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Huéng dan chung: Phan thi Li thuyét

Trudc gio thi

Em chi dugc phép mad cac phong bi dé ltc 13:25, nam phat trudce thi gian tinh gio. Sé c6 tin hiéu am
thanh & cac thai diém bat dau va két thuc gid thi.

Giam thij sé cé thong bao Itc 18:00 (nlra tiéng trudc khi két thic) va két thic gio thi ltc 18:30.

Trong budi thi

Phiéu tra I6i dugc cung cap dé viét cau tra 1oi cda em. Viét ciu tra 16 cila em vao cac bang, 6 hoac do thi
thich hop trén phiéu tra 16i tvong (ng (dugc danh dau A). D8i véi mbi bai thi, c6 thém cac gidy lam bai
tréng dé em viét |&i gidi chi tiét (dugc danh dau W). Hay chac chan la ludn luén sir dung cac gidy lam bai
dung véi bai thi (ki€m tra s6 thir tu bai thi trong tiéu dé cda cac gidy lam bai). Hay gach bo nhirng ché
em da viét ra ma khéng mudén dugc chdm diém. Chi sir dung mat trude ca moi to gidy.

Trong cac cau tra |&i, em ¢6 gang viét ngan gon nhat co6 thé: sir dung cac phuang trinh, ki hiéu logic va
hinh v& dé minh hoa. Tranh str dung cac cau dai.

Khi viét cac két qua bang so, hay viét vai s6 cac chir sé cé nghia thich hgp.
Em c6 thé lam phan sau trudc, ma khdng nhat thiét phai lam xong cac phan trudc dé.
Danh sach cac hang sé vat I dugc cho & trang tiép theo.

Em khéng dugc roi khoi ban thi cia em ma khdng dugc phép. Néu em can bat ki sy trg gidp nao, vui
long gio mot trong nhitng tam thé ("I need water” néu em can uéng nudc, "toilet break” néu em can di
vé sinh, hodc” I need help” trong tat ca cac truong hop khac).

Cudi gio thi
Hét gio thi, em phai durng but ngay.

Dai vdi mbi bai toan, hay sap x&p cac td tuong (ng theo th tu sau: phiéu tra 1i (A), gidy 1am bai (W) bao
godm ca cac to gidy trang chua dung dén va cho vao phong bi twong (ng véi bai d6.

Cho céc trang bia, dé thi (Q) va t& hudng dan chung (G) vao phong bi riéng biét con lai.
Em khdéng duoc phép mang bat ki t& gidy nao ra khoi khu vuc thi.
DEé lai cac vat dung lam bai & trén ban.

Gilr im lang va chd tai ban ciia em cho dén khi gidm thi thu cac phong bi ctia em. Khi tat ca cac phong bi
dugc thu, gidm sat vién sé dua em ra khoi khu vurc thi.
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Cac hang sé vat li

Gia tdc trong truong g = 9.81m-s 2

Hang s6 Boltzmann kp = 138x107%J.-K!
Khéi lugng hién tai cia Mat Troi M, = 200 x 10%%kg

Ban kinh hién tai ctia Mat Troi R, = 7.00x10%m

Dién tich nguyén to e = 1.60 x 1071°C

Khoi lugng clia electron m, = 9.11x103kg

Khoi lugng clia proton m, = 1.67x10*"kg

Khaoi lugng clia neutron m, = 1.67x107%7kg

Do tir tham ctia chan khéng o = 126x107T-m-A"!
Hang so dién € = 885x10712F.-m!
Hang sé Planck h = 6.63x10734J 5
Hang s6 Avogadro N, = 6.02x10%mol™?

T6c d6 anh sang trong chan khéng ¢ = 3x108m-s!

