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CAU 1

Trén hinh 1 14 gian d6 hoat dong 1y thuyét ciia dong co 4 ky. Pong co hoat dong
nhu sau: hdn hop khong khi va nhién liéu duoc dét nong 1én nhiét d6 cao boi
qua trinh nén doan nhiét (1-2), dan nd trong thoi gian rat ngin khi bi ddt chay
dang ap (2-3), sau d6 khi tiép tuc dan né doan nhiét (3-4), cudi cung thoat ra
ngoai khong gian lam viéc va dugc thay boi hon hop nhién liéu méi. Giai doan
cu01 cua chu trinh lam viéc twong duong voi qua trinh dang tich (4 1) Thu’ong
s6 e=V,/V, dugc goi 1a hé sb nén, con thuong sé ¢=V,/V, 1a hé sb 1ap day cua
dong co.

Gia thiét c6 thé xem khong khi va cac san pham chdy 1a khi 1y tudng hai nguyén
tir. Nhiét dung riéng dang tich cta khi nay 1a cy=2,5 R/M, trong d6 R 14 hang s6
khi, con M 1a khéi lugng mol cua chat khi. Pbi voi qua trinh doan nhiét ta co
dinh luat Poisson pV'= const, y =c,/cy la hang sb Poisson.

a. Hiy xac dinh céc dai lugng p, T & cac diém 2, 3 va 4 trén gian d6 hoat
dong néu cho biét cac gia tri p;, T tai diém 1 va hé s nén €, hé s6 lép déy
¢ cua dong co.

b. Xac dinh nhiét lugng nhéan va toa ra bdi tdc nhan trong moét chu trinh va
hiéu suat 1y thuyét twong Gmg cua dong co.

¢. Chimg minh rang d6i voi hiéu suat Iy thuyét ta c6 hé thirc

1 1 ¢ -1

Trudc hét, hiy giai ciu hoi a va b mot cach tong quat, sau d6 tinh sd vi cac sb
lidu sau: p; =0,10 MPa; V; =2,00. 10° m’; T, =300 K; y= 1,40 ; €=20,0 ; ¢ =
1,80 .

Hinh 1.




Bai gidi
a. Dbi vai qua trinh doan nhiét 1-2 ta co

y—1

|14 V. T. V _

PV _ P 2 p W =p Vg, =]l _ g7
LI Lo \h

Do do,

do do
,=Tp=T& 9, p,=p,=pe

Dbi voi qua trinh doan nhiét 3-4, ta co

7—1
T, V. g 1
pVy =pJy, = [_3) =" —
I\ 1
suy ra
T,=Tp s =Ty .

y
_ By
p4—p3(Vlj y21%

Ta cling co

Két qua tinh sb: (chii y 6 chit s6 ¢6 nghia trong két qud)

T\=300K , 7,=994K , T;=1790K , T:=683K .
2=0,10 MPa, p,=6,63 MPa , p;=6,63 MPa, p,=0,23 MPa .

b. Ta c6 thé biéu dién khéi lugng khong khi di qua thé tich 1am viéc trong mot
chu trinh Ia

m= M
RT,
Do do
mc, =2,5 pVy

1
Trong qua trinh dot chay nhién li¢u 2-3, tdc nhan nhan mdt lugng nhiét 1a

|14
0, =me, (T =T =mycy (T; = T,) =257 £ L (I, = 1)
1
Trong qua trinh dang tich 4-1, tic nhin tda ra mot lugng nhiét 1a




, V.
0, =mcy, (T, _Tl):2,5p} 1 (I, -1) .
1

C?,C giai doan khac cua qhu trinh !él qua trinh doan nhiét nén khong co6 sy trao
doi nhiét. Vi vay, hi¢u suat 1y thuyét cia dong co 1a

n:@:l_gzl_lu
) , O O y 15 -1,
Keét qua tinh so:

0,=1857J=186017, Q; =638J, 1n=20,66=66%
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CAU2
Xét su va cham cua hat pion 7z~ voi proton p ding yén trong hé quy chiéu
phong thi nghiém, sinh ra hai hat K° va A’. Phan tng dugc viet dudi dang

T +p—>K +A .

