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PHAN THI GIAI BAI TAP
(180 phiit khong ké thoi gian phat dé)
Cau 1

Mot khi 1y tuéng don nguyeén tit thyc hién chu trinh 1-2-3-4-1 duge mo ta trén gian do p-V
nhu hinh vé.
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Biét ring trong chu trinh, thé tich nhé nhét ciia khi 1a V4, thé tich 16n nhat gap n lan. Cac
doan 2 — 3 vd 4 — 1 1a dang tich, doan 3 — 4 1a doan nhiét, con doan 1 — 2 nhan dugc tit
doan 3 — 4 bang cach dich mot doan c6 do dai py lén phia trén doc theo truc ap suat.

a. Hay xéac dinh lugng nhiét thu duge hodc téa ra trén cac doan 1 —2, 2 — 3,4 — 1.
b. Tinh hiéu suat ctia chu trinh trén.
Bai giai
a. Trén cac doan dang tich 4 — 1 va 2 — 3, khi nhan nhiét hay téa nhiét chi lam thay doi
noi nang cua no: ;

3
U= §SRT— §pV ,

trong d6 s 1a s6 mol khi. Trén doan 4 — 1, khi thu nhiét (Q4_; > 0), con trén doan
2 — 3, khi téa nhiet (Qu_s < 0). Ta c6

3

Qi1 = AUy, = 5]90‘/0 ) (1)
3
Q23 = AUy_3= —Enpovo . (2)
0 day, AU,_; vd AU,_5 lan lugt 1a bién thién noi ning cta khi trén doan 4 — 1 va
2 —3.
Ky hiéu sy phu thudc ctia 4p suat vao thé tich trong qué trinh doan nhiét 3 — 4 1a

p="pa(V)
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Khi d6, theo dé bai, 4p suat phu thudc vao thé tich trong qué trinh 1 — 2 duge mo ta
bdi phuong trinh
p=pV)+po -

Luong nhiet AQ;_» thu dugc trén doan nay khi dan nd mot thé tich nhé AV bing
téng clia bién thién noi nang va cong thuc hién, tic 1a

3 5 3
AQua=A (a4 )V )+ (ot m) AV = 3+ ) AV S0V . ()
Tuong tu, nhiét lugng thu duge trén doan 3 — 4 khi dan nd mot thé tich nhé AV 1a
5 3
AC2374 = épaAV + §Apav . (4)

Tuy nhién, qua trinh 3 — 4 la qué trinh doan nhiét nén AQ3;_4 = 0. Tinh Ap, tu
phuong trinh (4), thé vao (3), ta nhan dugc

D
AQi 2= EPOAV .

Vay lugng nhiét khi nhan dugce trén doan 1 — 2 la

5

Q12 = §p0(n - 1)% . (5)

b. Téng nhiét lugng khi nhan duge tit nguon noéng la
5 3
Qr=Qi12+ Qs 1= Epo(n - 1)V + ipovo :
Tong nhiét luong khi nha cho ngudn lanh 1a
3
Q- =|Q23| = 5”]90‘/0 :

Vay hiéu suat ctia chu trinh 13

3
_ snpoVt -1
7]:1_‘Q =l-3 2”?003 :5n : (6)




Cau 2

Mot vat lieu chiém toan bo nita khong gian z > 0, mit phéng giéi han tai z = 0. Mién z < 0
la chan khong. Vat lieu nay khong dan dién (do dan o = 0), khong nhiém tit (hdng sd ti
tham p = 1), c6 chiét suat thuc N, d6i v6i song phan cuc thang theo phuong truc z, N,
ddi v6i phan cie thang theo phuong truc y, khi séng truyén theo phuong truc z. N, > 1 va
N, > 1 nhung N, # N,. Khong c¢6 dién tich va dong dién tu do trén bé mat ciing nhu bén
trong vat liéu.