Hang s6 Stefan-Boltzmann o = 567Tx10°%W.-m2.K*
Hang s6 khi R = 831J-mol ! K
Hang s6 hap dan G = 667x10° "N -m?. kg2
Hang s6 Wien b = 290x1073m-K

In2 ~ = 0.69

In3 ~ = 1.10

In10 ~ = 230

Co s6 cua logarit tu nhién e ~ = 272
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Thi nghiém Stern-Gerlach

Thi nghiém Stern-Gerlach dugc thuc hién vao nam 1922 dan dén viéc xac dinh momen tir clia electron.
Trong thi nghiém nay, mét chum tia nguyén t(r bac c6 khoéi lugng 1a m = 1.80 x 1072° kg dugc phat ra tur
mot mét 10 nung ¢ nhiét do T=1.20 x 103 K (xem Hinh 1). Gia st rang khi 6 ra khdi 10 tat cd cac nguyén
tlr déu c6 cung déng lugng hudng doc theo chum tia (hudng z). Bé qua trudng hap dan.

X
P
N
Ag gas
// P
g g W\»H r A
Oven v 8
T = 1200K Y
¢ L >l Iy e—13—>
P’
Hinh 1: So d6 bd tri thi nghiém Stern-Gerlach.
A1 Toc d6 clia cac nguyén tlr bac: Toc d v, cla cac nguyén tlr bac phatratlrlo  0.5pt
6 thé tinh bang /3kzT /m, s& dung dinh ludt phan b6 déu. Hay tinh gia trij téc
do nay.
B.1 Bi€u thirc co ban: Sau khi ra khoi 10, cac nguyén t&r bac chuyén dong doc theo  2pt

truc z trén mot doan dudng dai /; = 0.25 m. Tiép theo, cAc nguyén tr bac di qua
gitra hai cuc cia nam cham trén mot doan dudng I, = 0.5 m. Cac nam cham
tao ra tir trudng khdng déu B theo hudng truc 2 véi mot gradient khéng doi
dB/dx. Gid si rang nguyén t&r bac c6 momen tl&r hoac theo hudng + x hodac -
z, nghia la /7, = +u,2. Sau khi di qua nam cham, cac nguyén tr bac di qua mot
doan dudng I; = 0.25 m n{ra trudc khi cham vao man PP’. Khodng cach gitra
hai chum tia va cham trén man la Az. Hay xay dung biéu thirc xac dinh khoang
cach tach Az trén man.
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T trurong khong déu

Phan nay lién quan dén viéc thiét 1ap dé tao ra tlr trudng khong déu (dB/dx # 0). N6 bao gdom mot s6
phan phu. Hai day rat dai song song vdi truc  mang dong dién c6 cudng dé I, di qua diém A, (0, —a, 2)
va A, (0,a,z) (xem hinh bén duéi). Chiéu cia dong di qua diém y = —a 1 —k con qua diém y = a 13 k.
Toan bd hé nam trong méi trudng cé do tir tham ti dGi u, cao. Ching ta 18y u = uyp,.. Cac ddy dan dugc
cach dién va khdng cé dong dién ro ri ra moi truong.

yzs
Pl (37, y)
T =1k
0 X
I = —Ik KA
Hinh 2: Su b6 tri tao tur trudng khéng déu
C1 1.5pt

Xay dung biéu thirc xac dinh vecto cdm Ung tir tai diém P, (z,y,0) trén mat
phang z-y (xem Hinh 2).

c.2 Xét mdt vong tron c6 tdm C nam trén truc z (z,,0), c6 ban kinh bang khodng  0.5pt
cach AC (A dai dién cho A1, A2 trén Hinh 2). Xac dinh huéng cda tlr truong tai
hai diém nam trén vong tron: diém R (nam trén truc z) va diém P, (CP, song
song vdi truc y).
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c3 Bay gi®¥, mot viing nhd clia moi trudng cé do tir thadm cao kep gilra cac vong  0.5pt
tron c6 ban kinh AC va AD dudgc loai bd va thay thé bang khong khi & ap suat
rat thap (xem Hinh 2). Ta c6 thé chira rang nhd tinh lién tuc ma tir trudng trong
vling khe h& nay dugc cho bdi ciing bi€u thdre nhu khi moi trudng tir khdng bi
loai bd. (Chuing ta sé gia dinh diéu nay ma khéng bat bubc cac em phai chirng
minh). Tir d6 hay viét biéu thirc xac dinh véc to cdm (rng tir tai diém (2, 0) trong
vung khe hé khéng khi.

