Loi giai tham khao
Pé thi chon hoc sinh gidi qudc gia THPT mdn Vat li— VPhO 2018

(Phién ban 1.0 ngay 23.1.2018)

Ngay thi th&r nhat: 11/01/2018
Cau | (‘Lo gidi dé xudt béi Tran Céng Lim va Nguyén Vdn Duy)

1.a) Goi P 1a diém trén duong b va z = AP . Tathay rang dé cho téng thoi gian Tién chay trén
cac doan AP va PM 1a ngan nhat thi diém P s& ndm trong doan AH, do d6, 0 < z <1 .

. ¢ l=+3d

b

A

TAng thoi gian Tién chay trén quy dao gdm cac doan thang AP va PM la:

;AP PM _ @ NEH+(-af (1)

v, v, 21}2 v,

Ta cé dao ham t(x) theo z

di(z) 1 (z—1)
2, ud® + (1 — z)’

Téng thdi gian ngdn nhat tuwong tng véi dt / dz = 0, nén ta thu dugc phuong trinh

(2)

20 —z) =d* + (1 —2). (3)

Giai phwong trinh ta thu dugc nghiém: z =1—d / \/5 =2d/ \/g

1 Loi gidi trén duoc thuc hién badi cdc thanh vién nhém xPhO. Trong qua trinh gidi bai va soan thao khdng thé tranh
khéi sai sot, moi su gop y xin glti t&i nhom xPhO qua Facebook Page: https://www.facebook.com/xPhO.org/
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1.b) Goi G la diém trén dudng a ma tién cé thé gap dugc xe bus. Dt o = GAH . Goi t, la thoi

gian xe bus di tr M dén G va ¢, la thoi gian Tién chay tir A dén G.

a G

=

i
<

P
i ) R -

Taco

MG l—dcota

! V 20, ’
f = AG _ d .
? v, v, sin
DE Tién bat duoc xe bus thi
t,<t

Thay (4) va (5) vao (6), ta thu dwoc bat phuong trinh sau

v, sin v, 2

™
o — —|.
6J

d 1 d\/g—cotoz

< 1 <sin

B4t phuong trinh (8) c6 nghiém duy nhat sin[a — %] = 1. Gidi phuong trinh nay ta thu dugc

oL a=GAH =2,
6 2 3

(4)

(5)

(6)

(7)

(8)

2. Chon hé quy chiéu gan vdi xe bus, nhu hinh v&. Goi ¥ va V [an lwgt 1a van téc cla Tién va xe
bus so v&i dudng, va 4 1a van t6c cla Tién trong hé quy chiéu gan véi xe bus.
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Trong hé toa do cuc (r,¢) , van toc i = (u,,u,) ma cac thanh phan duoc dinh nghia

dr
U =—,
dtd¢ (9)
ucb = r—.
dt

Do Tién chay luén hudng theo xe bus, nén trong hé toa do cuc (r,¢):

v =(-0,0), ©v>0,
- (10)
V = (Vcosg,—Vsing).

O day V = 36km/h 1a téc do cla xe bus. Ta cé

—

u=uv-V. (11)

Thay (9) va (10) vao (11) ta thu dugc hé phuwong trinh

dr
u =—=—v—Vcosg, 12
Sy v ® (12)
do )
. =r— =V sina. 13
u, rdt in ¢ (13)

Theo d@ bai, Tién chay sao cho téc d6 tién lai gan xe bus khdng thay d6i nghia la ‘ur‘ = hang s6.
Do do,
d du

—(W)=0=>u —=0. 14
) " dt (14)

TU phuong trinh (14) cho ta hai truong hop

du
U =0 hoac ——=0.
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(Ghi chu: Thyc ra trueong hop u = 0 ung voi chuyén déng tron ciing Id mét truwdng hop théa

~ r

man

= 0, tuy nhién déi khi tuy theo cdch gidi ma ta s€ phdi tdach riéng hai truwong hop nay,

cdch gidi duwdi ddy cé thé gép hai truworng hop nay lai.)

. du, . , .
Tu diéu kién dty‘ =0 ,suyra u_ lahangso6 khéng phu thudc vao thoi gian. Tai thoi diém

t:O,tacov:(),(bozao:7r/3,nentaco

u =—=Vcosa, =—u,. (15)
O day, u, = Vcosa, =V /2 =18km/h . Nhu vdy ta c6 hé phuong trinh vi phan
dr
a_ 16
0 0 (16)
do .
r— = V sin ¢. 17
r ¢ (17)
V&i diéu kienbandau t =0 la
T(O):Q:AN:d/sinaO:M/\/g, (18)
va
T
$(0) =, = 3 (19)

Gidi phwong trinh (16) véi diéu kién ban dau (18), ta thu dugc phwong trinh cha r phu thudc
vao thaoi gian nhu sau:

r(t) = —ut + 1, (20)

D& tim phuong trinh chuyén dong ¢(t) tathay r(t) dathu dugc & trén vao phuong trinh
phuong trinh (17) va thuc hién céc bién d6i nhu sau:

Ly _ Vit
sing  r(t)

Thay r(t) tir phuong trinh (20) vao phuong trinh (21) va tich phan 2 vé ta thu dugrc

(21)
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j do [ Vdr

—— = | (22)
4 sin b U T T

C4c tich phan & hai vé duoc tinh bang cach déi bién s6, thu dwoc két qua nhu sau:

)

9]

e __pdeose) 1, l-cos¢ 1 1—cosg Jgtang] 23)

4 sin ¢ 5 sin” ¢ 2 1+4cos¢p 2 1+cosg, B
t
—u b+ —uyt +
Vdr V| TN g [T T (24)
0 YT 1 Uy To T

Thay (23) va (24) vao phuong trinh (22), va thuc hién cac bién d6i ta thu duoc phuong trinh
chuyén dong ¢(t) nhu sau

2 2
¢(t) = 2arctan = T—O] = 2arctan L[T—O] (25)

\/5 ro—ut \/5 r(t)

Nhu vay phuong trinh chuyén déng cta Tién trong hé quy chiéu gan véi xe bus:

r(t) = —u,t +r, (26)
¢(t) = 2arctan L[LT (27)
J3r(®)

Voiu, =V /2 var, =2d/ \/§ . Goi T la thoi diém Tién bét xe bus, ta thdy T 1a nghiém cla
phuong trinh 7(T) = 0 . Tir phuong trinh (26), ta tim dugc

T — o 44d (28)
u, 3V
Tai thoi diém Tién gap xe bus, t = T, thay (T") = 0 vao phuong trinh (27) ta thu dugc.
tan@ =o00 suyra @(T)=0 hodc ¢(T) = .
T phuong trinh (13) ta thay
20 _Vsing .y (29)
dt r
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Nhu vay la ¢(t) ludn téng theo thai gian, nghta la ¢(t) > ¢(0) (véi ¢(0) = a, =7 /3 ), do dd
khit — T thi ¢ — 7 .

Tir diéu kién u = —u, , thay vao phuong trinh (12) ta thu dwoc biéu thirc t6c do chay cha Tién

theo thoi gian nhu sau.
v
v(t) = u, —V cosp(t) = 5[1 — 2cos gb(t)] (30)

Nhuv vay la dé gdp duoc xe bus theo cach chay d3 chon thi Tién phai chay véi téc d6 ludn tang
dan theo thoi gian, va phai dat téc d6 v(T) = %[1 —2cos | = % = 54km/h = 15m/s & thoi

diém gdp xe bus. Thyc té, vdi strc chay clia con ngudi thi khdng thé dat duoc téc dé 54km /h, vi
vay Tién s& khong thé duy tri cach chay d3 chon trong khoang thoi gian tir khi bat dau chay cho
dén thoi diém dy kién (T) gdp xe bus. K&t luan, Tién khéng thé duébi kip xe bus theo cdch chay
dd chon vi khéng thé duy tri dwoc cach chay cho dén théi diém duw kién gdp xe bus.

Nhén xét: Sé dwoc update trong phién ban 2.0
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Loi giai tham khao
Pé thi chon hoc sinh gidi qudc gia THPT mdn Vat li— VPhO 2018

(Phién ban 1.0 ngay 23.1.2018)
Ngay thi thi nhat: 11/01/2018

Cau ll (*\L&i gidi dé xudt bdi Trén Ky Vi — Sinh vién Bai hoc Sw Pham Ha Néi va H6 Quéc Trung — Sinh
vién DPai hoc Khoa hoc Tw Nhién, Pai hoc Quéc Gia, Tp. H6 Chi Minh)

1. Theo phuwong trinh trang thai: p, = HPo —>T, = HPo =292,23K
RT, Rp,

Trong lwgng khicau la: P=M,g=(M + p,/')g =39102N = 39kN
2. Khi khi cau bat dau bay I&n thi lwc day Archimedes phai I&n hon hodc bang téng trong lvong khi cau:

HPo gy 7> H“pV

P&V 2Mg+p. gV =Mg+ 2T (0, la khéi lwong riéng khi trong khi cau)

R(pV —M)
Vay can d6t khi dén nhiét dé nhé nhatla T :,up—OV: 318K
R(pV —M)
3.
a) Theo dinh luat Il Pascal: o trang thai thay tinh thi
- Op- Op
rad o —i+— +—k 1
gradp = pg . ayfa pg (1)
Chon hé truc nhu hinh v&, chiéu (1) Ién phuong Oz:
Z—p =—-pg > dp=-pgdz =—pgdh (Chon truc nhu hinh thiz = h) (2)
zZ
Lay logarith Nepe réi vi phan hai vé& phuong trinh p = 4p"" ta cé:
dp 7d 5 5
_pz__p_>dp pdp——idp (3)
p Sp Tp 7T RT
RT . RT R
Tl PT trang thai: p= P vi phan hai vé thanh dp =—dp+— P dT (*), thay (3) vao pt (*) nay:
7 7
RT R R
RES M PR gy = LPR ap (4)
1 TRT Y7 2 u

I Lo gidi trén dwoc thye hién bdi cac thanh vién nhém xPhO. Trong qua trinh gidi bai va soan thao khong thé tranh khdi sai sot,
moi sy gép y xin gii t&i nhdm xPhO qua Facebook Page: https.//www.facebook.com/xPhO.org/
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Tu (4) va (2) thu duwoc dT _—iﬁdh tich phan hai vé: IdT_ Zygj-dh

:}T:Tb_z,ugh:/upo_Z,Ugh:M.pN,hv('jiM:M,N:_z’u_g (5)
7R Rp, TR Rp, 7R

Vay nhiét d6 T |a ham gidm tuyén tinh theo d6 cao h (dpcm).