1. Hay tinh dong ning ngudng cta pion dé phan ung trén xay ra.

2. Trong mot thi nghiém, cac pion c6 dong luong 2,50.10° MeV/c. Nguoi ta
quan st thdy cac hat A c6 dong luong 0,60.10° MeV/c va huéng chuyén
dong cua chung 1ap goc 45° 50 v6i huong chuyén dong cua cac pion.

a. Hay tinh toc d¢ ctua h¢ quy chi€u khoi tam do6i voi hé quy chi€u phong
thi nghiém.

b. Hay tinh dong lugng cia cic hat K° trong hé quy chiéu phong thi
nghiém va trong hé quy chiéu khéi tam.

Cho biét m_ =140 MeV/c®, m,=938 MeV/c* , m , =498 MeV/c>, m , =1116
MeV/c* .
Chui thich:

e 7 la hat 7meson (goi la pion) mang dién tich &m, K° la hat K-meson
(goi 1a kaon) khong mang dién tich, hat A’ (goi 1a hat lambda) khong
mang di¢n tich.

e Theo thuyét trong d6i hep, khi chuyén tir hé quy chiéu quan tinh nay sang
» . E ). .. ... .
hé quy chi€u quan tinh khac, cac dai luong (—, p) bién doi giong nhu
c

cac dai luong (ct,7).



Bai gidi
1. Ky hiéu p, E va p’, E’ 1a dong luong, ning luong tong cong cia hé trude phan
g xét trong hé quy chiéu phong thi nghiém S va hé quy chiéu khéi tam S, v 13
tbc do cia S’ so v6i S. Tur phép bién d6i Lorentz dbi vé6i toa do va thoi gian suy
ra phép bién d6i cua dong luong va ning lugng

p=v[p + /) (E/)] , Elc=y[E/c+ (vic)p’] , (1)
Ta co
2 2
=0, E== |, g=SP_C5 )
Y YyE' E
trong 6 y > =1-v’/c® .
Tu (2) ratra
E'=JE* - (pc)’

= J (mp02 +4/(m_c*)’ +(pe)’ )Z ~(pe)’ 3)

= \/(m2 +m’)c’ +2m cz\/(m ¢’)’ +(pc)’
Khi hat 7z~ ¢6 nang lugng ngudng, cac hat sau phan tmg duang yén trong hé quy

chiéu khéi tam. Tai ngudng, ning luong tong cong cua hé hat sau phan tng
trongh¢ S’ la (m , + m , )c¢?. Theo dinh luat bao toan nang lugng ta c6

\/(mi +m?)ct + Zm})(:z\/(mncz)2 +(pc)’ =(m, +m ,)c’ . 4)
Do do,

~ [(mKo + on)2 - (m,zr +m§)Jc2

\/mic4 - (pc)2 =

5
o 5)
bdng nang ngudng cua hat 7~ la

T = e s oy —m et (et me ) Smrm e

2m
p

=769 MeV .

2.a. Theo (2), ta co
p=2,50.10MeV/c , E = \/mic4 +(pe)* + mp02 =3,44.10° MeV .
v=(c"E)p=0,73¢c . (7)

2.b. Chon hu’ong chuyen dong cua cac pion lam truc x (véc to don vi i), truc y
(véc to don vi j) nam trong mit phang chira quy dao cta pion va hat K-meson.