D.1 Luc: Nhu dd dé cap & trén, cac nguyén tir bac dang chuyén déng trong mat  0.5pt
phang (z,0, z) v&i van téc song song véi truc z va dugc cho béi & = v, k. Cling
nhd lai rang ludng cuc tlr cda nguyén t bac 1a 7, = +4,7. Hy tim biéu thirc
xac dinh d0 I6n cda lyc F, tac dung Ién nguyén t&r bac theo phuong x, theo
Wy, Iy, a puva cac toa do lién quan.

E.1 TUr truong va gradient ctia né: Chiing ta gia thiét rang chinh lyc F, nay tac  2.0pt
dung trén mét khodng cach nhé 1, doc theo truc z (Hinh 1). Ta cling gia thiét
thém rang cac nguyén tir bac di qua diém gitra P cla RQ (Hinh 2). Cho cac s6
liéu thuc nghiém sau:

»

p = 10*; a = 0.60cm; OC = 0.60cm; OD = 0.80cm;I, = 2.004
0

. G day, 11, 1a d6 tlr tham cda chan khong. Hay tim gid tri clia cla tir trudng Bp
va gradient dBp/dx clia né tai di€m gilra nay, trong hé don vi S.L.

F.1 Momen tir ciia nguyén tlr bac: Néu v, = 500m-s~! va cdm Ung tlr ¢ gid tri  1.5pt
nhu da tinh dugc & trén thi d6 tach trong thi nghiém Stern-Gerlach la Az = 0.20
cm. Hay tim gia tri cla momen tr i, cda nguyén tlr bac trong hé don vij S.1.

G.1 Su phan tan cta dong: Cac nguyén tir bac c6 thé khong cing mét téc do. Xét  0.5pt
chum hat c6 tdc d6 bi thang giang 20 % . HAi diéu dé dan dén vi tri cdc cham va
cham trén man bi phan tan vgi dé réng dz c6 gia tri bang bao nhiéu?

H.1 Sai s6 cila momen tir: Tinh sai so tuyét doi 6u, cia momen tu? 0.5pt
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M6 hinh Co hoc cho Su chuyén pha

Mét vién bi c6 kich thudc khéng dang ké va khéi lugng m dugc xuyén vao mét chiéc vong ban kinh R.
Cho vong quay xung quanh dudng kinh thang dirng cdia né véi téc d6 géc w nhu trén Hinh 1. Doc theo
vong, c6 mét luc can tac dung Ién vién bi, F;, ty 1& thuan véi phan luc N, va dugc cho béi cong thirc
F; = fkN Vi f bang 1 hodc —1. Em nén str dung toa dé cuc {r, 6}. Néu c6 thé, em hay biéu dién cac két
qua theo dai lugng w, = \/g/R vdi g 1a d5 16n gia tdc trong trudng.

Trong qua trinh chuyén pha, nang lugng tu do, V(M) [tuong Ung vd&i thé nang trong cd hoc] phu thudc
vao db tr héa M nhu sau
V(M) = a(T)M? + b(T)M*

vGi T— nhiét do, b(T') > 0va a(T) thay d6i ddu theo nhiét do. Ta sé& tim hi€u hién tugng chuyén pha théng
qua mo hinh trén.

Luu y 1: V&i chuyén dong tron c6 ban kinh R, van téc trong toa d6 cuc la 7 = R0 va gia téc la 7 =
—R627 + RO9. G day t va 6 1a cac vécto don vi twong (rng theo phuong ban kinh va phuong tiép tuyén.
Luu y 2: Chiéu cla lyc can F, dugc thé hién qua f. § day f = +1 néu vién bi chuyén dong ngugc chiéu
kim déng ho hay chiéu tang 6 va f = -1 néu vién bi chuy&n ddng theo chiéu kim dong ho, tirc la f = sgn(6)
V@i sgn bang +1 hodc -1 phu thudc vao d6i sé ¢ la duong hay am.

