1a qua cau thay d6i mot cach tudn hoan huéng chuyén dong tinh tién va
chuyén dong quay. Do ma sat nhét cua chét 16ng trong qua cau, chuyén dong cua
qua cau rat phuc tap va rat kho khao sat. Tuy nhién, mé hinh don gian hoa néu & day
s€ gilp ich cho viéc giai bai toan nay.

Gia str mot vo cau mong, cing, c6 ban kinh r va khdi luong m , duoc chira day
mot chat 16ng véi khéi lugng M, duoc goi 1a chat long W. W ¢6 mét tinh chat dic
biét 13, binh thudng thi nd 1a mot chat long Ii tudng (tirc 12 khéng cé su nhét), nhung
dudi tac dung cua mot nguyén nhan dic biét ndo dé tir bén ngoai (ching han dién
truong), thi nd chuyén lap tirc sang trang thai rin voéi cung mét thé tich; va khi
nguyén nhan bén ngoai bi ngit bo, thi trang thai long lai 1ap tirc dugc phuc hoi.
Ngoai ra, tac dong ctia nguyén nhan tir bén ngoai khdng gay nén bat ki mot lyc hay
mot mémen luc ndo 1&n qua cau. Vo ciu duge chira dy chat long (tir day vé sau goi
la ‘qua cau’, cho tién) dugc gia thiét 1a 1an qua lan lai & day ctia mot cai bat hinh
cau, ban kinh R (R > r), ma khong truot, nhu thiy ¢ hinh v&. Gia thiét qua cau
chuyén dong chi trong mat phang thang dtimg (ciing chinh 12 mat phang hinh vg),
hay khao sat chuyén dong cuia qua cau trong ba trudng hop sau day:

1. W gidng nhu mot vat ran i tuong, dong thoi, W tiép xdc véi thanh trong caa vo
cAu rat chit ché, sao cho c6 thé coi ca hé nhu mot qua cau ctng vai ban kinh r,
trong dé khéi lwong riéng thay d6i mot cach dot ngodt ¢ chd tiép gidp gitta mit
trong cta vo cau véi W.

(1) Hay tinh mémen quan tinh | ciia qua cau ddi voi truc di qua tam C cua no.
(Em can chi ra cac budc tinh toan chi tiét). (1.0 diém)
(2) Hay tinh chu Ki T, cua chuyén dong lan qua lan lai ctia qua cau véi bién do

nho, ma khdng truot, & day ciia céi bat hinh ciu (2.5 diém)
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2. W giéng nhu mot chat 1ong li tuong, khong c6 ma sat giita W va vo cau. Hay
tinh chu ki T, ctia chuyén dong lin qua lin lai ciia qua cau, voi bién do nho, ma
khong truot, & ddy cua cai bat hinh cau.

(2.5 diém)

3. W chuyén gitta trang thai rin 1i tuong va trang thai long 1i tuong.
Gia st & thoi diém t =0, qua cau duoc giit dimg yén, véi duong CD lap mot goc
09, (6, <<1rad ) véi duong thang ding OD, trong d6 D la tAm cua cai bat hinh
cau. Qua cau tiép xtic v6i thanh trong ctia cai bat & diém A,, nhu thdy trén hinh
v&. Tha qua cau ra, n6 bat dau ldn vé bén trai tir trang thai nghi. Trong qué trinh
quéa cau chuyén dong tir A, dén vi tri can bang O cuia n6, W giéng nhu mot chét
1ong 1i tuong. Lic qua cau di qua diém O, W chuyén dot ngdt sang trang thai ran
va dinh chit vao thanh trong ctia vo cau, cho dén luc qua cau di dén vi tri cao
nhit cia no A, . Khi qua cau dén A, W chuyén dot ngot trd lai trang thai 1ong.
Tiép theo, qua cau lan sang phai; vd W chuyén dot ngdt sang trang thai ran va
dinh chit vao thanh trong ctia vo cau khi qua cau di qua vi tri can bang O. Khi
qua cau dat dén vi tri cao nhat & bén phai A, W lai chuyén sang trang thai 16ng.
Sau d6 qua trinh duogc 1ap di 1ap lai nhu vay. Qua cau lan sang phai, roi sang trai,
mot cach tuan hoan, nhung bién do goc cua né giam dan. Chiéu chuyén dong cua
qua cau dugc md ta bing cac mili tén cong trén hinh v&, cing véi cac chir “rin”
va “1ong”, cho biét trang thai twong tmg ctia W. Ta gia thiét rang trong qua trinh
lan qua lan lai, khong cé su truot twong ddi gitta qua cau va thanh trong cta ci
bat (hoic c6 thé gia thiét 1a day cua cai bat c6 thé cung cip di ma sat can thiét).

Hay tinh chu ki T, ctia sy lan phai lan trai cia qua cau, va bién do goc 6, ciia
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tam qua cau, tirc 13 goc ma duong CD 14p véi duong thing ding OD khi qua cau

dat duoc vi tri cao nhat A bén phai & lan thir n, (trén hinh, chi v& vi tri A)).

(4.0 diém )
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Bai toan li thuyét s6 2
2A. Céc tinh chat quang hoc ciia mdt vat li¢u bat thwong (7 diém)

Céc tinh chit quang hoc ctia mot méi trudong duoc quyét dinh boi hang sé dién
mdi twong dbi (¢, ) va do tir tham tuwong ddi (1, ) ciia nd. Véi cac vat liéu quen thude
nhu nudc, thuy tinh, 14 nhitng chit trong subt, ca & Va u cua ching déu duong, va
hién tugng khiic xa tuan theo dinh luédt Snell xay ra khi anh sang tir khong khi di dén
khong vuong gbéc voi bé mit caa vat liéu. Nam 1964, Nha khoa hoc Nga la V.
Veselago dd ching minh mot cach chit ché rang mot vat liéu voi ca & vau, dong
thoi 4m sé& thé hién nhiéu tinh chat quang hoc ki la va tham chi khong thé tin dugc.
Nhitng nim dau cta thé ki 21, nhimg vat lidu quang hoc bat thuong nhu vay di duoc
trinh bay & mot s phong thi nghiém. Gan day, nhiing nghién ctru vé cac vt lidu
quang hoc bat thuong nay da tré thanh mot linh vuc nghién cru khoa hoc tién tién.
Thong qua viéc giai mot vai bai toan sau day, em c6 thé thu duoc nhimng hiéu biét
nén tang vé cac tinh chit quang hoc co ban ctia nhirng vat liéu bat thuong nay. Can
lwu ¥ ring mot vat lidu voi ca e Nvay, dong thoi Am c6 tinh chat quan trong sau
day. Khi séng anh sang truyén vé phia truwéc dwge quing dwong A trong mot
méi trwdmg nhw viy, thi pha ciia séng anh sing sé giam di mot lrong bang
m kA, chir khong tang 1én nhu & cac vat liéu thong thwong, trong dé ca & va
u déu dwong. O day. ta vin chi lay gia tri cin dwong khi tinh ciin bac hai, con
k 12 vecto song ciia anh siang. Trong cc ciu hoi dudi day, ta gia thiét rang ca hang
s6 dién moi va do tir tham twong ddi ciia khong khi déu bang 1.

1. (1) Theo cac tinh chat di mé ta trén day, gia thiét mot chum sang di tir khong
khi dap vao bé mat ctia mot vat lidu khong binh thuong co héng s6 dién méi
trong d6i g <0 va do tu tham twong ddi . <0, hdy chung minh rang hudng

cua chum tia khtc xa v€ trén Hinh 2-1 1a hop 1i. (1.2 diém)
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(Trén hinh vé& air 12 khdng khi, medium 1a méi trudng (bat thuong))

Hinh 2-1

(2) V6i Hinh 2-1, hiy chi ra mbi lién hé giita goc khic xa 6, (g6c ma tia khic xa
1ap v6i phap tuyén ctia mat phan cach gitta khong khi va vat liéu) va goc toi 0. .

(0.8

diém)

(3) Gia thiét rang mot chum sang di tir vat liéu bat thudng dap vao mit phan cach
giita vt liéu nay va khong khi, hdy chimg minh ring huéng ciia chum tia khuc
xa dugc ve trén Hinh 2-2 1a hop li.

(1.2 diém)

Fig. 2-2

Khoa Vatli - Trweong PHSP Ha Noi Trang 115



(4) Véi Hinh 2-2, hiy chi ra mdi lién hé giira goc khuc xa 6, (g6¢c ma chim tai
khic xa 1ap véi phap tuyén cta mat phan cach giita hai moi truong) va goc téi

0.

(0.8 points)

2. Nhu thay trén Hinh 2-3, mdt tim c6 chiéu day d, 1am bang vat liéu quang hoc bat

thuong vé1 g, = 4, =-1, dugce dat trong khong khi. Co6 mot ngudn sang diém dit
5 ’ r A A ‘A ’ A \ A s < 3 ~ ~ ’ ,
¢ phia trude tdm vat li€u, cadch tam nay mot khoang bang Zd . Hay v€ chinh xéc

duong di cua ba tia sang phat ra tir ngudn. (Goi ¥: voi cac diéu kién cho trong

bai, khong c6 sy phdn xa & mat phan cach gitta khong khi va vat liéu bat

thuong).
(1.0 diém)
g=p=-1

1
./: 2 | | | | | |
T~

3

3

20 d

Hinh 2-3

3. Nhu thiy trén Hinh 2-4, mot hoc cong hudng ban mit song song duoc tao nén tir
hai ban dat song song vdi nhau, cach nhau mdt khoang d. Vé mat quang hoc thi
mot trong hai ban, trén Hinh 2-4 1a ban dugc goi 1a Plate 1 (Béan 1), 1a phan xa li
tuong (d0 phan xa 100%), con ban kia, goi 1a Plate 2 (Ban 2), phan xa khong
hoan toan (nhung d6 phan xa van cao). Gia str séng anh sang phang duoc phat ra
tir mot ngudn & gan Plate 1, thi song anh sang ndy phan xa nhiéu lan giita hai ban

bén trong hdc cong hudng. Vi vé mit quang hoc, Plate 2 phan xa khong i tudng,
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nén mot sd séng anh sang s& lot qua Plate 2 mbi 1an chum sang di dén no (tia 1,
2, 3, nhu thdy trén Hinh 2-4), mét sd séng anh sang khac bi phan xa trén ban.
Néu cac song nay cung pha véi nhau, chung s& giao thoa véi nhau, tao nén cuc
dai giao thoa, va din dén cong huong. Ta gia thiét rang song anh sang thu dugc
d6 dich pha bang 7 mdi 1an phan xa trén mot trong hai ban. Bay gid, ta dua mot
tdm ¢ chiu day 0.4d (ving mau xam trén Hinh 2-4), 1am bang mot vat liéu
quang hoc bt thuong cé &, = 1. =—0.5, vao trong hdc cong hudng sao cho tim
nay song song voi hai ban. Khoang khong gian con lai trong hdc cong hudng
dugc khong khi chiém diy. Ta chi xét tinh hudng trong d6 anh sang di theo
huéng vudng goc véi cac tim (so do tia sang vé trén Hinh 2-4 chi ¢6 tinh minh
hoa); hay tinh tit ca cic budc song thoa méan diéu kién cong hudng ciia hc cong
hudéng nay. (Goi y: voi diéu kién cho & day, khong ¢ sy phan xa ¢ mit phan
cach giita khong khi va vat liéu bat thuong). (1.0 diém)

Plate 1 Plate 2

Hinh 2-4

4. Mot hinh tru dai vo han, ban kinh R, lam béng mot vat liéu quang hoc bat thuong
Vo1 g =p =-1, dugc dat trong khong khi, tiét dién thing cua nd trong mit
phfmg XOY dugc vé trén Hinh 2-5, v4i tAm nim trén truc Y. Gia st ¢c6 mot
nguén laser dat trén truc X (vi tri ciia nguén dugc xac dinh bodi toa d6 X cua no)
phat ra mgt chum tia laser hep doc theo hudéng Y. Hay xac dinh pham vi cta X,
ma trong d6 tin hiéu 4nh sang tir ngudn sang phat ra khdng di dén duoc mit

phing nhan rong v6 han dit ¢ phia bén kia cua hinh try. (1.0 diém)
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(Trén Hinh 2-5, receiving plane la mit phing nhén)

receiving plane

Hinh 2-5

2B. Qua cau dién mdi trong dién trudng ngoai (3 diém)

Nhung mot s6 hat dién moi nho vao mot chat long c6 do nhot thép, em c6 thé thu
dugc mot hé ¢ dang huyén phu. Khi mét dién trudong ngoai dugc dat vao hé, cac hat
dién moi huyén phu s€ bi phan cuc, véi moé men ludng cuc dién thu duogc, goi 1a mo
men ludng cuc dién cam tng. Trong mot khoang thoi gian rat ngan, cic hat bi phan
cuc nay két tu lai v6i nhau do tuong tac ludng cuc, Iam cho do nhét hi¢u dung cua
ca hé tang lén dang ké (h¢ thu duoc c6 thé duoc coi gﬁn ding nhu mot vat rén). Loai
chuyén pha nay dugc goi 13 hiéu tng “dién luu bién”, con hé nhu vay duoc goi 1a
chét 16ng “dién luu bién”. Hiéu Gmg nay co thé duoc tmg dung dé ché tao cac thiét
bi hdm (cai phanh) dung trong thuc té, vi rang thoi gian dap tng cia su chuyén pha
loai nay ngan hon cac co ché him thong thudng hang trim lan. Thong qua viéc giai
mot s6 bai toan dudi day, em sé& duoc cung cidp mot hinh anh don gian hoa dé hiéu
duoc co ché cua su chuyén pha dién luu bién.

1. Khi c6 nhiéu qua cau dién moi giéng hét nhau, ¢ ban kinh a, nhiing trong chét
1ong, ta gia thiét rang moé men ludng cyc P cia mdi qua cau chi do dién truong
ngodi E, gdy nén, khong phu thudc vao cac qua cau khac. (Chd v: p|E,).
(1) Khi hai qua cau nho giéng hét nhau nam trong chét 1éng va cham véao nhau,
néu duong ndi cac tm cua ching 1ap goc 6 véi hudng cia dién trudng ngoai
(xem Hinh 2-6), hiy viét biéu thirc cua ning luong twong tac ludng cuc-ludng
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cuc gitta hai qua cdu dién méi nho theo p, a va @ .(Chud y: Trong céc phép tinh
cua em, moi qua cau dién moi bi phan cuc co thé duoc coi nhu mot ludng cuc

dién nam & tAm cua qua cau). (0.5 diém)

[%

%
Eo
Hinh 2-6

(2) Hay tinh cac niang luong twong tac ludng cuc - ludng cuc cho ba cach sip
xép (cAu hinh) & trén Hinh 2-7. (0.75 diém)

[ |

0

(a) (b) (c)
Hinh 2-7

(3) Hay x4c dinh xem c4u hinh nao ciia hé 13 cau hinh on dinh nhat. (0.25 diém)
(ChU y: Trong céc phép tinh ciia em, mdi qua cau dién moi bi phan cuc co thé
duge coi nhu mot ludng cyc dién dit & tim qua cu, va ning luong tuong tac

ludng cuc-ludng cuc co thé duge biéu thi theo p va a).

2. Trong truong hop cé ba qua cau trong chét 16ng, dua trén cac gia thiét nhu & cau

hai 1,
(1) hdy tinh cic nang lugng tuong tac ludng cyc-ludng cuc cho ba cau hinh vé
trén Hinh 2-8; (0.9 diém)
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(2) hiy x4c dinh xem ciu hinh nao 14 cAu hinh 6n dinh nhit; (0.3 diém)
(3) hiy xac dinh xem c4u hinh nao 1a cdu hinh kém 6n dinh nhat. (0.3 diém)
(Chu y: Trong cac phép tinh ctia em, mdi qua cau dién méi bi phan cuc co thé
duogc coi nhu mdt ludng cuc di¢n dat ¢ tdam qua cau, va nang luong tuong tac

ludng cuc-ludng cuc co thé dugc biéu thi theo p va a)

B
o © oo

(d) (e) (f)

Hinh 2-8
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Bai toan li thuyét 3

3A. Péng gop trung binh ciia mbi electron vio nhiét dung riéng ctia khi
electron tu do & thé tich khong d6i (5 diém)

1. Theo vat li ¢6 dién, cac electron dan trong kim loai tao thanh khi electron tu do
gidng nhu mot khi 1i twong. Trong diéu kién cin bang nhiét, ning luong trung binh
cua cac electron c6 quan hé vdi nhiét do, vi vay electron dong gép vao nhiét dung
riéng. Pong gop trung binh clia mdi electron vao nhiét dung riéng cua khi electron

tu do & thé tich khéng d6i duoc xac dinh 13
C=——, (1)

trong d6 E la ning lugng trung binh ciia mdi electron. Tuy nhién gia tri cta nhiét
dung riéng ¢ thé tich khong doi 1a mot hang sb, khong phu thudc vao nhiét do. Hay
tinh phan dong gop trung binh ctia mdi electron vao niang luong E va nhiét dung
riéng ¢, ¢ thé tich khong doi.

(1.0

diém)
2 . Nguoi ta da ching minh dugc bang thuc nghiém, rang nhiét dung riéng cia

cac electron dan & thé tich khong doi trong kim loai phu thudc vao nhiét do, va gia
tri thyc nghiém & nhiét 46 phong nhé hon gi tri thu duoc tir li thuyét co dién vao
khoang hai bac d6 16n (tic 13 vai phan tram). D6 1a vi cac electron tuan theo thong
ké lugng tir ma khong tuan theo théng ké cb dién. Theo 1i thuyét lugng tir, voi mot
vat liéu kim loai, mat do trang thai cta cac electron dan (sé cac trang thai dién tu
trong mot don vi thé tich va trén mot don vi nang luong) thi ti 1€ véi can bac hai cua
nang lugng electron E, nén sb cac trang thai nam trong khoang nang lugng dE véi

mot mau kim loai ¢6 thé tich V ¢6 thé duoc viét dudi dang
dS = CVEY’dE 2)
trong d6 C 1a hang s6 chuan hoa, duoc xac dinh tir tong sb electron ctia hé.

Xac suat dé trang thai c6 nang luong E bi chiém bai electron 1a
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F(E) = L , 3)

1+ exp( k__:_EF )

B

trong d6 k, =1.381x10%J-K™ 1a hing s6 Boltzmann va T 1a nhiét do tuyét ddi, con
E. duoc goi 1a muc Fermi. Thong thuong, ¢ nhiét do phong, E. cO gia tri vao
khoang vai eV dbi véi cac vat liéu kim loai (1eV=1.602x10%J). f(E) duoc goi la
ham phan b6 Fermi, va dugc biéu dién mot cach so luoc ¢ hinh dudi day.

(E)

(1) Hay tinh ¢, & nhiét 6 phong theo f(E) (3.5 diém)
(2) Hay cho mot 101 giai thich hop li cho su sai 1éch cua 1i thuyét c6 dién so voi li
thuyét luong tur. (0.5 diém)

Chu y: Trong phép tinh clia em, sy thay doi ctia mitc Fermi E_ theo nhiét do co
thé dugc bo qua, tic 13 ta gia thiét E. = E2, voi E2 1a mirc Fermi ¢ 0 K. Pong thoi,
ham phan bd Fermi ¢ thé duoc don gian hoa thanh mot ham giam bac nhét trong

khoang ning luong 2k, T quanh E_, ngoai khoang do ra, thi nd bang 0 hoic bang 1,

tuc 1a
1 E<E; —kgT
f (E) =1 linearly descending function Er —kT <E<Eg +kT
0 E>E; +k;T

(Trong dang thirc trén, & dong giita, linearly descending function c6 nghia 1a ham

gidm bdc nhit)
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O nhiét do phong, keT <<E., nén phép tinh co thé dugc don gian hoa mot cach
tuong tng. Pong thoi, tong sb electron c6 thé duge tinh ¢ 0 K.
3B. Tan xa Compton ngwoc (5 diém)

Khi va cham véi electron ning luong cao tuong ddi tinh, mot photon c6 thé thu
dugc ning luong tir electron ning luong cao, tirc 1a ning luong va tan sb cua photon
tang lén nho va cham. Do chinh 1a tdn xa Compton nguoc.Loai hién tugng nay rat
quan trong trong vat li thién van, ching han, n6 cung cip mot co ché quan trong dé

giai thich su sinh ra cac tia X va tia y trong vii tru.

1. Mot electron ning luong cao cd ning luong toan phan E (dong ning cua nd cao
hon ning luong tinh) va mot photon ning luong thip (ning luong ctia né nhé hon
nang luong tinh cia electron) c6 tan sé v chuyén dong nguoc hudng véi nhau, va
va cham v61 nhau. Nhu théy ¢ hinh dudi day, su va cham lam tan xa photon, l[am
cho photon bi tan xa chuyén dong theo mot hudng lap mot goc 6 véi hudng tdi
ban dau (electron bi tdn xa khong dugc vé trén hinh). Hay tinh ning lugng cia
photon bi tan xa, biéu thi theo E,v, 0, va nang luong tinh E, cua electron. Hay chi
ra gia tri cia 6, ma & d6 photon bi tan xa c6 ning lugng 16n nhat, va gia tri cla

nang lugng 16n nhét do. (2.4 diém)

0 hv

2. Gia sir rang nang lugng E cua electron tdi 16n hon rat nhiéu so voi ning luong
tinh cia né, ma ta c6 thé viét E =yE,,y >>1, va rang niang lugng clia photon t&i
nho hon E;/y rat nhiéu, hiy cho biéu thirc gan diing cua ning lugng cia electron
bi tan xa. LAy » =200 va budc song ctia photon téi thudc ving anh sang kha kién,
A =500nm, hdy tinh gan dung gi4 tri cla ning luong cyc dai va budc séng twong

ung cua photon bi tan Xa.
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Cic _tham s6: Ning luong tinh cua electron 13 E, =0.511MeV, hang sd Planck

h=6.63x10"J-s, vd hc=1.24x10°eV-nm, véi c 1a tbc d6 anh sang trong chan
khong. (1.2 diém)

3. (1) Mot electron ning luong cao, twong ddi tinh, c¢6 ning luong toan phan E va
mot photon chuyén dong nguoc huéng nhau, va va cham véi nhau. Hiy chi ra
nang luong cua photon tdi, sao cho photon ¢6 thé thu duoc nhiéu ning lwong nhat

tu electron tg1. Hay tinh nang luong cua photon bi tdn xa trong truong hop nay.
(0.7 diém)

(2) Mot electron niang lwong cao, twong ddi tinh, c6 ning luong toan phan E va
mdt photon chuyén dong theo huéng vudng goéc voi nhau, va va cham véi nhau.
Hay chi ra ning luong cta photon t&i, sao cho photon c6 thé thu duoc nhiéu ning
luong nhit tir electron t6i. Hiy tinh ning luong ctia photon bi tan xa trong trudng

hop nay. (0.7 diém)
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Phén thi thuc hanh
Bai thwe hanh s6 1
Po hé s6 din né nhiét va hé sé nhiét ciia chiét sut thuy tinh(10 diém)

(1) Huéng dén

Céc dung cu quang hoc thuong dugc dung & nhiét do cao hoac nhiét do thép. Khi
cac dung cu quang hoc dugc dung ¢ nhitng nhiét d§ khac nhau, cac tinh chit nhiét
cua vat li¢u dung dé ché tao cac linh kién quang hoc, trong d6 co6 sy dan nd nhiét va
su thay d6i cua chiét suit theo nhiét do, s& anh hudng truc tiép cac tinh chit quang
hoc ctia chung. Hai tham s6, 1a hé s6 dan nd nhiét B va hé sd nhiét cua chiét suat Yy

dugc dinh nghia lan lugt 1a 4= %j—_llf va y = dd—$ , md ta cac tinh chat do, trong d6 L
1a chiéu dai cua vat, T 1a nhiét do, va n 1a chiét suat. Muc dich cua thi nghi¢m nay la

do B va y ctia mot vat bang thuy tinh.

4

c
4

(2) Dung cu, thiét bi va vat li¢u thi nghiém

1. MAu: Miu dugc ding trong thi nghiém nay c¢6 dang hinh tru, duoc 1am bang thuy
tinh déng chat va dang hudng, nhu thay trén Hinh 1, trong d6 A 1a mét hinh tru thuy
tinh bi cit bot mot phén song song v&i truc; mat trén va mat dudi cua cia hinh try
gan nhu song song v&i nhau. B va B’ 13 hai dia tron lam bang ctng vat liéu thuy tinh,
ca hai dia déu c6 mot phﬁn song song voi tric bi cat bot. Mit trén va mat dudi cua
mdi tim khong song song v&i nhau. A, B, va B’ dugc dan vao thanh mot khoi, nhur
thay trén Hinh 1. Chiét suat ctia chat két dinh giéng nhu cia thuy tinh, va d6 day cia
16p két dinh c6 thé bo qua.
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2. B0 phan lam néng: Bo phédn lam néng dugc dung trong thi nghiém nay dugc

mo ta so lugc trén Hinh 2. M6t nim vin & phia bén phai ciia bép dién duoc dung dé
diéu khién nhiét d6 ctia bép dién. Mot hinh tru nhém to, da bi khoan thanh mot cai
héc hinh tru déng truc, dung dé chira mau. Mau thi nghiém cé thé duoc dit vao day
ctia cai hdc do. Ngoai ra, con c6 mdt hinh try nhém nho, c6 khoan hai 16 hinh tru co
ban kinh khac nhau. L nho dung dé, cho anh sang di qua, con 16 to hon dung dé
cam dau do cua nhiét ké. Néu mubn dot nong mau, trude hét, em can cho mau trugt
nhe nhang vao trong héc ¢ hinh try nhoém 16n trude khi hinh tru bi dét néng (mudn
vy, can dit nghiéng hinh tru nhoém 16n, rdi tha mau vao dé khong lam v& mau).
Tiép sau d6, dit hinh try nhom nho 1én trén mau da dugc dit vao trong héc. Sau do,
cho ca hinh try nhém 16n vao trong céi ndi bang sit trén bép dién. (Pé dbt nong
mau, em khong duoc d6 nudce vao ndi sat, va em cling khong duoc bo ndi di va dat

hinh tru nhém truc tiép 1én bép)

|
\\|

big aluminum cylinder

. b~
~ electric oven®
the indication kght

Hinh 2

(Trong Hinh 2: steel cup: ndi sit, sample: mau, small aluminum cylinder: hinh tru
nhom nhd, big aluminum cylinder: hinh try nhém 16n, electric oven: bép dién, the
indication light: den chi thi)

3. Gi4a d& ngudn sing. Nhu théy trén Hinh 3, m{t b gia do gém mot cot thflng

dimg va moét chan dé dugc dung dé do nguon sang laser. Cot va chan dé dugc cod

dinh vao vo1 nhau ¢ C, va c6 hai vit di€u chinh A va B dugc gan vao chan dé. Mot
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laser He-Ne cung véi ngudn nudi nd duge gitr & phan trén cua cdt, nhu thiy trén
Hinh 3. Ngay phia duéi laser, ¢ hai thanh d& nghiéng gin véi ngudn nuoi laser, bén
trén dat mot tim nhom c6 khon mot 16 nho. Mot to giéy v& dd thi dugc dinh vao tAm
nhom; to gidy nay dugc ding 1am man quan sat.