Mot séng anh sang phan cuc elip phai truyén theo phuong truc z di tit mién z < 0 téi
vuong goc véi mat phéng phan cach ctia vat lieu. Véc to cuong do dién truong EZ cua song
t6i c6 the viét dudi dang

—

1
E,=E, {a‘c’ cos(kz — wt) — 55 sin(kz — wt)} ,

w £ £ . N — e B - P . 2 ~
trong d6 k = N—, N la chiét suat cua moi truong, ¥, ¢ va 2’ 1a cac véc to don vi ciia hé truc
c
toa do. Séng phan xa va song truyen qua ciing truyen theo phuong truc z. Hay tinh hé s6
phan xa R, tic 1a ti s gitta cuong do séng phan xa va cuong do séng tdi.
Goi 4 Véc to cam ting tit cia séng anh sang lién he vé6i véc to dien truong bdi bicu thitc
— N —
B=—nixFE
c
0 day, 7 1& véc to don vi xac dinh huéng truyén ciia séng dnh sang.
Bai giai
Anh sang t6i ¢6 thé xem 1a t6 hop ctia hai anh sang phan cuc thang: anh sang phan cuc

théng theo chiéu truc z c6 véc to dién truong E;, va &dnh sang phan cuc thing theo chiéu
truc y c6 véc to dién truong Ely

S

= FEy& cos(kz —wt) (

—_
~—

<
8

=,

I
—

[\
S—

1.
iy —§E0 ¥ sin(kz — wt)

1 == L
Ky hieu £, = Ey, By = §E0. Theo dinh nghia, cuong do anh séng I ~ E?2, trong d6 dau A

. . 5
chi gia tri trung binh theo thoi gian cia A. Do do, cuong do anh sang t6i I; ~ §E§

Vi véc to cdm ting tit clia séng anh sang lien hé véi véc to dien trusng béi bidu thiic

— N —
B="—nxFE
c
nén ta cé
By = (ét) B )z §cos(kz — wt) + %E(i,t)y Zsin(kz — wi) (3)
. N, . =
B, = _7 {Em ycos(—k:z - Wt) + ETy z sm(—k}z B wt)} ) (4)

O day, chi s6 7, ¢ dé chi thanh phin séng phan xa va truyén qua. Tai z = 0, thanh phan
tiép tuyén ctia dién truong va tit truong phai lien tuc. Do d6 ta c6 cac phuong trinh

Eiwy) + Er@y) = Eiwy) »  Biwy) — Brwy) = Ney Brwy - (5)
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Giai hé phuong trinh nay, ta thu duge

1 — Ny,
Er(ay) = (—y> Ei(wy) -

1+ Nzy)

Cuong do dién truong ctia anh sang phan xa la

- 1—N,
E, = ED{( x) T cos(—kz — wt) —

1+ N,
1/1-N,
2 \1+N,

Cuong do anh sang phan xa la

1 2 2
Ir ~ é(Emv—}_E'ry)
1 1-N\? 1/1-
- _F? ’” -
2770 (1+Nx) +4(1+
Hé s6 phan xa R 1a
pol (1N 2 1(1-
I, 5 |\1+N, 4\ 1+

) 7 sin(—kz — wt)}




Cau 3

Trong mot mo hinh ctia nguyén tit hydro 6 trang théai co ban, ngudsi ta coi nguyén ti nay

gom:

- mot proton tich dién +e dudc coi la chat diém dit tai goc toa do O,
- mot dam may tich dien am c6 ddi xing cau bao quanh proton.
Biét dién thé tai diém M bat ky (OM= r) c6 dang:

V(r)=—e® (v6i a va b 1a cac hang s6 duong)
r
a) Hay xac dinh dien truong E(r) tai diém M.
b) Tinh dién tich cia ddm may tich dién am nam trong mit cau tam O béan kinh 7.
)

a) Tinh mat do dién tich p(r) ctia ddm may dién tich am theo a va b.

b) T diéu kién trung hoa vé dién ctia nguyén tt hay tinh hang s6 a theo e va «.