Luu y 3: Em ¢ thé s&r dung cac khai trién sau:

sin(d) = 6—63%/6+ ..
cos(9) = 1—06%/2+60%/24+ ..
(14+z)" = 1+nz+nn—12%/2+nn—1)(n—2)23/6+..

(v&i 0 1a goc theo don vi radianva |z| << 1).

A ..
9 (positive)

N>

Hinh 1: Vién bi trén chiéc vong quay.



Theory

'IWA\M\nPﬁﬁ -

22" Asian Physics Olympiad

Vietnam Theory Leader (VIE)

Trong phan tiép theo, ta di nghién cru chuyén déng cla vién bi gan véi chiéc vong dang quay va géc
ndm trong khodng —7/2 < 6 < =/2. So d6 biéu dién lyc tdc dung 1én vién bi nhu trén Hinh 2. Bé qua tat
ca cac lyc khéng dugc biéu dién trén so do.

=== mw?Rsind

F; = fkN
mg

Hinh 2: So d6 biéu dién luc tac dung 1én vién bi.

A1 Viét cac phuong trinh ddng luc hoc ctia vién bi theo phuong ban kinh va phuong  0.5pt
ti€p tuyén (tuong Ung vdi cac thanh phan luc F,. va F,). Gia thiét § dang tang
dan theo chiéu ngugc chiéu kim dong ho.

V@i cac phan tiép theo, tir B.1 dén B.9, gia thiét

B.1 Viét biéu thirc (cac) géc can bang 6, theo cac dai lugng { w, w, }. 1.0pt

B.2 V& mét cach dinh tinh sy phu thudc clia 6, (truc y) theo w/w, (truc z). 0.5pt

B.3 V& mét cach dinh tinh su phu thuéc do 1&6n ctia phan luc tai vi tri cdn bang bén  0.5pt
theo w/w.,..

B.4  Tadinh nghia thé ndng tuong irng v&i thanh phan ti€p tuyén cla luc F,, lién hé  1.0pt
V@i luc theo phuong trinh
1d
véi méc thé nang bang khéng tai # = 0. Néu V() dugc biéu dién dudi dang
P+ Qcos(f) + Ssin’(6), tim P, Q, S.

B.5  Ta cé thé khai trién V(6) cho g6c 6 nhéd va biéu dién dudi dang V(6) = a(w) 6> +  1.0pt
b(w) 6*. Tim bi€u thirc cac hé sé a(w) va b(w).
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B.6  V&cacdo thibiéu dién V() theo 6§ vdi gid tri cla w/w, hainhd hon 1.0 (vidu 0.9)  1.0pt
va VGi w/w, 16n, vi du 5.0. Cha y chi can vé mét cach dinh tinh, khéng can tinh
toan cu thé.

B.7 Ly thuyét Landau vé chuyén pha loai hai phan chia mét hé tir tinh don gidn  1.0pt
thanh hai pha. V&i nhiét d6 7' 1dn hon nhiét do t&i han 7. hé la thuan tu. Véi
T < T, hé la sat tir va do tir héa M dugc cho bdi

M(T)=M,1—-T/T)? T<T,

Chuing ta ky hiéu sé mi 1/2 trong cong thirc trén la 3. So sanh v&i bai todn vién
bi trén vong quay dugc khao sat & trén. Cac dai lugng nao trong bai todn dé
tuong ang véi M, T., T/T.? Gia tri tvong irng clia B doi vdi bai toan vién bi trén
vong quay bang bao nhiéu?

B.8 Xac dinh tan so6 goc €, clia dao ddng cua vién bi khi cho né 1éch nhe khoi vitri  1.0pt
“can bang” 6,. Luu y rang véi cac dao déng nho

1 [vV7(6,)
Q= =4/ —2
"7 R m
B.9 V& mot cach dinh tinh sy phu thudc cda Q, theo w. 1.0pt

V&i cac phan tiép theo, tir C.1 dén C.2, gia thiét k£ + 0.