Laser

Mﬂe en with a hole

Laser power supply

Post

Base trestle

Adjustable circular
platform

Hinh 3

(Trén Hinh 3: screen with a hole: man quan sat c6 13, laser power supply: ngudn
nudi laser, post: cOt, base trestle: chan dé, adjustable circular platform: bé d& tron co
thé chinh dugc)

4. Bé d& miu: Mot bé d& tron véi ba vit diéu chinh a, b, va ¢ duoc dung dé dat bép

dién, hodc dit hinh try nhom 1én c¢6 mau va hinh try nhom nho & bén trong. Bé d&
duogc dat trén ban thi nghiém, gan véi chan dé, ngay phia dudi ngudn sang laser, nhu
thay trén Hinh 3.

5. Nhiét ké hién sb

6. Mot thudc thang

7. Mot cai chau (chira nudce lanh)
8. Mot ca khan

9. M6t manh gidy vé& do thi
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10. M4t may tinh

11. Mot but muc va mot but chi

[Chuy]

a. Dung bao gid nhin vao ngudn sang laser theo chidu nguoc véi tia sang toi. Tia
laser c6 thé 1am hong mat.

b. Khong bao gio cham vao mat cua mau. Cam mau nhe nhang dé tranh lam hong

s

no.
(3) Néi dung thi nghiém

1. Tra 16i cac ciu héi (2.4 diém)

1.1 Khi mdt chum tia 4nh sang trang tu nhién tr mot ngon dén phat ra, di qua mot to
gidy mau do, trong sudt, roi dap vao mot tim thuy tinh day khoang 2 cm, thi chim
tia phan xa tir mat trén va chum tia phan xa tir mat dudi cta tdm thuy tinh di dén gap
nhau & man quan sat, tao thanh mot vét sang trén man, khong c6 van giao thoa, nhu
thdy trén Hinh 4 (a). Tuy nhién, khi mot chum tia laser dap vao clng tdm thuy tinh
d6, thi cac chum tia phan xa di dén gip nhau & cing man quan sat d6 tao nén mot
vét sang c6 van giao thoa, nhu thdy trén Hinh 4 (b). Vi li do gi ma hai hién tuong

nay lai khac nhau? (Hay chon 1i do dling)
A. Chum tia laser manh hon chum tia mau do
B. Chum tia lasersong song hon chum tia mau do
C. Chum tia laser don sic hon chum tia mau d6

D.Budc song cua chum tia laser ngan hon ctia chum tia mau do
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Red transparent
paper Screen

The light spot without
interference fringes

Thick glass slab

Screen

Laser

The light spot with

Laser beam interference fringes

Thick glass slab

Hinh 4

(Trén Hinh 4, Red transparent paper:gidy trong sut mau do, lamp: dén, screen: ma
quan séat, red beam: tia sang mau do, thick glass slab: tim thuy tinh day, the light
spot without interference fringes : vét saing mau do khong c6 van giao thoa, aperture:

khe, the light spot with interference fringes: vét sang mau do c6 véan giao thoa)

1.2 a Nhu thiy trén Hinh 5, néu mot tia laser dap gan vudng goc lan luot vao cac
khu vuc a, b, va ¢ cia mau, thi trong mdi trudng hop c6 bao nhiéu anh sang phan xa
dugc quan sat thiy (khéng can xét sy phan xa nhiéu 1an)? Hoi hinh anh cac vét sang
phan xa (su phan bb do sang trén mdi vét sang) co gidng hoan toan véi hinh anh vét

sang cua anh sang t&1 khong?
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1.2 b Néu hinh anh ctia mot sé vét sang phan xa khac v6i hinh anh cua vét sang anh
sang toi, hay cho biét i do vi sao?

2. Thi nghiém: Po B va y cua thuy tinh (7.6
diém)

Véi bude song cua anh sang laser 13 4 =632.8nm, chiéu cao cta hinh try thuy tinh A
la L=10.12+0.05mm, va chiét suat trung binh cua thuy tinh (mg voi budc song nay
va trong khoang nhiét d6 ctia phép do 1a n=1.515, hiy do hé s6 dan né nhiét B va
hé s6 nhiét cua chiét suat y cta mau thuy tinh trong khoang nhiét do tir 40°C dén

90°C . (Trong khoang nhiét do nay g va y cé thé dugc coi nhu khong doi.)

2.1 Hay thiét ké Thi nghiém, vé& so d6 duong di tia sang va rut ra cac cong thirc lién

quan dén phép do. (3.2 diém)
2.2 Hay tién hanh thi nghiém va ghi cac s6 liéu do dac hé sé dan nd nhiét g va hé
s6 nhiét cta chiét suat y . (1.6
diém)

2.3 Hay tinh B va y ciia mau thuy tinh va xac dinh cac sai s6 . (2.6
diém)

2.4 Hay viét két qua thi nghiém cudi cung. (0.2
diém)

[Chi Y]

1. Khi dua mau vao trong héc & hinh try nhém 16n, dé tranh v& mau, hay hoi
nghiéng hinh tru 16n, va cho miu thuy tinh trugt xubng day héc mot cach cham

chap va than trong.

2. Trong qua trinh thi nghiém, nhiét do co thé duoc tang mdt cach lién tuc. Pé dam
bao du thoi gian, em nén do cac sb lidu khi nhiét do dang trong qua trinh ting.
Dé d6t néng mau, dau tién hay van nim cua bép dién 1én cuc dai. Khi nhiét do
gan dat dén 90°C ( khoang 85°C ), hiy vin ngay num xudng cuc tiéu dé nging
d6t nong. Trong qua trinh d6t néng, dén chi thi & bén trai ciia bép dién co thé lac
bat lac tit. Piéu d6 chung t6 bép dang tu diéu chinh nhiét 46 mot cach ty dong.

Em khong can quan tim dén diéu do.
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3. Sau khi mau trong héc cta hinh try nhém 16n dugc d6t du néng, néd s& rat lau
nguoi néu dé né ngudi mot cach tu nhién. B¢ lam ngudi nhanh, em cé thé dé cai
ndi sit noéng chtra hinh tru nhom 16n, ¢6 hinh tru nhém nhé & trong, vao trong
chiu chtra nude. Mot lat sau (it nhat 5 phat), hiy dung cai khin can than quin
quanh hinh tru nhém 16n , rdi dit né truc tiép vao nude lanh dé lam lanh nhanh
hon. Hiy cin thin dé tranh bong tay. Sau khi 1am lanh, hiy dung khin dé lau kho
hinh tru nhém 16n, roi lai dit nd vao ndi sit, va lai c¢6 thé ddt néng nod tiép. bé

tranh doan mach, khong bao gid dugce d6 nudce 1én bép dién.
4. Khi 1am xong thi nghiém, hay tit bép dién ngay lap tirc dé tranh né néng lén qua.

Ch(l v: Hay cidn thin trong khi 1am thi nghiém! Néu miu hay dung cu thi

nghiém bi v&, hong, em s& gip khé khin dé 1am thi nghiém tiép, vi chlng ta
khong c6 di do dw trir dé thay thé!

Panel Instruction

(AC Voltmeter ports]

<
4 5 E .
[Alplitude adjusting knob “ O u
1 0 2
<y
ON (Prec151on re31stors]

OFF 0.1 0.28 0.2Q 0.5Q

8 o Oe O e

10 2Q 20 5Q

Chii y: Chot den ciia Von ké xoay chiéu da dwoc ndi véi hai dau noi du phong
Giai thich cac tir trén mat may do:

Panel Instruction: chi dan mit may

AC Voltmeter ports: chét ciia von ké xoay chiéu

Switch: cai chuyén mach
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Spare terminal: Dau néi dy phong
Amplitude adjusting knob: nam diéu chinh bién do
Signal output: Lbi ra tin hiéu

Precision resistors: Cac dién tr¢ chinh xac (dién tré mau)
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Bai thwe hanh s6 2
Po d din dién caa chat léng ( 10 diém )

1. Hwéng dan lam thi nghiém

Trong bd dung cu ding cho thi nghiém dé do do dan dién cua chét long (nuéc
pha mubi), bo phan cam bién (sensor) 1am viéc vai tin hiéu xoay chiéu (ac), khéng
c6 dién thé tiép xic 1am anh huong dén céc két qua thi nghiém. Pong thoi, vi céi
cam bién (cudn day do) khong tiép xdc truc tiép vai chat long can do, nén khong co
phan tng hoé hoc nao xay ra trong qué trinh thi nghiém c6 thé 1am hong cac bo phan
cua dung cu. Do d6 thiét bj c6 thé duoc dung di dung lai nhiéu lan.

Nhu thdy trén Hinh 1, cam bién dung dé do d6 dan dién cua chat long gom hai
vong hinh tron ¢6 cung ban kinh, 1am bang hop kim sit non. Mdi vong tron dugc
cudn day, véi sé vong day trong hai vong tron bang nhau. Hai vong hop kim sit non
duoc dit déng truc va dat sat nhau trong mot vo hinh tru réng gan kin nhu thay trén
Hinh 2.

Hinh 1 Hinh 2

Cai cam bién duoc nhing trong chét long can do. Cudn day 11” dugc ndi véi mot
may phat tin hiéu hinh sin, c6 tan s6 khoang 2.5kHz. Bién d¢ cua tin hiéu ra tir may
phét c6 thé bi thay doi chut it theo thoi gian. Néu né thay doi qua mot gia tri nao do,
thi ta can chinh lai dé giit cho bién d6 & 16i ra c6 mot gia tri nao d6. Cudn day 22
dugc ndi vai mot von ké xoay chiéu, dé do dién ap cua tin hiéu cam &ng trong cuon
nay. Tir d6 16n cua dién ap tin hiéu, ta c6 thé tinh ra dugc d6 dan dién caa chat long.

2. Nguyén tac thi nghiém

Nguyén tic hoat dong cua bo thi nghiém nay c6 thé duoc giai thich mot cach don
gian nhu sau. Tin hiéu xoay chiéu hinh sin tir may phéat gay nén mot tir truong xoay
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chiéu trong cudén ddy 11°. Bén luot nd, tir tredng nay lai gay ra mot dong dién xoay
chiéu trong chat long dan dién. Dong dién cam ¢ng nay lai gay ra mot tir truong thay
d6i theo thoi gian trong vong tron 22°, va tir truong nay lai gy mot suit dién dong
cam tng trong chinh cuén day 22°; suit dién dong nay 1a tin hiéu & 16i ra cua céi
cam bién.

Néu bo qua hién tuong tir tré, thi dién ap ra V, 1a mot ham don diéu cua dién &p
vao V,. Khi dién ap vao V, va dién dan Suit o cua chat long dugc do trong mot

khodng nao do, thi c6 mét quan hé ti I gitra o Va ti 6 V% :
i

o =K (Vo ), @)

trong d6 K 12 hang sb ti l¢.

Trong thiét bj caa bai nay, binh chtra chat long chtra da nhiéu chat long can do,
do d6 dién tré cua chat long & bén ngoai cai cam bién hinh tru c6 thé duoc bo qua.
Vi vay, dién 4p ra V, cta cam bién phu thudc chi yéu vao “phan chat long & bén
trong cam bién hinh tru réng” (tir day goi 1a “hinh tru chat 16ng”). Nhu vay, ¢ thé
ding hinh tru chat long dé tinh toan dién dan suat cua chat long. ién tro caa hinh
try chét long 1a

R= 1L G—ik 2
GS RS )

trong d6, L 1a chiéu dai caa hinh try chat 16ng doc theo truc caa nd, va S 1a dién tich

tiét dién thang cua n6. Két hop (1) va (2), taco :
V, 1L,1
— )y =B= 3
/ R ® ()
1L 1L
t d6B=(==) , hay K==—.
rong do (K S) y B3
Tu phuong trinh (2) va (3), ta thu dugc

- 9%, @)
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Phuong trinh (4) cho thay ring, néu ta dung cai cam bién nay dé do dién dan suét caa
chat léng, thi o lién hé vé6i L (chiéu dai caa hinh tru rdng), S (dién tich tiét dién thing

caa no), VOV , va ca B.
i

Cha y : Trong thi nghiém nay, dé thu duoc hang sé ti 1& K , va sau d6 xac dinh

B maot cach chinh xac, can phai chuan bi nhiéu loai chat long véi dién dan suit o da
biét. Piéu d6 tat nhién 1a kho khan. Vi vay, dé vira tién lgi va chinh xac, thay cho
nhiéu chat 16ng c6 o khac nhau, ta ding mot sé dién trd mau ndi tir ngoai vao. Hai
dau cua dién trd mau dugc méac vao hai dau mot soi day dién xuyén qua hinh tru
rdng cua bo cam bién, tao thanh mot mach dién tro, nhu thay trén Hinh 3.

3. N¢i dung thi nghiém

1. Hay vé& so dd mach thi nghiém dé chuan bo cam bién do dién dan suat caa chat

long (1.0 diém), va hoan thanh viéc ndéi mach d& do ca dién ap o 16i vao V,

(<2.000V) va dién ap cam ing & 16i ra V, theo so d6 mach & trén (1.0 diém).

2. Dya vao dai cac gia tri cia cac dién tré mau : 0—9.9Q, hay do Vo 9 v&i nhiéu
gia tri cua dién trod. Hay ghi cac sé liéu vao Bang sé lidu do em ty thiét ké.
(2.0 diém)
Ludn diéu chinh bién do V, dé giit cho gia tri hiéu dung cta né nam trong
khoang [1.700V, 1.990V] va su thay ddi cua gia tri d6 khong 16n hon 0.03V.
Em ciing ¢ thé giit c6 dinh dién &p & 15i vao tai mot gia tri xac dinh trong
khoang nay. (1.0 diém)
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3-1.LAy gi4 tri V% lam tung d6 va nghich dao cua gia tri dién trd R cia dién tro

mau 1/R 1am hoanh d6. Hay vé& db thi V% theo 1/R. S6 cac diém do phai nhiéu

hon 20 trong toan khoang do dién 4p & 16i ra, va em khong can phai v& cac vach
sai sO trén dd thi, nhung em can udc luong sai s6 tir sy phan tan cua cac diém
thuc nghigém.

(1.0 diém)

3-2 Co thé thay 1a ¢ ving ma dong dién cam ung co gia tri nho, d6 thi c6 dang
duong thang (tuyén tinh). Hay v& phan tuyén tinh d6 va diung phuong phap dd
thi dé thu duogc do doc B cua phan thang trén d6 thi, cling nhu sai sé twong ddi
cuaa n6 u(B) hay u(B)/B (tuc 1a AB hay AB/B).
(1.5 diém)

4. Biét chiéu dai theo truc cua cai cam bién L = (30.500+0.025) mm va dudng kinh
cua hinh try chét long d = (13.900+0.025)mm, hy tinh gié tri cia K va u(K)
hay u(K)/K (tirc 1a AK hay AK/K). (1.0 diém)

5 . Tinh dién dan suat cta chat long trong binh va viét két qua. Tir sai sé caa L, d va

B, hiy udc luong sai s cua dién dan suat. Phép do dién dan suat can phai lam
sau lan, trong mdi lan do, chat long can phai duwoc khuiy Ién.
(1.5 diém)

4. Dung cu va vat liéu

1. Céi cam bién d6 dan dién cua chat long.
Cai cam bién c6 bon chét néi ra: hai chét ndi véi cuon day 11°, hai chét ni voi
cudn day 22’.

2. Binh chtra chét long can do va que khudy.

3. Dung cu do d6 din dién cua chat long.
O mit trén caa dung cu, co:

e May phat tin hiéu:
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Hai chét lay ra néi voi may phat tin hiéu, chét do Iy tin hiéu ra, chét den
ndi dat. Bién d6 cua tin hiéu ra c6 thé dwoc diéu chinh bang cach vin
nam.

. Vén ké xoay chiéu hién s .
e Hop dién tré cam cht:

O mit trén c6 nhiéu chdt 14y ra, gitra hai chét canh nhau ¢ mot dién tro
Vi sai sb tuong d6i cua gié tri dién tré 12 0.001. Cac dién tro nay co cac
giatri0.1,0.2,05,1,2,vabQ.

e Céi chuyén mach 1x2 ( mét cuc néi véi mot trong hai cuc ).
4 . Céc day dan dién

5. Hai miéng gidy vé d6 thi (20cmx25cm), may tinh, gidy ghi, thudc, va but.
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APhQ9 -2008 tai Ulaanbaatar, Mongolia
Bai thi li thuyét
Bai toan li thuyét 1.
Tra dao va Vit li vé cac Bong bong

Tra dao la mot truyén théng ciia chau A. Mot budc quan trong trong viéc chuén bi
chén tra 13 viéc dun s6i nude khi cac bong bong nude xuét hién bén trong. Bong
bong rat quen thudc trong cudc sdng hang ngdy va déong mot vai trd quan trong
trong vat li, hod hoc, y hoc va ki thuat. Mac du vay, tinh chét cua bong bong doi khi

gdy su ngac nhién va bat ngo, va trong nhicu truong hop, con chua dugce hiéu ro.

O nhiét d6 phong, nudc tinh khiét bido hoa khi. Khi nhiét do ting Ién, ap suat du
P, cua khi tdng 1€n, khong khi hoa tan dugc giai phong va cac bong bong khi (air
bubble-goi tit 1a AB) xuat hién & ddy va thanh cta binh dun (Hinh 2). Vi nudc tinh
khiét, 36 dinh wot 1a di va mot AB dugc biéu thi bang mot hinh cau ban kinh R, bi
cat, voi mot cai day khong bi dinh udt, ¢6 ban kinh r, <<R,, . Khi bi dun nong, cac
AB din né va khi dat duoc kich thudc nao do, co thé bat ra khoi day binh (Hinh 3),
ndi 1én trén mit nudc va v ra tai d6. Cac bong bong hoi nude (vapor bubble-goi tit
la VB) xuat hién khi nhiét d6 cua nudc & day binh dat gia tri té1 han
TVS zTC?it =100°C ma & d6, ap suit cua hoi bdo hoa vuot qua ap suit bén ngoai. Su
tao thanh hoi ting 1én hang chuc lan, cic VB déin nd ra va but ra khoi day binh. Cac
VB ¢6 thé duoc coi nhu chi gém toan hoi nude. Néu nude duge dun du néng, VB di
lén trén, tiép tuc nd ra, dat dén mat nudc va v ra. Trai lai, nuée khong du néng &
cac 16p phia bén trén, thi s€ c6 mot su bién thién nhiét do dang ké theo chiéu théng
ding. Khi cac VB di dén cac 16p nude lanh hon, thé tich cta ching bi co lai dén thé
tich ctia nude (Hinh 4). Diéu d6 giy nén sy thoat khi cudng birc, tirc 12 cac dao dong
manh, va mdt lugng dang ké khong khi hoa tan trong nudc thoat ra dudi dang céc
bong bong khong khi rit nhé (microscopic air bubble-goi tit 14 MAB). Qué trinh
nay c6 thé gay ra cac dao dong siéu am.

Céc giai doan chu yéu ciia sy tién trién cia mot cai bong bong trong qua trinh soi
la:

-su xuat hién va 16n 1én ctia AB & day va thanh binh, sy chuyén hoé ctia chung thanh
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cac VB;

-su bt ra va di 1€n ctia cac VB, su bién mat ctia chung trong khoi nudc hay ¢ trén

mat;
-su xuat hi¢én cdc MAB trong khoi nudc va sy di 1€n cua ching dén bé mat.

Sy moé ta li thuyét nay rat phu hop véi cac thi nghiém hién dai. N6i riéng, mot thi
nghiém phén tich tiéng dong (hay tiéng 6n) (ttc 13 noise analysis experiment-goi tit
1a NAE) li thd, dbi v6i nude soi, da dugce thyc hién & Truong Pai hoc Qubc gia
Ural, Ekaterinburg. Cac micro nhay, méc vao cac bd khuéch dai dai rong, dat g'?m

mot binh dun nudc bang dién, da phat hién ra ba ngudn gbc chinh cua tiéng dong:
1. Su bt cia AB khdi day trude khi nude soi (gdy ra cac dao dong voi v,~ 100 Hz);
2. Su co lai ciia cac VB dén thé tich ctia nuéce (giy ra cac dao dong véi v, ~1
kHz);
3. Sy xuét hién cac MAB & phia bén dudi mit nudc (giy ra cac dao dong véi
v,~35 kHz dén 60 kHz)
Goiy:
1) Nguoi ta biét rang mét bong bong nhé di 1én theo mot dwong thang va sy chdy
thanh 16p dwoc quan sdt thay-nude chay dé dang va thanh timg 16p (xem Hinh 1).
Khi do cong thurc Stokes mo ta lyc tiéu tan (tuc la mot loai lyc ma sat) cho mot hat
chuyén déng véi toc dé nho Vig -

I:A - 672?7wR‘oVIam

Trdi véi hinh dnh d6, khi cdc bong bong twong doi Ién di 1én bé mdt, ching lam roi
loan nwéc & xung quanh, c6 nhitng khodng trong dwoc tao thanh phia sau bong
bong va sw chdy réi dwoce quan sdt thdy (xem Hinh 1). Trong truong hop nay, mét

phan dong nang ciia bong béng di 1én trén chuyén thanh céng tiéu tan.
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Hinh 1. Cdc logi chay thanh 6p va chay roi doi véi mét bong béng khéng khi di lén

trong nuoc.

2) Khi bé mat chat long co dang 16i (hodac lom), thi xudt hién mét luc cang bé mdt do

twong tdc phdn tir & gan mép. Ap sudt nay dwoc cho boi cong thirc

ap =22
R

trong d6 o la hé sé cang bé mat (don vi la N/m), la liee trén mét don vi dé dai cia
bé mat, R la ban kinh cong cua mat.
3) Khi xét mét qud trinh ngdn véi thoi gian kéo dai dic trung "t", thi ngueoi ta coi

. » ” N A A v 1 ~ ‘ . ~ N Ao, ’
nghich dao cua t la tan so ddc trung v = . Hay dung dinh nghia nay dé tinh cac

tdn so cua tieng dong.

Cac dir liéu:

P, =1,016-10°[Pa] - 4p suat khi quyén,

p,, =10°[kg / m*] - khdi lugng riéng cua nudc,

Puapor = 0,017[kg / m*] - khoi lugng riéng ctia hoi & T=293K; (=0,596[kg/m*] &
T=373K)

P =0,023-10°[Pa]- 4p suét ciia hoi & T=293K; (=1,016-10°[Pa]& T=373K)

vapor
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g=9,81[m/s?] - gia tdc trong trudng,

;. =0,029[kg / mole] - khéi luong mol cia khong khi
R =8,31[J /mole/K] - hing sb cac chat khi

o =0,0725[N/m] - hé sb cing bé mit ctia nudc,

1, =0,3:10°[Pa-s] - h¢ s nhét clia nudc

H=10 cm — chiéu cao cua nudc trong binh

Q09

S LH L

Hinh 2. Bong bong trong mét Hinh 3. Bong bong khéng khi
binh dun nudc burt ra khdi day binh

Cau héi (tong so 10 diém):

Hinh 4. Bong
bong hoi bi co lai

Xét nude sbi trong mot cai binh hinh try ddy phang & ap suat khi quyén binh thudng.
Pay cua binh dugc dt nong déu va co6 mot su bién thién nhiét do theo phuong thang

dung, cac bong bong xuat hién va tién hoa (Hinh 3)

Q1. Hay viét diéu kién vé ap suat dé cho mot AB 16n 1én trong khéi nude & do
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cao h<H, trong d6 H 1a d6 cao ctiia mit nudc trong binh. Xét dén bat ding thirc
2z, >> P, 7r; . [theoP,,P,,R,,p,,0,0,h,H]

extern

(1,0
diém)
Q2. Hiy viét cho mot AB diéu kién dé n6 but ra khoi day binh (Hinh 3).
Xét dén hé thire r, <R, . [theo r,,R,,p,.0] (1,5 diém)

Q3. Xét mot AB c6 ban kinh R, & day cia binh. Khi nude da so6i, bong bong bao
hoa hoi nuéc va ting ban kinh. Hiy viét ti s6 E=m,, / Mo gllra khéi lwong
khong khi va khdi lugng hoi bao hoa bén trong bong bong & nhiét d6 T. Hay tinh
ti s6 nay o nhiét d phong T=20°C (R, =0,5mm) va & diém soi T=100°C
(Rb =1mm) [theoluair’T’ PO’ IDvapor’ Rb’pw’pvfo—’ H ]
(1,5 diém)
Q4. Dung dir li¢u thi nghiém phéan tich tiéng dong (NAE) va dinh luat Newton,
hdy udc tinh ban kinh cua AB but ra khoi day va di lén trén mot khoang R,
(Hinh 4). Gia thiét rang khdi lugng cong thém (khi ké dén 16p nudc & xung
quanh) ciia AB bang mot ntra khdi luong ctia bong bong chira nude ¢ cung kich
thudc.

(1,0 diém)
Q5. Hay viét ban kinh cua ddy ciia mot AB ngay trude khi né di 1én, khi cai
"voi" clia n6 di rat hep (xem Hinh 3). [theoR,, p,,o]. Hay tinh ban kinh nay
bang cach dung ban kinh d3 tim dugc & Q4.

(1,5 diem)

Q6. Bing cach dung cac dir liéu NAE, hiy uéc tinh ban kinh cua VB bi co lai
(Hinh 4) bang cach gia thiét rang ap suét theo phuong ban kinh vao khoang 3kPa
trong sudt qua trinh.

(1,2 diém)
Q7. Bing cach st dung cac két qua trude cho VB, hdy tinh ban kinh cia MAB
duogc tao ra trong qua trinh thoat khi cudng btrc.
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(0,5 diém)

Q8. Hay viét tbc do di 1én cia mdt AB dién hinh béng cach sur dung dinh luat
Stokes cho su chay thanh 16p. [theoR_,p,.7,]. Hay udc tinh thoi gian di 1én
cho H=10cm. (0.6 diém)

Q9. Hay viét tbc do di 1én trung binh cho VB véi su chay rdi. [theoR,, p,.7,].