Trong hé quy chiéu S, goc gitta p v va p _1a0,gita p,, va p_la¢. Trong hé
S’, cac goc tuong tng 14 0° va @’.
Theo dinh luat bao toan dong lugong, ta c6
Do =P, — Py =2,5i—0,6(cos0 i + sin0 j)
=2,081 —0,42 j (10° MeV/c) . (8)
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Vay ta nhan dugc

tan(p=—0’42 -  @=-11,42"°=-0,20rad .
2,08
B0 =2.12.10° MeV/e

Nang lugng cua hat K-meson la

E o =fmioc* +(pac)’ = 2,18.10° MeV . 9)
Nang lugng va dong lugng cua hat K-meson trong hé quy chiéu khoi tam lién hé
v0i nang lugng va dong lugng cua né trong hé quy chiéu phong thi nghiém boi
bién d6i Lorentz

P’x=v[p«-(v/e)(Ec)] , EYe=y[Elc-(v/c)ps ,
Py=Py ., P:=Pps
Do do,
p’x =0,72.10°MeV/c , p’,=-0,42.10° MeV/c
Vay
P = 08310°MeVic , ¢ =-053rad=-30,22" .
CAU3

Cho mach dién hinh vudng, chiéu dai mdi canh 1a d=5 cm, gé)m hai khoa S; va
S,, ngué)n dién c6 suét dién dong U=6 V, va dién tré6 R=1,0 Q. Poan day dan CD
phia dudi dugce boc cach dién boi vat liéu dién moi cod khdi lugng M=0,1 kg va
tich dién Q=10 mC. Khéi luong va dién tro ctia ddy dan va cac thanh phan khac
nho, co6 thé bo qua. Poan day dan & giita (co chuyén mach S,) nam cach doan
day din phia dudi mot khoang d/2. Mach dién duoc treo sao cho co thé quay
khong ma sat quanh tryc OO’ nam ngang trung voi doan day dan phia trén (co
nguon dién). Mach dién khong bi bién dang trong moi trudng hop. Mach dién
nam trong tr trudng déu c6 cam tng tr B=10,0 T va dién truong déu c6 cudng
do dién truong E=1000 N/C. Ca hai truong cdé hudng song song vdi nhau va
vudng gdc v6i mit phing thiang dung di qua truc quay OO’ (xem hinh v& 2).

0 ul! o’
S
S,
Hinh 2.
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R ® ©
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a. Ca hai kl}(’)a S; va S, mo. Xac dinh goc 6 gitra mat phéng mach dién va
duong thang ding.

b. Khoa S, dong, khoa S, md. Xac dinh goc can bang 6.

c. Khoa S; md, khoa S, dong, mach dién quay tir vi tri thang ding 6=0 1én
vi tri nam ngang 6=mn/2 trong thoi gian At=5 ms. Hay tinh cong thuc hién
trong qua trinh do.

d. Mach dién duoc tha tir vi tri nAm ngang voi cd hai k}}éa‘mé. Hﬁy mé ta
chuyén dong cua mach dién va tinh nhimg thong s6 can thiét doi voi
chuyén dong do. Néu dong khoa S, trong qua trinh mach di¢n chuyén
dong thi c6 hi¢u ing gi xay ra?

Bai giai

a. Néu ca hai khoa md, trong mach khong c6 dong di¢n. Tac dung 1én doan day
dan CD chi c6 trong lyc F, va luc dién Fq . Khi mach dién nam 6 vi tri can bang,

ta co )
F_op
| Mg

=N

tan 0, =

|

k.

Do d6, 6, = 84,4° .

b. Néu S, déng, S, mo, dong dién cudong do I = g di qua day dan CD. Tu
truong tac dung 1én doan day din CD luc F, . O vi tri can bang, gbc nghiéng 0,
dugc xac dinh béi phuong trinh
Fl _ qE
‘F +F‘ Mg +BId ’
F AR,y
hay 0, = 68,2° . gthevw -

tan 0, =

c. Khi khéa S; mé, S, déng, mach dién chuyén tir vi tri thang dtng sang vi tri
nam ngang, trong mach gom day dan CD, dién tr& R va khoa S, c6 dong dién

cam Ung cuong do trung binh I = 1A% :

R At
Theo dinh luat bao toan nang luong, cong W can thiét dé lam mach dién thay
d6i vi tri bang téng cua bién thién thé ning cia mach dién va nhiét luong toa ra
trén dién trd. Ta co
B’d*

W = Med + QEd + I2R At = Med + QEd +
gd+Q w gd+Q AR AL




Déu “+’ tng véi trudong hop (i) quay mach dién nguoc chiéu tic dung cia dién
truong, dau ‘-¢ Gmg véi trudng hop (ii) quay mach theo chiéu tac dung cua dién
truong.