C.1 Xét f = 1va dat k = tan «. Ta c6 thé bi€u dién diéu kién cla (cac) goc can bang  1.0pt

6, dudi dang
w ? _ tan(x)
w.)  sin(y)

Tim z va y.

C.2 Cho f =1va k = 0.05. Tim cac gdc can bang 6,, néu cd, cho cac trudng hgp sau:  0.5pt
1. w/w, =0.50
2. w/w,.=0.70
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Maxwell, Rayleigh va dinh Everest: Bai toan

Lord Rayleigh da dén tham Darjeeling, India nam 1897. Khi ngam nhin ni Everest tir khodng cach 170
km 6ng da nhg dén cau hdi clia James Maxwell 26 nam trudc vé sy suy gidm cla anh sang do khong khi
va viéc nhin cac nui & xa. Hai nam sau, vao nam 1899, Lord Rayleigh d& cong b& mot bai bao nai tiéng
vé nhirng nghién clru lién quan dén van dé nay. Trong bai todn nay ching ta c¢6 gang tai hién, it nhat
mot phan, phién ban hién dai vé suy luan cda Lord Rayleigh.

Dao ddng clia dam may electron: Chiing ta moé hinh héa mét phan t&r khong khi trung hoa gém mot
dién tich duong ¢ dirng yén dugc bao quanh bdi mot ddm may dién tich déng nhéat hinh cau, khoi lugng
m, ban kinh r va dién tich —q. Tan s6 goc dao déng riéng ca phan ti khi 1a w,. Anh sang chiéu dén phan
tlr va ddm may dién tich &m dao ddng (nhung van duy tri hinh dang hinh cau nhu ban dau) véi tan sé
goc w theo,

y = 1o COS(wt), M

dudi sy anh huédng cla dién trudng B
E(t) = E,cos(wt) 7, (2)

clia séng anh sang. O day y |3 khodng cach giira dién tich duong ding yén va tam clia dam may dién
tich &m cdia phan tcr.

A1 Thiét Iap phuong trinh chuyén dong cho y. Ldy phan déng gép vao dé I6n cia  0.5pt
gia toc gay bai dién truong la E(t) ¢/m.

A.2 Dua vao théng tin da cho & trén, gidi phuong trinh cda y. Tim bién d6 dao dong.  0.5pt

A3 Khiw < wy, tim d 16N p(t) cla momen ludng cuc cla phan tir khéng khilaham  0.5pt
theo thai gian.

A.4  Viét biéu thirc cda w, theo cac dai lugng ¢, m va r. 0.5pt

Coéng suat birc xa: Ludng cuc phu thudc thoi gian dang hinh sin phat ra birc xa dién tur. Cong suat birc
xa phu thudc vao bién do ctia momen ludng cuc p, = qy,, hang sb dién ¢,, tdc d6 &nh sang ¢, va tan sb
dao déng w.

B.1 Sr dung phuong phap phan tich thr nguyén dé€ dan ra biéu thirc céng sudtbirc  1pt
xa trung binh s theo cac dai lugng phu thudc da néu & trén.

B.2  Layhangsotiléla1/12r. Khiw <« wy, Viét biéu thirc clia cong sudt blrc xa stheo  0.2pt
cac dai lugng E,, w,, w va cac dai lugng lién quan.

TPhilosphical Mag. “On the transmission of light through an atmosphere ... and the origin of the blue of the sky”, Vol. 47, pg
375-384 1899
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Su suy giam cuia cwdong d6 /(x): Nhd rang cudng dd sdng cla cac séng dién tir EM la

1
560 3. 3)
Cudng d6 sang nay suy giam doc theo dudng truyén anh sang badi vi cong suat sang

S =ngys (4)

bi suy hao trén mdi don vi thé tich. O day n, 1a s6 phan tlr khi trén mét don vi thé tich.

c.1 Thiét 1ap phuong trinh vi phan cho cudng d6 sang I(z) theo khodng cach z. 1pt

c.2 Goi cudng dd sang ban dau la I,. Hay viét biéu thirc cha cudng d6 sang I(z) 0.5pt
duédi dang mot ham s6 clia x va mét tham so L la chiéu dai dac trung lién quan
dén sy suy giam cuong d6 sang.