Hay udc tinh thoi gian di 1én cho H=10 cm. (1,2 diém)
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Bai toan li thuyét 2
Tinh thé ion, thé Yukawa va Nguyén Iy Pauli

Nguyén tir ctia nhiéu nguyén t6 hoa hoc ¢6 ning luong ion héa rat thip va d& dang
mat cac electron 16p ngoai. Nguoc lai, nguyén tir cia cac nguyén t6 khac lai d& dang
nhan céc electron. Diéu d6 din dén 14, cac ion duong va 4m nay két hop véi nhau
thanh céc cdu trac ion bén viing. Nhiéu chit rin c6 cdu tric tinh thé, trong cac tinh
thé d6 cac nguyén tir dugc sip xép mot cach déu din, tudn hoan. Trong mot tinh thé

li twong, don vi cau tric co s¢ duoc lip lai trong khong gian.

Hinh 1
Mang lap phuong tim mit ciia tinh thé mudi an (NaCl).
Khoang céach gifta cdc tdm nguyén tir trong mang la

hang s6 va dugc cho béi thong so r,.

Phan dong gop chinh vao niang luong lién két cia mot tinh thé ion 13 thé nang tinh
dién cua cac ion.
Twong tac dién giita hai dién tich diém q1 va g2 nam cach nhau mot khoang R duoc

xéac dinh boi thé ning Coulomb:
Vo(R) =k

trong dok =1/ 47z, ~9-10°[N -m?/C?] 13 hang s6 Coulomb. Néu 1a lyc hut, luc mang
dau am. Hudng cua luc 1a hudng doc theo dudng thiang ndi hai dién tich diém. Dbi
voi trudng hop tinh thé NaCl, hai loai ion c6 dién tich *e, va mot ion tuong tac véi
rat nhiéu ion khic xung quanh né. Néu xét tinh thé c6 kich thudc 16n vo han va ké
dén tit ca cac ion dwong va 4m, thi thé ning twong tic 1a thé ning hat
V, (r)=a-V.(r), voi r 1a khoang cach gifra cac ion lan can gan nhét va a = 1,74756
1a hang s6 Madelung [E.Madelung, Phys. Zs, 19 (1918) p542], duoc sir dung dé xac

dinh nang lugng cua mdt ion trong tinh thé.

Cung v6i thé nang hat, con c6 thé nang diy do Nguyén 1y Loai trir Pauli va sy phi
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nhau cta cac 16p vo electron trong mang tinh thé. Nguoc lai voi thé ning hut lién

quan dén tuong tac Coulomb, thé ning diy c6 tAm tac dung rit ngin.
C6 hai mé hinh khac nhau dé mo ta thé ning day
M® hinh #1. Mot phép gan dung hop li 14 coi thé ning ddy c6 dang ham mil:

V() =4-e"7,  (4,p>0)
ham nay mo ta twong tac day ciia ion dang xét v4i toan bo mang tinh thé. O day A 1a
cudng do lién két va p 1a thong s6 tam tac dung.
M@ hinh #2. Mot phép gan dung tot khac 1a coi thé nang day c6 dang ham luy thira
nghich ddo

Vi (1) =b/r", (b>0)
trong d6 b 13 cudong d6 lién két va n 13 mot sé nguyén 16n hon 2 (goi 1a s mii Born).
Céc thong sb nay ké dén su day cua toan bo tinh thé.
RG rang 1a cac thong sb vat Iy va md hinh thé ning phu thudc vao loai mang tinh
thé.
S liéu thyc nghiém cho hang sé mang I, va nang lugng phén Ii E, (ndng luong

can thiét dé pha v mang tinh thé thanh nhiing ion riéng r&) dugc cho ¢ Bang 1 ddi

vG1 mot vai tinh thé ion ¢ nhiét do va ap suat chuan.

Crystal | r, [nm] | E, [kJ /mole] Bang 1
Tinh chét cua tinh thé mudi voi cu trac NaCl
NaCl | 0,282 764,4 [C.Kittel, "Introduction to Solid State Physics",

LiF 0,214 1014,0 N.Y., Wiley (1976) p.92] (trong mot mol c6

s6 Avogadro cip ion hodc nguyén ti).
RbBr | 0,345 638,8

Céu héi (tong s6 10 diém):
Q1. Hay viét biéu thuc ciia thé niang Coulomb V., (r) cho mdt ion nam & tAm clia
mang lap phuong trong Hinh 1. Gia st né chi twong tac v&i cac ion 1an can gan nhat

(trong khu vuc cach né nhiéu nhét r = \/§r0 ). Hiy tim hang s6 Madelung ¢, tmg véi
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phép gan dang nay.

(1,5 diém)
Q2. Str dung M6 hinh #1, hay viét biéu thirc thé ning tong cong V,(r) cho mdi ion.
Hay xac dinh phuong trinh cho thé ning & vi tri can bang r = r, va viét thé ning tong
cong V,(r,) theo «,r,, p. Hay sir dung gia tri chinh xac cua hang s6 Madelung a.

(1,5 diém)

Q3. Hay sir dung gié tri thuc nghiém dé udc luong thong sé tam tac dung p. Lay
N, =6.022-10%[1/mol]. (2,0 diém)

Q4. Sir dung Mo hinh #2, hay viét biéu thirc thé ning tong cong V,(r) cho méi ion.
Hay xac dinh vi tri cAn bang cua né r = r, va viét thé ning tong cong V, (r,) theo
a,r,r,n. Hay su dung gia tri chinh xac cua hang s6 Madelung a.

(2,0 diém)

Q5. Su dung gia tri thyc nghiém (tir Bang 1) dé udc luong sé mii Born n cho NaCl.
U'dc tinh ti 1é giita twong tac Coulomb va loai trir Pauli (phan tng voi lyc day) trong
toan bo thé ning tong cong & trang thai can bang?

(1,5 diém)

Q6. Nang luong ion héa (ning luong can dé but mot electron tir nguyén tir) cia
nguyén tir Na la +5,14 eV, ai luc electron (nang luong can dé nhan mot electron vao
nguyén tir) cta nguyén tir CI 1a -3,61 eV. Hiy udc luong ning luong lién két toan
phan (ning luong dé gilt mot nguyén tir trong mang) trén mdi nguyén tir trong tinh
thé NaCl. Ké qua thuc nghiém 1a E,,~-3,28eV. Cho 1eV=1,602.10".

(1,5 diém)

Ma nudc Ma hgc sinh

Answer sheet
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Bai toan li thuyét 2 (tong s610 diém)

Q Muc Trd loi Diém
1. Thé Coulomb gan | V,,(r) = 0.5
dang
Hing SO | o, = 1.0

Madelung gan
ding

2. Phuong trinh cho 0.5

vi tri can bang

Thé ning lién két | V,(r,) = 1.0

tong cong

3. Ning luong két 0.2
cap
Phuong trinh cho 0.9
thé nang
Phuong trinh cho 0.8
thong s6 tam tac
dung
Gia tri bang sd 0.1
cia théng sé tim
tac dung

4. Phuong trinh cho 0.5
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vi tri can bang

Phuong trinh cho

o

0.5

Thé nang lién két

téng cong

Vz(ro) =

1.0

Tinh gia tri cua so

mu Born

1.2

Ti 1é¢ gilta phan
thé nang
Coulomb va phan

loai trtr Pauli

0.3

Nang lugng
chuyén electron
tinh cho mobi

nguyén tu

0.5

Néang lugng lién
két tong cong tinh
cho mdi nguyén

tor

1.0

Khoa Vatli - Trweong PHSP Ha Noi

Trang 148




Bai toan li thuyét 3
Mot vat nhanh hon anh sing dwoc thiy nhuw thé nao?

Liéu mot vat thé c6 thé chuyén dong nhanh hon anh sang dugc khong? Cau tra 101 la
"Khong" néu vat chuyén dong trong chan khong. Nhung ciu tra 101 1a "Co" néu ta
xét toc d6 pha ciia anh sang trong mot moi truong ddm dic quang hoc c6 chiét suit n
(n = ¢/u, trong 46 u 1a tbc d6 anh sang trong moi truong, va ¢ 13 toc d6 anh sang
trong chan khong)

Ta néi mot vt nhanh hon anh sang (superluminal), néu u < v < ¢, trong d6 v 1a toc
doé cua vat. Mot trong cac thi du quen biét vé vat thé nhanh hon anh sang la hat

mang dién phat ra birc xa Cherenkov.

Trong bai toan nay ta sé xét vdt thé nhanh hon dnh sing, cé van téc khong doi v
trong mét méi treong khong co sw tan sic. u la védn téc cia anh sang trong moi
truong.

Dé cho don gian, ta dwa vao ki higu y = va mét goéc & dwoc cho bgi

J1-(w/e)®

[+

—_—
cosf =u/vva tan5'=w|u—:—1.

1. Hat nhanh hon anh sang dang bic xa

Nhu thay trén Hinh 1, mot hat dang buc xa chuyén dong doc theo truc x véi van téc
khong doi v (v = u).

Mot quan sat vién M ¢ céch truc x mot khoang d .

Ta chon diém gan nhat véi nguoi quan sat lam diém O, gbc cua truc x. Thoi diém

ma hat thuc su di qua diém x=0 duoc lay lam t=0.

v < ;

+ >

d

b

Hinh 1
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1)

()

3)

(4)

()
(6)

(7)

(8)

Gia thiét anh sang duoc phat ra ¢ thoi diém ¢ dugc quan sat thiy & thoi diém ¢.
Hay biéu thi ¢+ theo d,¢', u Va v.

O thoi diém + = t,, quan st vién lan dAu nhin thiy hat & vi tri x. Hay tim vi
tri biéu kién x| va thoi diém quan sét ¢, cho sy xut hi¢n 1an dau tién nay theo
d,v vag.

Hay tim (céc) vi tri biéu kién x’ ctia hat & mot thoi diém bt ki t. Hay viét cau
tra 101 cua em theo v,6,t va t,.

Hay tim (c4c) van toc biéu kién +'(t) ctia hat & mot thoi diém bat ki t. Hay viét
cau tra 10i ciia em theo v, 8,t va t,.

Hay tim (cac) van toc biéu kién +' clia hat & 1an xuat hién dau tién.

Hay tim (cac) van toc biéu kién + ciia hat & cac khoang cach vo cing so vdi
gbc O. Hay viét cau tra 101 cia em theo v VA wu.

Phac thao d6 thi cua van toc biéu kién ' theo thoi gian t, va chi rd cac gia tri
tiém can cta van tdc biéu kién.

Van toc biéu kién co thé 16n hon téc do anh sang trong chan khong, tuc 1a

v' = ¢ dugc khong ?

1. Vat ¢6 dang doan thing dang birc xa

Xét mot vat c6 dang doan thang, birc xa ra anh sang va chuyén dong doc theo truc

x. P9 dai ciia vat 1a L trong hé quy chiéu ding yén ddi véi vat.

A. Chuyén dong song song

Trong muc nay, ta gia thiét vat dang btrc xa chuyén dong doc theo truc X nhu théy
trén Hinh 2.

=

d

@)

'

i Hinh 2
O u
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(9) Hay x4c dinh khoang thoi gian xuét hién day du cua toan bo vat ké tir 1an xuét
hién dau tién cua diém dau cua vat. Hay viét cau tra 1o ciia em theo Ly Vav.
(10) Hay xac dinh (cac) do dai biéu kién cta vat ¢ thoi diém nd xuat hién hoan
toan. Hay viét cau tra 15i ctia em theo d,L,8 Va y.
B. Chuyén dong vudng géc
Trong muyc ndy, ta gia thiét vat c6 dang doan thang dang birc xa, chuyén dong vudng
goc doc theo truc x nhu thay trén Hinh 3. Gia st quan sat vién & gdc cla truc x, tic
la (d = 0). Vat duge bé tri doi xtng déi voi truc X.

A

il

s
\ o4
A

Hinh 3

(11) Hay chi ra rang & thoi diém ¢, hinh dang biéu kién ciia vat nay 1a mot hinh elip
hay (cac) phan ctia mét hinh elip.

Hay tim cac dai luong sau dy va biéu thi chiing theo v, 8 va t.

(12) Hay tim vi tri x_ ciia tdm d6i xtmg cua hinh elip & mot thoi diém ¢ theo v, 8 va
t.

(13) Hay xéc dinh cac d dai cua ban truc 16n va ban truc nho cia elip o thoi diém
t theo v+, 8 va t.
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Bai thuc nghiém

VAT Li CUA SONG AM

MOoi trudng sdng cua chung ta chtra day 4m thanh va céc tic dung ctia 4m thanh. Bai

thuc nghi€ém nay lién quan dén cac tic dung cia am va siéu am va gom cé bon

phan. Trong phan 1, can xac dinh cac dac trung ctia hé microphon (dau thu) siéu am.

Sau do, ta s€ quan sat va giaiithich hi¢n tugng giao thoa, r61 nghién ctru Hi€u ung

Doppler, va cudi cung s€ xac cdinh ngudng nghe ctia con ngudi va nang suat phan

giai.

Danh muc dung cu va vat li¢u

Ki Dung cu S6 || Ki Dung cu S6
hiéu luon|| hiéu luwon
g g
A |Mdy phéat ham sb 1 K |Gai do guong coa tur tinh kem 1
theo thudc
B |Bo khuéch dai siéu 4m 1 L [Dia quay
C |Milivon ké xoay chiéu (AC | 1 M [Pong co gin voi ban quang hoc 1
Millivoltmeter)
D [May dém tan s6 1 N |Cap ndi dong truc 4
E [Ngudn dién mot chiéu co 1 O |Gia dd quay c6 thude do goc 1
thé diéu chinh (variable DC
Power Supply )
F |[Dau phat siéu 4m, dung lam| 1 P |Ong nghe stereo 1
ngudn phat (S, danh dau
bo)
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G |DPau phat siéu am, dung lam| 1 R |Ban quang hoc 1
dau thu (D, danh ddu Xanh)

H |Gia d& ngudn phat 1 S |Guong Iom 1

| |Gi4 d& dau thu 1 T |Bién tro 1

J |Guong kim loai/tim phan | 1

Xa

Hinh 1. Dung cu va vat liéu
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Dung cu va vit lidu (tiép)

1. Hwéng din cho may phat ham s6 (Dung cu A)

Man hinh Phim djt Phim _Phim
tham sb shift ON/OFF
10i ra

ﬁ
o

(\4’ Q FREQUENCY
k' L G ll‘EI'EK SFG-1013 ons Fu:ction Genedator J)
Phim  Nim chinh Duty ,  Chinh Léira
- Phim pattit tinso thi bi Control an th®h lign niva ¢ chinh JFF”,
Offset Loi ra

- Chon dai tan s6 va dung cac nut thickd®js! ¢ d TTL yén con tré trén man
hinh chinh (ddu chdm thap phan xac dinh dai tan s6) hdy an nat SHIFT roi
dung nat "4" hoac "5"; d& xac dinh don vi cta tan sd, dung phim "9" cho don
vi kHz cung vé1 phim SHIFT.

- Tan s6 duoc hién thi trén man hinh chinh. Dé biét tin hiéu do may phat ra,
dung phim V/F cung véi phim SHIFT.

- Dung nam chinh tan s dé chon tan s thich hop.

- Pé thay d6i bién do cta tin hiéu, em co thé dung nim chinh bién do.

- Em phai bat phim ON/OFF 16i ra, néu khong, may phat s& khong dua tin hiéu
dén micréphon.
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2. B khuéch dai (Dung cu B)

Bo khuéch dai ban than n6 khong lam gi. N6 duoc dung chi dé két ndi cac phich

cam, néu khong, chung khéng phu hop véi nhau.

Noi dén may phat
ham so

Dén diu thu Dén nguon phat

Bat ti nguon

N6i dén milivon ké Nam diéu chinh
xoay chieéu (AC) bién d¢

I_U_' \y U_
Noi dén may

dém tan so
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3. Milivon ké xoay chiéu AC (Dung cu C)

/ { GYINSTEK GVT-4178 ) \
e o
; o |
AC VOLTS
Pong ho
. E,
Chinh sb
khong &
| RANGE |
( l%z |ﬂﬂ
, ’fo': L é:
NUm ,,",, »
dai do (5-—) E
IWV
+40 B
NPT POWFR _oureur ]
v o IX
Léi vao / @) A _ Léira
- | mMcAi);v
A o _:L CAT I

e

/)
Bat tit Pen chi thi
may bat

- Nbi day céap loai BNC tir Bo khuéch dai dén 16i vao INPUT .

- Chinh dai do (RANGE) dén 100 V va bat may.

- Lua chon dai do (RANGE) bang cach dung Num chon dai do sao cho kim
trén dong hd nidm & vi tri >1/3 toan thang do, khi d6 d& doc s chi trén thang

do. Con sd trén thang ctia nim chon dai do cho ta gigi1 han do (gié tri cuc dai
c6 thé do duoc) cua thang.
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4. May dém tan s6 (Dung cu D)

7

FREQUENCY COUNTER

MAX. INPUT VOLTAGE
5Hz~100KHz 150V RMS
0.1~120MHz 5V RMS

-

INPUT
ATT  LPF

/_\ 11 ON m
HQ 1/10 oFfF ML FREG PRID

150V AC
MAX
5Hz~120MHz

GATE TIME_(SEC)

0.1 1 10

L 1]

B

Léi vao .

cho tin N u m,
hig¢u tan soO

Nam
thoi gian

e Noi cap tin hi€u véi "Loi vao cho tin hi¢u" .

e Bt may dém tan sé ON the frequency counter

e An"Num tan s0" va "Num thoi gian"

My dém tan sd sin sang cho cac phép do.

PHAN 1. Cac dic trung ciia h¢ microphon
Mé dau

Tinh chét ap dién tao ra kha nang thuan loi dé két hop giita cac dao dong co hoc cia
tinh thé, xay ra & mot tan sb rat xac dinh, v6i cac tinh chat dién cia mot mach, ma
tinh thé 1a mot bd phan. Cac vat lidu 4p dién duoc ding dé chuyén doi gitra cac tin
hiéu dién va 4m thanh véi nhau. Tuy nhién céc vat liéu nay khac nhau & chd mdi vat
lidu c6 dai tan s6 lam viéc dic trung riéng. Vi vay, trong phan thi nghiém nay, ta can

xac dinh céc tinh chat vat li cua microphon duge lam bang vat liéu ap dién, trude khi

dung no.

Danh muc dung cu
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1. | May phat ham sb (A) 5. | Dau phat siéu 4m, dung 1am ngudn
phat (F) cung voi gid do (H)

2. | Bo khuéch dai siéu am (B) 6. | Dau phat siéu 4m, dung 1am dau thu
(G) cung voi gia do (1)
3. | Milivon ké xoay chiéu (C) 7. | Hai cap ddng truc (N)

4. | Gia d& quay c6 thude do goc (O) | 8. | May tinh (X)

Thi nghiém va cic buéc tién hanh

Ta s& dung hai micréphon, mét cai duoc dung lam ngudn phat tin hiéu (danh dau
d0), con cai kia duge ding 1am dau thu tin hidu (danh du xanh). Ngudn phat 1ay tin
hiéu tir may phat ham sé (FG) thong qua bo khuéch dai, va chuyén tin hiéu d6 thanh
song am. Pau thu tin hiéu dugc ndi véi bo tién khuéch dai. N6 nhan song am tu
nguén phat di ra, 16i chuyén thanh tin hi€u dién. Bién d6 cua tin hiéu ra duogc do

bang milivon ké xoay chiéu.

Goi y: Bién do tin hiéu cip cho dau thu (D) can c6 gia tri khoang 1V. Néu tin hiéu

16m hon gia tri ndy, séng si€u am s€ bi bao hoa, va két qua ctia em s€ bi anh huong.

Céc microphon dugce dat trén gid dd quay va ndi vao mach dién c6 bo khuéh dai.
Khoang cach giira nguon phat va dau thu can dwgce giivr khong thay doi trong
suot thi nghiém nay. Ngoai ra, cac em can chac chan rang cac microphon dugc

dit song song véi dé gia do, va hai cdi nam trén cung mot dwong thang.

la. Bang cach thay ddi tin s cia tin hiéu tir may phat ham sé FG, hay do bién do
clia tin hiéu ra sau khi né dugc chuyén d6i bsi dau thu. Hay do trong khoang tan s6
& 16i vao tir 30 kHz dén 50 kHz, va chic chan rang khoang tan sd cua tin hiéu gui
dén nguon phat nam trong khoang da cho. Néu khong, microphén sé bi héng hoiic
khéong 1am vi¢e. Dat bién d6 cia tin hiu tir may phat ham s6 FG khoang 1V. Cac
dir liéu do duoc can duge ghi vao bang 1A. V& db thi bang cach dung céc dir liéu do
dugc. Hay tim khoang tan s6 Af ma trong d6 bién do cua tin hi¢u ra 16n hon gia tri
bién do cuc dai chia cho can bac hai cua 2. Tir cac két qua thu duogc, hay xac dinh
tan s6 1am viéc fy, 13 tin s ma & d6 bién d6 cua tin hiéu tir dau thu 13 cuc dai.  Set
the amplitude of the signal from the FG around 1V. Measured data will be filled into
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table 1A. Plot the graph using measured data. Find the frequency interval Af that the
amplitude of the output signal to be more than its rms (root-mean-square) value of
the amplitude (it equals to amplitude/+/2). Determine the working frequency fu (at

which the amplitude of the signal from the detector will be maximum) from the
obtained results.

1b. Pat tan sb tir may phat ham s6 FG ¢ tan sb lam viéc. Hay xac dinh su phu thudc
gbc cua cuong do tin hiéu ra vao vi tri ctia du thu dbi v6i véi ngudn phat (hiy xéac
dinh su phu thudc cua tin hiéu ra vao goc giita dau thu va ngudn phat). Ghi cac dix
liéu do duoc vao Bang 1B. V& d6 thi cua ti s6 bién d6 A(p)/ A(0) theo goc ¢, trong
d6 A(g) va A(0) 1a cac bién do cua tin hiéu & 16i ra 1an luot tai cac goc ¢ va 0°.
Hudng ¢ =0° 1a hudng tin hiéu thu dugc manh nhat, va dugc goi la tryc cua nguén
phat. Hiy tim gia tri cdc goc ma & d6 bién do tin hiéu thu duoc giam di 2 lan va 3
lan.

PART 2. Giao thoa cua cac song

Mé dau

Song dung la mot trang thai dao dong duogc tao ra trong mot mdi truong khi séng
phan xa tir guong giao thoa véi séng tdi tir ngudn. cac song giao thoa véi nhau sao
cho ¢6 nhimg diém ma ¢ d6 khong c6 dich chuyén. cac diém d6 trong mo trudong
goc 1a cac nt. C6 nhitng diém khac trong méi truong ma ¢ d6 dao dong tng véi do
dich chuyén 1én. Cac diém d6 goi 1a cac bung. The waves are interfering in such a
manner that there are points of no displacement produced at the same positions
along the medium. These points along the medium are known as nodes. There are

other points along the medium which undergo vibrations between a large positive
and large negative displacement. These points are known as antinodes.

Danh muc dung cu

1. | May phat ham s6 (A) 6. | Guong kim loai (J) va gia d& co tir
tinh cung véi thuoc (K)

2. | Bo khuéch dai siéu am (B) 7. | Ban quang hoc (R)
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3. | Milivon ké xoay chiéu (C) 8. | Hai cap ddng truc (N)

4. | Dau phat siéu 4m, dung lam 9. | May tinh (X)
ngudn phat (F) cung véi gia d&

(H)

5. | Dau phat siéu 4m, dung lam
dau thu (G) cung véi gia d& (1)

M0 ta thi nghiém
2a. Nghién ctru su giao thoa song

Dung cac dung cu 1-8 c6 trong danh muc trén, hay lap bo thi nghiém trén Hinh 2.1
va nghién ctru su giao thoa ctia song. Chu ¥ rang dia quay va cac dung cu khac can
dugc cach li dé tranh sy giao thoa c6 thé xay ra, vi vy khong nén dimg hoic di
chuyén gan thiét bi, néu khong két qua do s& bi anh huéng. Mac may phat ham sé
vao Nguon phat va dit tan s6 ¢ 40 kHz.

Nhin tir trén D S M
= —
2D
— A -y
position position
D S D M
! magnefic
ii | ’_j/hol ell
u [T
Nhin nghiéng Lo L1 i ]
B A
position position

Hinh 2.1. Nghién ctru su giao thoa song.
Position A (Vi tri A): Pau thu duoc dat giita Ngudn phat va Guong.
Position B(Vi tri B): Pau thu dugc dit sau ngudn phat.

S- Ngudn phat, M-Guong, D-Pau thu
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2a.1. Pat dau thu & Vi tri A nhu théy trén Hinh 2.1 va quan sat sy phu thude cua do
16n tin hiéu thu duoc vao vi tr cia S, M va D. Khi dau thu ¢ gin ngudn phat qu4,

cac hién twong xay ra khong rd rang, vi viy khong nén do & gan ngudn phat qua.
2a.2. Pat dau thu ¢ Vi tri B nhu théy trén Hinh 2.1 va quan sat sy phu thudc cua do
16n tin hi¢u thu dugc vao cac vi tri cia M va D. Vi tri ciia S duogc git ¢d dinh.

2a.3. Bing cach dung két qua ¢ trén, hiy tim cdc cau tra 101 dan.

a. Song dung s& duoc quan sat thiy giita S va M. Séng dirng nay xay ra cho
moi gia tri cia khoang cach gitra S va M.

b. Song ding s& duoc quan sat thay giita S va M. Song ding nay s& chi xay
ra khi khoang cach giita S va M bang nk/2, trong d6 n 1a s6 nguyén.

c. O ca hai vi tri A va B, dau thu s& phat hién dugc nut va bung cia séng
dirng. Piéu nay c6 thé kiém tra duoc bang cach dich chuyén cac vi tri cta
SvaM.

d. Song dimng s& xay ra cho moi gia tri ctia khoang cach giita S va M. Diéu
nay c6 thé quan sat thdy bang thuc nghiém bang cach dich chuyén vi tri
ctia D. O vi tri B, dau thu s& thu dugc tin hiéu manh khi khoang cach gitra
Sva M 1a SM=n}/4, trong d6 n 1a s6 nguyén 16.

€. Vi tri cua cac nut va cac bung khong dich chuyén khi S va M bi dich
chuyén.

f. Khi khoang cach giitta S va M tang 1én, cuong do song phan xa s€ giam
mot cach tuan hoan & vi tri B.

g. Song dung sé& chi xay ra giita S va M, nhung dang sau ngudn phat, su giao
thoa ctia cac song phan xa c6 thé quan sat thiy.

Hay ghi “V” cho cac ciu tra 101 ding hodc “X” cho cac ciu tra 10i sai & dudi ki hiéu
cua cau dugc lya chon trong Answer sheet.