Ta luén phdi cé T>O—>h<7RT —ﬂ—ﬂz = Py ~30 km

max

2ug  2gp, 28,

T 5/2 5/2
Tw (3) va (4) lai cé: dp— dTH jdp:éj.g—)£=[£j —)p:[zj Lo (5')
2T p2;T p \T

5/2

2

hay pzpo[l—g—’%hj = py (=i, k= 25D )
Py TP,

7/2
Va suy dugc hé qua p:ﬂ:po[l—zgihj (7)
7 7p,

Do cao khdi tdm zg dwoc tinh theo cdng thirc khéi tdm xét vai khéi khi hinh tru (ban kinh a = const) cho nhw
dé bai, cac hé truc chon nhuy 2.
hmax hmax
o(h)ra>dh.h j 0, (1= khY** hdh j (1—kh)*” hdh
0 0
max B hmax B hmmx ( 8 )
[ pyzadn [ p(—khy?dn [ (1—khy"dh
0 0

0

max

S (S S—

h. =z, =

l;cu,dh:—cjc—u Khi =0 thiu=1; h=h_ thiu=1-kh =0 va(5)trdthanh:

D3t u=(-kh)—> h=

0
w*(1-=u)du
J; ( ) 21_7

1
k jlumdu 9k 9gp,
1

h, = = 6646 m

b) Goi dd Iéch nhiét d6 giira khi bén trong khi cdu va bén ngoai |a AT = const. Khi d6 khi bén trong khi cau sé
cénhiét dd T'=T +AT

Va khi dat trang thdi dirng & h = hg thi F,(h;) = Mg+ p, (h;)gV (Luu y: Ta chi can xét khi khi cdu dat trang
thai dirng & h = he vi nhu dé bai cho AT 1a khéng déi subt qua trinh). Khai trién:

ﬂp(hG)RT
_ up(hg) _ H _ p(h)T(h)
plhg)gV = Mg+ R[T(hG)+AT]gV = Mg+ R[T(h,)+AT] gV plhs)gV = Mg+ [T(h,)+AT] d
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_ upCh)V .
—)AT—R[p(hG)V_M] T(h,) (**)

Thé gia tri hg vao (5), (6) va (7) tim duoc p(he), p(hs) va T(hg), sau d6 thé vao (**), thu duoc:

7T up 1
AT = -0 = -1|=41K
9 Rp, 9
1- 5 M/ (pV)

Goi d6 léch nhiét d6 gitra khi bén trong khi cdu va bén ngoai la AT = const. Khi d6 khi bén trong khi cau sé cé
nhiétdo 7' =T + AT

Trong toan qua trinh bay phai cé

F,(h)=Mg+ p, (h)gV tuacla

ﬂp(h)RT(h)
up(h) 2 p(WT(h)

NoV >Mo+—23"7 oV —Mo+—— L oV =Moo+ "7 o)
plhgy = Mg R[T(+aT] ~ TR+ AT]S T T Ty« AT

r>—PYY o1y =R [T(h)] 9)

p(hV —M
Thé ptheo Ttlr (5°) vao (9) roi lay dao ham R theo T, ta thu dugc
7 3

' (TpV)l(pV_M)_vaTpV —EM,OV‘F(,OV)Z _M(EPV+M) ) T 52

R(T)= ; 1= 1= — <0 (lvuyp=p,| =—| )
(pV -M) (pV -M) (pV -M) T,

Tlre vé& phai ludn tang trong qud trinh dang xét, khi khi cau dat dén dd cao hg thi nhiét do T tai dé 13 thap
nhat trén toan qua trinh, tirc v& phai R(T(hg) dat max, muén (9) luén thda trong toan qua trinh thi:

AT 2max R[T(h;)]=T(h.) ;M—l —>AT . =T(h;) ;M_l
- -
p(hg )V p(hg )V

Thé gid trj he vao (5), (6) p(h;) va T (h;), sau d6 thé vao (**), thu duoc:

3|Page



Loi giai tham khao
Pé thi chon hoc sinh gidi qudc gia THPT mén Vat li— VPhO 2018

(Phién ban 1.0 ngay 23.1.2018)

Ngay thi thir nhat: 11/01/2018
Cau lll (*Loi gidi dé xudt béi H6 Quéc Trung — Sinh vién PH Khoa hoc Tw Nhién, va Trén Ky
Vi— Sinh vién DH S Pham Ha Noi)

1. Phuwong trinh dinh luat Il Newton cho chuyén déng cla electron dudi tac dung cia dién

trudng £ va tir trwong B duogc viét nhu sau

—

ma = —ell —evx B

Trong hé toa dé tru, phuong trinh trén duwoc viét lai nhu sau:

m |p— pb ,;E(p 0),2 = —e(E,0,0) — e(p,p@,z) X (0,0,B)
5 1 - E + eBpf) eBj

@[ﬁ—pma—i(ﬂ%)az]: X

p dt m, m,

Vay ta c6 hé phuong trinh md ta chuyén déng cla electron:
. . eE + eBpb
—p+pf? = S (1)
me

d ( 5\ _ eBpp

—(p 0 =—— 2

—(r0) me (2)

Z=0 (3)

2. Tién hanh giai hé trén (2) = d(p*0) = eBldp
m

e

Lay nguyén ham cta ca 2 vé va thé diéu kién dau: p(t = 0) = 0 ta duoc:

_eBp _ j_eB

.
0 =
P m, 2 2m6

(4)

Tiép tuc 14y nguyén ham 2 v&, thé diéu kién dau O(¢ =0)=0ta dugc:

! Loi gidi trén dugc thuce hién bdi cac thanh vien nhém xPhO. Trong qud trinh gidi bai va soan thao khong thé tranh
khoi sai s6t, moi su gép y xin glri t&i nhdm xPhO qua Facebook Page: https://www.facebook.com/xPhQ.org/
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0(t) = wt (5)

v6i w = B Thay (4) vao (1) duoc:
2me

4m, (—FE)

R Giai phuong trinh vi phan trén véi diéu kién dau p(t=0)=0 va % =0

V@i p, =
ta thu duoc nghiém:

p(t) = p, [1 — cos (wt)] (6)
TU phwong trinh (3) véi digu kién dau z(t = 0) =z v [—z] = 0duoc:
t=0

2=z (7)
Ti (5), (6) va (7) tim duoc phuong trinh quy dao cla electron trong hé da cho:

{p(@) =P, [1 — cos 9]

Z:ZO

3. Van t&c cla electron tai thoi diém t:
U= (,b, ,09,2) = (pow sin (wt),pow[l - cos(wt)],O)
PO I&n cla van toc tai thoi diém t:

eBt |

sin
4m€ ‘

v= ‘17‘ =2p,w 5

sin %t‘ = A=E)
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Loi giai tham khao
Pé thi chon hoc sinh gidi qudc gia THPT mdn Vat li— VPhO 2018
(Phién ban 1.0 ngay 26.1.2018)
Ngay thi th& nhat: 12/01/2018
Cau V (1Loi gidi dé xudt béi Trén Ky VT, sinh vién khoa Vét i, PH S Pham Ha Néi)
1.

Thau kinh hoi tu (tkht) cé tiéu cy F =L= 2 cm, th3u kinh phan ky (tkpk) co tiéu cy f :DL: -0,5cm.

ht pk

>

1 ,
Ban kinh duong ria tkht va tkpk twong tngla R = mm=23,75 mmva r =Ecm =0,5 cm. Goi thau kinh

hirng chum tia tlr mdi trwdng ngoai clra 1a thau kinh th& nhat (vat kinh), thau kinh cho chum tia 16 vao
mat 13 thau kinh th 2 (thi kinh).

Goi chum gidi han thi trwéng clia mat than, tirc vung khdng gian ma mat quan sat duwgc qua mat
than la ¢_. qua thau kinh thd nhét loe (ty) thanh chum ¢, qua thau kinh thi hai |6 thanh thanh chum ¢’.
Chum @’ phai héi tu vao méat (d&t tai M) vi mat muén nhin thay vat phai cé chum tia sdng tir vat t&i mat. Do
dé theo tinh chat quang hoc thi céc tia trong chum ¢ phai di qua hodc c6 dudng kéo dai di qua M1 (diém
lién hop cta M qua thj kinh) vao kéo theo céc tia clia chUm @max phai cé dudng kéo dai qua M, (diém lién
hop) ctia M1 qua vat kinh. (N6m na la M dugc coi nhu la “anh” cia M1 qua thi kinh, M1 la anh cia Mz qua
vat kinh va nguoc lai).

So d6 tao anh: M, —%—> M, —%— M . Chiéu duong trong cac cdng thirc 1a chiéu truyén tia séng.

D, D’ 1a ban kinh phan dién tich hinh tron twong &ng trén vat kinh va thi kinh dugc tia sang trong chUm Qmax
(va cdc chum 16 lién hop) chiéu tdi.

Tw cac lap luan trén, ta xét hai trvdng hop sau:
Truwdng hop 1 (TH1): Vat kinh 13 tkpk, thi kinh la tkht dat gitra 6ng:

Khi d6 dung céng thirc thau kinh ta xac dinh duoc vi tri M1, M> trong trudng hop nay

L_ 1 =i_>02M1=02—MF=6cm>O (1)
oM OM, F F-O,M

M1 nam theo dudng truyén tia sang cung phia véi M qua thau kinh O,.