Cc3 Lay m la khoi lugng cdia mot electron (thudng chi cé mét electron tao thanh  0.3pt
dam may dién tich) va lay

ny = 2.54 x 102 m=3, (5)
wy = 1.25 x 10 rad - s71, (6)
w=23.25x%x 10 rad -s71. )

Tinh gia tri bang s6 cla L theo don vi km.
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D.1 Chiéu cao A’ clia cac nii khi dugc nhin b&i ngudi quan sat: Trong hinh diém  2pt

P biéu thj Darjeeling, mét tram trén déi phia ddng Himalayas c6 d6 cao h = 2042
m so v&i muc nudc bién. Dudng BS biéu thi nti Everest nam cach Darjeeling d =
170 km va c6 dd cao H = 8848 m. Binh khac la nui Kanchenjunga (khéng c6 trén
hinh) nam cach Darjeeling 75 km va c6 do cao 8586 m. Viét bi€u thirc va tinh gia
tri bang s clia d6 cao H’ cla cac nui theo phuang dirng clia ngudi quan sat khi
nhin tir Darjeeling theo cac dai lugng da cho & trén. Cho rang ngudi quan sat
khong thé nhin thdy phan phia dudi dudng ngang tdm mat. V& mot hinh phu
hop. Lay ban kinh R cda Trai bat 1a 6378 km.

Hinh 1. Cung tron I&n ma ndi BS nam trén c6 dd cao H va ngudi quan sat & P
c6 d6 cao h. Luu y hinh vé khong dung ti lé.

E.1 Ly cudng d0 sdng cla nui Kanchenjunga tai Darjeeling lam gia tri tham chi€u.  1pt
Cuong dd sang cla nui Everest so véi ndi Kanchenjunga nhin tur Darjeeling sé
nhu thé nao? Trong bai nay ta bé qua sy thay d6i mat dé phan tr khi theo do
cao. Néu cudng dd sang bang 5 % hodc cao han so vdi gia tri tham chiéu thi ta
noi ndi d6 ¢ thé nhin thdy dugc. Liéu c6 thé nhin thay nui Everest tir Darjeeling
khong?

F.1 Chiéu dai suy gidam L, do 6 nhiém aerosol (hat bui lo' Iirng): Otréntadatinh  1pt

chiéu dai dac trung L lién quan dén sy gidm cudng dé sang do tan xa vdi cac
phan t&r khéng khi. Bay gid ta xét dén chiéu dai ddc trung L, lién quan dén su
gidm cudng d6 sang do tan xa vdi cac hat bui aerosol (6 nhiém). L, phu thugc
vao mat d6 hat n clia cac hat bui va dién tich mat cat =2 cda hat bui c6 ban kinh
r. Viét sur phu thudc nay bang cach sir dung ban chat vat ly va phan tich thr
nguyén. Ldy hang s khéng thr nguyén 1a 1/8. Cho rang 6 nhiém & Darjeeling
la nhe v&i mat do bui trung binh la p, = 5 ug/m?, va ban kinh trung binh cda
ching la 500 nm. Tinh chiéu dai L,? Cho mat d6 khéi lugng riéng cla hat bui la
p=3g/cm3. Biét1ug=10"kgva1nm=10"m.
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G.1 Cuong do sang tuong ddi va kha nang nhin thay nii Kanchenjunga va  1pt
nui Everest: Hay tinh cuong d6 sang tuong doi clia nui Kanchenjunga va nui
Everest so vdi gia tri tham chiéu & mirc d6 & nhiém noi trén. Ndi nao, néu cé
trong s6 cac nui nay, sé dugc nhin thdy tir Darjeeling? Gia thiét sy 6 nhiém la
dong déu sudt dudong truyén cla anh sang.
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