2b. Po bwéc song.

Nhu em da lam trong thi nghi¢m 2a.1, béng cach ¢b dinh vi tri caa S va D, va dich
chuyén M, hiy x4c dinh bang thuc nghiém budc séng A clia song siéu am.

2c¢. Khao sat song durng
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Lip hé thi nghiém nhu em di lam ¢ thi nghiém 2a.2., hiy xac dinh bang thuc

nghi¢m loai dao dong & trén mat guong va nguodn.

Loai dao dong Trén mat gwong Trén mit ngudn

Khi D thu duoc cuc dai

Khi D thu dugc cuc tiéu

Em c6 thé dung cac gia tri bang s6 di thu dugc & thi nghiém 2b. Hay viét cac gid tri
do duoc va cac budc tinh toan chinh vao Answer sheet.

PHAN 3. Hiéu irng Doppler

Tan s6 quan sat duoc va do duoc ciia mot tin hiéu thay d6i theo chuyén dong tuong

d6i gitta nguon va nguoi quan sat. Do 1a hiéu tng Doppler.

Tan s6 quan sat dugc dugc cho boi cac cong thirc

f=f :i“ (Ngudn phat va Pau thu ra xa nhau) (1)
f=1 ':% (Ngu@)n phat va Pau thu lai gén nhau) 2
trong do

£, 1a tan s cua song do Ngudn phét phat ra
¢ toc d6 am trong khong khi
v, van toc cia Dau thu

v, van toc cia Nguon phat

Danh muc dung cu

1. | May phat ham s6 (A) 7. | Bong co(M)
2. | Bo khuéch dai siéu am (B) 8. | bia quay (L)
3. | Milivon ké xoay chiéu (C) 9. | Nguén nudi mét chiéu DC (E)
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4. | May dém tan s6 (D) 10. | Ban quang hoc (R)
5. | Dau phét siéu &m dung lam 11. | Cap dong truc (N)
ngudn phat (F) cing véi gia do
(H)
6. | Microphon siéu am dung lam 12. | Guong 1om (U)

dau thu (G) cung véi gia d& (1)

M0 ta thi nghiém

Nguén phat (S) dugc dit sao cho song siéu am dap vao cac chd nghiéng & canh cua

mot dia quay, va dau thu dugc dit sao cho song si€u am bi phan xa dugc thu moét

cach tot nhat. Ngudn phat dugc ndi vai 161 ra cia may phat ham s, va dau thu dugc

mic v6i milivon ké dé do cuong do am, nhu da giai thich trong Phan 1. Trudc khi

bat dau thi nghiém, em can kiém tra sy thay d6i cuong d6 am bang cach dung tay

quay cho dia tién hoac lui. Néu su bién doi cuong do am la nhd, thi em phai chinh vi

tri cia ngudn phat va dau thu mot cach thich hop. Néu dung cu khong dwoge diéu

chinh thich hop, thi cé thé xay ra sai s6 trong cac phép do cwong dd va tan sb

cua am.

e Bat dong co quay dia

e Hay quan sat su thay di tin s6 4m bang cach nhe nhang ting dan dién ap dat

vao dong co quay dia.

e Can chuan bj dung cu cho phép do ¢ Phan 3, em nén dung cac két qua tir

Phan 1 va Phan 2. Thi du, dé dit tan sd 1am viéc v.v... Néu em khong xéc

dinh duoc tin sb lam viéc, thi hay dung tan s6 40 kHz lam tan s lam viéc.

Hay chic chin ring bién d6 cua tin hiéu tir may phat ham sé FG khong bi bdo

hoa.

3a. Cac cong thirc cho d¢ dich Doppler ciia Aam do dia quay gay ra.

e Mot song am tir Ngudn phét phan xa trén ring cua & dia quay (Hinh 1) va

hiéu ung Doppler xdy ra. Neéu ta goi v 1a van toc chuyén dong cua rang cua

theo phuong R, hdy viét cong thirc cho f theo f,, ¢ va v, cho truong hop

nay.
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e T biéu thirc thu duoc, hiy viét mot cong thie don gian bang cach dung ki
hiéu  Af=|f-f,|, cho trudng hop v<<c, trong d6 fo 1a tin sb lam viéc. Toan bd

qua trinh tinh toan can duoc viét vao Answer sheet.

Hinh 1. Rang cwa trén dia quay
3b. Tinh toan hi¢u wng Doppler do dia quay gay ra

Viét cong thic cho tde do v clia rang cua va tan sd quay & cua dia quay. (P9 cao
clia rang cua 1a Al=4.37 = 0.05 mm, dé dung cho cac tinh toan sau nay).

3c. Hi¢u irng Doppler phu thugc vao dién ap trén dong co

Hay do tan s theo dién ap trén dong co. Hay vé d6 thi Af/f, theo U . Tur d6
thi, hdy x4c dinh gié tri cta dién 4p U, ma & d6 dia bat diu quay, va do dbc
ctia d0 thi ciing véi sai s6.
Goi y: Cho ddng co quay theo chiéu kim dong hd, va sau d6 khong thay doi
nira. Chon vi tri ciia diu thu sao cho né do mdt ciach on dinh va c6 hiéu qua
nhit. D¢ tiét kiém thoi gian, em c6é thé do cwong dd dong dién trong Nhiém vu

3d ddng thoi véi phép do dién ap trén dong co.

Equipments you use in Experimental part, are calibrated and measured very
well before using them. Each two microphone system has own specification
which is given on special sheet. You can find there many parameters for your
system. Using necessary parameters you should calibrate your system.

3d. Pong hoc cia dong co

e Do sy phu thudc cua cuong do dong di¢n vao dién ap trén dong co.
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e V& db thi ca ti s6 (Z=U/l) theo cong suat (P=Ul) cta dong co. Biéu dién sy
phu thudc nay Express this dependence by equation, when the voltage has
lower and higher value.

3e. Hé thirc giira tAn s6 quay & va dién ap trén dong co : § theo U

e Tir su phu thudc Z(P), hiy tim biéu thirc cua & theo U cho khu vuc dién ap
cao va khu vyc dién 4p thip. Coi nhu khi déng co quay déu véi tan sb khong
d6i &, thi cong sudt dién do dong co sinh ra s& can bang véi cong suat cla
suc can khong khi ti€u tan vao khong khi.

e Tir to gidy ghi cac dic trung ddn vao ban quang hoc , hiy xac dinh tan s6
quay &, dién 4p U va dong dién | cung véi cac sai sd ciia ching (theo chiéu
quay thudn chiéu kim dong hd) va tinh toan bang s6 cac hé sb va sai s6 cua sy
phu thudc tuyén tinh § theo U. Em can viét cac gid tri thu duoc tir to gidy ghi

cac dac trung vao Answer Sheet.
3f. Téc d6 ciia &m trong khéng khi tir hiéu wng Doppler

Hay két hop cac quan hé ham s

Af|1 f, theo v va |Af|/ f, theo U, va tir
d6 tim ra téc do ctia am trong khong khi va sai s6. Dung cac gia tri thuc
nghiém va i thuyét (theor) cua toc do &m trong khong khi, hay tim sai s6 ti

d6i cua thi nghiém: “=EZ—"®r *100 % | trong d6 exp biéu thi thi nghiém,

Ctheor

theor biéu thi Ii thuyét .
PHAN 4: Nguéng nghe va ning suat phan giai.
Ngudng nghe 1a cuong d6 am tinh ra W/m? nho nhat ma tai ta con nghe dugc.
Ngudng nay phu thudc vao tan sé &m. Ngudng nghe & khoang 2000 Hz thi bang 10-
12 \W/m?2. Pai luong logio(1/1o) duoc goi 1a mic cudng d6 am va duoc do bang don vi
Bell, ki hiéu 1a B. Trong thuc té, d¢ thuan tién hon, nguoi ta hay dung dai luong
B(do bang dB) = 10 logio(l/10), véi dB la deciBel. tai nguoi cé thé nghe duoc &m
thanh tir khoang 20 Hz dén khoang 20 000 Hz. B¢ la khoang nghe thay.
Danh muc dung cu va phu tung
Céc dung cu sau day la can thiét cho thi nghiém nay (Hinh 4.1)

1) May phat ham sb (A)
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2) Milivon ké xoay chiéu (B)

3) Cap ndi (N)

4) Bién tro (T)

5) Tai nghe (P)

Chuin bi

1. Mic thiét bi thi nghiém nhu thy trén Hinh 4.2.

2. Bat milivon ké xoay chiéu va may phat ham so.

3. Quay num ADJ va dat n6 ¢ vi tri gitra.

Hinh 1 (A). Mac cac dung cu. (B) Mac cac day noi vao bién trd: mac day noi do tu
may phat ham s6 vao 6 mau do trén bién trg, va ddy mau den vao 6 mau den; mac
day do cua milivon ké xoay chiéu vao 6 mau vang va day den vao 0 den, roi cam

day tai nghe véo 0 tai nghe.
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O May phat ham sb
bl 0 6 o ]
At 15 O tan so O o léira
cap battat [o 50Q
;8
do | do
O O > .
vang cap
den
O O
dcim e den
tai nghe |_|
™~ bién tro
tai nghe
Figure 4. 2. So d6 mac day.
Cac phép do

4a. Khoang tin s6 nghe thiy (0,5 diémaaaaa0

A. Xéc dinh tan s6 thap nhéat nghe thay dugc, fiow; VA B. Xéac dinh tan s6 cao nhat

nghe thay dugc, fhigh

1. Dbat mac d6 to cua tai nghe & do to 16n nhét bﬁng cach dung b phan diéu chinh
dd to cua bién tro.

2. Tim tan s thap nhét, fiow, con nghe thay dugc. Pé 1am viéc nay, em can thay doi
ca tan s6 va mizc am. Pé thay doi tan s6, hiy ding nim tan s6 ciia may phat ham
sO. Pé thay d6i mirc am, em c6 thé dung bién tr va naim AMPL ADJ cia méy
phat ham sd.

3. Lam tuong tu dé tim fhign

4b. Khoang tin so nghe tot nhat (1 diém)

1. Ha thip cuong d6 am timg budc mot. Vi mdi bude, im fiow VA Fhigh. Hay tim

khoang tan sé ma ¢ d6 em con nghe duoc muc cudng d6 Am thap nhit c6 thé duoc.

Gi6i han duédi cua khoang nay 13 tin sd thip nhit cua khoang tin sé nghe tét nhit,
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fen1, va gi61 han trén cua ctua khoang do 1a tan s6 cao nhat ctia khoang tan s6 nghe
tot nhat, fip. .

Trung binh cuia hai giéi han d6, hay tan s6 nghe nhay nhat, 1a

_ femit finz
e

4c. Ning suit phan giai (R) ciia tai véi cac tin s6 Am khac nhau. (1,0 diém)

Nang suat phan giai cia tai 1a kha nang phan biét hai tin s6 gan nhau.

1. Dit tan s cia may phat o fin.

2. Khi nghe bang tai nghe, hiy thay d6i cuong do am dén mirc em nghe tot.

3. Thay doi tan sd di mot it. Néu em khong nghe thiy su khac nhau giira tn s6 fin
va tan s6 da thay doi, thi hay thay doi thém maot chit nita. Hiy tim tan s6 ma em
nghe thay no6 khac v&i fin . Hiéu so giita fin va tan sé di thay do6i nay 1a khoang
phan biét tin s6 cla tai em o tin s6 fin.

4. Hay tinh khoang phan biét tan s6 (Af) va ning suat phan giai R = f /Af cho tan
Sé fth.

4d. Hay tim toc d6 nho nhat ciia guong dé ¢ hiéu tmg Doppler ma tai ngudi cd thé

phat hién dugc & khu vuc tan s néi trén. (0,5 diém)

Hay udc tinh toc do cia guong va sai sO ciia n6 bang cach dung cong thirc sau:

trong d6 c=344 m/s 1a tbc d6 ctia 4m trong khong khi trong khoang nghe thiy & 20°

C. Em chi dugc dung gia tri nay & trong phan nay ctia bai.
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APhO10 -2009 tai Bangkok, Thailand
Bai thi li thuyét
Bai toan 1
Hai hinh tru lin

Mot hinh tru ¢6 thanh mong, co khdi lrong M va mat trong nham véi ban kinh R ¢0
thé quay quanh truc ndm ngang OZ cb dinh. Truc Z vudng gbc véi trang gidy va di
ra ngodi trang gidy. Mot hinh tru khac, nho hon, dong chét, c6 khdi luong m va ban
kinh r1an khong trugt (trir & cau 1.8) quanh truc riéng cia né trén bé mat trong cia

M ; truc nay song song voi OZ.
Y

l g = gia toc trong truong

R X

oY

1.1) M bét dau quay tir nghi ¢ thoi diém t=0, khi mdang nam yén ¢ diém thap
nhat. O thoi diém t sau do, vi tri goc cua khéi tdm coa m 12 6 , va khi do
M di quay duoc mot goc ¢ radian. Hoi hinh tru mdi quay duoc goc v bang
bao nhiéu radian quanh tryc cta né, so véi mot dudng thang cd dinh (chiang
han, phan 4m cua truc Y)? Viét két qua theo 6,¢4,RVA r.

(0.8 diém)

2
1.2) Xéc dinh gia toc goc Fl// clia m quanh truc riéng cua no, di qua khoi tam.

Viét két qua theo R,r, va cac dao ham cta 6 va 4.
(0.2 diém)
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2
1.3) Hay tim phuong trinh cho gia toc goc %0 cta khoi tdm cua m theo

d? A e , Lo . .
m,g,R, r,@,wﬁ va momen quan tinh Iy cua m do1 vai truc cua no.

(1.8 diém)

1.4) Hay xac dinh chu ki dao dong nho ctia m khi M bj bat budc quay voi toe do
goc khong doi. Viét két qua chi theo R,r, v g.

(1.3 diém)
1.5) Hay cho biét gia tri cia € cho vi tri cAn bang cia m trong cau hoi 1.4? (0.2
diém)
1.6) Hay xéc dinh vi tri cAn bang cia m khi M dang quay véi gia toc goc khong
d6i « ? Viét két qua theo R,g, Va o . (0.7 diém)

1.7) Bay gio M duoc dé cho quay (dao dong) tu do, khong bi bat budc, quanh truc
OZ cua no, trong khi mthyc hién dao dong véi bién do nhod bﬁng cach lan trén

bé mit trong ciia M . Hay tim chu ki ctia dao dong nay. (2.5 diém)

1.8) Xét tinh hudng trong d6 M dang quay déu véi toc d6 goc Q va m dang quay
(Ian) quanh khéi tim dimng ctia nd, & vi tri can bang tim thdy & cau hoi 1.5.
M duogc l1am cho dung lai dot ngot. Hay tim gia tri nho nhat ciia Q sao cho
mlan 1én phia trén va dat dén diém cao nhat ctia bé mat hinh tru cia M . Hé
s6 ma sat gitta m va M duoc gia thiét 1a du 16n dé ngay sau khi M bi ding lai,

m trugt mot doan ngan rdi sau d6 bat dau lin khong truot. (2.5 diém)
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Bai toan 2

May phat dién tu kich thich
Mot dia kim loai c6 ban kinh a, gin vao mét truc manh, quay véi toc dd goc khong
d6i » trong long mot éng day thing, dai, c6 d6 tu cam L ; hai dau cudn day duoc
mac thanh mach dién véi dia quay nho hai chdi quét nhu trén hinh. Dién tro toan
phén ciia ca mach 1a R. Mot su nhiéu loan tir truong nhd cé thé khoi mao cho mot

suat dién dong cam mg ting dan gitra hai dau P,Q.

ong day thing, dai, déu,
€O N vong, chiéu dai (

Chéi quét
2.1) Hay viét phuong trinh vi phan cho dong dién i(t) chay trong mach. Viét két
qua theo L,R, va suét dién dong cam tmg (€) gitra hai dau P va Q. (1.0 diém)
2.2) Hay xé4c dinh cam ung tir (B) theo i,N,¢, va x4,? Bo qua tir truong gy nén
bdi dia va truc quay. (1.5 diém)
2.3) Hay tim biéu thirc cua suat dién dong cam Gng (€) theo z4,,N,a,4,i, va toc do

goc w?
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(2.0 diém)

2.4) Giai phuong trinh & cau 2.1 cho gia tri dong dién & mot thoi diém bat ki t theo
gia tri dong dién & thoi diém ban dau i(0) va céc tham s6 khac. (1.5 diém)

2.5) Hay cho biét gia tri tbi thiéu cua toc do goc dé cho dong dién manh 1én déan.

Viét két qua theo R, z,,N,a, va (. (2.0 diém)

2.6) Dé giit gia tri toc do gbc wkhong d6i, can phai tac dung vao truc quay mot

momen lyc bang bao nhiéu & thoi diém t? (2.0 diém)
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Bai toan 3
Hién tuwgng Leidenfrost

Muc dich 1 u6c luong thoi gian sdng cia mot giot chit 1ong hinh ban ciu nim &
trén mot 16p hoi rat mong co tac dung cach li nhiét giot chat 1ong khoi mot tAm rat
nong ¢ phia duoi.

giot

bé mat rat néon ) o
16p hoi méng

Hinh 1

O day, gia thiét rang ludng hoi bén dudi giot chat long chay thanh 16p va co tinh

chit nhu mét chat long Newton vdi hé s6 nhét n va do dan nhiét K. An nhiét hoa

hoi riéng ctua chét long la (. DP6i véi mot chét long Newton, ta c¢6 ing suét truot

F £ dv , NP SR , \ \ , ,

e nx suat trugt Pt trong d6 v 1a van toc dong chdy va z la khodng céach theo
z

phuong vudng goc voi dong chay, va phuong ciia F tiép tuyén voi bé mat A.

Z giot hinh ban cau c6 ban

lg kinh R ¢ khoang cach b
bén trén bé mat néng

R - 2 .~
A (RS o ) SN2 £ I S, ok
———— LY
ro bé mat nong
Hinh 2

v 1a van toc ciia hoi theo phuong ban kinh, & d6 cao z bén trén mat phang giita. Ap
sudt P bén trong hoi phai ting dan vé phia tim O. Két qua 1a c¢6 ludng hoi di ra va
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c¢6 lyc giir cho giot chat 1ong khong bi trong luc kéo xudng. Do day cua 16p hoi

trong diéu lién can bang nhiét dong va cin bang cohocla b.

3.1)

3.2)

3.3)

3.4)

3.5)

3.6)

Déi v6i ludng hoi Newton, ta c6 thé cho gan ding 1a

iv = Ei P
dz ndr
Hay chimg to ring ~ v(z) = Zdp,c
Y 2n dr
trong d6, C 1a mot hang sb tich phan tuy ¥. (0.5 diém)
Duva vao Hinh 2, hay tim gia tri cuaa C theo n,di P, va b bang cach sir dung
r
didu kién bién v=0 & 7= ig . (0.5 diém)
Hay tinh luu lugng thé tich cua ludng hoi di qua bé mat hinh tru xac dinh boi

r. (Goi y: hinh try c6 ban kinh r va d6 cao b ¢ phia dudi giot chat 16ng).
(1.0 diém)
Bang cach gia thiét rang lugng hoi dugc tao ra véi khoi lwong riéng p,, 1a do
dong nhiét di tir bé mat nong dén giot chat 1ong, hiy tim biéu thirc cho ap suét
P(r). Dung P, dé bicu thi 4p suat khi quyén, va dung AT d¢ chi do chénh
léch nhiét do giita bé mat nong va giot chat 1ong. Gia thiét rang hé da dat t6i
trang thai 6n dinh.

(2.0 diém)
Hay tinh gia tri cia b bang cach 1am can bang trong luong ciia giot chét 1ong
v6i luc tong hop do chénh 1éch 4p suét gitta day va dinh giot chat long. Khéi
lugng riéng ciia chat long 1a p, .

(2.0 diém)

Bay gio, hily xac dinh téc do bay hoi toan phan tinh theo khdi lugng? (2.0

diém)

3.7)

Gia thiét rang giot chat 16ng ludn c6 dang ban cau, hiy tinh thoi gian séng cua

giot chat 1ong.
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(2.0 diém)
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Bai thi thuc nghiém

Baiso 1

Bai 1: Thanh phan nim ngang cia tir treong Trai Dat

Ta can x4c dinh thanh phan nam ngang B, cla tir truong Trai Dat bang cach ding

dao dong c6 bién d§ nhd ctia mot thanh nam cham hinh try. Thanh nam cham dao

dong trong tir truong tong hop cua Trai DAt va ciia mot cudn day hinh vudng.

XL

Y day treo

a db)

Y

a O @7 X

\ 4

P A /4 ~
cudn day hinh vuéng, nam Ch?lm,CO (:1‘(,)
7 canh a, c6 N vong dai L va ban kinh r
a )
i Hinh 1

Thi nghiém dugc thuc hién trong ba phan, trong d6 Phan I 1 dé dua ra cac cong

thirc dung trong Phan II1.

Dung cu

M&éi hoc sinh duoc cung cép cac dung cu nhu théy trén Hinh 2:

1.
2.

6.
8.

mot cudn day hinh vudng c6 dién tro 5.2+0.2 Q va c6 130 vong

mot nam cham nhé hinh tru c¢6 khoi lugng 15.0+0.2 g v6i cac soi day nylon
mot von ké (chi dung dé do hiéu dién thé ¢ hai dau cudn day)

mot ngudn dién (dit & dudi ban dé tranh nhidu do tir trudng ciia nd sinh ra)
mot gia bang gd

mot ddng hd bam gidy 7. mot thudce

mot thude do goc 9. nhin tring (em c6 thé viét 1én do)
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10. dat nin c6 mau 11. gidy v& d6 thi 12. day dién
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khong dung

KHONG dbi chd
cac day nay
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Chay

Chi dung may do da niing dé do hiéu dién thé ¢ hai diu cudn diy. Néu dung

may do da nang & cac ki€éu do khac, c6 thé lam héng nguon dién !!!

Phin I
[1 diém]
p Cam ung tur B, ¢ khoang cach ¢ trén duong
vudng goc di qua trung diém ctia mot phan tir
4 dong dién thing iala
[

. —> il ~ B /uoi (3/2) (1)

a o ool T
Hinh 3 0+ [2)

trong d6, p, = 47x107 henry trén met 1a do tir tham cua chan khong.

Dung hé thirc nay dé chirng té ring hé thirc cho d6 16m ciia cam wng tir gy nén
béi cudn day hinh vudng ¢ diém P trén Hinh 1 dugc cho boi

Bm=(”ij - | e (i)
[xz +(Zj ] x? +2(2J

Cho biét chu ki dao dong nho (dao dong voi bién do nho) cua nam cham trong tir

truong tong hop B 14

T Z”J%%- .......................... (i)

trong @6 m 1a momen tir cia nam cham co6 khdi lugng M , vd mémen quan tinh |

cua nam cham doi1 vdi truc di qua khoi tam (va vudng goc véi chiéu dai thanh nam

cham) la
L2 r? .
I = M| —+— 1| e,
£12+4J (1v)
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Phan II [0.8 point]

Dé lam cac thi nghiém ¢ Phan III, em can bd tri nam cham & vi tri nhu thy trén
Hinh 1. Néu d6 dai cua ddy nho qua, tac dung cua su xodn cua soi day ddi voi dao
d6ng cua nam cham 13 khong thé bo qua duoc. Hay thue hién cac phép do thich hop
(ching han, dao dong ciia nam cham trong tir trudng Trai Dt riéng &) dé xac nhan
rang voi cac diéu kién cua thi nghiém nay, ta c6 thé bo qua sy xodn cua soi diy. Em

khong can phai v& do thi.
Phan III

bé lam céc thi nghiém sau day (& a, b, va ¢), em can bd tri nam cham ¢ vi tri nhu
thay trén Hinh 1. Hay do va ghi gié tri ctia khoang cach gifra tdim cua nam cham va

mat trén cua bé.

[0.2 diém]

a) Tir trudng ciia cudn dy va thanh phan nim ngang ciia tir truong Trai Pat
cung chiéu véi nhau [5 diém)]

Chay

Hiy mic cudn diy vao ngudn dién va doi it nhat 5 phiit.

Do chu ki dao dong véi cac gia tri khac nhau ciia cam tng tir tong hop, khi tir
trudng cta cudn day va tir trudng cua Trai Dat cung chiéu véi nhau. Hiy v& mot
d6 thi dang duong thang va tir do thi do, tinh gié tri cua B, va momen tir m, va
udc luong céac sai sb.

b) Tir trudong cia Trai Dit riéng ré [1 diém]
Dung gia tri cia m thu dugc tir (a) va chu ki dao dong cia thanh nam cham khi
khong co tir truong ctia cudn day tir Phan II dé tinh lai gia tri cua B, va udc

lugng sai s6 ctia no.
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c) Tir treong clia cudn diy va thanh phin nim ngang ciia tir treong Trai Dat
nguwoe chiéu nhau [2 diém)]
Doi chiéu tir truong cua cudn dy bang cach d6i chd cac day ndi ¢ nguon dién.
Hay tim vi tri X, theo phuong X, ma & do6 co sy can bang giita tir truong Trai
DAt va tir truong cua cudn ddy. Dung gié tri cla X, dé tinh lai gia tri coa B, va

udce luong sai so.
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Bai s6 2
Bai 2: Dao ddng ciia mdt binh chira diy nuwéc

Hoc sinh dugc yéu cau thuc hién cac phép do khong pha huy dé xac dinh do day t
clia mot cai binh bang nhém, ma phan réng bén trong chira ddy nude. Cai binh gom
mot dng hinh try va hai tim day. Ong hinh tru c6 d6 dai L, c6 béan kinh ngoai R.
Do dai clia ca cai binh 13 h. Do day ciia mdi tim day 14 0.60 cm (xem Hinh 1). Em
c6 thé bo qua sai s6 cua d6 day ndy. Trong bdi ndy, hdy ding gram lam don vi do

khoi luong va centimet lam don vi do d¢ dai.

Y R !
0.60cm {-°- Y
A
S
L h g
X { ¢
a i a
;
0.60cm { - SRRy ‘@@M
tcm
Hinh 1 Hinh 2

Hinh 2 cho théy cach treo mot vat ¢6 khoi luong M béng hai sgi day. Hai s¢i1 day c6
cung do dai (. Chuki T cua dao dong nho (dao dong c6 bién do nho) cia M la

’ﬁ | .
T = 2 E'Maz .......................... (1)

trong d6 | 14 momen quan tinh hiéu dung ddi véi truc thang dung di qua khéi tam

cia vat M va g la gia toc trong truong & Bangkok (g =978 cm 5‘2).