! Loi gidi trén dwoc thye hién bdi cac thanh vién nhém xPhO va cong tac vién. Trong qua trinh gidi bai va soan thao khéng thé tranh
khéi sai sot, moi su gop y xin glri tdi nhdm xPhO qua Facebook Page: https://www.facebook.com/xPhO.org

1|Page



OM,=00,+0O,M,=15cm+6cm=7,5cm (2)

s 1 1 OM,
=——>O0M, = f= f——cm >0,
OM OM f f—-OM, f OM 32
M, cung phia vdi M; theo dudng truyén tia sdng. Theo cidch dwng hinh ta cé:tan§=OM ,
2 1
o OM, . . " L i 2y iz 2 . Cy
D:OIMltaHEZ—MD' Do d6 D I&n nhat khi D' lén nhat. Gia st Dmax ¢6 dugc khi D' = r,
2 1
OM
v —L—Lr=25mm>R (= 3,75 mm), diéu nay la vé nghia, do d6 cac tia trong chum ¢ khdéng thé phu
2 1
kin bé mat thj kinh (hay thau kinh phan ky), ma chi phd 1 phan, phan nay 16 ra tir mot chum cd tiét dién
. D
ngang |lédn nhat la mat vat kinh Dmax = R. Mat khac tanhzﬂ, do do
2 oM,

D T .
@, =2arctan—="%-=—rad =90".
1 2

Trudng hop 2: Thau kinh phan ky & gitta

Trudng hop nay tinh twong tu nhu trudng hop kia, ta tinh dwoc vi tri M1, M3 (chi cadn hoan vi f va F trong
cac cong thurc)

o,M, ZOZ—M_fzécm>O,
f-OM 8

M1 nam theo dwdng truyén tia sang cling phia véi M qua thau kinh O,.
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OM,=00,+0,M,=1,5cm +E cm =1—5cm
8 8

oM oM .
OM,=—"—">1—F=—LL_F =30cm >0, M, cling phia v&i M1 theo dudng truyén tia sang.
F-OM, F-OM,

Theo cach dung hinh ta cé:tan%z P p-om, tan%:%D'. Do d6 D 16n nhét khi D' 16n

2771 2M1

nhat. Gid st Dmax 6 duwgc khiD'=r, D = OM, r=25mm>R (=3,75 cm): do do céc tia trong chum ¢

2 1

déu téi duoc thi kinh (hay toan bé thij kinh cd thé hirng dugc hét céc tia trong chum ¢.

D . D
tan% = o do dé ¢,,, 16n nhat khi D = Dmax, suy ra @, = 2arctan—="*-=0,025rad = 1,43".

1772 1 2

So sanh thj trwdng trong hai trwdng hop ta nhan thay trong trwdng hop thau kinh héi tu & gilra
(déng vai tro vat kinh) thi thi trwdng cia Mat than 13 I&n nhat véi géc mé

¢max = 900

2. Khi quan sat ma mat khong diéu tiét, d6i véi mat tot, thi dnh cudi cung hién & vo cuc, do dé anh th hai
(tirc Anh qua vat kinh) hién & F, 13 tiéu diém vat cda tkht.

So d6 tao anh: AB—%— A B,—%—> A,B, , d& thdy céc tia sdng di qua B (dinh cla vat) |a cac tia di song

at F, at ©

song va cung hop vdi truc chinh géc « — day ciing chinh 1a géc trong dnh cudi clla mat qua quang hé.

l—L:l:>02A1:—F:—2cm
o 0,4 F

AlBl
a=tano =

F
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0,4, = 0,0, + 0,4, =-0,5 cm = O,F — AB & v0 curc, cac tia tir B di song song vdi nhau hop mét goc oo so

véi quang truc, suy ra tia AA101 cling hop véi quang truc géc oo hay mat cling nhin vat AB véi géc oo

U

AB
a, ~ tan , = ——. Suy ra d6 bdi giac trong trvong hop nay la: G -2 :F =0,25.

/] &,

3. Theo két qua & cau 2, d&i véi ngudi cé mat tot, khi quan sat anh cudi & cuc vién thi vat & vo cuc

0, 0,
AB—> 4B —> A,B,

at C,

Néu ngudi d6 thay anh cudi & cuc can, A2B; & Cc ta co:

0,4,=0,C. =0O,M +MC, =1,5 cm+(-20 cm) =-18,5 cm (3)
0,4, :%F :—7—4cm, 0,4, =00, +0,4 :—é cm (4)
F-0,4, 41 82
m=if __» cm ~—0,78 cm < 0, vy |a A ndm trudc vat kinh.
/=04 32

Vay qua M3t than, ngudi nay cé thé nhin thay cac vat tir vo cuc tdi cach vat kinh khoang 0,78 cm.
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Loi giai tham khao
Dé thi chon hoc sinh giéi quéc gia THPT mén Vat li— VPhO 2018

(Phién ban 1.0 ngay 23.1.2018)
Ngay thi thir nhat: 11/01/2018
Cau V (1Loi giGi dé xudt béi Hoang Céng Viéng, Gido vién Vat Ii trivdng THTP Chuyén Ha Tinh)
1. S8 hat nhan A bj phén ra (bang s6 B tao thanh) sau thei gian ti: AN, =n, = N, (1 —e )
S8 hat nhan A bj phan ra sau thoi gian t; = 3t:: AN, =n, =N, (1 —e )

Taduoc: n, =2,334n, = 1-¢ ™ =2,334(1-¢™ )= e ™ -2,334e™ +1,334 = 0= ¢ =0,76.

In0,76

Suyra: A =— =1,6.10"°s".

t,

2. T6c d6 thay d6i s6 hat nhan B = T6c d6 tao thanh — T6c dé phan ra.

dN _
dt2 =AN,e ™ —AN,. (1)
Trong dé s6 hat nhan B dugc xac dinh béi: N, = (p+qt)e’h. (2)
Lict=0:N,=p=0= N, =qte™. (3)

Tl (1) va (3) ta duoc: q(e'M —Ate ™ ) =AN, e —Aqte™ = q=AN,,.

Vay: Nz = ANoite™. Khit = 144 gior = 3t1: N2 =1,6.107°.2.10'8.144.3600.0,763 = 7,3.10% (hat nhéan).
3. S6 hat a tao thanh bang s6 hat nhan B phan r3, trong thoi gian dt: dNg = ANdt.

t t
Sau thoi gian t, s6 hat a tao thanh: N = IKZNOIte'“dt = KzNOIIte'“dt .
0 0

U=t du=dt

Tich phan tirng phan: = 1 .
dv=e™dt |v= —Ie’“

t
Taduoc: N, = AN te™ + 2N, [e™dt =Ny, [1-e7 (rt+1)]=3,9.10" hat.

0

! Loi giai trén dwoc thuc hién bdi cac thanh vién nhém xPhO. Trong qua trinh gidi bai va soan thao khong thé tranh khoi sai sét, moi
sy gop y xin gt t&i nhém xPhO qua Facebook Page: https://www.facebook.com/xPhO.org/
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Loi gidi tham khao
Pé thi chon hoc sinh gidi quéc gia THPT mén Vat li— VPhO 2018

(Phién ban 1.0 ngay 23.1.2018)

Ngay thi thir hai: 12/01/2018
Cau | (1Loi giGi dé xudt b&i Pham Dinh Hoan, gido vién Vat Ii trwwong THPT Trén Phd, Vinh Phic)
1a.D5tR =R, =R, =0,5R, =R = AD = BD = CD =3R; AB = BC = AC =3\/3R

Momen quan tinh cta dia 4 vdi truc quay di qua tdm dia:
I, =2mR’.

Momen quan tinh cla dia 2,3 d&i v&i truc quay di qua tdm moi

dia: 7, = I, =%mR2 :

Vi cac dia khéng ma sat trén nhau nén khi thd nhe hé thi dia 1
khéng chuyén dong,cac dia 2,3,4 chi chuyén déng tinh tién.

Ki hieu G la khoi tdm cla hé ba dia 2,3,4. Dé thay:
DG=R= AG=4R .

Goi w 13 van téc géc clia hé khi thanh AD cé phuong thang ding. Ap dung dinh luat bao toan co ning,
ta co:

3mgAG = %[(ADCO)Z +2(4Bw)’ |

m 8g
& 3mgdR = —| BRw): +233R0)? |= v = -2
g4R="| 3Ro)’ +26\3R0)’ |= 0=\

1b. Xét khi thanh AD l&ch khai vi tri thang dirng géc ¢ nhd

GOi (v2,@,); (v3, @, ); (va, @,) 1an lurot |3 van tc tam dia va

van t6c gdc trong chuyén déng quay quanh khéi tdm cua
dia cda dia 2,3,4 (hinh v&)

Ta co:v, =3Rg’; v, =v, =3\3R¢ (1)
Vi d6i xirng nén: @, = @,

Pia 4 1an khong trugt trén dia 1 nén:

! Loi gidi trén dwgc thuc hién béi cac thanh vién nhém xPhO. Trong qua trinh gidi bai va soan thao khéng thé tranh khai sai
s6t, moi su gép y xin glri t&i nhom xPhO qua Facebook Page: https.//www.facebook.com/xPhO.org
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v, =2Rw, = o, =%§0V (2)

Vi dia 2 va 4 13n khong truot trén nhau nén van téc theo phuong tiép tuyén tai diém tiép xic cda diém
ti€p xUc ctia moi dia bang nhau

v,c0830° —w,R=v,cos60° +2Rw, (3)
Tir (1),(2),(3)= w, = w, =0. Co ndng cua hé la:
E= Emv4 +514a)4 +2. Emv2 +3mgAG(1-cos @)
Khi hé dao dong bé, » < 1 ta |8y gan ding cosy ~1— ” / 2, ta thu dugc biéu thirc gan ding co

nang cta hé

E = 13TSmRZ((/)')2 +6mgRp’

Co nang cla hé bao toan dE / dt = 0, nén sau khi dao ham phuwong trinh trén theo thoi gian ta duogc:

@ +_8g p=0

Day la phuong trinh vi phan cla mot hé dao dong diéu hoa véi tan s6 goc /8¢ /45R . Vivay vay chu

kidao déngbéctahéla: T =27 45—R

8g
. A e i o a PO e . 3
2a. Goi w la van téc goéc cua hé quay quanh O. Dé thay van téc géc cua dia 4 la: w, =Ea).

