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CAU I (4,0 diém)

Cho co hé dit trong mat phing thing ding
nhu Hinh 1. Thanh EA dong chit cé thé quay
quanh truc ¢ dinh di qua E va vudng goc voi mat
phang hinh v&. Thanh EA c6 chiéu dai ¢, mémen
quan tinh 1, d6i vai truc quay. Rong roc cé dinh
B c6 momen quén tinh 1, ban kinh r rat nho so véi
khoang cach tir truc rong roc dén diém E. Sgi day
khéng dan, khdi lugng khong dang ké, vat qua
rong roc B, mot dau treo vat khéi luong M, dau
con lai ndi vai vat nho cd khdi lwong m. Vat m
chi c6 thé trugt doc theo thanh EA. Goi o, Va Xo
lan luot 12 goc ban dau giita doan day bén phai so M@
v6i phuong thing diing va khoang cach ban dau
tir vat m dén diém E. Bo qua moi ma sat, day noi A
khong truot trén B. Goi g la do 16n cua gia toc Hinh 1
trong truong. Ban dau giit M cho hé dung yén va thanh EA thang dang.

1. Thanh EA duoc giir ¢6 dinh, tinh gia tc ctia M ngay sau khi tha nhe.

2. Khong giir ¢d dinh thanh EA. Tinh gia téc ciia M va gia toc gc cia thanh EA ngay sau khi
tha nhe M.

CAU Il (4,0 diém)

Thyc nghiém cho théy khi dat vat li€u tr vao tir trudng ngoai cd vecto cam ung tur éo thi vat
li€u tir s€ bi tir hda. Hién tuong tir hoa nay dugc mo ta béng vecto do tir hoa M (momen tur trén
modt don vi thé tich vat li€u). Vat li¢u bi tir hoa s€ giy ra cam ing tir phu B = uom voi pola do
tir tham cua chan khong, do d6 cam Gng tir tong cong trong
vat liéu bi tir héa 1a B=B, +B'.

1. Xét mot khdi vat lidu thuan tir 1i twong, dong chat, hinh
try, ban kinh R va chiéu dai L (L>R), xung quanh quin
day dan (c6 16p son cach dién) voi mat do déu n vong trén
don vi dai va c6 dong dién mot chiéu cudong do I chay qua
(Hinh 2). Gia thiét cdc vecto M va cudng do tir truong H Hinh 2

luén cung hudéng va khong phu thudoc vao vi tri dang xét.

Khi thay doi cuong do dong dién mot lugng nho dI, ngudn dién thyc hién mot cong SW,, cong

ndy mot phan lam thay d6i cudng do tir truong ngoai, phan con lai 1a cong SW,, ma vat liéu tir
nhan duoc.

a) Tim cudng d6 tir truong trong khdi vat 1iéu va momen tir cia cac vong day.

b) Tim 8W, theo cac dai luong p,,H va bién thién do tir hoa dM.



2. Theo quan diém nhiét dong luc hoc, co thé gia thiét H dong vai tro nhu ap Suat p, M dong vai
tro nhu thé tich V.

N S M X r
a) Chung to rang S = oca— vo1 S va T lan lugt 1a entropy va nhiét do tuyét doi cua hé.
oH|T oT |H
Tim hé s a. i i
b) Tuong ty nhiét dung dang &p va nhi¢t dung dang tich cua khi 1i twong, ta dinh nghia nhi¢t
q 5Q . » 6Q
dung dang tr truong C, =—| = va nhiét dung dang tr héa C,, =—=| . DO tr hoa phu
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thuoc vao tir trudong ngoai theo dinh luat M :$H, trong d6 C 1a hang s6. Biét ¢ nhiét do
ratthdp C,,(T,H=0)=0.
Tim C, (T,H) va C,, (T,M).
¢) Xét qué trinh bién doi doan nhiét cua vat liéu tir ma ¢ do6 tir truedng ngoai thay doi.
Tim phuong trinh lién h¢ gitra cuong dd tir trrong va nhi¢t do.
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Cho biet 9 M =£ (X y) = (x y). Trong moi truong dong nhat va
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dang hudng, cuong do tir truong H = —2 = —— =const.
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CAU Il (4,0 diém)

Mot ludng cuc dién gom hai dién tich diém +Q va —Q (Q > 0), dat rat gin va cach nhau
mot khoang |d| khong ddi trong khong khi. Vecto d huéng tr dién tich —Q sang dién tich
+Q. Khoi lugng mdi dién tich 1a M. Pién tich diém q(q>0)co khdi lugng m, dat rat xa ludng
cuc. Bo qua moi ma sat va tdc dung cua trong luc.