3. Tinh thé tinh dien V'(r) do dam may tich dién am gay ra tai diem M (OM= r).

4. Tinh theo a va b cac dai lugng sau:

a) Nang lugng W), clia hat nhan trong dam may dién tich am.

b) Ning lugng toan phan W ciia nguyén ti hydro.
Bai giai

a) Do tinh déi xting cAu cfia mo hinh nguyen ti, dien truong E = —VV tai M ¢6
huéng xuyen tam va c¢6 do 16n chi phu thude vio r =OM, cu thé 1

- - AV aexp(—br T
E = —VV)=-—""= %(Hbm; .
7l — M(l by (1)

E |E]

72

b) Ky hiéu ¢(r) 1a dién tich clia ddm may dién tich &m ndm trong mat cau tam O
ban kinh r. Theo dinh 1y Gauss, thong luong dién trudng qua mat cau tam O ban
kinh 7 chita dién tich +e & tam va dién tich am ¢(r) cho béi biéu thitc

BEr)am? = 2 (e 4 q(r)) . @)

€0

Thay E tu (1) vao (2), ta nhan dugc

dma(l + bryetr = ?10 (e + q(r)

T do6 suy ra
q(r) = —e +4mega(l + br)e ™ . (3)

a) Goi mat do dién tich am tai diém cach tam O khoang r 14 p(r). Dién tich am trong
khong gian gitta hai mat cau c6 ban kinh r va r + dr 1a

d d
p(r)dmr?dr = q(r +dr) — q(r) = q(r) + Sodr — q(r) = dr .
dr dr
Suy ra
1 dq
= — 4
o) Amr? dr (4)



Thay ¢ tit (3) vao (4), ta duge

_ —brip
p(r) = 47Tr247reoae [b—b(1+0br)]
hay
eoab® .
plr) =~ )

b) Do tinh trung hoa vé dién ctia nguyén ti, dién tich am téng cong phai bing —e
can bang véi dien tich +e ctia hat nhan, nén ta c6

—e = / p(r)dmridr .
0
Thay p(r) tit (5), ta nhan duge
—e = —47reoab2/ re rdr .
0

Lay tich phan theo ting phan, cudi ciing, ta duge
e

a =

4dmeq

Cach khac: Ta co hH(l) q(r) = 0. Stt dung (3) ta c6 (6).
r—

3. Dung (6) ta c6 thé tinh dién toan phan tai M 1a

e
Vir) = 47reor€_br '
Mat khac, hat nhan tai O gay ra tai M dién thé ;6 — Vay doéng gop ctia dam may
dién tich am vao dieén thé toan phan la '
Vi(r) = V() — — C letr-1] . (7)

dregr  4megr

4. a) Hat nhan c6 dién tich +e dat tai O (r — 0). Tai diém O dam may tich dien am
gay ra dien thé V'(O), nén hat nhan c6 niang lugng bang
Whn = —|—€V/(O> s
trong d6 V'(0) 1a gidi han ctia V'(r) khi r — 0. Ding khai trién
22
G;E:l—f‘l"'—?—’—...

cho |z| < 1, tut (7) ta ¢

b2y2 b?
Vi(r) ‘ (1—br+—r+...—1>: ‘ (—b+—r+...> ,

B 4dmegr 2 4eg 2
suy ra
, ) , eb
V(O) =limV'(r) = —
r—0 4meq
Do do
Wi = +eV/(0) = -2 (8)
hn =  Adre



b) Nang lugng rieng W, ciia ddm may tich dién am véi mat do p(r) bang

/ V' (r)p(r)dmridr . 9)

Thay (5), (6) va (7) vao (9), ta nhan dugc

e%b

167eg

21,2 00
W, = — e‘b / [6—2br _ e—br] dr =
0

8meg

Vay, nang lugng toan phan clia nguyén tit hydro bang

3e2b
167meq

W =Wy, +W,=— (10)