Van t8c géc cla dia 2 va 3 bang 0: w, =, =0
Van toc diém D duoc viét:
VD =V4 +Via

VOi va, = wx AD 1a van t6c twong ddi gitta D va A. Tuong tu ta cd van
toc cac diém B va C lan luot 1a

;B =;’A +;ha VOi ;ba =E)XE
;C = ;A +;ca Vé‘i ;ca = E)XE
Ap dung dinh luat bdo toan déng luvgng theo phuong ngang ta duoc:

0=4mv,—3mRwcosb - 3\/§me[005(¢9 —30%)+cos(€ + 30")]

< 0=4mv,—12mRwcos O
< v, =3Rwcosl
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Pongndngcladialla: E,, =%mvj =%mR2a)2(cos 0)’
bongndngcladia2la: E,, =%mv§ =%m[vi +(wAB)? —2vAa)ABcos(0—30”)}

Pong nang cla dia3 la: E,, = %mvé—k =%m[vﬁ +(@AC) = 2v,0AC cos(0+30°) |

= E,+E,= m[vf1 + (a)AB)zj—\/gvaa)AB cos@ = mR’w’ [27 —18(cos 6’)2]

Pong ndng cha dia 4 13:

1 1 1 1 27 9
E,, :Emvé +El4wD2 =Em[vj +(@wAD)’ —2v,wAD cos 0]+EI4Q)D2 =mR’w’ {T_ECOSZ 9}

4
Pongningclahé4diala:E, =Y E, =mR’e’ [1%5_18(:052 9}

i=1
Pinh luat bao toan co nang:

3mgAGcosO=E,
< 12mgRcos@ = mR @ T—18cos 0
RUt gon ta thu duoc biéu thirc véan téc géc cla khung ABCD theo goc 6
P 16g cos @ B 16gcosf
(45-24cos’ O)R  \/(21+24sin” 0)R

2b. Van t&c diém E c6 dinh trén dia 4 so vdi hé quy chiéu K gdn véi mat dat la:

;EZ;D+6DX5E:;O+5X55+aDXBE (*)
Hé quy chi€u K’ gdn chat véi dia 4 tai diém E trén dia 4 13 hé quy chiéu vira chuyén dong tinh tién véi
van téc vz vira chuyén déng quay véi van tdc goc (Z)JrZ)D). Goi v/ van tc clia O so véi hé quy K.

Khi d6 van t&c cla diém O so vdi hé quy chifu K gan véi mat dat duogc tinh dwa trén cong thirc cong
van toc:

;0=;0/E+;E+(a+ap)xfa (**)
Thay (**) vao (**) va rut gon, ta thu duoc: vorr = wx DE +wp xOD .

_— —

Cacvecto DE va OD cung chiéu nén d6 |&n van téc ctia diém O trong hé quy chiéu K’ duoc tinh nhu
sau:

1 4gR
Vop = 02R+2 3R = R =13 | 28RS
2 2 (21+24sin° )
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Loi giai tham khao
Pé thi chon hoc sinh gidi quéc gia THPT mdn Vat li— VPhO 2018

(Phién ban 1.0 ngay 23.1.2018)

Ngay thi th hai: 12/01/2018
Cau ll (Lo gidi dé xudt béi Pham Pinh Hodn, gido vién Vét Ii trwerng THPT Trén Phd, Vinh Phic)
1. Chon géc thoi gian khi ngat dong khi. Tai thoi diém t, nhiét dd chabinh [ T

Phuong trinh can bang nhiét: —CdT = K(T-T)dt < dt= _%TdTT

o

T
Tich phan 2 vé phuong trinh ta dc: ¢ = —EI ar :gln L-1,
kiT-T k T-T,

.

Tai thoi diém #, =10 phut, nhiét d6 binh 1a: 7, =308 K

Tai th&i diém £, =20 phut, nhiét dé binh 1a: 7, = 306,24 K

L-1,
"7 r LT, -1
Ll T =2 22033k

tl
Suyra: —=———< = o = ,
no (1T, T,+T,-2T,
T,-T,
ci| 2%
A X I -T,
Hé s6 k:t—:O,SS (J/K.s)
1
2.Xét ché& d6 dong khi 6n dinh
k(T,-T)
Dc (T -T)=k(T,-T) =c, =—2—22=0,48 (J/g.K
p(l D) =k(T,-T)) » DT -T,) (J/g.K)

1 Loi gidi trén duoc thye hién bdi cac thanh vién nhdm xPhO. Trong qua trinh gidi bai va soan thao khéng thé tranh khai sai
s6t, moi su gép y xin glri t&di nhdm xPhO qua Facebook Page: https://www.facebook.com/xPhO.org



Loi giai tham khao
Pé thi chon hoc sinh gidi qudc gia THPT mdn Vat li— VPhO 2018

(Phién ban 1.0 ngay 23.1.2018)

Ngay thi tht hai: 12/01/2018
Cau Wl (Loi gidi duoc dé xudt béi Nguyén Vién Duy?, nhém xPhO)

1. Trong bai todn chi xét d&n hé thong dan hudng theo phuong ngang, nén ta xem may bay va
cac ang ten nam trong cung mot mit phang. Goi M 13 vi tri cia may bay trén dwong quan sat,
0 13 huédng mdy bay ha canh, d 1a khoang cach tir cac ang ten dén dudng quan sat (hinh vé).

T

D
Cac song dién tir do cac ang ten phat ra cé thé dugc md ta bai vec to cwdng do dién trwdng, tai
diém M, cdc séng tir hai ang ten cé thé viét dudi dang sau

E (r,t) = E, (r,)cos(wt — 27?%) (1)
E,(r,,t) = E, (r,) cos(wt — 2%7;\—2) (2)

Trong d6 E, va K, labién doé cla cac séng, cac bién dd nay phu thudc vao khodng cach tir M
dén cac ngudn séng. That vay, néu cac dng ten phat sdng dang song cau vdi cdng suat khong doi
P, thi cudng dd séng tai diém M do ngudn S, 1a: I (r;) = P / (4wr?) . Tacd I (1) ~ E2 (1)

10

suyra E (r)~1/r .0 day taxét truong hop may bay ha canh theo huwéng géc 6 nhd, va duong

1 Loi gidi trén duoc thuc hién bdi thanh vién nhdm xPhO. Trong qua trinh gidi bai va soan thao khéng thé tranh
khéi sai sot, moi su gop y xin glti t&i nhom xPhO qua Facebook Page: https://www.facebook.com/xPhO.org/
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quan sat nam c4ch xa hai dng ten nén ta cé d > a,z, do d6 ta c6 thé 13y gan ding 1/ r~1 /d. Vi

1

vy bién do hai song tai M xem nhu xdp xi bang nhau: E| (1) ~ E, (1,) = E ~ h

Séng téng hop cla hai séng dién tir nay :

m(r, — 1)
E=FE +E =2E cos —2—1~cos
A

T+
wt +m1—2
A

4 by ’ - "~ 7r Y Y "~ Y
Séng tong hop nay cd bién dd 2E, cos , va cudong dé la

(r, = 1)
A

m(r, — 1)
I =4I cos’ [%]

trong d6, I, ~ E[? . Ta cé:

. 2 . 2
73=51M=\/d2+(m—a/2)2zd\/1+—(x /2 g0l
&2 2d
2
GZSQMZx/d2+(x+a/2)Qzd+—(“2“d/2)

DE thu duwoc cac biéu thirc trén ta sir dung cdng thirc gan dadng Bernouli (1 + x)" ~ 1 4 nx , vdi

‘x‘ < 1.Do z,a < d néntaco thé ldy gan ding

2 2
T, 4T %2d+—x +(;/2> ~ 2d

Trir hai vé@ cda phuong trinh (6) cho (5) ta duoc:
2 1

r—r =22 _ gtand
d

V@i truong hop goc 6 nhd (0 < 1) thita co thé 1dy gan dungf =~ sinf ~ tan 6. Khi dé
T, — 1 = atanf >~ af
Nhu vay, cudng do séng dién tir ma may bay thu nhan duoc khi ha canh theo hudng 6 1a

1() =4I, cos® WTGQ

Theo huéng ha canh chuan 6 = 0, thi may bay thu dwoc tin hiéu véi cudng do 1én nhat

2|Page

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)



max{l(0)} = 41, (11)
Ta thay rang séng dién tlr cé buwdc séng A = 2.73 m nho hon nhiéu so véi khodng cach a giita hai dng
ten, nén khi may bay bay léch hudng ha canh chuidn 8 = 0, thi dai lwvong 7T_a@ thay d8i mét lvgng
dang ké lam cho cudng d6 tin hiéu may bay nhan dugc bi gidam rd rét.