Thi nghiém nay gém hai phan. Phan I lién quan dén viéc dua ra cac cong thirc, va

Phan II 1 phan thyc nghiém.
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Dung cu

MB&i hoc sinh dugc cap:

1. mét binh chtra day nudc
2. mot gia

3. mot dong ho bam gidy

>

mot cai thudc
mot s¢i day nylon
mot thude do goc

bang dinh

=N W

mot con dao (khong cé trong hinh dudi)
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Phin I
[2.0 points]

Hoc sinh can din dit ra cac biéu thirc theo R,L,t va khdi lugng riéng p cia

nhom cho céc dai lugng sau day, [xem Hinh 1]
i) khéi luong (m,) cua 6ng hinh try cta cai binh,
i)  khoi lugng (m,) cia mdi ban day,
iif)  khoi lugng (m,) cia nuéce chiém day khoang trong trong binh,
iv)  khdi lugng toan phan (M) ctia binh chira day nuoc, va
V) momen quan tinh hi¢u dung I, d6i voi truc Y cta binh chtra day nuéde
(xem Hinh 1), v6i gia thiét rang nude 1a mot chat long li twéng.

Sau d6, hay tién hanh cac phép do R,h,L. Bang cach thay cac gia tri nay vao, hay
din ra cdc biéu thirc theo t cho cac dai luong 1) - v) & trén. Khdi luong riéng cua

nhom 1a p =2.70 g/cm? va khdi lugng riéng ctia nuwoc 1a 1.00 g/lemd.

Goiy:
b)) YQ S L
l, ==m(R; +R7),
o L , Re 2
e = RiO—— — X _ 1 (r2. R
= m |, = Zm(R2 +R})
L2
|l =m—
12
Thanh manh c6 do Ong hinh try ngén c6 ban kinh trong R,
dai L va bén kinh ngoai R,
Hinh 3
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Phan 11

\\0

Hinh 4

a) Dao ddng goc quanh truc doi xing
[4.0 points]
Véi mot gié tri ¢cd dinh, hiy tién hanh céc phép do chinh xac chu ki T, cua dao
dong nho nhu trén Hinh 4. Sau do, tinh gia tri cia do day (t) cua thanh 6ng hinh tru.
U'dc lugng sai sb thuc nghiém At cta do day.
Tinh ca céac gia tri cia m,m,,m,, va M bang cach dung gia tri ndy cua t.
b) Dao ddng goc quanh truc qua tAm, vudng goc voi chidu dai
[2.8 diém]
Doi cach treo cai binh sang cach treo & Hinh 5 va tién hanh cac phép do tuwong
tu nhu ¢ (a).
Sau d6 dung gia tri ciia chu ki dao dong vira tim duoc, cung vdi cac gia tri cua
t,m,m,, M tim dugc & (a) dé tinh gia tri cia momen quan tinh hiéu dung 1°°

ctia binh d6i véi truc X (xem Hinh 2 va Hinh 5).
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Tinh ca gia tri u6c luong bang 1i thuyét cia 1™ dya trén gia tri cta t tim duoc
& (a), gia thiét ring toan bd lugng nude tinh duoc & (a) bi budc phai tham gia

vao chuyén dong dao dong cua binh.
¢) So sanh cac gia tri li thuyét va thue nghi¢m ciia momen quan tinh
[1.2 diém]
Do chénh 1éch (Al,) giita céc gia tri cua 1, va 12° bang bao nhiéu?
Em c6 cho rang sy chénh 1éch d6 c6 ¥ nghia thong ké&?

Hay udc lugng ti s6 phan trim ciia khoi lwong nudce tham gia vao chuyén dong
dao dong & (b), gia thiét rang phan nude ndy c6 dang cac dia tron dinh vao céac

tam day.

Goiy:

2 2 1)\2 2 2 2 2 _1)?
7 = [ R (05T (1 o) 1 0T

12 4 12 4 2 2 12 4
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APhO11 -2010 tai Taipei, Taiwan
Bai thi li thuyét
Bai toan li thuyét s6 1
Hat va song
Bai toan nay bao gdom ba phan sau ddy, lién quan dén chuyén dong cua hat va song:
waves:

Phan A. Tén xa khong dan hdi cua céc hat
Phan B. Séng trén mot soi day

Phan C. Song trong vil tru ddn na.
Phin A. T4n xa khong dan hdi va tinh phirc hop ciia cac hat

Mot hat duoc goi 12 hat so' edp néu né khong cd cac bac tu do noi tai co thé bi
kich thich, thi dy nhu su quay hay dao dong quanh khéi thm. Néu khong nhu vay,
hat 1a phac hep.

Dé xac dinh xem mat hat 12 phac hop hay khong, ngudi ta ¢ thé tién hanh mot
thi nghiém tan xa bang cach dung hat d6 lam bia va cho mot hat so cép tan xa 1&n
n6. Trong trudng hop bia 1a mot hat phic hop, thi nghiém tan xa cé thé phat hién
cé4c tinh chat quan trong nhu scaling , tic 1a khi xung lwong vé phia trudc cua hat bi
tan xa tang 1én, thi tiét dién tan xa tré nén khéng phu thudc vao xung luong.

Véi mot hé tan xa gom mot hat so cép di t6i dap vao mét hat bia, ta s& goi @ 1a
dé mat mat dong nang tinh tién toan phan. O day, déng nang tinh tién cua mot hat,
dd 14 hat so cap hay hat phicc hop, duoc xac dinh nhu 1a dong ning lién hé véi
chuyén dong tinh tién cua khéi tam cia no. Ta cé thé viét

Q=K K,
tong d6 K, va K; lan luot 13 dong nang tinh tién toan phan cua cap hat twong tac
trudc va sau tan xa.

Trong Phan A, em hiy dung co hoc ¢6 dién phi twong ddi tinh dé giai cac bai
toan. Bo qua moi tac dung cua trong truong.

Khoa Vatli - Trweong PHSP Ha Noi Trang 187



(a) Nhu thay trén Hinh 1, mét hat so cdp ¢ khdi lwong m chuyén dong doc theo

truc x véi thanh phan x cua xung luong p, = 0. Sau khi bi tdn xa bai mot bia ding

. Py ;M

Hinh 1
yén c6 khéi lwong M, xungluong cia no tra thanh z,.

Tir céc dir lidu vé 3,, nguoi ta co thé xac dinh xem hat bia la hat so cip hay
hat phtrc hop. Ta sé& gia thiét rang z, nam trong mat phang x-y va cac thanh phan x

va ycua p, duoc cho lan luot béi p,, Vap,,.

(i) Hay tim bieu thic cho @ theo m, M, py, p,,, Va p,,. [0.2 diém]

(i) Néu hat bia Ia hat so cap, thi cac xung luong p,, p,.,, Va p,, lién h¢ vei nhau
mot cach dac biét bai mot diéu kién.
Véi p, cho truéc, hdy vé diéu kién d6 dudi dang mot dudong cong trong mit
phang Pa.- P2, - Hay xdc dinh gia tri cia p,, cho cic giao diém cua duong
cong Véi truc p,.. Trén cung d6 thi d6, hiy xac dinh cac khu vuc chua cac
diém cua p, ung voi Q < 0, Q@ = 0, Q = 0, va ghi CAc gié tri nay ciia Q vao céc

khu vuc tuong tng.

[0.7 diém]
V&i mot hat bia phac hop, dirng yén, ¢ trang thai co ban trudc tan xa, thi (cac)
khu vuc ndo cua @ chira cac diém duoc phép cua p, ? [0.2
point]

(b) Bay gio, xét mét bia phuc hop gém hai hat so cap, méi hat cdi khoi lugng 2.
Hai hat nay dwoc ndi véi nhau bang mot 10 xo c6 khéi lugng khong dang ké. Hay
xem Hinh 2. Lo xo ¢6 hang sb luc k va khdng bi uén ngang. Dau tién, bia ditng
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yén vai khdi thm & gdc toa d6 0, va 10 xo nghiéng mot goc 6 ddi véi truc x, dang
c6 d6 dai ty nhién d,. Dé cho don gian, ta gia thiét rang chi cac chuyén dong
dao dong va quay c6 thé bi kich thich trong bia dudi tac dung cua tan xa.

Hat so cdp di t6i, c6 khdi lwong m , chuyén dong theo phwong x ca trudc va
sau tan xa, voi xung luong lan luot 12 p, va p,. Luu y rang 2, 12 &m néu hat giat
lui va chuyén dong nguoc lai. Tan xa xay ra chi khi hat di t6i dap vao mat trong
hai hat bia va p, = p,. Ching ta gia thiét ca ba hat déu chuyén dong trén cing
mot mat phing, trudc va sau tan Xa.

[
>

m P1 M
Hinh 2

A
-G

(i) Néu d6 dai cuc dai cia 10 xo sau tan xa 1a d_, hdy tim mot phuong trinh lién
hé gira ti $6 x = (d,, — d,)/d, va cac dai lugng Q, 8, d,, m, k, M, p, Va p,.
[0.7 diém]
(i) Pit @ = sin? 8. Khi gdc nghiéng # cua bia duoc phép thay d6i, thi tiét dien tan
Xa o cho ta dién tich hiéu dung cua bia, trong mat phiang vudng goc véi hat
t6i, ma trong d6 mot s6 hau qua dugc phép xay ra do tac dung cua tan xa. Ta
biét rang véi tat ca cac hau qua dan toi cing mot gia tri ciap,, thi gia tri
ctia @ nam trong khoang (e, @...) Va ching ta cé thé chon don vi cua tiét
dién sao cho o chi don gian bang gié tri bang s cua khoang (., —a...) .
Luu y rang a,,,, @,,.., Va ca  phu thuéc vao p,. Goi p, 1a gia tri ngudng

ciap, 6 d6 o bat dau tra nén khéng phu thudc vao p,.

Trong diéu kién k 16n, hiy udc tinh p,. Viét dap an cia em theo m, M, va p,.

[1.1 diém]
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Gia thiét M=3m va trong gidi han k I6n, hay vé& d6 thi cua o theo p, véi mot gia

trip, cho truoc. Trén dd thi, xac dinh khoang bién thién cua o va p,.

[1.1 diém]
Phan B. Song trén mot s¢i day
Xét mot soi day dan hoi duoc cing giita hai dau A va B ¢ dinh, nhu thay trén
Hinh 3. Mat d6 khéi luong dai cua soi day 1a u. Tée do lan truyén séng ngang trong
soi day la c. Goi d6 dai AB la L. Soi day duoc kéo ngang va gitr cho cé dang mot
tam gi4c v6i do cao cuc dai h <« L& diém giita caa day. Tai thoi diém t = 0, day
dugc tha ra tir trang thai dang yén. Bo qua moi tac dung cua trong truong.

Hinh 3

(c) Hay tim chu ki dao dong T cua soi day. [0.5 diém]

V& hinh dang cua soi day ¢ t = 1/8. Trén hinh v¢, hay xac dinh cac d6 dai va cac
goc ding dé xac dinh hinh dang cua soi day. [1.7 diém]
(d) Hay tim co ning toan phan cua soi diy dao dong theo , ¢, h, Va L. [0.8
diém]
Phan C. Vii tru dang né ra
Photon trong vil tru dong mdt vai trd quan trong trong viéc cung cap thong tin vé
vii try. Tuy nhién, khi khai thac thong tin tir cac photon d6, can phai ké dén su kién
1a vii try dang nd ra. Vi muc dich nay, ta thuong biéu thi do dai va khoang cach
bang cach dung maot tham sé ti xich pho bién a(t) phu thudc thoi gian t. Nhu vay,
khoang céch L(t) giita hai ngdi sao dung yén trong cac hé quy chiéu cuc bo cua

chang thi ti 1€ véi a(t):

L(t) = ka(y), (1)
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trong d6, k1a mot hang sé va a(t) ké dén su no ra cua vii tru. Ta dung ddu cham bén
trén mot ki hiéu dé chi dao ham theo thoi gian cia no, tac 13, a(t) = da(t)/dt, va
dat v(t) = L(t). LAy dao ham theo thoi gian cia ca hai vé phuong trinh (1), ta thu
duoc dinh luat Hubble:

v(t) = H(t)L(t), (2)
trong d6 H(t) = a(t)/a() 1a tham s¢ Hubble & thoi diém t. O thoi diém hién tai ¢, ta
co

H(t,) = 72kms™! Mpc™,
trong d6 1 Mpc = 3.0857 x 10 km = 3.2616 x 10° light-year.
Gia thiét rang vil tru rong v han va dang né ra sao cho

a(t) o« exp(bt),
trong d6 b 1a mot hang s6. Trong mot vii try nhu vay, tham sé Hubble 13 mot hang sé
bang H(t,). Ngoai ra, c6 thé ching té rang budc séng A cua cac photon bay trong
vl tru bi kéo dai ra ti 1€ véi sy no ra cua vii try, tac la

A(E) « a(?).

Bay gio, gia st cac photon tao thanh mét vach phat xa Lyman-alpha da duogc phat
ra ¢ thoi diém t_ boi mot ngdi sao lac d6 dang duang yén trong hé quy chiéu cu bo
cua N6, va ching ta la nhitng quan sat vién, dang diing yén trong hé quy chiéu cuc
bo cua ching ta. Khi cac photon nay dugc phat ra, budéc song cua chdng la
A(t.) = 121.5 nm. Tuy nhién, khi chung dén chd chiing ta vao luc nay, & thoi diém

t,, budc song cua ching bi dich vé phia do dén gié tri 145.8 nm.

(e) Trong khi cac photon bay, vii tru khdng ngung no ra sao cho ngodi sao khong
ngirng I0i ra xa chdng ta. Biét rang toc do anh sang trong chan khong 1a ¢ khong
bao gio thay doi, khoang cach L(t,) tir ngdi sao dén chling ta da 1a bao nhiéu,

khi cac photon dé dugc phét ra ¢ thoi diém t,? Hay biéu thi dap an theo don vi
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Mpc.
[2.2 diém]

(f) Van toc Iii ra xa v(t,) ciia ngdi sao ddi voi chung ta bdy gio, & thoi diém ¢, 1a
bao nhiéu? Hay bicu thi dap an theo don vi van tdc anh sang trong chan khong
.

[0.8 diém]
Phu luc

C6 thé dung cong thirc dudi ddy khi can:

? 1
J ef* dx = E (ef? — eFfa),
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Bai toan li thuyét s6 2
Nam chim dién manhcé dién tré&

Nam chém dién cé dién tré 1a nhitng nam cham duogc 1am bang nhitng cudn day
kim loai thong thuong, nhu dong hoic nhém. Nhitng nam cham dién c6 dién tro
(sau nay ta goi gon 13 nam cham dién) hién dai c6 thé cung cap tir truong khong doi
l6n dén hon 30 tesla. Cac cudn day cua chung thong thudng duoc tao ra biang cach
ghép hang trim dia mong hinh tron bang dong, c¢6 khoét nhiéu 15 dé 1am lanh, va cac
tam cach dién c6 cung hinh dang, dit xen k&. Khi mét dién 4ap dwoc dit vao hai dau
cudn day, dong dién chay qua cac dia theo dudng xoan dc dé tao ra tir truong manh
o tdm ctia nam cham.

Trong bai nay chung ta c6 muyc dich khao sat cuon day hinh tru (con goi la
xolenoit) gom nhiéu vong cé thé dugc dung nhu mot nam cham dé phat ra tir trudng
manh nhu thé nao. Nhu thay trong Hinh 1, tdm cua nam cham 1a & 0. Cuon day hinh
try cta N6 gém N vong diy dong co dong dién I, phan bd dong déu trén tiét dién
ngang cua day, chay qua. Puong kinh trung binh cua cudn day la p va chiéu dai cua
n6 doc theo truc x 1a £. Tiét dién ngang cua soi day 1a hinh chir nhat c6 chiéu rong
1a a va chiéu cao 1a b. Cac vong cua cudn day duoc quan sat nhau sao cho mit phang
ctiia mdi vong co thé xem nhu vudng goc véi truc x, va £ = Na. Trong bang 1, cac sb

liéu vé kich thudc cua cudn day da duoc liét ké ra.

a I
I > ’ -5 Bang 1
e 1 . e £ =120 em

A
I
I
p brizfl2 e €2 oo, D =6.0cm
: 0 a = 2.0 mm
I b = 5.0 mm

Trong viéc danh gia xem liéu mot nam chdm nhu vay c6 thé tao ra tir truong cao
hay khdng, cé hai thong sb gigi han khdng thé duoc bo qua. Thir nhat 13 d6 bén co
hoc cta cudn day dé chiu duoc luc Lorentz 16n khi c6 dong dién di qua cudn day tao
ra tir truong. Thi hai 12 nhiét luong Joule rat 16n toa ra trén soi day khong duoc gay
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ra ting nhiét do qua mac. Ching ta s& khao sat hai théng sé nay bang cach ding
nhitng mo hinh don gian hoa.

Phan phu luc & cudi cua bai liét ké mot s6 cong thire toan va tu liéu vat Ii ma em
c6 thé st dung khi can.

Phan A.Tir Truong trén truc ciia cudn diy

Gia thiét ring b « D Vva céc soi day la cac dai mong c6 d6 rong a. Goi 0 1a gdc

cua truc x. Hudng caa dong dién chay qua day nhu thay trong Hinh 1.

(a) Hay xéac dinh thanh phan theo truc x cua tir truong B(x) trén truc caa cudn day
theo x khi dong dién khong ddi I chay qua cuon.
[1.0 diém]
(b) Hay xac dinh dong dién khong ddi I, qua cudn day néu B(0)bang10.0T. Su
dung cac di liéu dugc cho trong bang 1 dé tinh toan trong phan nay.
[0.4 point]

Phin B. Gi6i han trén ciia dong dién

Trong phan B, chung ta gia sir d§ dai £cia cudn day 1a vd han va b « D. Xét
mot vong cuaa cudn day o vi tri x = 0. Tu trwong tac dung luc Lorentz 1én dong dién
chay qua cac vong day. Vay, nhu thay trén Hinh 2, doan day d6 dai As chiu luc phap

tuyén AF, c6 xu huéng lam cho vong day dan rong ra.

Hinh 2

(c) Gia st rang, khi dong dién 1a 1, duong kinh trung binh caa cuon day da dan ra

duoc git & gia tri khong doi D’ 16n hon D, nhu thiy trén Hinh 2.

Hay xac dinh lyc phap tuyén hudng ra phia ngoai trén mdi don vi do dai AF, /As.
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[1.2 diém]
Hay xac dinh lyc cang F, tac dung doc theo day. [0.6 diém]

(d) Bo qua su ting toc cua cuon day trong qua trinh dan rong ra. Gia thiét vong day
s& bi dut khi d dan t/ doi (tic 1a, ¢ ddn trén mdi don vi chiéu dai) 1a 60 % va
1Ng sudt cang (tac 13, luc cang trén mdi don vi dién tich tiét dién ngang cua soi
day khong chua bi cang) la ¢, = 455 MPa. Goi I, 1a dong dién ma tai gié tri nay,

vong day sé bi dat va B, la tir truong twong ung tai tm o.

Hay xéc dinh biéu thic cho £, va tinh gia tri cia no. [0.8
diém]
Hay xac dinh biéu thirc cho B, rdi tinh gié tri cua no.
[0.4 diém]
Phan C. Téc d) ting nhiét do

Khi dong dién 12 10.0 kA va nhiét d6 T cia cudn day la 293 K, ta gia thiét rang
dién tro, nhiét dung riéng & ap suat khong doi, va khéi luong riéng cia day tuong
ung la p.=172Xx107° Q- m, c, = 3.85 X 10% J/(kg - K) va
p,, =898 x10° kg-m™2,

(e) Tim biéu thirc cho mdr dé cdng sudt (nghia 1a cong suét trén mot don vi thé tich)
cua nhiét luong toa ra trong cudn day, roi tinh gia tri caa nd. St dung sé liéu cho
trong Bang 1.

[0.5 diém]

(f) Goi T 12 téc @6 thay doi nhiét do cua cudn day theo thoi gian. Hay tim biéu thic
cho T va tinh gia tri cua no. [0.5 diém]

Phan D. Nam cham tir treomg xung
Néu dong dién 16n can thiét dé cho tir trudng manh chi ton tai trong mot thoi gian

ngan, thi su ting nhiét do gay boi su téa nhiét lwong Jun-Lenxo co thé giam di dang

ké. Y tuong nay dugc ap dung cho nam cham tao tir treong xung.

Trong Hinh 3, mot bo tu dién c6 dién dung ¢, ban dau duoc nap dién dén hiéu

dién thé V, , dugc dung dé tao ra dong dién I chay qua cudn day. Mach dién c6
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mét khoa chuyén mach k. D6 tu cam L va dién tré R cia mach duogc gia thiét 12 hoan
toan thudc vé cudn day. CAu tao va kich thudc cua cudn day gidng nhu dd cho &
Hinh 1 va Bang 1. Gia thiét ®, L, va ¢ khéng phu thudc vao nhiét do, va tir truong

la gidng nhu tir truong cua mot xolenoit dai vo han véi £ — eo.

L&
5 L R
Hinh 3 c__V,
(9) Tim céc biéu thic cho do ty cam L va dién tro R. [0.6 diém]

Hay tinh cac gié tri cua L va R. St dung céc s6 liéu duoc cho trong Bang 1.  [0.4
diém]

(h) Tai thoi diém t = 0, khoa K chuyén sang vi tri 1 va dong dién bat dau chay.
Ot = 0, dién luong Q(t) trén ban duong cua ty dién va cuong do dong dién I(t)
di vao ban duong dugc cho ra boi

W . .
Q(t) = Sn 6, e sin(wt + 8,), (1)
dQ  —a _ CV,
I t == Tt i t! 2
(®) dt (cc-s 15'[,,j5111|5'[,I ¢ sme (2)

trong do «va e la cac héng Sé du’O’ng va E'D du’()C cho boi
g, =— 0= @ — 3
tan R = = —.
0 o 2 "2 ( j

ChG y rang, néu@(t)duoc biéu thi nhu mot ham s6 cua bién s
méi t' = (t + 6, /w), thi @(t") va dao ham theo thoi gian cua nd 1(¢) 1a giéng hét
nhau vé dang, chi khac ¢ mét thira s khong ddi. Pao ham theo thoi gian cua
I(t), Vi vay c6 thé thu dugc mot cach twong ty ma khéng can lay dao.

Hay xac dinh @ va w theo R, Lva C. [0.8 diém]

Hay tinh cac gia tri cia e va « khi ¢ bang 10.0 mF. [0.4 diém]
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(i) Cho I_ 1a gia tri cuc dai cua |1(£)| khi t = 0. Hiy xé4c dinh biéu thuc cua I_.
[0.6 diém]
Néu € = 10.0 mF, hdy tinh gia tri cuc dai V,, Cua dién ap ban dau I, cua bo tu
dién dé cho 1_ khong vuot qua gia tri I, tim duoc trong cu (d)? [0.4
diém]

(j) Gia sir khéa K dwoc chuyén tic thoi tir vi tri 1 téi vi tri 2 khi gia tri tuyét ddi cua
dong dién | I(£)| dat toi I,. Goi AE la tong nhiét luong tiéu tan trong cudn day tir
thoi diém t =0 dén oo, VA AT d6 ting nhiét do twong ¢ng cta cuon day. Gia sir
rang dién ap ban dau v, lay gia tri cuc dai v, nhan dugc trong Cau (i) va ning
lugng dién tir mat di chi dudi dang nhiét luong tiéu tan trong cudn day.

Hay tim biéu thtrc cho AE rdi tinh gi4 tri caa no.
[1.0 diém]
Hay tim biéu thirc cho AT rdi tinh gi4 tri ctia n6. Cha y riang gia tri cia AT phai
phU hop véi gia thiét ring R va L khong doi.
[0.4 diém]
Phu luc

. J‘L dx B 1{ L }
: 0 [DZ _|_x2:']3.-"2 - hE (DZ + LEJL"Z
2. sinfetf)=sinacosff tecosasinf

3.ty =47 x107T-m/A
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Bai toan li thuyét s 3
Bot electron va bot khi trong chit léng
Bai nay xét cac tinh chat vat i cua bot-trong-chat long. N6 gdm hai phan:

Phan A. Mét bot electron trong héli long

Phan B. Mot bot khi riéng ¢ trong chat long
Phin A. Bot electron trong héli 16ng

Khi mot electron duoc tha vao trong héli 1ong, nd c6 thé day cac nguyén tir cia
héli long va tao thanh cai goi la bet electron. Bot nay khong chtra gi bén trong no,
ngoai ban than electron. Ta s& quan tam cha yéu dén kich thudc va d6 6n dinh cua
no.

Ta ding Af dé chi do bat dinh cua dai luong £. Cac thanh phan cua vecto vi tri
g = (x,v,z) va vecto xung luong p = (p,. p,. p.) cua electron phai tuan theo h¢ thirc
bat dinh cua Heisenberg Aq Ap, = h/2, trong d6 214 hang s6 Planck chia cho 2 =
vaa = XV, Z.

Ta s& gia thiét bot electron 14 dang hudng va mat tiép gidp cua n6 véi héli long la
mot mat cau sic nét. Chat long duoc gitt ¢ nhiét do khong doi, rat gan véi 0 K véi
Suit cing bé mit ¢ bang 3.75 x 107* N- m~! va tuong tac tinh dién cta nd véi bot
electron c6 thé bo qua.

Xét mot bot electron trong héli long vai ban kinh can bang &. Electron, véi khoi
luong m, chuyén dong tu do bén trong bot véi dong ning E, va tac dung ap
suat £, Ién phia trong ctuia mit tiép giap bot-chat long. Ap suét tac dung boi héli 1ong

Ién phia ngoai ciia mit tiép giap 1a Py,

(a) Hay tim hé thuc gitta 2, 2., va o. [0.4 diém]
Hay tim h¢ thuc gitra £, va E.. [1.0 diém]

(b) Ki hiéu E,la gia tri kha di nho nhat cua E, phl hop voi hé thic bat dinh

Heisenberg khi electron nam trong bot c6 ban kinh r. Hay wdc tinh E, theo &.
[0.8 diém]
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(c) Goi R, la ban kinh can bang cta bot khi E, = E, va P, = 0.

Hay tim biéu thirc cho &, va tinh gia tri cua no. [0.6 diém]

(d) Hay tim mot diéu kién ma R va B, phai thoa man néu muén su can bang & ban
kinh R 1a 6n dinh cuc bo, dudi tac dung cia ap suat khong d6i P,,. Luu y

rang Py, cO thé 1a am.
[0.6 diém]

(e) C6 mot 4p suat ngudng P, sao cho su can bang la khong thé co duoc ddi véi bot

electron khi P, nho hon £,,.. hdy tim biéu thuc cho .. [0.6 diém]
Phin B. Bot khi don 1é trong chit 16ng —Sw co lai va s birc xa

Trong phan nay cuaa bai toan, ta xét mot chat long thudng, nhu nuéc, chang han.