Cau 4

Mot ngudi quan sat ding yén so v6i mot ngoi sao ¢o dinh 6 rat xa (hé quy chiéu S). Ngudi
nay nhin thay céc ngdi sao phan bd déng hudng, tic 1a s6 ngdi sao ngudi nay nhin thay

trong goc khoi df2 bang dN = N . v6i N la tong so sao ngusi nay nhin thay.
T

Gia st mot ngudi quan sat khac chuyén dong véi toc do tuong déi tinh v = B¢ theo hudng
truc z (hé quy chiéu rieng 1a S’). H6i nguoi nay nhin thay cdc ngoi sao phan bd nhu thé nao,
nghia 13 ham phan b P(#', ¢') c6 dang thé nao, néu s6 ngdi sao ngudi nay nhin thay trong
géc khoi d clia minh 1a P(¢, ¢')dQY'? Kiém tra dé thiy ring

N
/P(Q', ©)dQY =N vy P, ¢") — yy khi 8 —0
7r

Ngudi quan sat nay thay cac sao chum lai & dau?

Goi g Trong hé toa do cau (r,0, @), goc khdi dQ duge cho bdi biéu thiic
dQ = d(cos ) dp = sin 0 df dp
Bai giai

Ky hiéu S 1a hé quy chiéu gan véi ngudi quan sat ding yén. Xét photon c6 dong lugng 7,
nang lugng E = pe trong he S (dong lugng § , ning luong E' = pc trong he S’). Ta c6

pxzpcosﬁzv(p;Jr%E’)va’(cose’Jrﬁ) . py=psind=p,=p'sing |
C

vy=1/v/1-p5%,

trong d6 6 (') 1a goc gitta p (7)) véi truc z (z').
Mat khac, ta ciing co

p=\/D: + D} :p’\/’y2 (cos @ + 8)° +sin® @ = 4p' (1 4 Bcosd)

Do do,
yp' , B+ cost'
0=— )= ———— 1
cos ; (B + cost) T Boost (1)
Lay vi phan hai vé clia phuong trinh trén, ta nhan duge
1 — 2
d(cos ) = 8 d(cost') .

(14 Bcosh)?
Ky hieu ¢ (¢') 1a géc cue trong mit phang yz (mat phang 3'2') (xem hinh vé). Ré rang 1a

o=y . (2)




Nhu vay, s6 luong sao dN ngudi quan sat trong hé S nhin thay trong géc khoi df) theo huéng
xac dinh bdi cac goc (6, ) bang s6 lugng sao dN' nguoi quan sat trong hé S’ nhin thay
trong goéc khoéi dY xac dinh bdi cac goc (¢, ¢'), trong d6 cac goc nay lien he v6i nhau bdi
céc phuong trinh (1) va (2). Do d6,

N N N 1-p N  1-p

dN = —dQ = —d(cos 0)d d(cos8')dy' =

L — =———~dY =dN' .
iy 4mr L (14 Bcost)? 4T (14 Beos @)’

Theo dinh nghia, ham phan bd sao trong he S’ 1a

N 1- 3
PO = s
47 (1 + Beost)

Dé dang thit lai:
N
P, o) — — khi  8—0
4

1 2 N 1— 2 N 1 — 2
/P(G’, ©")dQ = / d(cos 9')/ d¢' _1=-5F / 1=5 _ N
1 0 47T(1+BCOS€’ 1—1—59&

Ngudi quan sat S’ nhin thay sao chum lai & huéng ma ham phan bo c6 gia tri 16n nhat,
hay 12 biéu thic (1 + Bcos@’) 6 gia tri nhé nhét, tng véi cos# = —1 hay ¢ = 7. Didu do
c6 nghia ngudi quan sat S’ nhin thay céc sao tu lai ¢ lan can diém xa vo cling trén truc z’
vé phia gia tri am, mac du sao phan b6 dong déu theo moi huéng trong hé S.