2. Céc cyc tiéu giao thoa tuwong ing véi I(6) = 0, tir phwong trinh (10) ta thu duoc phuong trinh

Tal
—=—+k 12
A 5 Thm (12)

Cac giad tri @ tuong &ng véi cac cyc tiéu giao thoa

6 = (k+H2 (13)
2" a

Théng s6 dan huéng theo phuong ngang clia hé hai dng ten

§—0 —0 =221 0.17(rad)=9.74" (14)
a 16

a. V&ihé 4 ang ten (nhu hinh v&), cac séng dién tir tai M do cac dng ten truyén tdi cd phuong
trinh

\ T
E (r,t) ~ E cos(wt — 27 Xl) (15)
\ T
E,(r,t) ~ E cos(wt — 27 Xz) (16)
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l T:

E (r,,t) ~ E cos(wt — 27 XS) (17)
| r

B (r,t) ~ E cos(wt — 27 X‘*) (18)

Dé thu duoc biéu thirc trén, ta ap dung céch lam tuong tw véi séng tlr 2 ngudn S, va S, , ngha la ta
chi xét t&i trwong hop géc O nhd va duong quan sat D cach xa cac dngten d >> a . SOng dién tir tdng
hop ma may bay thu nhan duoc tlr 4 ang ten nay dwoc tinh sau:

E'=E +FE +E, +E, (19)

Trong d6 hai s6 hang dau E, + E, biéu dién sy téng hop cla hai séng dién tir do hai dng ten tai S, va
S, ,tong hai s6 hang cudi E, + E, la sy téng hop cla hai song do hai dng ten ngoai cing S, va S, . Su
tong hop cla hai séng nay cling gidng véi sy tong hop cac song tir hai ngudn S, va S, , voi khoang cach

hai ngudn phét séng 5,5, = 3a . Nén ta c6 céc biéu thirc séng tong hop duroc viét nhu sau

\ 0 2d

E +E, =2 cos%cos [wt + WT] (20)
1 2

E, + E, ~2E, cos m3a cos|wt + WTd] (21)

Thay (20) va (21) vao (19) ta thu dugc séng téng hop ma may bay thu dugc do 4 3ng ten phatra

| 0 3mal 2d
E'=2E COS% + cos Ta cos [wt + WT] (22)
0 3mad)
Va cudng d6 song thu duoc I ~ 2E('] cos% ~+ cos 7;a , hay
0 3maf|
1'0)= 4](') cos =2 + cos 2 (23)
A A
Cudng dd tin hiéu séng dién tir I&n nhat mdy bay thu dwoc 1a khi mdy bay bay trén dudng ha cdnh
chudn 6 =0 :
max{/ (6)} =161, (24)
Do téng céng suat cla hé 4 dng ten va hé 2 dng ten 1a nhu nhau nén ta ¢ 41(; =2[, ,suyra
max{I (6)} = 2max{I(0)} (25)
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Nhw vay, cudng d6 séng dién tir I&n nhat khi dung hé 4 3ng ten gép 2 [An cuvdng dd séng dién tir I6n
nhat khi dung hé 2 dng ten.

b. Vi tri cuc tiéu giao thoa cla 4 séng tuong ing véi I'(Q) = 0. Tu phuong trinh (23), ta thu duoc

phuong trinh
ma 3mald
cos—— + cos =0 26
) ) (26)
& —cosﬂ = cos 3maf (27)
A A
& cos|m — LCLH = cos 3mad (28)
A A
Gidi phuong trinh (28) ta thu dugc hai bé nghiém
\ 1 A
01,19 = [5 + k]g (29)
va
\ 1 kA
0, =|—+—|— 30
ok [4 2] a (30)

Tac6 0, —0,_,=X/avad, —0, =A\/(2a).Dodo,théngsd danhudng § trong truong
hop dung 4 ang ten:

' . ' ' | | A 1)
o = mln{02.,0 - 02,71792,0 - 92_71} = % = 5 (31)

Nhu vay, thong s6 din hudng trong treong hop dung 4 dng ten nhd hon 2 [an thong s6 dan hudng trong
truvong hop dung 2 ang ten.
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Loi giai tham khao
Dé thi chon hoc sinh gidi quéc gia THPT mén Vat li— VPhO 2018

(Phién ban 2.0 ngay 28.1.2018)

Ngay thi th hai: 12/01/2018

Cau IV (Lo gidi dé xudt béi Tran Ky Vi, sinh vién khoa Vét li, PH Sw Pham Ha NGi)

1. Phuong trinh dwdng di cta tia sang trong khdi cau
Dé tim phuwong trinh duwdng di cla tia sang, ta c6 thé sir dung hai phwong phap: Phuong phdp bién phan
dua trén nguyén ly Fermat, va phwong phap hinh hoc trén co sé& dinh luat khiic xa dnh sang Snell — Descartes.
o] day, ching toi trinh bay hai cach déc 1ap, ddc gia cé thé chon doc bat ki cach gidi ndo khdng can phai theo
th tu.

a. Cach 1: Sir dung phwong phap bién phan

Nguyén ly Fermat trong quang hoc chi ra rang khi anh sang di tir A d&n B sé di trén qu{ dao ma cé quang trinh

nhd nhat. Do tinh chat ddi xirng nén tia sang ludn nam trong mit phang tdi qua tdm khdi cau, nén ta chon mét

phang Oxy |a mét phang t&i di qua tdm nhu hinh v& (Hinh 1). Trong mét phdng Oxy, quang trinh clla mét tia

sang di tir A dén B theo mot duong cong y = y(z) trong mot moi trudng co chiét suat n(z,y) la:

B B y
1yl = [n(zy)ds = [ n(yde) +@dyy @
A A
Trong khéng gian mang tinh d&i xing tru, R
n(x,y) = n(r) = n|yz* + y2) (tirc chiét suat chi phu thudc 0 i .
. . P K
vao khoang cach dén goc toa dd), ta xét qui dao trong toa cuc >/9‘
T = TCosSY S
(r,p) Vi , , dwong cong khi d6 c6 phuong trinh
y =rsing
la r = r(p) . Khidd (1) trd thanh: Hinh 1
B 2 B
L= fn(r),/(r') +r’dyp = fF(r,r')dgo = L[r] (2)
A A

dr ,
voi ' = o L[r] dugc goi la mot phiém ham theo ham r = (). Theo nguyén |i Fermat trong quang hoc,
¥

B
tlr diéu kién cuc ti€u cia phi€m ham L[r]L = fF(r,r')dgo, vado ham F(r,r") = n(r),[(r')Q + 1% khéng phy
A

! Loi gidi trén duwoc thyc hién bdi cac thanh vién nhdm xPhO. Trong qua trinh gidi bai va soan thao khéng thé tranh khéi sai sét, moi sy
gbp y xin gri t&i nhdm xPhO qua Facebook Page: https://www.facebook.com/xPhO.org
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thudc twong minh vao ¢ nén ta cé phuong trinh Euler thir 2 (xem cach xay dung phuong trinh (43) trong
phan phu luc 1) dugc viét nhu sau:

F—r' or = const = k (3)
a(r")
Thay F(r,r') = n(r),[(r')2 + 7% vao phuwong trinh (3) ta thu duoc:
N2
(o) + = ()=l — & @
2
(r') + 7’
7”2
Rat gon (4) ta thu dugc phuong trinh: nr)—=%F (5)
2
oy
T day thue hién cac bién d6i dai s6 ta tim dugc phuong trinh vi phdn mé ta quy dao cla tia sdng trong khéi
cau:
| dr rNn'r’ —k°
=[] -l 0
de k

Phuong trinh (6) dugc tich ra thanh hai trudrng hop, ddi véi cdc dudng di phia dudi truc Ox twong ting vdi

phuong trinh:
dr  rIn’r* — &
P )

[ 2.2 ;2

Con cac duong di & phia trén truc Ox twong (rng vdi phuwong trinh: j_r = —# (8)
2

Sau khi thye hién gidi cac phuong trinh vi phan nay (xem phan phu luc 2) ta thu dwoc phuong trinh quy dao

duong di cha cac tia sdng di bén trong khéi cau

2 p2
¢(r) = +arcsin i r A (9)

(m,R) —ak? T

D4u “+” thi twong &ng v&i dudng di nam phia dwdi truc Ox, va nguoc lai dau “-“ thi (ng vdi cac dudng di nam
phia trén truc Ox.

Tai diém (r,) trén quj dao dudng di cla tia sdng thi vector y
phdp tuyén 7 tai diém nay hop vai truc Ox géc ¢ . Goi o la goc gitra
ti€p tuyén cla duong truyén tia sang tai diém (r,¢) hop védi truc Ox,
taco

d 2 0 S . =z
tana = d—y (10) = i ,x"\/a
Z \ i
Thay x = rcosy, y = rsing vao (10) ta thu duoc L A
Hinh 2
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drsing +rcospdp  tang 471 /71!

tana = = tan(gp + B) (11)

drcosp —rsinpdy 11— (r/r")tanp
v6i tan 3 =r/r'. Tr(11),suyra a = ¢ + 3. Tl hinh v& ta thay rang géc tdi i(r), goc a va ¢ lién hé véi

nhau qua biéu thirc

sini(r) = ‘sin(a — gp)‘ = ‘sin ﬁ‘ = ! = L (12)
\/1—1—00’525 \/7’2 +(r')?
Két hop (12) va (5) ta thu duoc
n(r)rsini(r) =k (13)
Tai di€ém S, & ngay sat mat ngoai khoi cautacé n, =1 va i, =4, do dd ta cé:
k = Rsinq, (14)

Tai phia trong mdt cau ban kinh 7 = R m6i trvong cé chiét suatla n /2> 1 do dé cac tia sang tlr phia ngoai

mdt cau di téi bé mat khai cau s& bj khic xa, goi i',, 1a géc khic xa tai bé mdt khoi cau . Tl phuong trinh (13)

taco 7“Rsmz'R =k = Rsini,, suy ra

2sinz ) sin ¢
0 pY | I 0
va tanz? P =

! —
R . .
n, w/né — 4sin? i

Thé (14) vao (9)va st dung phuwong trinh (15), ta thu duwoc phuong trinh dudng di cta tia sang bén trong khoi

(15)

sin ¢

cau
. sin g P _R? ~ |tane' r? — R?
o(r) = tarcsin L ! = tarcsin a (16)
«/ng — 4sin’ i Rr Rr
Hay
sin ¢ > _ R? tani' r* — R?
sinp = + 0 r—f =4 nT — R (17)
\/n§ — 4sin’q Rr 2 Rr

D4y la phuong trinh lién hé gilta gbc ¢ va r trong toa dd cwc, md ta qui dao cda tia sang trong khoi cau. Dau
“+” twong ng vdi duong phia bén duédi truc Ox, dau “-“ twong &ng véi duwdng phia bén trén truc Ox.

b. Cdch 2: Phwong phdp hinh hoc
Chia khéi cau thanh cdc 1dp cdu mong cé dd day 67 nhu hinh 3. Chiét suat cla céc |&p cau coi |a khdng d6i. Goi
n(r) 13 chiét suit cla |&p cAu nam gitta hai mit ciu ban kinh r va r + 6r. Géc téi va géc khic xa tai

mat cau ban kinh r lan luvgtla i va i' . Ap dung dinh luat khic xa tai mat cau ban kinh r + 6r:

. o T
n7'+67' sin 27'+67' o nr St r+or (18)