- Truong hop (1): W=0,581

- Truong hop (i1): W=-042)

d. Khi hai khéa mé, vi tri can bang ctia mach dién tng véi goc 0, . Néu mach
dién & vi tri voi goc 1éch a so voi vi tri can bang, luc kéo mach dién tro vé vi tri
can bang la

F =Mgsin(0, + o) — QE cos(0, + a)

QE

= M(g cosb, + M sinf,) sin a

=Mg,, sina

Gidng véi truong hop con lic don, néu goc léch o nhd, mach dién sé thuc hién
dao dong diéu hoa véi tan sb goc o =, /gT:d = 44,83 rad/s, chuky T =0,14 s.

Néu dong khoa S, trong qua trinh mach dién dao dong, trong mach dién chira
day CD, dién tr& R va khoa S, xuat hién dong dién cam mg c6 tac dung chong
lai sy dao dong ctia mach.

Do do, mach dién s€ dao dong tat dan, cudi cung s€ dung lai & vi tri can b::ing
v6i goc 1éch 0, so v6i vi tri thang dimg.

CAU 4

Chiét suat n ctiia khong khi & nhiét d6 300 K va do cao ngang myc nudc bién
Ung vdi anh sang c6 bude song A nam gilta vung phé nhin thay 1a 1,0003. Gia
thiét rang khi quyén cé nhiét do dong déu 1a 300 K va dai luong (n-1) ti 1& véi
mat do khong khi. Hoi khi quyén cua Qua dat phai ddm dic hon bao nhiéu lan
dé anh sang budc song A s& di vong quanh Qua dat & do cao ngang muc nudc
bién. Biét rang 1én cao 8700 m thi mat d6 khong khi giam e 1an. Ban kinh Qua
dat1a R = 6400 km.

Bai giai
Theo gia thiét khi quyén co nhiét do déng déu, su phu thudc cua mat do khong
khi d(r) vao chiéu cao r tuan theo phan bé Boltzmann

_mg(r-R)
dryece kT |

trong do r la d§ cao tinh tir tim Qua dat. Ta c6 biéu thirc cho chiét suét cua
khong khi phu thudc dd cao



r-R r-R

n(r)y—-1=pe " hay n(@)=1+pe "
voi p 1a hé sb ty 1€ lién quan dén mat do khong khi, h=8700 m. Do do

r—-R

dn(r) _ _p -
dar he b M

A

Gia sir khi quyén c6 mat 46 dam dic dén muc anh sang truyén theo dd cong cua
bé mat Qua dat ¢ do cao r, tuc la truyén theo cung tron ban kinh r, tr diém A
dén diém B. Do dai quang trinh tor A dén B la

s=n(r)r0.

Ta biét duong truyén ciia 4nh sang thoa min diéu kién d6 dai quang trinh 14 cuc
tri. Do do

& _ [dn(r) r+ n(r)}@ -0  hay dn() __n() )
dr dr dr r
Tu (1) va(2)tacd
r—R
nr _p
—r="u¢ . 3
Rt (3)
bat r = R, ta nhan duoc
pR h
— =1+ = =— =0,00136 . 4
" P P=r 1 (4)

Trong thuc té, chiét sudt & do cao ngang muyc nudc bién 1a ng=1,0003, suy ra
hang s6 py =ne-1 = 0,0003.

Nhu vy, dé anh sang truyen theo d6 cong cua bé mat qua dat & do cao ngang
muc nude bién, khi quyén phai ddm dic hon khi quyén that p/ p, lan:

320,00136:4,53 |
P, 0,0003
HET