1. C6 dinh dién tich diém q tat géc 0 sao cho vi tri cua tdm ludng cuc dugce

-

xac dinh boi R tao voi d modt goc o va thoa man |F§|>>| a| Ludng cuc +Q %@ /

dién ¢ trén mot qui dao bao quanh q. Trong qua trinh di chuyén, ludng cuc d <

dién va dién tich q luén ndm trong mot mat phang c6 dinh. Chon hé toa do

(R,0,a), v6i 0 1a goc hop boi R va chidu duong truc 0x (Hinh 3.1). Q
a) Xac dinh cac phuong trinh chuyén dong cua ludng cuc. R

b) Khi tam cua ludng cyc ¢ trén qui dao tron ban kinh R quanh q, ludng
cuc dao dong nhd quanh vi tri can bang, Liy gan dung 6 ~0. Tim chu
ki dao dong nho cua ludng cuc. 0 0

[
v

2. Cho ludong cuc dién trén ¢b dinh sao cho tAm cua ludng cuc nam tai @
diém 0. Khao sat chuyén dong ctia q trong mién rat xa ludng cuc. Dé thuan Hinh 3.1
tién cho tinh toan, ta khio sat bai todn trong h¢ toa do cau q

(r,8,¢) v6i truc 0z tring voi d (Hinh 3.2).
a) Tim cuong do dién truong cua ludng cuc tai diém T Chung

minh ton tai mot hing sé chuyén dong p=L2 +——
2mg, I

trong d6 L 1a momen dong luong cta g, E)z Qa la momen

ludng cuc dién, €, 1a hang sb dién moi ctia chan khong. _é
b) Tim hé thic lién hé gitta ning luong E ctia q va hang s6 B . Hinh 3.2
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Viét phuong trinh chuyén dong cua q theo B va ching to ring chuyén dong ciia né 1a

chuyén dong trong trudng thé ning hiéu dung V,q (r)= ZL V& dang do thi cta V(1)

2
mr
va khao sat chuyén dong cua q trong truong thé ning hiéu dung nay.
¢) Tai thoi diém ban dau, q c6 toa dd (r,,0,,,) va vantdc V,.Tim V, theo m,p,q,r,,0, dé q
chuyén dong trén mot mit cau. Khi d6 ching minh ring phuong trinh chuyén dong ctia q co
dang
%mrj@z +V(0)=0,
trong d6 ro 1a ban kinh ciia mit cau va

2
V(6)= :‘Z_ —+ ap ~C0s6,
2mrysin® 0 - 4mel;

v6i L, 1a hinh chiéu momen dong lugng 1én 0z V& dang do thi cla V().
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Cho biet grad f (x,y,z)_&l +5 i +Ek’ ax(bxc)—b(ac)—c(ab).
CAU IV (4,0 diém)

Li thuyét lugng tir cho biét cong thirc tinh mat do nang luong cta khi photon c6 ning lugng
e trong thé tich V 12
8oV &

3 € .
(he) e —1
Cong thirc (4.1) duoc goi 1a cong thirc Planck, trong d6 h 1a hang sé Planck, k 1a hiang s
Boltzmann, c¢ 13 tdc d6 anh sang trong chan khong, T 1a nhiét do tuyét d6i ctia khi photon.

U(e,T)= (4.1)

1. Hay tim mat do niang lugng tong cong, nhiét dung dang tich va entropy ctia khi photon.

2. Dinh luat chuyén doi Wien vé birc xa clia vét den tuyét ddi cho biét budc séng A, ung voi

cuc dai cia mat do nang luong ti 1€ nghich vo1 nhiét do tuyet ddi cua vat den
Ao ==, (4.2)

v6i b 13 hing sb. Tur cong thire (4.1), hiy biéu dién mat do ning lwong cia khi photon nhu mot
ham sé cua budc song A va nhiét do tuyét dbi T. Xac dinh hing sé b trong cong thirc (4.2).