Khi mot bot khi trong chét long bi tac dung cia mot ap suat dao dong, ¢ cé thé
c6 nhitng dap tng ki la. Chang han, ngay sau mot sy nd manh, no cé thé co lai
nhanh chong dén mot ban kinh nho, va & gan cudi giai doan suy sup, né lap tic phét
ra anh sang. Trong hién tugng nay, goi la hién tuong a&m-phat quang cua bot don Ié,
bot khi thuc hién cac chuyén dong tuan hoan; chuyén dong nay thudng gom ba giai
doan: na ra, co lai va nhiéu 1an bap bung. Trong phan sau day, ching ta xét cha yéu
gia doan co lai.

Ta gia thiét rang, & moi thoi diém, bot dugc coi nhu hinh ciu, va tm caa né
dang yén trong chét long (xem Hinh 1). Ap suat, nhiét do, va mat d6 luén ludn 1a
ddng nhat bén trong bot trong khi kich thudc cua bot giam di. Chat long chta bot
dugc gia thiét 1a dang hudéng, khéng nhot, khong nén dugce, va co kich thudc 16n
hon bot rat nhidu. Moi tac dung cua trong trudng va luc cing bé mit dugc bo qua,
sao cho &p sut & hai phia cuia mit tiép giap bot-chat long ludn bang nhau.

® Chuyén djng theo phwong bdn kinh ciia mdt tiép giap bet-chdt léng

Trong khi ban kinh cua bot ® = R(t) thay doi theo thoi gian ¢, mat tiép giap bot-
chat léng s& chuyén dong véi van téc hudng kinh (theo phuong ban
kinh) & = dR /dt. Tir phuong trinh lién tuc cua cac chat long khong nén duoc, ta biét
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rang van téc huéng kinh cua cua chat long 1a+ = dr/dr & diém cach tdm mot

khoang r thi lién hé vai toc do bién thién cua thé tich v cua bot theo

i 4R R = 4mriy (1)
— =4k “H = 4ar-r. 1
dt

Diéu ndy goi y rang dong ning toan phan E, cta chat long, véi khdi luong

riéng g, la
1 [ o a1 .11

E, =—J o (dmr=dr)r = Z;Tp,:_R"R‘J —dr = 2mpR°R- (—— —) (2)
2 R R e R T':'

trong d6 , 1a ban kinh cia mat ngoai caa chat long.

Hinh 1

(f) Gia thiét rang ap suat bén ngoai £, tac dung Ién mat ngoai » = r, ciia chat long la
khong d6i of the liquid is constant. Goi P = P(&) |a 4p suat khi khi ban kinh cua
bot la B.

Hay tim cong dw thuyc hién 1én chat long khi ban kinh cua bot thay doi
tir R dén R + dR. DUNg P, va P dé biéu thi dw.
[0.4 diém]
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Cong dw phai bang su thay d6i twong (ng cua dong ning toan phan cua chat

Iong. Trong gidi han r, — oo, ta suy ra phuong trinh Bernoulli déi dang
> po d(R™R?) = (P — P)R"dR. (3)

Hay tim cac s6 mil m va n trong phuong trinh (3). Hay st dung cach Ii luan vé tha

nguyén néu can.

[0.4 diém]
® Sy co lgi cia bt khi

Tir day trd di, ta chi xét giai doan co lai caa bot. Khéi lwgng riéng cua chat long
la p, = 1.0 x 10% kg- m™3, nhiét 46 T, cua chat long 1a 300 Kva &p suat khi quyén
la p,is 1.01 x 10° Pa. Ta gia thiét 1a p,, T,, va P, giit khong d6i & moi thoi diém va
bot co lai mot cach dogn nhigt ma khong co su trao d6i khdi lugng qua mit tiép
giap bot-chat long.

Bot dang xét duoc chira day khi li twong. Ti s6 gitta nhiét dung riéng ¢ ap suat
khong d6i va nhiét dung riéng o thé tich khong doi la» = 5/3. Khi ¢ nhiét do T, va
&p suat P,, ban kinh can bang cua bot 12 B, = 5.00 um.

Bay gio, bot khi ndy bit diu giai doan co lai caa né & thoi diém
t = 0Véi R(0) =R, = 7R,, R(0) =0, va nhiét 46 cua khi 1T, = T,. Luu ¥ rang, do
cO sy né ra cua bot & giai doan truéc, R, Ion hon B, mot cach dang ké, va diéu nay
la can thiét dé hién twong am-phat quang xya ra.

(g) Hay biéu thi &p suat P = P(R)va nhiét d6 T = T(R) caa khi li twong trong bot
theo R trong giai doan co lai, gia thiét ring cac diéu kién chuan can bang duoc
thoa mén.

[0.6 diém]

(h) Goi g = R/R, va i = df/dt. Phuong trinh (3) goi y mot dinh luat bao toan cé
dang sau
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~po B2+ U(B) =0, (4)
Goi P, =P(R)la &p sudt khi cua bot khiR=R. Néu ta dua vao ti sb
Q = p/[(¥ — 1)B,], thi ham U(£) c6 thé dugc biéu dién duéi dang

U(B) =uf~[Q(1—B*) — B*(1—- B3] (5)
Hay tim hé s6 utheo B, va B, [0.6 diém]

(i) GoiR_ 1a ban kinh nho nhat ctia bot trong giai doan co lai, va dinh nghia

B =Ry, /R.VGIQ << 1,1aC0 8, ¥ C,,/Q.

Hay tim hang s6 ¢, [0.4 diém]
Tinh gia tri cia &_ cho R, = 7R,. [0.3 diém]
Tinh gia tri caa nhiét do T, cua khi o g = B, [0.3 diém]

(j) Gia thiétr, = 7R,. Goi £, 1a gia tri cua g ¢ d6 toc do husng kinh khong thir
nguyén u = |f| dat gi4 tri cuc dai. Nhiét d6 cua khi ting 1én rat nhanh véi cac

giatri cua £gan g,

Hay tim biéu thtrc va sau dé wdc tinh gié tri cua £, [0.6 diém]

Goi wlagiatrictaud g =2 = (B, + B,)/2 Haytinhgiatricia z. [0.4 diém]

Hay viét biéu thic roi woc tinh gia tri cua khoang thoi gian at_ can thiét dé

cho £ giam tir £ dén gia tri nho nhat 2_. [0.6 diém]
® Hién twong am-phat quang cua bot dang co lai

Coi bot nhu mét vét den birc Xa trén bé mat véi d6 phat xa a khong d6i sao cho
hang sé Stefan-Boltzmann hiéu dung o, = ac.z. Néu giai doan co lai duoc coi gan
dung nhu doan nhiét, thi do phat xa phai di nhé dé cho cong suat phat xa bai bot
& 8= £ chi la mot phan nho, chang han 20 %, cua cdng suat £ cap cho nd bai &p

suat cua chat long.

(k) Hay tim cong suat £ cap cho bot, tinh theo 2. [0.6 diém]
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Hay tim biéu thtc rdi woc tinh gia tri cua giéi han trén cua a. [0.8 diém]
Phu luc

d 1
1. —x" =nx

ax

n—1

2. Khéi lugng electron m = 9.11 x 1073 kg
3. Hang sé Planck h = 27 h = 27 X 1.055 x 1073 J - 5

4. Hang s6 Stefan-Boltzmann ooz = 5.67 x 1072 W-m™2 - K™*
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Phan thi thi nghiém

Céc bg thi nghiém

B thi nghi¢ém-C cho céc thiét bi thong thuong:

Nhéan hi¢u Cac muc S6 lwong
C-A Ray quang hoc (60 cm) 1
C-B Kep quang hoc (Optical clamps) 4
C-C-# Diot laser chuan tryc (CLD) 1
C-D-# May phét séng sin (dang tin hiéu hinh sin, c6 16i ra 5V 1
mot chiéu)
C-E-# Bién tro (5 kQ) 1
C-F-# Céac day dan 4
C-F-6 Gia do 1
C-G Thudce do 1

Chu y: “#” 1a con s6 phén loai ddi vé6i timg linh kién. Con s nay danh cho nguoi

chim thi.
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CB CE+#| |c-c#

C-D-#

C-F-#
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B -I cho thi nghiém s6 -I

Nhan Cac muc S6 lwong
I-H-# Hop den trén mot gia tinh tién 1 chiéu 1
I-1-# L& rung bang dong thau dwoc gan vao hop diéu khién” 1
I-J Man anh dé do bién do 1
I-K-# Thanh truot dung thang dimg (c6 thudc va nam cham) 1

“La rung bang dong thau c6 mot dau duoc gan cb dinh bén trong hop. La rung duoc

diéu khién bang mdt linh kién 4p dién nudi bang ngudn xoay chiéu.

I-H-# I-J
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® Gidi thiéu d6i véi May Phat Séng Hinh Sin:
- Cong tic ngudn, khong nhin thiy trong hinh v&, & bén phai cta thiét bi.
- Bang hién thi “Display Panel” cho thiy tdn sé séng hinh sin 16i ra.

- Str dung bo ghép ndi song sin (“Sine Wave” BNC) dé cung cap dién ap dang
sin.
- Str dung bo ghép ndi mot chidu “5V DC” dé cung cap dién ap khong doi 5V.

Tan s6 tin hiéu song hinh sin cd thé dugc thay doéi bang num

“FREQUENCY”, diéu chinh nhanh thi ding nm chinh thé (Coarse), diéu
chinh cham thi dung nim diéu chinh min (Fine). Khong ding nit 4n c6
ghi "Fine , Coarse" bén canh nim xoay “FREQUENCY”.

- Bién d6 cua dién ap hinh sin c6 thé duoc diéu chinh boi nim “AMPL ADJ”.

- An nim “RESET” ¢6 thé dit lai tan tan s6 vé 0.00 Hz.

FREQUENCY AMPL ADJ

: | c-p-158

- Sine Wave
Generator

%

o
v
£y

FREQUENCY AMPADJ |
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B0 thi nghiém-II danh cho thi nghi¢m-11

Nhén hiéu Ciac muc S6 lwong
H-L# Uncolimated-laserdiode(ULD) 1
H-M Gia-d5-cho ULD 1
11-P-# Bén phan cuc c6 chi thi (PR2) 1
I -Q-# Ban phan cyc (PR1) 1
II-R Gia d& dung cho PR1 va PR2 1
1-T Gi4 d& cho tAm loc anh sang 1
1-U Cac tm loc 4nh sang 4
Y iewing-box{ \ Ha R .
(Man)
H-W-# Quang dién tré (PC) 1
11-X DPodng hd da ning hién sb 1
1-Y DPodng hd da ning hién sb 1

Céac muc II-L-#; 11-M va 11-V khong st dung.
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U -L- ~“W-
-t IIL# I[“#

Io-T

n-v

n-M o-X,Y
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@ Gidi thigu veé dong ho van nang hién so:

Em c6 thé bat hodc tit dong hd van ning hién sd bang cach 4n nim ngudn
(power button).

Str dung cac 16 cim “VQ” va “COM” dé do dién ap va dién tro
Str dung cac 16 cim “mA” va “COM” dé do dong dién nho

Str dung phim chtrc ning (Function Dial) dé lya chon chirc ning do va dai
do thich hop. “V” 1a dé do dién ap, “A” 1a dé do cuong do dong dién va “Q”

1a dé do dién tré.

Khéng an num “HOLD” vi néu an thi dong ho sé hién thi so dang doc va

dimg chirc ning do. Em c6 thé thoat khoi nd bang cach an lai nim nay.

RHINO RH830L

Function Dial

10A @ COM VQmA
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Thi nghiém 1.
Pau do luc tir
® Gigi thigu
Nhu thay trong Hinh I-1, dau tu do cua la rung c6 thé dao dong theo phuong
thang dung khi né bi diéu khién boi luc dao dong bén ngoai, va tan sé cia né dugc
xé4c dinh bai bo diéu khién ngoai. Néu ching ta vé d6 thi phu thugc tan sb caa cong
suat tiéu hao ¢ 1a d@déng rung khi c6 luc can, thi ching ta c6 thé xac dinh dugc cong

suit tiéu hao cuc dai & mot tin sé nao do, goi 1a tan sé cong hwéng fr, nhu minh
hoa trong Hinh 1-2. D6 nhon cua cong hudng duoc md ta boi hé sé pham chat Q:

_ fa
Q Af

Véi Af 1a @6 rong o nira chiéu cao cuc dai ciia duong cong Pay-f, nhu thay trong
Hinh 1-2, nghia la Af =f, - f1 véi fi va f, twong Gng véi gid tri P, /2 vé phia tan sb

thap hon va tan s6 cao hon cua tan s6 cong huang.

fixed end
~ 10

-6

Hinh I-1. La dong rung. (fixed end: dau cé dinh)

I
f
[ \
J i\
| OF \
P2 [osnmsmmmansa }f&f—)}\
//E AN
rdiEE."
"'/ i \\\‘
E 75 f

Hinh 1-2. D4 thi cong suét tiéu hao phu thudc vao tan sé diéu khién.

Ngoai luc diéu khién dao dong, néu dau tu do cua I rung chiu tac dung cua luc
d6ng nhat, thi tan sé cong hudng, bién do va hé sé pham chat van duoc giir nguyén.

Khoa Vatli - Trweong PHSP Ha Noi Trang 211



Tuy nhién, dudi tdc dung cua mét luc khong ddng nhat, thi nhiéu tinh chét cua 14
rung chang han nhu tan sé cong huong fr, bién do cuc dai A, va hé sé6 pham chit Q,
c6 thé bién dbi so vai khi no 1a tu do.

Trong thi nghiém nay, mét nam cham nho duoc gén chit vao dau ty do cua 14
rung duoc dung nhu mét dau do (Hinh 1-3), con mot nam cham bia dit & phia dudi
nam cham dau do, tao ra tir truong khong déu va tac dung mot luc khong déng nhat
1én nam chdm dau do. Khi nam chdm dau do tién dén gan nam cham bia & phia dudi
Vi cac cuc tir cung tén d6i dién nhau, thi lyc day tré nén manh hon. Khi dé, tan sé
cong huong fr cia 14 rung bién doi theo khoang cach gitra nam cham dau do va nam
cham bia. Tan s6 cong hudng ting l1én khi giam khoang céch gitta hai nam cham day
nhau. Tuy nhién, khi di chuyén nam cham dau do ra xa nam cham bia theo phuong
ngang, nhu vé& trén Hinh 1-4, thi & mot khoang cach nao d6 nd cé thé bi hit. Tan sd
cong huong dich vé phia tan sb thap khi lrc khéng dong nhat 1 lec hat. Ta s& sir
dung tinh chét tan s6 cong huong cua la rung phu thudc rat nhay vao khoang cach
gitta nam cham dau do va nam cham bia dé xac dinh vi tri cia nam cham bi giau

trong hop den.

Reed > Tip magnet
\\\\\\ L N/
W/~
( ?‘)\)\“\\ )

N\ (\W// ) target magnet

Hinh 1-3. Gan cuc ciia nam cham bia (target magnet), tir trudng 1a khong ddng nhat.

Ghi chd: Tip magnet Ia nam cham dau do; Reed 1a 14 rung.
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Tip magnet

i o

Target magnet

Hinh 1-4. Di chuyén nam cham dau do theo phuwong ngang cé thé tao ra lec hit hosc

lyc day 1én nam cham dau do.
© Cac bwérc thi nghiém

Khéng can phan tich sai so trong cac phan caa Thi nghiém 1.
Thi nghiém I- A. Po tan sé céng hwong

Can than lay céc linh kién thi nghiém tir Bo-C va Bo-1 rdi lap thi
nghiém nhu trén Hinh I-A-1. So d6 ldp dat duoc vé trén Hinh 1-A-2. Nbi ngudn
dién 4p mot chiéu 5V-DC vao hop laze (C-C-#). Nbi 16i ra cua may phat song
hinh sin vai hop diéu khién caa la rung (1-1-#). Bat dién ngudn va giir ¢ dinh
dién &p ra cia may phat séng hinh sin. Huéng chum laser vao guong ¢ dau tu do
cua l4 rung sao cho vét sang phan xa trén man anh (1-J) c6 thé dung dé xac dinh

bién d dao dong cua 14 rung.

Cha y: 1) Can than g& bo gidy boc 14 rung (I-1-#). Tan sb cong huéng cua la rung
rat nhay voi hinh dang cua no; bat ky bién dang nao cua 4 rung trong khi
thi nghiém déu cd thé gay ra két qua khdng chinh xac.

2) Khong duoc truc tiép nhin vao chim laser, n6 cd thé 1am hong mit.
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Hinh 1-A-1. Lap dat thi nghiém dé x4c dinh tan sé cong huong.

I-)

ndi véi nguon 5V - DC Ko re o .
noi voi may phat

Hinh I-A-2. So @b cua Hinh I-A-1.

(1) Hay do bién do A cua chum laser dao dong khi thay doi tan sb ciia may
phat s6ng hinh sin. Ghi lai bién d6 do dugc ung véi mdi tan sé vao bang
s6 liéu trong Answer Sheet. (0.8
diém)

(2) V& d6 thi biang cach dung mot bang sé liéu thich hop vao gidy vé d6 thi dé
xéc dinh tan s6 cong huong fro va hé sé pham chat Q. Hay ghi cac gia tri
cua fro Va Q vao 6 tréng thich hop trong Answer Sheet.

(1.2 diém)

Thi nghiém I-B. Tan sé céng hwéng phu thudc vao luc bén ngoai.

Trong phan thi nghiém nay, ta khao sét tan s6 cong huong dudi anh huong
cua luc khong dong nhat. Luc khong ddng nhét duoc tao ra bai mot nam cham
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chuan Mc hinh tru nho, duong kinh 3-mm, duoc gén trén mot thanh truot thang
dung (1-K-#) vai tir cuc N hudng 1én trén. Nam cham dau do My, dinh vao dau
tu do caa 14 rung, ¢6 cuc tir N huéng xudng dudi. Truc ciia hai nam cham can
duge dit doc theo cing mot duong thang dung.

Hay bd tri thi nghiém nhu thay trong Hinh 1-B-1. So d6 cta n6 duoc
cho ¢ Hinh I-B-2.

Hinh 1-B-1. Lip dat thi nghiém xac dinh mdi lién hé cua tan s cong huong véi
khoang d gitra hai nam cham M va Mr.

I-) I-K-#

ndi v6i ngudn 5V - DC Ao re 1 .
noi véi may phat

Hinh I-B-2. So do cua Hinh 1-B-1.

(1) Trén thang chia d¢ cua thang truot thang dung, hay doc vi tri z, cia mat
dudi cia nam cham dau do M+, khi khong c6 tac dung cua nam cham chuan
Mc bing cach dich chuyén Mc ra xa M. Ghi gié tri do duoc cua z, Vao

bang sé liéu.
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(0.2 diém)

(2) Hay diéu chinh vj tri ciia nam cham Mc t6i dang bén dudi Mr. Cac truc cua
hai nam cham phai nam trén cung mét duong thang dang. Hay xac dinh vi
tri z cua mat trén cua tr cuc N cia Mc. Hay tinh khoang d, véi d =z,-z.
Hay ghi gi4 tri cua z va d vao trong bang sé liéu. (Cha y: d khéng phai 1a
khoang cach can bang giita hai nam cham, vi hai nam cham day nhau).

(3) Hay xéc dinh tan s cong huong fr dbi véi khoang d nao do bang viéc diéu
chinh tan sé cua méy phat séng hinh sin cho dén khi dat duoc bién do cuc
dai. (Khdng can vé db thi cua bién d6 theo tan sé dé xac dinh fr & mdi
khoang d). Hay ghi tan s cong huong xac dinh dugc fr vao bang s liéu.

(4) Hay thay doi vi tri cia nam chdm Mc theo phuong thang dtng, lap lai cac
budc (2) va (3) véi cac gia tri d khac nhau va xac dinh céc tan sé cong
huong tuong ung fr.

(1.2 diém)

(5) Hay vé do thi cua fr theo d trén gidy vé d6. Uéc lugng bang mat, hay vé mot
duong tét nhat qua cac diém sb liéu.
(1.2 diém)

(6) Hay xac dinh Afr = fr - fro, va V& dd thi In(Afr) theo d trén mot to gidy vé do
thi khac. U'éc lugng bang mat, hay vé mot duong tét nhat qua cac diém sb
licu. (1.0 diém)

Thi nghiém I-C. X&c dinh vi tri va d9 sau ciaa cac nam cham bén trong hop
den.

C6 hai nam chdm Ma va Mg duoc gidu trong hop den (I-H-#), duoc ¢b
dinh vao mét gia co thé tinh tién theo mot phuong (1-D). Cac cuc N cua ca hai
nam cham déu duoc huéng Ién trén. Cac nam cham Ma Mg, va M. dung trong
Thi nghiém 1-B 14 rat gidng nhau vé kich thudc, hinh dang, va tinh chat tir. Do
sau ctia cac nam cham Mava Mg cd thé khac nhau. Nam cham Ma duoc dit & chd
giao nhau cua hai dudng thang vach trén mat hop den. Nam cham Mg duoc dit o
mét vi tri ndo d6 doc theo duong thiang dai nhu thay trong Hinh I-C-1. Khoang
cach theo chiéu ngang gitta cac nam cham Ma va Mg duoc ki hiéu bai AB .
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A

Hinh 1-C-1. Nam cham Ma duoc dit tai chd giao nhau cua hai duong duge danh

diu & mit trén caa hop, con nam cham Mg duoc dit tai mot chd nao d6 doc theo
duong thang dai.

(1) Trén thang chia cua thanh truot thang dtimg, hiy doc vi tri zo (trong phan nay,
20 ¢ thé khac vai zo trong Thi nghiém 1-B) ctia mit dudi ciia nam cham dau
do Mr khi khong c6 tuong tac vai cdc nam cham trong hop den. Trén thang
chia cua thanh truot thang dung, hiy doc Vi tri Zuex Ciia mat trén cua hop den.
Hay ghi gia tri zo va znox vao Answer Sheet.

(0.2 diém)

(2) Hay di chuyén hop den doc theo dudng thang dai va khao sat su bién doi tan
s6 cong huong fr cta 14 rung dé tim vi tri cia Mes. Hay ghi cac khoang cach y
do duoc va tan sé cong huong twong tng fr cia chldng vao bang sb liéu.

(1.4 diém)

(3) Hay vé d6 thi fr theo y trén gidy vé db thi dé xéac dinh vi tri caa nam cham
Ms. Banh diu vj tri cia nam cham Ma va Mg Ién tryc y db thi cua em, va
viét gia tri cia AB vao Answer Sheet.

(1.2 diém)

(4) Hay xac dinh cac d6 sdu da va ds cua cac nam chdm Ma va Mg tinh tor mat
trén cua hop den bang cach ding céac két qua caa Thi nghiém I-B. Hay viét
cac gia tri cua da va ds vao Answer Sheet.

(1.6 diém).
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Thi nghiém 11
Tim hiéu laze ban dan

Muc dich cua thi nghiém nay la khao sat cac dac trung co ban cua laze ban
dan. Ta s& do va tinh toan ti phan 4nh sang phan cuc thing cua mot laze chuan
tryc bang cach dung hai kinh phan cuc va mét quang dién tré. Cudi clng, ta sé
x4c dinh gi4 tri cuc dai cua tde d6 ting cdng suat theo dong dién trong laze chuan

truc.

Chu y vé an toan: Khong nhin thang vao tia laze, vi n6 c6 thé 1am héng mit

ban!!
© Kién thiwre co so

Linh kién quang dan, dung cu nhay anh sang dugc dung trong thi nghiém nay,
dugc 1am bang ban dan, c6 dai cam (hay ving cdm) Eg = (Ec — Ev) (xem Hinh II-
1). Trong bai ndy, ta s& dung tir quang dién trd thay cho tir linh kién quang dan.
Khi nang lugng cia photon téi 16n hon d6 rong dai cAm, photon c6 thé bi hép thu
boi ban dan dé tao ra céac electron tu do va 15 tréng. Khi d6, mat do cac hat tai
dién, bao gém ca electron va 1o tréng tang 1én, lam cho do dan dién cua vat liéu
tang 1én. Trong thi nghiém nay, dién tr& (nghich dao cua dién dan) dugc do bang

mot may do da nang...

Electron
~ o ectro
< Ec (B dai dan)
Photon L2
ANNNANANN Ee (Dai cam)
< Ev (Bo dai hoa tri)

C—DV\L5 tréng

Hinh 11-1 So dd sy tao thanh cip electron-15 trong trong ban dan dudi
tac dung ctia mdt photon riéng ré.

Trong laze ban dan, linh kién phat quang dugc dung trong thi nghiém nay, khi
mot ngudn dién ngoai phun cac electron va 15 trong vao linh kién, thi electron va

16 tréng c6 thé tai hop dé phat ra photon nhu duoc biéu dién trén so dd & Hinh 1I-
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2. Trong trudng hop li tuwdng, su tai hop ciia mot cip electron-18 tréng c6 thé tao
ra mot photon. Trén thuc té, con ¢ cac qua trinh khong phat xa, trong do, cac cip
electron-15 trong tai hop ma khong phat ra photon. Vi vdy, sé photon phat ra
khoéng bang sb cip electron-16 tréng tai hop. Ti phan trung binh cta photon duoc

tao ra bai mot cip electron-16 tréng duoc goi 1a hiéu suit luong tr.

A/Electron

«— Ec (Bo dai dan)

/\/\/\/@3}@\ E (Déi cm) Gap
4-

@'&tréng

<«— Ev (Bo dai hoa tri)

Hinh I11-2 So 516 tao thanh mot photon khi mot cdp electron-
16 trong tai hop trong ban dan.

Laze ban dan c6 thé phat ra chim anh sang don sic, két hop va bi phan cuc
mot phan. Anh sang phan cyc mot phan dugc tao thanh tir hai phan — phan cuc
thang va khong phan cyc. Cudng do anh sang phan cuc duoc ki hiéu 1a Jp , con
cudng do anh sang khong phan cuc 1a Ju. Khi anh sang phan cuc mét phan di toi
mot ban phan cyc, phan anh sang phan cyc thang di qua ban phan cuc phu thudc
vao goc giita phuwong phan cyuc ctia anh sang va phuong cua ban phan cuc. Di
v6i phan anh sang khong phan cyc, lugng anh sang truyén qua ban phan cuc 1a
khong d6i, khong phu thude vao goc.