Ap dung dinh Iy ham s& sin cho tam gidc OAB, ta dugc:

o .y
sin i r o rsing

e = sinid' , = - (19)
sing_ r -+ or r + or
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X
O
Thay (19) vao (18), ta thu duwoc:
nrsing =mn_ (r+or)sini_ (20)
Lam twong tw vdi cac 1dp cau khic, ta thu dwoc phuong trinh téng quat:
n(r)rsini = const =k (21)

Tai diEm S (Hinh 1),tacé r = R, i, = 1,,va n, =1, thay cac gia tri nay vao phuong trinh (21) ta dugc
n(r)rsini. = R sinj =k (22)
Tu phuong (22) ta rat ra duoc

sinz’(r):sinz'T:L, r<R va tanz’(r):L r<R (23)

n(r)r 202 12

Tai diém S, do chiét suat khong lién tuc, phia ngoai mat khdi cau cd chiét suat 13 1, phia trong mat khéi cau ¢

chiét sudt la n, /2 nén khi tia sdng di tir ngoai khong khi t&i bé mat khoi cau, tia séng bi gdy khuc cé géc khic
Xa z"R duoc tinh thoe dinh luat khic xa:

2sing, , sin

va tani' K =

n R 2 . 9

0 \/no —4sin” 4

(24)

T
SIHZR—

Khi 6 — 0, do ham chiét suat n(r) lién tuc trong khoi cau néntacd i'(r) = i(r) = %m% i(r + 6r). Mat khac,
trong tam gidc ABC, khi 67 — 0 thi ta cé thé xem tam gidc ABC vuéng tai C do dé ta cé hé thirc lvgng gidc:

répl _ lde
or dr

TUr (23) va (25) ta thu dugc phuwong trinh vi phan mé ta quy dao dudng di cla tia sdng bén trong khdi cau:

tani(r) = gjglo[tan i(r 4 or)| = %}E})

=r (25)
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dr rn*r? — k°
% R — (26)

Phuong trinh (26) dugc tach ra thanh hai truong hop, doi véi cac dudng di phia dudi truc Ox tuong tirng voi

phuong trinh
dr v n’r? — &k

— = (27)
dy k

Con cac duong di & phia trén truc Ox twong ng vai phwong trinh
dr __r\/n2r2 — K (28)

do k
Sau khi thue hién gidi cac phuong trinh vi phan nay (xem phan phu luc 2) ta thu dwoc phuong trinh quy dao
duong di cha cac tia sdng di bén trong khéi cau

sin g 2 _R? tani' r? — R?
©(r) = *arcsin 0 r—R = +arcsin nr — R (29)
n’ —4sin’i  Br Rr
0 0
Hay
sin s 2 _R? tant' r* — R?
sinp = =+ d r—R_ + n — R (30)

w/né — 4sin® i Rr 2 Rr
D4y la phuong trinh lién hé gilta gbc ¢ va r trong toa dd cuc, mé ta qui dao cla tia sang trong khoi cau. Dau

" u

“+” twong rng véi duwong phia bén dudi truc Ox, dau “-“ twong rng véi dudng phia bén trén truc Ox.

c. Chirng minh phuong trinh rn(r)sini(r) = k bang st dung sy twong tw quang - co’ va phuong phap bao
toan nang luvong

Coi duwdng truyén tia sdng nhu dudng di cha mot dong tlr, khi do chiét suat n tuong tw nhu van téc v trong

chuyén dong:

Bao toan nang lvong:

E = %va + U = const (31)

v3i U 13 thé ndng cua vat
Emv2 = const— U(r) — v = v(r)

Ma U = U(r) do d6 truong luc ton tai 'twdng twong' 13 trudng thé xuyén tdm, do d6 momen dong lugng
bao toan:

L = rmv, = rmuv.sina = const (32)
Trong d6 « la géc hop badi phdp tuyén huwdng tam va vector v(r) , tuong tw nhuw géc téi i trong quang hinh
hoc, v, lathanh phan phuong vi vubng géc véi 7* cla .
Tlr (32) suy ra: 7.o(r)sina= const, trong li thuyét vé anh sing cia Newton thi v(r) ~ n(r) do dé ta thu

dugc biéu thirc can xay dyng
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rn(r) sini(r) = const = k = Rsini, (33)
Trong bai nay thi, vi chiét suat khong lién tuc tai bé mat cla khéi cau r=R, véi n(r - R")=n, /2, va

n(r — R") =1 nén goc tdi khdng lién tuc tai bé mat cta khéi cdu, do d6 quy dao tia sdng dugc mo ta bdi
phuong trinh (17). Gia st néu nhu qua cau ddt trong moi trudng cé chiét suat bang chiét suat tai bé mat
khéi cdu n(r > R) = n, / 2, khi d6 chiét sut lién tuc tai bé mat khdi cau nén géc tdi i(r) sé lién tuc tai mat

khéicauva i', =i, =1 ,do d6 quj dao mo ta bdi (17) cla tia séng bén trong khoi cau sé tré thanh:

fond, r” — RQ] (34)

o(r) arcsm[ 5 =

2.
a) Nhan thdy rd theo, (17), cho du géc i, 13y gia tri bao nhiéu thi cap diém (R,0) va (R, 7)ludn théa phuong
trinh nay, c6 thé& ndi rang maoi tia phat tir S(R, 0) déu qua S’(R, m). Nhw vay vay S’ diém ddi dinh vdi S qua tam
chinh la anh cta S.

b) Thoi gian truyén sang tir S dén S’ qua mot duwong di dugc mo ta bédi y
phuong trinh (17) la 7= L / ¢, trong dé ¢ 1a van toc anh sang trog
chan khéng, L 13 téng quang trinh trén con duwdng. Do S va S’ 13 hai
diém lién hop va tuwong diém hoan toan nén quang trinh cia moi tia tir

S dén S’ ludn bang nhau va cé gia tri xac dinh, do dé thdi gian tia sang T g 5 -
ditr S qua khéi cau dén S’ 1a khéng doi. ) R ’
Ta cling dé nhan thay mét tia bén trong khdi cau tir S di vudng véi ban
kinh (ttrc i', = =) di theo duding tron t6i S'. That vay, thé ', = —

2 2 Hinh 4

2 2
. " —R . . ,
vao (17) ta thay o = 2sinp.coti', =0 — r(p) = R. Do d6
r ,
thoi gian 7 tia sang di tir S qua khéi cdu tdi S’ chinh bang thoi gian ca mot tia sang di tir S theo % vong tron
(O,R) dén S’
n(R)tR  mRn,

c 2c (35)

T =

Phu luc 1: Phép tinh bién phan
Nguwoi ta goi ham

Lyl = [ Fyy",2)dz, (36)

la mét phi€m ham theo ham y = y(x). Bién phan trong trwdng hop nay la phép tinh dugc dua ra dé tim dang
ham y = y(x) sao cho tich phan (36) dat cyc tri. Ta dua ra khai niém

) (37)

n=0

d
6Lly] = — L[y + ndy]
dn
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vdi Sy la mot bién phan tly y cha duong y(z) véi diéu kién sao cho dy(a) = 6y(b) = 0 (y nay thé hién nhitng
diém bién cla duong y(z) khdéng bi anh huwdng bai phép bién phan). Dung cach biéu dién cla L[y] theo ham

F(y,y',x), phép bién phan cho:

b

oF oF
SLyl = [ [dy—+ 8(y") dz (38)
[ Oy 9(y")
Véio(y') = (6y)' = di(éy), theo phuong phap tich phén tirng phan ta co:
T
b b
OF d| oF OF
SLlyl= | by|— — —[— dz +|6y(x) (39)
[ oy dr|oly) oy'(@), ),

-
Theo diéu kién 6y(a) = éy(b) = 0 thi tir (39) thu duwoc: SL[y] :j§y %—%(%de
. L X oy

Khi L[y] dat cyuc trj twong &ng véi diéu kién cta phép bién phan 6L[y] = 0, mét bé dé co ban cda phép bién
phan cho ta biét biéu thirc trong ngodc vudéng dudi tich phan & trén bang khéng, lam ndy sinh phwong trinh (p.t)
Euler thi nhat (hay con goi la p.t Euler — Lagrange, day la mot p.t quan trong cla co gidi tich):

oF _d(0F)_, o
dy  dz|0(y")
Phuong trinh nay con c6 mét dang khac, dé la p.t Euler thi 2. Trudce tién ta tinh:
dFF  OF  OF W OF  d OF oF d| OF
— =ty —ty'—va |y | =yt |
dv Oz Ay ANy')  dz|” Ay Ay")  ~ dz9(y")
Suy duoc
iF—y' oF :(9F y,(?F_i oF , (41)
dx a(y") oz Jy dx|0(y")
dé p.t nay tré thanh phuong trinh Euler thi 2 thi y = y(z) thda (40) cling phai thoa (41), tir d6 suy ra:
dfp_OF)_or )
dx ay')) Oz

Phuong trinh nay cuc ky hitu ich khi ham F(y,y',z) = F(y,y') khéng phu thudc twéng minh vao z, trong
truong nay thi phwong trinh (42) sé tré thanh:
, OF

F—y m:kzconst (43)

Phu luc 2: Gidi phwong trinh vi phan r' = r\n’r> — k% / k
TU phwong trinh ' = ryn’r* — k% / k ta cé:

N — (a4)

2 2 2
rNnr-—k
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Thay n(r) = n, /[1 +(r/ R)Q] vao phuong trinh (44) va déi biéns6 v = r / R ta dwgc phuong trinh

K(1+u2)du
dp = - (45)
u\/u2 — K? (1 + uQ)

trong d6, K = k / (n, R) Lay nguyén ham hai vé clia phuong trinh (45) , sau dé thay w =1/ R va k = Kn R

, ta thu dugc ham ¢(r) nhu sau

2 p2
¢(r) = arcsin k i +C (46)

Jon Ry —4k* TR

V@i cdch chon hé toa do tru nhu hinh 1 thi khi » = R thigdc ¢ = 0 (tc |3 tia sdng phédt ra & S trén bé mat thi
truc Ox trung vd@i phap tuyén ciia mat phan céch tai diém tdi S. Khi dé thi C = 0, va phuong trinh (46) tré
thanh