3. Theo dinh luat Stefan — Boltzmann, tong cong sudt birc xa tir mot don vi dién tich bé mit ciia
vat den tuyét dbi v6i moi budc séng1a P=oT* v4i o 1a hing s6 Stefan — Boltzmann. Tim biéu
thirc xac dinh gié tri cua o.

4. Mit Troi phat ra birc xa lién tuc c6 phd ning luong tuan theo cong thirc Planck (4.1). Mot vé
tinh nhan tao c¢6 dang hinh cau bay trén quy dao gin Trai Pat. Khi anh sang Mat Troi chiéu vao
vé tinh thi tat ca cac phan cta vé tinh coi nhu c6 cung nhiét d6. Coi Mt Troi va vé tinh déu 1a
cac vat den tuyét ddi.

a) Hay udc tinh nhi¢t do cua vé tinh.

b) Dé ha nhiét d6 ctia vé tinh ngudi ta son bén ngoai vé tinh mot 16p son c6 dic diém 1a phan
xa hoan toan tit ca cac song dién tir ¢ budc song nhé hon 12 pm va hip thu hoan toan cac
song dién tir c6 budc song tir 12 um trd 1én. Xac dinh nhiét d§ cua v¢ tinh trong trudng hop
nay.

5. Hay udc tinh ban kinh ctia hat bui nhom dugc coi nhu qua cau khi lwc hip dan cua Mat Troi
tdc dung lén hat bui can béng vo1 ap luc cua cac buc xa Mat Troi tac dung 1€n nd. Khi blrc xa
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chiéu t6i hat bui thi bi phan xa v6i hé sb phan xa la R=0,8. B6 qua céc tac dung khac 1én hat
bui.

Cho biét ban kinh Mat Troi R =7.10°m, khodng cach tir tam Trdi Pat dén tam Mat Troi
Ro =1,5.10"m, khoi luong cua Mat Troi My =1,95.10"kg. Trong phé birc xa cua Mat Troi
thi budc song A, =0,5um Khoi luong riéng cia nhém D=2700 kg/m’. Hing so Planck
h=6,625.10" Js, hang s6 Boltzmann k=1,38.102J/K, tdc dj anh sding trong chdn khong
c=3.10%m/s.

4
dx= T[_
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Cho tich phan [ —
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CAU V (4,0 diém)

Mit do cac II}&C nang luong cia mot h¢ khi luong tir g@)m cac hat déng nhét ¢6 cung khdi
lugng m trong thé tich V dugc cho bdi cong thire
g(2m)3/2V
’ An’h® . ’
trong do g 1a bdi suy bién ciia mirc nang lugng €, 7 1a hang so Planck rat gon.

Gia sir cac hat tudn theo théng k& v dwgc mo ta bi ham phan bd

() =————,

ekt +(=1)"
v6i Ti(e) 1a sd hat trung binh trén mic ¢ & nhiét do T; u 1a thé hoa hoc; k 1a hiang sd
Boltzmann; v =0 tuong tng voi thong ké Bose — Einstein, v =1 twong g véi thong ké Fermi
— Dirac. Cho cac ham

p(e) =

G

dx, voi z= exp(—ij.

3 0 X3/2
Z)=
@ N ! 2" +(-1) KT

1. Tinh s6 mirc ning lugng trong khoang de va ching t6 rang thong ké Fermi — Dirac ngin can
viéc tich tu cac hat vao cung mot trang thai con thong ké Bose — Einstein thi khéng.

2. Tinh mat d6 cua chat khi qua ham F,(2).

2 0 XZIJZ
F )= —2—dx
@ Jr J)‘ze"+(—1)v X

G,(2)
F(2)

4. Phan bd Boltzmann 13 gi¢i han ciia phan bd v khi ‘°’k_—T“ >1. Hay tim nhiét dung ctia chit

3. Tinh nang luong cua hé theo s6 hat N va ti s

khi lwong tir tuan theo phan bd Boltzmann,

157 02 1 157 02 3
Cho céc tich phan ——= [e ™ x?dx=——,— | e * X*dx =———.
p \ﬁ_{[ 4a3/2 \ﬁ_{[ 8(15/2
HET
Ghi chu: - Thi sinh khong dvwoc s dung tai liéu.

- Can bo coi thi khong gidi thich gi thém.