®  Thi nghiém va cach tién hanh
Thi nghiém II-A : Dap ung quang hoc cia quang dién tré

Ngubdn séang dung trong phan nay 1a mét laze chuan truc (collimated laser diode,
goi tat 1a CLD). Hiy dung so ¢6 mach dién nhu thay trén Hinh 11A-1 dé cép dong
dién cho CLD. Céc ki hi¢u dung trong Hinh 11A-1 dugc liét ké trong Bang 11A-1.
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Bang IlA-1 Céc ki hiéu dung trong Hinh I1A-1

Hinh 11A-1 So @6 mach dien dung cho CLD.

Linh kién

Piot laze
chuan truc
CLD

Nguon dién

mot chiéu 5V

Bién tré

Ampe ké
(may do da

nang)

I_
Ki hiéu N 4‘ @
—t-

Nhén I-L-# C-D-# C-E-# H-X, -y

Cho CLD lam viéc v6i dong dién cuc dai. Cuong d6 sang cua laze dugc phat
hién bdi mot quang dién tré (photoconductor, goi tit 1a PC). Khi em chiéu anh sang
vao PC, d6 dan dién tdng 1én theo cuong d§ anh sang. Em can gidm tac dung cua
anh sang xung quanh. Trong thi nghi¢m nay, trén thuc té, ta do dién tro, la nghich
dao cua dién din. Cuong d6 cua tia laze di dén PC c6 thé thay dbi duoc bang cach
dung cac ban phan cyc hodc ban loc. Ki hi¢u cac linh kién quang hoc khac dugc cho
trén bang 11A-2. Sy phan cuc mot phan cua tia laze ¢d thé quan sat bang cach ding
thi nghiém nhu trén Hinh 11A-2.
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Bang I1A-2 Ki hiéu cac linh kién quang hoc.

Linh Diot laze Cac ban Quang dién tro Ban loc
kién chuan truc phéan cuc (PC) anh sang
’ h.A L
Ki hi¢u F
Tuy
chon
Nhéan C-C-# I-P-# [-W-# I-U
11-Q-#

2RERC bo

El

Hinh 11A-2 Lap rap thi nghiém chuan bi

Biang cach quay P1, ta sé thdy dién trd caa PC thay d6i. Diéu chinh P1 sao cho dién
tré ciia PC dat gid tri nho nhat. Néu quan sat thdy dién tré nhé nhit xay ra trén
khoang quay ban phan cuc khoang 10° trd 1én thi PC da bi bao hoa. Trong trudong
hop d6, can dung (cac) ban loc dé tranh su bdo hoa ciia PC ¢ gan cuc dai cliia cudng
do sang.

Cb dinh vi tri ctia P1 theo huéng dan trong doan trudc. Hay khao sat do dan
dién cua PC theo cudng do sang ti ddi, dung thi nghiém lap theo Hinh II1A-3.

Khoa Vatli - Trweong PHSP Ha Noi Trang 221



Hinh 11A-3 Thi nghiém dé khao sat PC

(1)  Hiy xac dinh 6, 1a goc giita cac truc phan cuc ciia P1 va P2. Bang cach thay
doi goc 6, tir 0° dén 180° ting budc 5°, hiy ghi cac gi tri do duoc cta dién tro
PC va 6, vao bang s liéu. Hiy chuyén cac gia tri clia dién tro PC thanh céc gia
tri dién dan (d6 dan dién) rdi ghi ching vao bang sb liéu. Khong can phan tich sai
s6. (1.2 diém)

(2) Hay v& db thi ctia dién dan PC theo 6, trén mot to gidy vé do thi. Khong can
phan tich sai s6. (1.2 diém)
Thi nghiém I-B Ti phan 4nh sing laze phén cuc thing
Nguén sang dung trong phan nay 1a di6t laze chuan truc (CLD) véi dong dién 15
mA lay tir ngudn dién mot chiéu. Nhiém vu trong phan nay 1a xac dinh ti phan £ ciia
anh sang laze phan cyc thiang bang cach dung thi nghiém trén Hinh 11A-2, gidng nhu

trong phan trude. Khong can phan tich sai sé trong phan nay.
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J(Linearly Polarized) Jax = Imin

p= J(Unpolarized) + J(Linearly Polarized) - Jax + I min

(Trong cong thuc trén, Linearly Polarized c6 nghia la phan cuc
thang, Unpolarized c6 nghia 1a khong phan cuc)

Jmax VA& Jmin 180 luot 1a cuong do cuc dai va cuc tiéu cua anh sang ma PC do duoc,
khi ta quay P1.

ARGRE | o

Hinh 11A-2 Thi nghiém dé chuan bi
(1) Hay tim gia tri cuc dai va cuc tiéu cua dién tré PC (Rmax VA Rmin) bang cach quay
P1 géc 360 °. Chuyén d6i Rmax V& Rmin thanh cac gia tri cuc tiéu va cuc dai Crin
V& Cmax ctia dién dan cua PC . Ghi céc s6 liéu vao bang sd liéu. (0.8 diém)
(2) Hay sir dung d6 thi cta dién din theo 6, trong Thi nghiém 11-A-(2) dé xac dinh
cac cuong do twong d6i Jmax VA Jmin Umg v6i Crax VA Cmin. Viét két qua vao
answer sheet.
(1.6 diém)
(3) Hay tinh B va viét két qua vao answer sheet. (0.2 diém)
Thi nghiém II-C Hiéu suit lwong tir vi phin ciia diot laze chuan truc
Nhiém vy cua phan nay la khao sat cuong do tuong ddi caa anh sang theo dong
dién qua diot laze chuén truc (CLD) va xac dinh hiéu suit lweng tir vi phan 5, ma
ta s& dinh nghia dudi day. Chinh dong dién qua CLD trong khoang tir 5 mA dén 20
mA. Hay chic chan rang PC khong bi bao hoa khi dong dién bang 20 mA. Co thé
dung cac ban loc hodc ban phan cuc dé tranh bio hoa.
(1) Diéu chinh dong dién cia CLD va do céc gia tri dién tro twong Gmg cia PC. Ghi

cac so liéu vao bang so li¢u. Chuyén doi cac so li¢u va vé do thi cua dién dan PC
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theo cuong d6 dong dién qua CLD trén mét to gidy vé do thi. Khong cin phan
tich sai sd. (1.3 diém)

(2) Dya vao d6 thi & budce (1), hidy tim mét khu vie (Al ~ 3 mA) c6 diém giira nim

& noi c6 do dbc 16n nhat. Bang cach ding dd thi dién dan theo 6, ¢ Phan II-A-(2),
hdy chuyén doi cac sb liéu thanh cuong do sang twong ddi (J) va ghi cac sb liéu
trong khu virc nay vao bang cua budce (1). Hiy v& do thi cuong d6 sang twong ddi
(J) theo cudng do dong dién (1) ciia CLD trén mot to gidy vé do thi. Khong can phan
tich sai s6 (0.8 diém)

(3) Cong suat buc xa cuc dai ciia CLD dugc gia thiét ding bang P, =3 mW. Hay
xac dinh do dbc cuc dai tir @b thi trong budce (2) va chuyén ddi no thanh gia tri
cua G = AP , 1 gia tri cuc dai cua ti sé giita do ting cua cong suit buc xa va

Max
d6 ting cua dong dién di vao laze. Hay viét cach phan tich ctia em va gia tri tinh
duoc ciia G vao answer sheet. Hiy wdc tinh sai s6 cua G. Khong ké dén sai s6
ctia Pmax. Hay viét cach phén tich cia em va gia tri tinh dugc cuia AG vao answer
sheet. (2.0 diém)

(4) Hiéu suit lwgng tir bing xac sudt ma mot photon duoc sinh ra trén mot electron
dugc phun vao dibt. Vi mot gia tri da cho nao do cua dong di¢n, mot sy tdng
nho cia sd electron phun vao s& gdy ra mot su ting twong (mg cua sd photon.
Hiéu suit lwong tir vi phan 5 duoc dinh nghia 14 ti sé giita d6 tang s photon va
d6 ting sb electron dugc phun vao. Hiy xac dinh # ciia CLD bang cach dung gia
tri ctia G thu dugc & bude (3). Hay viét cach phan tich cia em va gi trj tinh duoc
ctia # vao answer sheet. Hay uéc tinh sai s ctia 5. Hiy viét cach phan tich cua
em va gia tri tinh dugc cia Ay vao answer sheet. (Budc song laze = 650 nm.
Hing s6 Planck = 6.63x10*J -s. Tdc d6 anh sang =3.0x10°m/s) (0.9 diém)
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APhO12 -2011 tai Israel
Bai thi li thuyét
Bai toan li thuyét s6 1
Bai toan Ii thuyét 1: Nghich i Shockley-James

Nam 1905, Albert Eisntein da dé xudt 1i thuyét trong d6i hep dé giai quyét su khong
phu hop gitta co hoc Newton va thuyét dién tir cia Maxwell. Hiéu biét thuyét twong
d6i dan dén viéc giai quyét nhidu didu twéng nhu nghich li. Biy gio, ta tip trung

thdo luan vé su truyén cua song dién tu.

Trong bai toan nay, ta giai quyét nghich li thugc mot loai khac. V&i mét h¢ dién tich
kha don gian do W. Shockley va R. P. James dé xuat nam 1967, dé hiéu dugc su bao
toan dong luong, can phai phan tich can than theo quan diém 1i thuyét twong dbi.
Néu mot dién tich diém dugc dit & gén mot nam cham co tir d6 bién thién theo thoi
gian, thi s€ co luc do di¢n truong cdm tng tdc dung l1én dién tich, nhung khong cé
tac dung nguoc lai 1én nam cham, ma ta co thé théy duoc. Qua trinh co thé xay ra du
cham dé cho moi birc xa dién tir (va dong lugng do birc xa dién tir mang di) dugc bd

qua. Nhu vay, duong nhu chiing ta c6 mot khau dai bac khong giat.

Trong cach phén tich ctia chung ta, ta s& ching minh riang trong co hoc twong ddi
tinh, mot vat thé phtc tap co thé c6 dong lugng khac khong, ma van & trang thai
dung.

Phin I: Hiéu dwoce xung hre tic dung 1én mot dién tich diém (3.3 diém)

Xét mdt vong day c6 dong di¢n I;chay qua, ban kinh r, va mot vong day thu hai 16n
hon, c¢6 ban kinh R > r dong tdm v6i vong day thtr nhat va ndm trong cting mit
phang.

a. (1 d.) Mot dong dién I, chay qua vong day tht 2 (vong day 16n) gay ra tur thong
@5, 0 vong day 1. Hay tim ti s6 My, = @5, /I,. N6 duge goi 1a hé s6 hd cam.

b. (0.8 d.) Cho ring My, = @5, /1, = My, hdy tim suét dién dong cam Ung toan
phan &, trong vong day 16n, dugc gy nén boi su bién thién I, = d1, /dt ciia dong
dién trong vong day nho. Bé qua dong dién trong vong day 16n. Goi y: do lon

ciia sudt dién ddng cdam g bang toc dg bién thién ciia tir thong qua vong day.
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c. (0.5 d.) Sut dién dong tim duoc trong phan (b) 1a do thanh phan tiép tuyén cua
dién trudng cam Gng gdy nén. Hay tim biéu thic cho dién trudng tiép tuyén E &
diém nam trén vong day 16n, ¢6 ban kinh R, theo tdc do bién thién I, ciia dong

dién.

.
Fal

N

)
Q

Hinh 1: M6t vong day dién va mot dién tich diém Q.

Bay gio, ta bo vong day 16n di, va thay vao dé, ta dat mot dién tich diém @ c6 khbi
lwong khéc khong, tai diém cach tdm vong day nho mot khoang R, trong mit phang
vong day, nhu thiy & Hinh 1. C6 thé gia thiét rang dién tich dich chuyén rét it trong
cac khoang thoi gian ta dang xét.

d. (1 d&.) Tim xung luc tiép tuyén toan phan 4p ma dién tich diém nhan dugc khi
dong dién trong vong day nho thay dbi tir gia tri ban dau I, = I dén gia tri cudi
cung I, = 0,

Phin |1: Hiéu dwoec sy giat cia vong day (4.4 diém)
Bay gio, ta s& hiéu ngudn gdc sy giat cua vong day, bang cach ding mot vong day
c6 hinh dang khéc.

e. (1.1 &) Xét mot ong rdng c6 thanh 6ng bang vat lidu cach dién, khong nhiém
dién, c6 do dai I va dién tich tiét dién A, trong do c6 dong dién vdi cuong do .
Dong dién duoc gay boi cac hat mang dién c6 khdi lwong nghi m va dién tich ¢
phan bd déu trong 6ng véi mat do hat n. Gia thiét ring cac hat mang dién déu
chuyén dong doc theo 6ng véi cing van tde. Hiy tim dong luong toan phan p
clia cac hat mang dién trong 6ng, c6 ké dén cac hiéu img cua Thuyét Tuong ddi

Hep.

f. (3.3 d.) Xét mot vong hinh vuéng mang dong dién, c6 canh I. Cach vong mot
khoang R > I , ¢c6 mot dién tich diém @; xem Hinh 2. Vong mang dong dién 1.
Ta s& md hinh hoa vong diy c6 dong dién nay nhu mot ng khong mang dién,

nhu & phan (e). Cac hat mang dién c6 thé chuyén dong tu do bén trong vong, va
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cham dan hdi véi thanh dng & cac gbc va di theo vong. Bé qua moi twong tac
gifta cac hat mang dién. Ta cling gia thiét ring tit ca cic hat mang dién & trén
cing mét canh cia vong hinh vudng déu chuyén dong voi cing mot vén tdc. Ta
gia thiét vong day du ning va chuyén dong ciia né c6 thé bo qua. Hay tinh dong

luong toan phé,l’l Prie CUA cac hat mang dién trong vong . N6 duoc goi 1a “dong

R Q
I‘ql ]

Hinh 2:Vong hinh vudng c6 dong dién cuing vai dién tich diém Q.

lugng an”..

Khi dong dién ding lai, dong luong ndy duoc truyén cho vong, va vong nhan duoc
xung luc ¢6 gia tri bang xung luc ma dién tich @ nhan duogc, nhung trai dau. Day
chinh 1a su giat con thiéu, ma ta dang tim kiém (ch( Y rang & trang thai dau, co ca
dong lugng cua truong dién tir; didu ndy 1a quan trong dé c sy bao toan cua dong
lwong toan phan cia toan bo hé thong).
Phin 111: Tom tit cac két qua (2.3 diém)
g. (0.8 d.) Vong day thuong dugc dac trung boi momen tir z =I5, trong d6 I la
cudng d6 dong dién va S 1a dién tich cua vong ddy. Hay biéu thi két qua ¢ phan
(d) theo g, r, R va Q. Tuong tu, biéu thi két qua cua phan (f) theo g, I, R va Q.
Chu ¥ rang hang s dién va hang so tir lién hé véi nhau:
4tk 1
Ko - Eplg

-
rs

=C

trong d6 ¢ 1a toc do anh sang.

h. (1.5 d.) Trong mdt md hinh thuc té hon, vong la mét day dan dién, va dién
truong cua dién tich diém @ khong di vao duoc bén trong diy dan. Ta gia thiét
rang dong dién van dugc gy boi cac hat mang dién bén trong day. Hay quyét
dinh xem mdi cAu sau day la ding hay sai, va khoanh mét vong tron vao lwa
chon dung & Answer Form (Gidy tra 161). Chlly: Em c6 thé bo khong tra 10i cho
mot cau nao do6, nhung néu em tra 16i sai, em s& khong duogc diém cho toan bo
phan (h).
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A. (0.5 d.) Pong lwong cua vong day bang khong.

B. (0.5 &.) Vi rang dong dién toan phan trong vong day bién thién tir I dén
khong, cac hat mang dién chuyén dong cham dan, gay nén dong dién cam ung
trong day dan. Do ¢ dong dién cam tng ndy, ma dién tich diém @ khong thu
dugc xung luc.

C. (0.5 &.) CAc dién tich trén bé mat day dan, do dién tich bén ngoai gay nén, sé&
tac dung mot luc dién khi dong dién bién ddi tir I dén khong. Vi vay, vong day sé
nhan dugc ciing mot xung lyc nhu tim thiy ¢ phan (f).
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Bai toan Ii thuyét s6 2

Bai toan Ii thuyét 2: Canh cira cot ket
Hién tugng cot ket 1 hién tuong phd bién, va c6 thé thay trong truong hop dong mo
canh ctra, viét phan trén bang, choi dan violon, di gidy mdi, hdm 6td, va nhiéu
truong hop khéc trong doi sdng. O Israel, hién tuong twong tu gay nén cac tran dong
dat manh vé6i chu ki vai chuc nam. Ching ¢ ngudn gbc tir vét niat Bién Chét, nam
ngay phia trén vét nirt SAu nhat dugc biét trén vo Trai Dat.
Co ché vat Ii cho hién tuong cot ket dura trén su dan hoi két hop vai su sai khac giita
hé s6 ma st nghi va ma sat truot. Trong bai ndy, ta s& nghién ctiru co ché nay va cac
ung dung cta no trong treong hop mot canh cira dang mo ra.
Phan |: M6 hinh téng quét (7.5 diém)
Ta xét h¢ nhu sau (xem Hinh 1):
Mot hop c6 khdi lugng m duoc gan voi mot 16 xo dai li tuong, véi hé sé dan hoi k.
Pau kia cua 16 xo duoc kéo voi van téc khong d6i u. Hé sb ma sat nghi va ma sat

trugt gitra hop va san nha dugc cho 1an luot boi k. va u,, trong d0 my, << p..

k u

m (\\VV\Vv —*

Hs» Hi

Hinh 1: Mot mo hinh t(fng qudt cua hién tuong cot ket

Ta s€ tim hiu vi sao thi€t bi nay c6 hai ché d¢ chuyén dong:

1. Ma sat ludn 1 ma sat truot. D6 1a ché do trwet thuan tuy.

2. Ma sat truot va ma sat nghi thay doi luan phién. D6 1a ché do dinh-trwot.
Chuyén dong dinh-truot 12 nguon géc cua tiéng kéu cot ket ma ta thudng
gap..

a. (1 d.) Ta xét truong hop trong d6 & thoi diém ban dau t = 0, hop trugt trén san
voi van tde v,, va luc cang cua 10 xo vura du can béng voi ma sat trugt. Ta gia
thiét 0 < v, < u. P dan x ctia 16 xo s& dao dong theo thoi gian t.

al. (0.6 d.) Hay tim chu ki T; va bién d¢ 4 cta cac dao dong nay.
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a2. (0.4 d.) Hay vé phac dd thi dinh tinh cua do dan x(t) cta 10 xo cho
0 < t < 3T,

b. (1.2 d.) Bay gio, ta xét truong hop, trong d6 ¢ t = 0 hop dang ding yén, con do
dan ban dau x cua 10 xo giéng nhu & phan (a). Hay v& phac dd thi dinh tinh cta
van tdc v(t) ciia hop ddi véi san cho 0 <t < 3T, trong d6 T 1 chu ki (méi) cua
dao dong x(t). Chuyén dong vé phia phai tng véi dau duong cua vén toe v. Hay
chi ra mot cach gan dung vi tri trén do thi cia duong nam ngang v = u.

c. (0.5 d.) Véi diéu kién ban dau ¢ phan (b), hdy tim gia tri trung binh theo thoi
gian x cua do dan cua 16 xo sau mdt thoi gian du dai.

d. (2.4 d.) Véi cac diéu kién ¢ phan (b), hdy tim chu ki T cta dao dong x(t).

Mot cach tong quat, chuyén dong dinh-truot chdm dut ¢ nhitng véan toc kéo u 16n.

Bay gi0, ta s€ thao luan vé mét co ché kha di cta hién tuong nay.

e. (2.4 d.) Gia sir trong mdi chu ki T, mot lwong nhé ning lugng bi hao phi thanh
nhiét ¢ trong 16 xo, thong qua mot co ché ndo d6 ma ta chua xét dén trén day.
Goi 7 = |44/A| 1a ti sd suy giam bién d6 trong mot chu ki do sy tiéu tan ning
lugng trong ché do chuyén dong truot thuan tuy. Véi # « 1, hdy tim toc do kéo

t6i han ©, ma trén toc do do, su dinh-truot tuan hoan khong xay ra dugc.
Két qua ctia phan (e) khong can thiét cho phan II.

Phén II: Ap dung cho cira cot ket (2.5 diém)

Ban 18 cta ctra 1a mot 6ng kim loai hinh tru, ho ¢ dau, véi ban kinh r, d6 cao k va do
day 4r. Pau dudi cta hinh try nam trén mot dé kim loai gan vao tudng (mit tiép
xtc 1a mot vong tron ¢6 ban kinh r); xem Hinh 2. Hé s6 ma sat nghi va ma sat dong
gitra hinh try va dé 1an luot 14 m, Va py, vOi gy < .. DAu trén cta hinh tru duoc gén
vao canh ctra. Canh cura dugc coi nhu hoan toan cing. Thong thudng mot canh ctra
dugc treo trén hai hodc ba ban 18 nhu vay, nhung trong lugng cta canh ctra chi tap
trung vao mat trong ba ban 18, va d6 1a ban 1& s& kéu cot ket. Hinh tru cta ban 1& nay

de xuong dé kim loai bang trong luong cua ca canh ctra c¢6 khoi luong M.
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. Tuwon
Canh &
clira

Va4

Hinh 2: So dé ciia ban [é cira Hinh 3: Hinh tru ciia ban 1é bi xodn

Hinh tru khong phai 1a mot vat hoan toan ciing — no c6 thé bi xoan theo phuong tiép
tuyén ma khong thay doi hinh dang, sao cho cic dudng thang ding tré thanh cac
duong thang nghiéng di mot goc nhod @; xem Hinh 3. Lyc dan hoi trén mot yéu to

dién tich dS cta dé, do sy bién dang nay giy nén, duoc cho bai:
dF = Gads,

trong d6 G 1a mot tinh chit cua vat liéu duoc goi 1a modun cat (truot). Hay st dung
cac gid tri r = 5mm, h =3cm, Ar = 1mm, p_ = 0.75, p, =0.55 G = 8-10'%Pa,
M = 30kg, g = 9.8m/s?. (Ch( ¥ : trong céc s6 lidu nay, ddu cham trong céac s6 dugc
dung thay cho du phay thap phan. Thi du : 9.8 tirc 13 9,8). Em c6 thé dung phép gan
ding 4r =< r.

f. (1 &.) Ta bat ddu quay canh cira that chdm, bat dau tir can bang (momen lyuc bing
khong). Véi cac goc quay nho, hiy tim biéu thirc cho hé sd xodn x = /8, trong
d6 T 1a momen luc ma ta can dit vao dé quay canh cira mot goc 6.

g. (1.5 &) O tdc do goc nho, khi co su chuyén tir dinh sang truot, mot xung dong
am thanh dugc phat ra. Hay tim toc do goc £ cta canh cira ma ¢ do, tan sb cua
c4c xung Am thanh lot vao ving nghe thiy ¢ khoang f = 20Hz. Gi4 thiét rang tin
s6 f cta cac dao dong truot thudn tuy trong ban 1& thi thi cao hon rat nhiéu:

fo = f. Hay tim biéu thtrc va két qua bang sb.
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Bai toan Ii thuyét s6 3

Bai thi Ii thuyét s6 3: Qua bong sinh nhat
Hinh bén cho thay mot qua bong cao su dai, loai rat phd
bién trong céc 18 mumg sinh nhat. Qua bong di duoc
bom cang mot phan thuong dugc phan thanh hai mién
cd ban kinh khac nhau. Trong bai nay, ta xét mot mo
hinh don gian hod nham gilp ta hiéu dugc hién tuwong

\ Hinh 1: Qua bong sinh
nay. nhat dwoc thoi phong
mot phan.

Xét mot qua bong co dang hinh tru dai ddng nhat (trr &
hai dau), véi mot miéng hd dé qua do cd thé thoi phong qua bong. Moi qué trinh s&
dugc coi nhu dang nhiét ¢ nhiét 6 phong. O moi ldc, 4p suat P bén trong bong cao
hon &p suat khi quyén P, mot luong nho, vi thé khong khi ¢ thé duoc xét nhu mot

chat long khong nén dugc. Trong truong va trong luong cua qua bong ciing duoc bo
qua. Viéc thoi phong bong duge tién hanh cham va chuan tinh. Trong cac phan (a)-
(d), qua bong duoc thoi phong déu din trén sudt chiéu dai ciia n6.Ta goi 1, Va L, la
ban kinh va d6 dai cua qua bong trude khi no dugce thoi phong.

a. (1.8 d.) Qua bong duoc giit & miéng ho, trong khi phan con lai duoc tha tu do.
Hay tim ti s6 o, /o, giita sudt cing bé mit doc o, (theo phuong song song voi
tryc ciia qua bong) va suat cang bé mit ngang ¢, (theo phuong tiép tuyén v4i mat
cat hinh tron cua qua bong).

Suét cang bé mit ctia mot mang cao su la lyc ma hai phﬁn canh nhau tac dung

1én nhau, tinh cho mdt don vi d6 dai cua duong bién.
Dinh luat Hooke 1a phép gan dang tuyén tinh ciia su dan hoi thyc, doi véi cac suat
cang nho. Gia thiét rang do dai ciia qua bong giir khdng d6i o gia tri L, trong khi
suat cang bé mit o, phu thudc tuyén tinh vao ti s6 thoi phong /7,

Jr=k(i—1) (1)

Ta

b. (1d.) Véi cac gia thiét trén day, hiy tim biéu thirc cho su phu thudc cua ap suét
P bén trong qua bong vao thé tich V cia qua bong. Hiy v& phac d6 thi sy phu
thudc ctia P — P, vao thé tich V. Ap suét thoi phéng cuc dai B,,,.. xac dinh theo

phép gan diing dan hoi ciia Hooke bang bao nhiéu?
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Trén thuc té, Vi ti sb thoi phong /7, 12 16n (trén Hinh 1, gia trj dién hinh thuong gip
la 5), ta phai xét tinh chat khéng tuyén tinh cta cao su va su thay dbi d6 dai cia qua
bong. Nhitng diéu ndy cho phép c6 thé dat cac ap suét thdi phong cao hon ap suét da
du doén ¢ phan (b). O mot qua bong dién hinh, do thi cua ¢, () gdm ba phan:

1. Vi cac ti s6 thdi phdng nho, o, (r) ting theo kiéu Hooke.

2. Or—my~71, d0daiL cua qua bong bat dau tang 1én, va a,(r) dat dén mot
doan gin nim ngang ma & d6, né ting 1én rit cham.