2 p2
¢(r) = arcsin b r— R (47)
(n,R) — 4k* fir

0
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Lo giai tham khao
Pé thi chon hoc sinh gidi quéc gia THPT mdn Vat li— VPhO 2018
(Phién ban 1.0 ngay 26.1.2018)

Ngay thi thi hai: 12/01/2018

Cau V (Lo gidi dé xudt béi Nguyén Thanh Lép , gidng vién khoa Vat Ii, BH Sw Pham Ha Noi; va

Nguyén Vdn Duy, nhém xPhO)

1. Xac dinh dién tré chwa biét bang phwong phap cau can bang
i. Ly thuyét mach céu cén béng

A B L |
a R
I . T 5 R, (G
M
I
Il
E
Hinh 1

Ap dung bién d6i Thévenin cho mach cau véi ddi twong nghién ciru 1a dién k& G. Khi d6 mach dién
Thévenin twong duong clia mach cdu dwgc xac dinh nhw hinh vé (Hinh 1), trong dé

Er, =F

Th (R1+Rb R2+Rx) 1)
RiRp . RyRy
Ri+Rp = Rz+Ry

Ry R,

Rrp =

a. Xdc dinh gia tri Ry:

Ta thay rang Ig =0 khi E, =0.Twrdaytarutra biéu thirc tinh R :

R
RT = Rb e~
xr Rl

Cdch do gid trj dién tré R

* Ma&c mach cau nhu hinh vé (Hinh 1).
* Thay d6i gid tri hdp dién trd, (gidm dan gia tri dién trd) dén khi nao dién ké chi Iq =0.

Dién gia tri Rp thu dwoc vao bang va 13p lai qua trinh d6 mot s6 lan ta thu dwoc bang gia tri sau:

! Loi gidi trén dwoc thuc hién bdi cdc thanh vién nhdm xPhO va cdng tac vién. Trong qua trinh gidi bai va soan thdo khéng thé tranh

khoi sai s6t, moi su gép y xin glti t&i nhdm xPhO qua Facebook Page: https://www.facebook.com/xPhO.org
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* Khid6gidtridiéntré R dugctinh bang cong thirc trung binh:
(2)

5 _ Rx1+Ryp+Ry3+"+Rxpn

Ry

n

b.Cdch do gid tri dién tré trong Ry cua dién ké

Cdch 1: S&¥ dung mach céu:

Tir hé phuong trinh (1) ta c6, khi R, thay d6i thilam cho £, va R, thay d6i theo, dan dén dong qua
dién ké cling thay d6i duoc xac dinh:

ETh <Rb )

B A VA— (3)
R, (R)+R,

I(k)=

Trong d6 6 1a s6 chi clia dién k&, va k 1a hang s6 ti 1&. Bién d6i phwong trinh (3) két hop véi (1) ta duoc:

R{.Ry E( R4 R, ) (Rz.Rx +R)
Ri+R, kO\R,+R, R,+R, R,+R, °
pit: y:ﬂ a=E x=t (L _ L) b=— (M + Ro)
Ri+Rp k 0 \Ri+Rp  Ry+Ry Ro+Ry
Ta c¢6 phuong trinh tuyén tinh: y=ax+b
Cach [am thi nghiém:
Ma&c mach nhu hinh 1. Thay déi gia tri Ry ta thu dugc bang s6 liéu sau:
Lan 1 2 3 4 5 6 7 8 | ...
Rb
q
X
Y
T bang s6 liéu ta cé dang do thi tuyén tinh: P
/
T - LA s y
Tl d6 thi tuyén tinh ta xac diinh duwoc cac hé s6 ava b. .
RyR 0,7
N P - — _p _ f2fx P
Thay vao tr& laita cd : R, b RoiR. NG
7 X
Chung ta c6 thé tinh dugc dé chia nho nhat cda dién k& néu biét higu |0 e -
rd r
dién thé dat vao ngudn: k = S e
7
7
Chu y: d6 chinh xac cta cach lam nay phu thudc rat nhiéu vao sai s6 /b
va gia tri cla biéu thirc RaRx \iRo thudng nho nén néu sai sé I&n qua
2 X

ta s& khéng thé lya chon cach lam ndy dc ma ta cé thé dung cac céch phia sau.
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Cdch 2:

i K
—
Rb
——() =
L R
rt :

Cach 2a%
So d6 mach dién do dién tré trong R, cua dién k& duwoc mac nhu hinh vé (Hinh 2): R, la mot dién tr&
cb gia tri 1&n, trong cac thiét bj dé bai ra ta st dung hop dién trd, R _la mét dién tr& c6 gid tri nho c6
thé dung cac diéntrd R, hay R, c6 san.
= Khi khdéa Kmé&
S6 chi cda dién ké |a

E
[, =———=1kf (4)
R, + R,
Trong d6, 6, la géc chi cla dién ké twong (rng véi dong dién Ig‘1 di qua dién k&, va k 13 hang s8
ti 8.
= Khikhda K dong
S6 chi cla dién ké
R ER
S = : = k6, (5)
o RR R +R RR +R(R +R)
Rb _|_ 0" s 0 s b~ s 0 b s
R, + R,

Ta cd ti s& dong dién hay s6 chi ctia dién ké trong hai lan do

] _Q__RbRsJ’_RU(Rb—i_Rs)

(6)

Ig,? 92 Rs <R0 + Rb)
Suy ra
—1)R R
R = W=DRR, o)
R —(v-1)R

2 Phwong phéap nay chiing t6i tham khao phuong phap co tén tiéng Anh 1a “half-deflection method”, tam dich la “phwong phap
léch ntra”, tuong g véi truong hop v = 2: http://www.plustwophysics.com/wp-content/uploads/2016/08/1elm303.pdf
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Hay
1 1 1
(8)

v—=1R R

Sai so AR, trong phép do duoc tinh theo biéu thirc sau

0

AR Av AR AR o)

0 __ s

R p-1lR, TR R’

El

Cdch do gid tri dién tr& RO
= Mac mach dién nhu hinh 2.
= P& khda K md, cd dinh gia tri dién tr& R, clia hop dién tré sao cho dong qua dién k& ndm trong pham vi
thang do cla dién ké&. Ghi lai gia tri dién tré& R, va s6 chi 91 cla dién ké.
= Péng khda K, ghi lai sb chi 92 cla dién ké.

*  L3p lai cac budc ghi vao bang sau.

lAndo | 0, 0,
1

w N

N

S,

= Tinh cdc trung binh 51, 52 vasaisé Af, Af,theo cong thirc

=i (10)

(11)

(12)

= Tinh gid trj trung binh 3 RO vasaisé AR theo cong thirc (7) va (9)

3 Gia tri trung binh clia R, con ¢ thé duoc tim bang cach tuyén tinh héa phuong trinh (8) thanhy = x + bvéiy = 1/[(1 — V)R],
x =1/R, vab = 1/R,. Trong trwdng hop nay thi gia tri cla R, s& bién thién.
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(13)

Céch 2b*:

[

L
I
2.

Hinh 2.b

Céch do thit 2 ¢ so d6 nhu hinh (Hinh 2.b). Trong d6 R, la cac gia tri hop dién trd, R_la mot dién tré cé
gia tri nhd, co thé st cac dién trd cd san R, hodc R,. Cach do dién trd trong R, cla dién k& duoc thuc hién
nhu sau: M& khéa K, diéu chinh hop dién trd R =R, dé cho dién k& chi sé chi cwc dai trong thang do cla

dién ké’]m1 =1 = k6 . DoéngkhoaKk, diéu chinh hop dién tré R, = R, dé cho dién ké chi s6 chi cuc

ax

dai trong thang do Iq(2 = Igmax = kO .
Do Ig_1 = Ig2 = Igmx = k6O__, nén tir phuong trinh (4) va (5) ta thu duoc biéu thirc tinh R,
R(R. —R
RO — s( bl b2) (14)
RI)Z
Sai s6 AR, trong phép do duoc tinh theo biéu thirc sau
R RR R —R
AR = —AR +—"AR, +—"—"AR (15)
Rb? Rb‘z Rb‘l

Cdch do gid tri dién tr& R0
= Mac mach dién nhu hinh 2.b
= P& khda K md, diéu chinh gia tri hdp dién tr& d&n mot gid tri }%) = Rb sao cho s6 chi cla dién ké cuc gid
1
tri l&n nhat trong thang do. Ghi lai gia tri dién tr& R, .
= Péng khéda K, didu chinh gia tri hdp dién tr& dén gia tri R =R, dé dién k& chi gid tri I&n nhat trong

thang do. Ghi lai gid tri dién tr& Rb = sz .

# Chung t6i da tham khdo phuong phdp nay dugc trinh bay trong bai thue hanh Vat 1i dai cuong cta Dai hoc Clayton:
http://www.clayton.edu/portals/507/galvanometer2212.pdf
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= L3p lai cac bwdc trén va ghi vao bang sau.

Lan do 1 2 3 4 5 6 7 8
}zbl
Rb?
=  Khidé gid tri trung binh diéntré R, R, vacicsais6 AR , AR :

N

Zx.