3. O mot gia tri ti s6 thoi phff)ng 16m, cao su bat dau Chéng lai manh m€ moi su

kéo dan. Diéu nay dan dén su tang 1én dot ngot cua . (r).
Tinh chit ndy duogc vé trén Hinh 2.

c. (1.3 d.) Hay v€ phac mot dd thi dinh tinh sy phu thudc cua hi¢u ap sudt P — P,
vao V cho mot qua bong duoc thoi phong déu din; qua bong nay co tinh chat
nhu théiy ¢ trén Hinh 2. Hay chi ra moi diém cuc tri dia phuong trén dd thi cua
em. Pong thoi ciing chi ra cac diém Gng voi » = lem va » = 2.5cm. Hay tim gia

tri cia P — P, & hai diém nay voi do chinh xac 10%.

90
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70 |-

60
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40 &

a, (N/m)

30

20

10

1 H
0.0 0.5 1.0 15 2.0 25 3.0 Vv

r(em)

Hinh 2: o, (1) cho mét qua bong thue té. Hinh 3: D6 thi cia phwong trinh

Dé khao sét cac hé qua cua cac tinh chat ma em tim thay & phén (c), ta Iam gan dung
P(V) cho mot qua bong duogc thdi phong déu din bang mot ham bac ba:

P—Py=a((V—u)®—b(V—1)+c) )
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trong d6 a, b, ¢ va u la cic hiang sé duong. Gia thiét rang thé tich u 16n hon thé tich
V, ciia qua bong chwa duoc thdi phong, va ¢ du 16n dé cho ham sé (2) 1a duong trong
toan khoang V = V. Xem Hinh (3).

Qua bong duoc ndi véi mot binh 16n chira khong khi duoc gitt ¢ ap suat P co thé
diéu khién dugc. C6 thé xay ra tinh hudng 1a mot vai gia tri caa P phu hop véi nhiéu
hon mdt gia tri cua thé tich V. Néu qua bong chiu mot s6 nhiéu loan tinh co ( thi du
su kéo dan cuc b bdi ngoai lyc) trong khi van duoc gilt & ap suét thoi phéng do, no
c6 thé nhay sang mot trang thai voi thé tich khac. Pidu nay sé xay ra khi no 1a thuan
loi vé mit ning luong d6i voi toan hé, bao gdm qua bong, khi quyén va thiét bi duy
tri 4p suat P. Néu ap suat duoc ting cham tir Py, va c6 di nhiu loan & mdi budc, thi
budc nhay thé tich dot ngdt s& xay ra & mot ap sudt P. nao d6, ma & d6 ning luong
can thiét dé chuyén giira hai trang thai 1a bang khong. O ap suat 16n hon P., viéc di
tir nhanh tng véi thé tich bé hon sang nhanh tng véi thé tich 16n hon sé& giai phong
nang luong, va nguoc lai. Loai hién tugng khong lién tuc nay thuong gap trong tu

nhién, va doi khi dugc goi 1a “sy chuyén pha”.

d. (2.3 d&.) Bang cach xét phuong trinh (2), hiy tim gia tri ctia P., thé tich¥; cua qua
bong trude bude nhay, va thé tich Va sau budc nhay. Hiy biéu thi cac két qua
theo a, b, ¢ va u.

Mot tac nhan thoi phong thyc té hon, chang han nhu em bé dang mung sinh nhat,
khong thé cung cap du khong khi dé gay nén sy thay doi tirc thoi caa thé tich nhu da
mo ta trén day. Thay vao do, khong khi dugc bom tir tir vao qua béng, bang cach
diéu khién mot cach hiéu qua thé tich ctia qua bong hon la diéu khién 4p suat.Trong
truong hop ndy, mot loai tinh huéng khéc c6 thé xay ra. Néu nd gitp lam cyc tiéu
nang luong toan phan cua hé, thi qua bong s& chia (voi di nhidu loan can thiét)
thanh hai mién v&i ban kinh khac nhau, c6 d6 dai dan dan thay do6i. Bién gigi phan
chia hai mién ciing can niang luong, nhung em c6 thé bo qua nd. Ching ta ciing s&
b6 qua do dai cua 16p bién gidi (cac gia thiét nay 1a tot véi mot qua bong rét dai).
e. (1 &) Hiy v& phac mot d6 thi dinh tinh biéu dién sy phu thudc hiéu ap suat
P — P, vao thé tich V, c6 ké dén sy chia thanh hai mién. Hay chi ra, trén céc truc,
ap suat P, — Py va cac thé tich V; va V.
f. (1.4 &) Qua bong cé thé tich trong khoang ma & d6 c6 thé xay ra sy dong ton tai

cua hai mién. Hay tim sy phu thudc cua d¢ dai L,;;, cia mién mong vao thé ich
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toan phan V cua khong khi. Hay biéu thi két qua ctia em theo V;, V; va ban kinh

7, clla mién mong.

g. (1.2 &) Qua bong c6 thé tich trong khoang ma & dé c6 thé xay ra sy dong ton tai
ctia hai mién. Hay tim cong 4n AW /AL, ., can thuc hién 1én qua bong dé chuyén
mot don vi do dai ciia mién mong sang mién day. Hay biéu thi két qua cua em
theo P., V;, V5 va ban kinh 7, ctia mién mong.
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Bai thi thuwe nghi¢m
Bai so 1
Bai thi nghiém 1: Sy nang Ién ciia vat din trong tir treong dao dong

Trong mot tir trudng dao dong c6 cuong do du 16n, mot vat dan bang kim loai ¢6 thé
dugc nang Ién. Su nang xay ra do co luc tir trung binh khac khong tac dung Ién dong
dién trong vat ddn. Dong dién cam tng do chinh tir trudong xoay chiéu gay nén. Luc
Lorentz trung binh la khac khong, vi cé su dich pha gitra dao dong cua dong dién va
dao dong cua tir tredng. Sy dich pha nay 1a két qua cua hién tuong ti cam cua cac
mach Kin c6 dong dién chay, nam bén trong vat dan.

Trong thi nghiém nay, ta khao sat hién tugng noi trén va suy ra do tu cam cia mot
vong day bang nhém, tir phép do luc thang dung tac dung Ién vong day; luc nay
dugc gay nén boi mot cudn day co dong dién xoay chiéu chay qua. D¢ tién cho phép
do, Iyc trung binh tac dung Ién vong day duoc hudng xudng phia dudi, nén su nang
khong quan sat thdy dugc.

Trén ban, em c6 cac vat dung sau day (Hinh 1):

(1) Mot ngudn dién xoay chiéu AC, lam viéc & tan s 50Hz. Ngudn dién c6 hai
cap dau ra. Hai 16 cam nho (1a) cung cap dién 4p khoang 24V; ta chi dung
ching dé cip dong dién cho cudn day. Hai 16 cam to hon (1b) cung cép dién
&p khoang 0.7V. Ngudn dién duoc bat chi khi ndit bAm mau xanh 14 cay (1c)
dugc 4n vao; diéu nay nhim tranh 1am cho hé bi quéa néng, néu ta vo v dé
dong dién chay trong thoi gian dai, nhu sé giai thich ¢ dudi day. Bén do bao
hiéu ngudn dién dang bat,

(2) Mot cudn day hinh tru di xing c6 16i gdm nhiéu sgi day sit. Cudn day nay
dugc méc vao hai dau 24V cua ngudn dién. Cudn day c6 thé duoc dua Ién
cao hay ha xudng thip nhd mot tryc dai co ren. Budc ren theo phuong thing
ding la h = 1.41mm,

(3-5) Ba vong kim loai 1am bang ciing mét vat lidu (mot hop kim ctia nhom). Mot
vong khép kin. Vong thtr hai giéng hét vong thir nhét, nhung cé mot doan
ngan da duoc cat bo di, 1am cho vong hd. Vong thir ba ciing hd, va manh hon

nhi€u so voi hai vong trén.
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(6-7) Hai may do da niang. Ching s& duoc dung lam von ké va ampe ké. Do nhay

(8)

(9)

ctia von ké xoay chiéu 1a 0.1mV. Ampe ké c6 thé do dong dién dén 20A (&
kiéu do xoay chiéu). Cha y: & kiéu do xoay chiéu, cAc may do hién thi can
bac hai cua binh phuong 14y trung binh cta dai legng can do, tirc 1a bién d6
chia cho v/2. Xem cac Hinh 3 va 4 d¢ biét cach st dung.

Mot céi can hién s6 duoc nudi bang pin, ¢6 dd nhay 0.01g. Khi can chiu mot
lirc dao dong nhanh, né hién thi gid tri trung binh theo thoi gian cua luc. Chu
y: can cO ché do “tare”, dé dua s chi cua can vé sé khong, khi c6 mot tai
trong trén can (bang cach an vao nat nay). Xem Hinh 2.

Mot khbi polystyrene c6 kich thuéec 8cmx7cmx7cm duoc ding dé dat cac

vong Ién @6 khi can.

(10)
(11)
(12)
(13)

Day dan dién vai cac dau nbi khac nhau.
Mot cai thude.
Gidy vé& db thi chia dén milimet.

Mot cai dén ban c thé bat tat khi can thiét.

Can than: Khi vong kin chiu tic dung cia tir trudng bién thién cta cudn day, co
dong dién 16n chay qua no, 1am n6 ndng 1én. Do do, cac tinh chat dién cua vong co
thé thay d6i chat it. Bé tranh diéu do, khong nén cho dong dién chay qua cudn day
trong mot khoang thoi gian dai.

Gia toc trong truong ¢ Tel Aviv 1a g = 9.80 £ 0.01N/kg.
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(1)

)
(3)
(4)
()
(6)
(")
(8)
9)
(10)

Hinh 1 — Céc thiét b;.

Nguén dién 50Hz .
(1a) Céc dau ra 24V.
(1b) Cac daura 0.7V .
(1c) Nut bat nguon.

Cudn day trén truc thang dimg c6 ren.

\Vong to kin.

Vong to ho.

Vong manh hé.

Von ké.

Ampe ké.

Can.

Khéi polystyrene.

Céc day dan.

Khoa Vatli - Trweong DHSP Ha Noi

Trang 238



Hinh 2: Cén hién s6

(1) Nut Bat/Tat (On/Off)

(2) NGt “Tare” — dé dua sd
chi vé s6 khong, khi c6
vat dat trén can.

Hinh 3: Von ké.

(1) Nut Bat/Tét (On/Off)

(2) Num xoay dugc dat 6 200mV xoay
chiéu.

(3) Cam hai day vao cac 16 cam “COM” va
“V/Q”.
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Hinh 4: Ampe ké.

(1) Nut Bat/Tat (On/Off)

(2) Num xoay dugc dat 6 20mA/20A
AC (xoay chiéu).

(3) Cém hai day vao cac 16 cim
“COM” va “A”.

Li thuyét (1.3 diém)

Xét mot vong dan dién co ban kinh r dit trong tir trudng cua cudn day. Truc d6i
xtng cua cudn day va vong trung voi nhau. Goi do tu cam cua vong la L, dién tr&
ctia n6 1a R, va tan s goc ciia dong dién trong cudn diy 1 w. Ta dinh nghia z 14 toa
d6 doc theo truc ddi xtng chung ctia cudn day va céi vong.
Chi trong phan nay, cac em c6 thé bo qua tac dung nho cua tir trudng clia cai vong
1én cudn ddy va 15i sat. Ta ciing c6 thé bé qua chiéu day cua vong.
Trong phéan nay, ta s& dung dén dinh luat Faraday va dinh 1i Gauss cho tir truong:
e Dinh luat Faraday: Sut dién dong cam (mg trong mot mach kin, duoc gay
nén boi tir thong bién thién, 1a € = —d®y/dt.
e Dinhli Gauss cho tir trudng: tir thong toan phan qua mot mat kin thi bang
khong.
Mot vong day dit & trong tir truong ¢6 dbi xtng tru B chiu tac dung cua luc tong
hop
F(t) = —2nri(t)B,(t)
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trong d6, I 1a dong dién trong mach, va B, 1 thanh phan hudng kinh (theo phwong

ban kinh cta vong) cia tir truong ngoai & 14n can vong. Chiéu dwong cua lyc F

huéng xudng dudi, theo huéng z . Chidu duong ciia dong dién I dugc thay trén

Hinh 5.

a. (0.2 d@.) Xét mot tir thong ngoai dao dong @4 (t) = V2™ sin(wt) giri qua vong.
Hay tim e(t) 1a sut dién dong cam tmg chi do tir thong trén gy ra, va I(£) 1a
dong dién cam ung chay trong vong, theo #5"**, L, R, w vat.

Goi y: Bién do €, cua sudt dién dong va bién do I cua dong dién trong mot
doan mach xoay chiéu ¢6 chira ca dién tré va cudn cam lién hé véi nhau qua
€ = Ium“m, va dong dién chdm pha & = tan™? %L so véi sudt dién dong

(cha y: tan™* ¢6 nghia la arctan).

b. (0.6 d.) Hay tim B, theo r va i @, trong d6 z 1a toa d6 doc theo truc vudng goc

v&1 mat phang cua vong.

L dlgrms)”®

(R +w®L) d=

c. (0.5 d&.) Hiy ching minh ring (F) = a , trong do6 (F} la gia tri

trung binh theo thoi gian ciia F , €™ (z) 1a cin bac hai cua binh phuong lay
trung binh (root-mean-square, tirc 14 bién do chia cho v2) cua suét dién dong
trong vong & do cao z. Hay tim hang s6 @ (néu em khong tim duoc , thi trong

cac phan sau, hiy lay gi tri cia & bang 1).

Goi y: em c6 thé can dimg dén cac dong nhdt thire sau:
sin(a + f) = sinacosf + cosasinf
cos(a + f) = cosacosf} —sina sinf§

((sin(wt))?) = {(cos(wt))?) = =

-
r

et

Hinh 5: Vong kim loai trong tir truong ctia cudn day.
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C4c phép do (5.1 diém)

Trong tat ca cac phép do va phan tich sau day, em can chl Y rang cac két qua cang
chinh xac thi diém cang cao. Trong tat ca cac phép do va céc két qua, can danh gia
sai s6.

Po dién tré (2.6 diém)

Trong phan nay, em can dung dén céc dau ra 0.7V cua ngudn dién xoay chiéu. Néu
dung céac day din duogc cip dé doan mach hai ddu ra 0.7V cia ngudn dién, thi dong
dién s& c0 gia tri ndm trong khodang 5A — 154, tuy thude vao cac chd tiép xuc. Chi y
rang ba soi day ngin tao tiép x(c v6i ampe ké tot hon hai soi day dai. CAN THAN:
Khong dung cac dau 24V dé tranh 1am néng cac linh kién.

d. (1.3 d.) Hay tim dién tr¢ R,.;, cia vong manh. Hay v& mach dién ctia em vao
answer form (phiéu tra 101).
Goi y: dién tré ciia méi vong déu rdt nhé so véi 0.10. Véi vong mdnh, em c6 thé
bo qua cam khang so voi dién tro.

e. (1.3 &) Hay tim dién tro R cia vong kin. Néu can, hay tién hanh thém céc phép
do.

Po suit dién dong cam tng (1.5 diém)

f. (1.5 d.) N6i cudn day vao cac dau 24V cua ngudn dién. Pat vong to hd sao cho
truc cua no trung voi truc cua cudn day. Po suét dién dong cam ung e,,,. trén
vong, o cac do cao z khac nhau, tirc 1a ¢ nhitng khoang cach khac nhau d6i véi
cudn day. Ghi cac két qua do cta em vao bang & trong answer form (phiéu tra
101). V& d6 thi cla €., theo z (kém theo dudng cong dién ta dang diéu bién
thién).

Po lyc (1 diém)

g. (1 d.) bat vong to kin sao cho truc cia no trung véi truc cua cudon day. Do lyc
trung binh theo thoi gian (F) tac dung 1én vong & cac do cao z khac nhau, tic 1a
& nhirg khoang cach khac nhau d6i v6i cudn day. Hay ghi cac két qua do cua

em vao bang & trong answer form (phiéu tra 101).
Phén tich (3.6 diém)

h. (1.4 d.) Hay tim gia tri tuyét d6i ciia dao ham |de?,,. /dz| cua €2, theo z, véi

cac gid tri ciia z ma ¢ d6 em di do luc ¢ phan (g). Hiy ghi cac gia tri thu duoc
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vao bang & trong answer form (phi€u tra 101). Khong can udc lugng sai so trong

phan nay.

i. (2.2 d.) Hay phan tich cac két qua ctia em bang cach dung mot do thi tuyén tinh
dé tim do tu cam L cua vong kin. Em c6 thé sir dung diéu kién wL < R.
Ghi cha: Mic du vong kin c6 do day déng ké, nhung cong thirc ma em tim duoc
& phan (c) van ap dung duoc v6i d6 chinh xac cao. Hiy dung n6 dé xdc dinh do
tu cdm cua vong to.
Goi y: Khi vong qud gan véi 16i sdt, phép do cé thé bi sai léch. Hay tranh sw rdc

roi nay trong cdc phdan tich cua em.
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Bai s6 2
Bai thi nghiém 2: “Hop den” quang hoc

Man hinh TV va may tinh di c6 nhiing tién bo dang ké trong nhirng nam gan day.
Ngay nay, phan 16n cdc man hinh gdbm mét ma trin bo loc LCD va mot ngudn &nh
séng trang chiéu déu tir phia sau. Trong thi nghiém nay, ta s& nghién ctru mot mau
vat 1am bang nhya, c6 thé duge diung nhu mot bo phan cua ngudn sang tir phia sau
cho cac man hinh LCD.

Thiét bi
Trén ban, em c6 cac vat dung sau (xem Hinh 1):

(1)  Mau vat 13 mot vat bang nhya duoc lap vao mot cai khung. Miu vt rat dé
héng - khong dwoc so viao né. Pé diéu chinh vi tri ciia miu vit, hiy dung gia
d& va dé ciia no.

(2) Mot gia d& va dé cua khung c6 1ap mau vat. Dé co6 mot tay cam dung dé
quay mau vat mot cach chinh xac. Khéng dwgce thao khung ra khéi gia do.

(3) Mot dén pin dung LED trang. Pén pin dugc bat tit bang nit bdm ¢ phia dudi
cua no6. Pung 1am 14n n6 véi laser (xem Hinh 2).

(4) Mot but tro laser. Laser dwgc danh dau bang nhin canh bao (xem Hinh
2). Laser duoc bat tit bang cach day nap mau den cua né. Khong dwgc thao
nap nay ra vi sé nguy hiém, va em c6 thé 1am giy laser. Pin cua laser s& bi yéu
di sau khoang mot gid; do d6 khong nén bat nd khi khong can thiét. Budc song
cua laser la A = 652nm + 2nm,

(5) Mot dé duoc dung cho ca hai ngudn sang. Liic dau thi nghiém, lip dén pin
vao dé, con laser thi dé trén ban.

(6) MOt man chin mau tring, duoc phu bing gidy vé d6 thi chia milimet ,c6 cac
chan gb. C6 mot 16 & gan giita man chin. Em dugc phép danh ddu trén man
chén.

(7) Mot cai coc bang gd c6 thé dugc dich chuyén trén mot thanh gb. Em duoc
phép danh diu 1én thanh gd.

(8) Mot thudce day.

(9) Mot thude.

(10) Gidy v& dd thi chia milimet.

(11) Mot dén ban ma em c6 thé bat tat khi can thiét.
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AN TOAN LASER:
1. Khong dwgc nhin thang vao tia laser!

2. Hiy cin thin voi cac tia phan xa tir cic
bé mit kim loai.

3. Khong chia laser vao nguoi khac.

4. Khéng dwoc sira chira hoic thao lip
laser. Hay goi giam thi néu em cin sy
giup do.

Hinh 1: Danh sach thiét bi.
(1) Mau vat bang nhva.
(2) Gia &5 mau vat cing véi dé.
(3) PBén pin LED tring.
(4) Laser do.
(5) Pé cho ngudn sang.
(6) Man chéin dugc phu gidy v& do thi chia milimet.
(7) Coc gb trén thanh gb.
(8) Thudc day.
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(3) bén
pin trang

(4) Laser
do

Hinh 2: Cé4n canh cua hai ngudn sang.

Phén I — Li thuyét (0.4 diém)
a. (0.4 d.) Mot tia sang bi phan xa tir hai guong 1ap voi nhau goc @ (Hinh 3).
Hay tim goc ¥ gitra tia toi va tia 16. gia thiét ring moi tia sang déu nim trong

mit phang vudng goc véi giao tuyén cua hai guong.

Hinh 3: M{t tia sdng bi
phan xa tir hai guong.
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Phin 11 — Po véi &nh sang tring (6.1 diém

Dung dén pin anh sang triang 1am ngudn sang, em c6 thé quan sat ca tinh chat truyén
qua va tinh chat phan xa cia miu vat. Hinh 4 minh hoa céc cach bd tri dé quan sat
ca hai hién twong trén. Chl y: em c6 thé quan sat thay cac két qua khac nhau khi

chiéu vao mat nay hay mat kia ctia mau vat.

Truyén qua: Phan xa:
A \ . N
N bén pin Man
Peén m%} . 0
trin P trang chan
g OO )
Hinh 4: Goiy
cac cach bo tri voi
anh sang trang.
MaAu vat
—/—]
Mﬁtk ? Mau vat
1

CAN THAN: Pé nhin &nh sang trang truyén qua, em can nhin thang vao chim tia
ctia dén pin qua mau vat. Khong duge lam nhw vy véi laser! Ngoai ra, tranh nhin
thang vao deén pin trong khoang thoi gian dai.

b. (0.5 d.) Hinh 5 minh hoa so lugc bon kha niang vé ciu triic vi md ciia mau vat.
n 13 chiét suat cua nhya lam mau vat. Hay chon cAu trac phu hop nhét véi cac
quan sat cia em. Ghi chi: 5 chu ki néu trén hinh chi la dé minh hoa. Trén thuc

té, d 1a bé, va mau vat chira nhiéu chu ki.
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@

Hinh 5: Cac kha nang khéac nhau cho ciu trlc ciia miu vat
(0.8 d.) Hay tim goc @ ctia mau vat va udc lugng sai sb.

d. (0.5 d.) Khi mot chum sang tring chiéu vudng goc véi mau vao mot mit cia
mAu, hinh anh mo nhat duéi day c6 thé quan sat thiy & anh sang truyén qua,
hoi 1éch vé bén phai ciia nguéon (Hinh 6). “R”, “G” va “B” lan luot ki hién
cho do (red), xanh luc (green) va xanh lam (blue). Ghi chu : hinh anh nay c6

thé kho quan sat; em khong can do no.

BG BG BG BG
Hinh 6: Hinh anh mo nhat ¢ gan ngudn sang.

Xa hon vé phia phai, em c6 thé thdy hinh anh sang r& hon nhiéu. (Hinh 7):
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R G B

Hinh 7: Hinh anh sang rd & xa hon vé phia phai ctia ngudn sang.

Chon dép an dung:

A. Moi hinh c6 mau sic déu 1a két qua cua su giao thoa.

B. Moi hinh ¢6 mau sic déu 1a két qua cua su phu thudc ctia n vao bude
song.

C. Hinh anh dugc mé ta & Hinh 6 1a két qua cua su giao thoa, con hinh anh
mo ta ¢ Hinh 7 13 két qua cta sy phu thudc ctia n vao budc song.

D. Hinh anh duoc mé ta ¢ Hinh 6 1a két qua cua sy phu thudc ctia n vao budc

song, con hinh anh mé ta ¢ Hinh 7 1a két qua cua sy giao thoa.

e. (1.4 d) Véi anh sang trang bo tri nhu ¢ phan (d), hiy do goc 1éch 8, cua tia
sang tim (¢ ngoai phia ddu mau xanh lam cua phd) cho dinh manh duoc vé
trén Hinh 7. Goc 1éch duge xac dinh trén Hinh 8. Hay ghi lai tit ca cac phép

do trung gian. Hay udc tinh sai sb.

Mau vat

Hinh 8: Goc 1éch &,
f. (1.4 d.) Sy roi vao mau vat & cac goc t6i khac nhau dan dén cac goc 1éch khac
nhau cho cac dinh truyén qua manh. Hay do goc I¢éch cuc tiéu 6. cia dinh
manh trong anh sang tim truyén qua (chi c6 mot goc cuc tiéu nhu vay). Hiy

ghi lai cac phép do trung gian. Hiy udc tinh sai so.
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g. (0.8 d.) Dung goc @ tir phan (c), hdy biéu thi chiét sudt n ciia mau vét theo &,
hodc theo 6,,.,,. Em ¢6 thé dung tinh chét truyén nguoc cua anh sang va tinh
chét duy nhét cua goc 1éch cuc tiéu &,,,,..

h. (0.7 d&.) Tim chiét suat n, cia mau cho 4anh sang tim va xac dinh sai sé cua
no.

Phin 111 — Do véi laser (3.5 diém)

Théo dén pin khoi dé ngudn sang, va thay nd bang laser. Em c6 thé ding man chén
dé quan sat ca hinh anh truyén qua va hinh anh phan xa, nhu thay trén Hinh 9. Pin
cua laser 6 tudi tho hiru han; khong bat n6 khi khdng can thiét. Khi xép dat cac linh
kién, khi can, c6 thé quay laser quanh truc caa n6. CANH BAO: Khong dwec nhin
thing vao tia laser va c4c tia phéan xa ciia nd! Khong dwoe nhin vao laser qua
miu vat ma phai ding man chin da dwoc cap.

Truyén qua Phan xa
Man Laser |:| Man
TR IR S, T
Mau vat Mau vt
1 1
Laser I:I

Hinh 9: Mot s6 goi y vé cach bb tri dé quan sét véi
Hay quan sat hinh anh xen k& giita cic van sang va van tdi trén man chan khi em
quay nhe mau vat. Su mo di ciia mot s6 van 1a do su giao thoa ngugc pha nhimg tia
sang dén tir cAc phan khéac nhau ctia mdi céi “rang” trén mau vat.
i. (1 &) Hay st dung mot cach bé tri trén Hinh 9, voi mau vat duge roi vudng

goc bang tia laser. Hay ghi cac goc 1éch @ cua cac van theo s thi tu m cla
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van. Hay xac dinh tdm cua hinh anh ng vé1 m = 0. Hay dung bang dugc cho
trong answer form (phiéu tra 101). Hay ghi lai moi phép do trung gian. Hay
wdc lugng sai sb.

j. (1.5 d.) Dung mot d6 thi c6 dang dudng thing, hiy tim khoang cach d giira
hai “rang” canh nhau cua mau vat. Khong can v& céc vach sai sb trén do thi.

Hay udc tinh sai sO cua d.

k. (1d.) Dung cong thirc em da tim duoc ¢ phan (g), hdy tim chiét suat n, cua
mau vat dbi voi anh sang do cua laser. Hay ghi lai moi phép do tién hanh
thém. Hay udc tinh sai s6. CANH BAO: khong dwoc nhin qua miu! Hay

dung man chan dwgc cap.
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