- J

T = (16)

Az == hodc Azx= (17)
N
= Tinh gid tri trung binh ED va sai sb ARU cla theo céng thirc (14) va (15)
— R(R —R
A Yt ) (18)
b2
R RR R —R
AR ==-AR +—"AR,+—"=—"2AR (19)
b R2 2 R s
b2 b2 b2

2. Xac dinh d6 16'n cdm (rng tir trung binh B tai bé mat ddy cha mdt nam cham vinh ciru
a. Cam ng tir trung binh B tai mat ddy cda nam chdm duoc du trén hién twgng cdm &ng dién tir. Thi
nghiém duoc b6 tri nhu hinh vé (Hinh 3). Dat cudn day & phia duwdi cia 6ng nhya, dat nghiéng éng
nhwa, thd nam cham vao trong 6ng nhua. Dién k& mac ndi véi khung day dé do téng dién tich chay qua
né. (Lwu y: Ong nhura duoc dét nghiéng mot goc dd Ién dé cho nam chém chuyén déng tir tir khi dén
va cham vdi khung déy khéng bj ndy 1én. Khéng dé cho nam chém chui qua khung ddy vi khi nam chém

lot qua khung ddy, tir trwdrng thay déi chidu nén tir théng sé thay déi mét luong ‘2BS " )

Hinh 3

b. Ly thuyét va cach do
Tl thong di qua khung day duoc tinh ¢(t) = NB(¢)S' , trong dé B(t) la tir trudng trung binh trén bé
mat khung diy do ndm cham tao ra, N 1a s& vong day cta khung day. Khi nam cham di chuyén thi ti
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trwong nay thay déi, lam cho tir thdng qua tiét dién khung day thay d6i, dan dén xuat hién suat dién
ddng cam tng trong khung day duwoc tinh bang biéu thirc sau:

do
E(t) =|— 20
(t) o (20)
Do 1dn dong dién di qua dién ké va khung day duoc tinh theo dinh ludt Ohm nhu sau:
E
ity = 20 (21)
R[] +Rd

S8 chi cla dién ké& xung kich cho ta biét tdng s dién tich da di qua nd. Trudc khi thd nam cham, thiét
1ap sao cho s& chi clia dién ké bang khong. Khi dé s6 chi cla dién k& & thoi diém ¢ dugc tinh

at) = [ico)at (22)
0
Do nam cham di chuyén tién lai gan khung day nén B(t) ting dan theo thdi gian, hay tir thong ¢(t)
qua khung day s& tdng dan khi nam chdm chuyén déng lai gan khung day, do d6 suat dién dong trén
khung day s& c6 dau khong thay d6i, hay néi mot céch khac 1a dong dién cé chiéu khong déi khi nam
cham tién lai gdn khung day. Nén ta cd, téng do I&n dién tich chay qua dién ké & thoi diém ¢ duoc tinh
bang biéu thic

]z’(t)dt

Tai thoi diém khi nam chdm dén tiép xuc vdi khung day thi cdm &ng tir trung binh trén khung day

1

R +R

d

q(t) =

/R IS T B N /05 I 1= (C5 o
fEdt‘_mfd(b_RonLRd_ R, +R, (23)

0 [N
B(t) bang cdm (rng tlr trung binh trén bé mat ddy ctia nam cham B, khi d6 dién ké chi tong do lon

dién tich qua dién ké ¢(t) = ¢ duoctinh

B NS'
q’”l = /

=u 2 (24)
RO + Rd

Nhu vay, khi mat day cda nam chdm cham vao khung day, doc s6 chi cha dién ké ta biét duwgc gia tri
q,, cac théng s6 dién tich tiét dién khung day S', cac dién tré& R va R, dé d3 biét nén ta sé& tinh

duwoc dd 16n cdm rng tir trung binh trén mat ddy cha nam chdm nhu sau

R +R
p - Wt (25)
" NS'
Sais6 AB _ cla phép do
AB A AR + AR !
mo_ qm + 0 + d + AS (26)
B q, R, + R, S

Cdch do gid tri cém wng tir B,, & mdt ddy nam chém

= B§ tri thi nghiém nhu hinh vé& (Hinh 3).
= Truwdc khi tha nam cham, diéu chinh cho dién ké& vé sé 0.
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Tha cho nam cham truwot doc theo 6ng nhua hinh tru. Khi nam chdm cham vao khung day, ghi lai gia tri
dién tich ¢ ma dién ké& xung kich chi.

Lap lai budc trén nhiéu [an va ghi vao bang sau.

Lan do 1 2 3 4 5 6 7 8
q'”l
= Tinh gid tri trung binh clia g vasaisé Agq :
_ Gy Ty T+ q
— m m M. (27)
q, N

Ag, = (28)
= Tinh gid tri trung binh Em va sb ABm theo cong thirc (25) va (26):
— qg (R +R - [A AR + AR !
B = —qm( ot d) va AB =B _q’” 0t LA AS (29)
m NS' m m qm RO _|_ Rd S;

»  Lam tuong ty cac buwdc trén nhwng di dau clia nam cham ta duoc tir trudng trung binh trén mat day
con lai.
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Loi giai tham khao
Pé thi chon hoc sinh gidi qudc gia THPT mdn Vat li— VPhO 2018
(Phién ban 1.0 ngay 26.1.2018)

Phan thi: Thwc hanh Vat li
Ngay thi the 3: 13/01/2018

(Lo giGi dé xudt bdi thdy gido Nguyén Thanh Lap , gidng vién khoa Vat Ii, BH S Pham Ha Néi)

Chu y: Cdc két qua dworc trinh bay dwoi ddy dworec do tir mach dién dugc cdu tir diot thudng
N4148 va diot Zener 5,1V nén c6 thé khdc déi chut & cdc gid tri dién dp cén tim so vdi két qué cdc ban
do dworc tir thiét bi dwoc phdt theo dé. Tuy nhién cdch lam va cdc gid tri caa dién tré hodn toan chinh
xdc. O’ déy dé bai diing 3 logi dién tré rdt dé mua vé phé bién I& 100; 100Q vé 1500 cdc dién tré nay cé
sai s6 trong khodng tir 1% dén 5%.

Mac mach dién khao sat ddc tuyén V-A cla hdp den theo hai chiéu vdi chd y khi dién do khao sat
dudi 6V em nén dung chiét ap dién tlr. Néu dién dp dén khoang 6V ma dong dién chwa dén 200mA em
thay chiét ap bang bién tré dé khao sat tép phan con lai.

Néu dd khéo em c6 thé chi dung bién tré dé khao sat cling duoc tuy nhién nhu vay rat mao hiém
c6 thé lam hong linh kién trong hop!

So d6 khao sat:

Ngudn Chiét ap DT 0 X

Nguén

! Loi gidi trén duwoc thye hién bdi cac thanh vién nhdm xPhO va cong tac vién. Trong qua trinh gidi bai va soan thao khéng thé
tranh khéi sai sot, moi su gép y xin glti t¢i nhom xPhO qua Facebook Page: https://www.facebook.com/xPhO.org
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Gabriel Mathisen
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Ta thu dwoc bang s6 liéu sau:

U(V) | I(mA) u(v) | I(mA) u(v) | I(mA) U(v) | I(mA) u(v) | I(mA) u(v) | I(mA)
2.876 | 199.1 1.251 | 39.94 0 0 -1.424 | -14.45 | | -3.998 | -51.33 6.52 | -121.5
2.667 | 180.2 1.171 | 32.68 -0.184 | -1.16 -1.62 | -17.33 -4.253 | -55.11 -6.75 -140
2.513 | 164.2 1.03 | 2026 | |-0.299 | -1.87 -1.97 | -22.07 | | -4.563 | -59.62 -7.02 | -159.1
2.324 | 1459 0.965 | 14.97 | |-0431]| -2.71 2,255 | -26.11 | | -4.748 | -62.2 -7.19 | -170.4
2.117 | 124.8 0.888 | 9.57 -0.526 | -3.37 252 | -29.9 5 | -66.1 -7.31 | -179.5
1.94 | 107.2 0.766 | 5.05 -0.663 | -4.62 -2.747 | -32.95 | | -5.243 | -69.7 -7.43 | -189.1
1.769 | 90.1 0.601 | 3.78 -0.758 | -5.65 -3.014 | -36.99 | | -5.579 | -75.8 -7.53 | -196.2
1.631 | 76.6 0432 | 2.73 -0.913 | -7.58 -3.253 | -40.46 | | -5.737 | -78.4
1.489 | 62.6 0.296 | 1.87 -1.085 | -9.84 -3.54 | -44.64 6.01 | -83.4
1.372 | 51.98 0.179 | 1.13 1252 | -12.09 | | -3.757 | -47.8 6.28 | -102
Dac tuyén V-A qua hép den theo hai chiéu
' %'i ~ y=98 84x-84/311 f‘r
RS
== Sss=ara=
= = e
5= mEr S
EFiEEes
=630 0000y
] IR eee T Ll
A T 3_I.{.. ..-:--'J-j;:"'. F@f‘:ﬂ =i
o i e e e
SESSToosdEsiissSESeRsossscs
=R
“RI=0.9999 iz
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e Nhanh 1 va IV chitng t6 nhanh | 1a nhan thuan cda diét zener. Nhanh IV [a nhdnh nguoc!

e Nhanh |, II, lll chirng t6 cé hai diét mac ngwoc chiéu nhau do cé 2 doan gap khuc phi tuyén tinh!

e Nhanh 2 13 doan thang di qua géc toa dd nén trong vung nay né giéng nhw mot dién tré khdng doi
tuan theo dinh luat Om. Vi vay chac chan E 1a mot dién tré Ry.

e Do doan | déc hon doan Il va doan 1l d6c hon doan Il nén dién trd doan | nhd hon Il va doan 1lI
nho hon Il. Cho thay | phai 13 di 6t zener ndi tiép vdi Ry.

e Theo chiéu nguoc lai lic dau moi di 6t khdng dan nhung dién tré lai ting cao nhat (Nhanh 1)
chirng to R1 ndi ti€p vai mot dién trd. Vay A hodc D 1a dién trd thi phan tl con lai D hodc A 13 diét
zener. Khi d6 nhanh gitra la di 6t thuwong néi tiép dién tré!

Tl cdc nhan xét trén ta cé mach dién nhu hinh!

Dt
R3 Ri

<4 mm e

R>
—

Tuyén tinh hoa | ta thu duoc:
U11 =0.85V, B;=98,84.103 suy ra R1=1/B1=10,1Q
Tuyén tinh hda Il ta thu dwoc:
B»=6,32.103 suy ra R1+R>=1/B>=158,2Q suy ra R,=148,1Q
Tuyén tinh hoa lll va tim giao diém cla nhanh 3 véi nhanh Il tai vi tri cé dién ap lam diot chinh Iwu
md& ta co:
Bs= 14,394.10°3
Va giao diém U =-0,776 (V) va 1=-4,9 mA
Suy ra: U10=0.776-4,9.103.10.1=0,727 (V)
Va R1+R23=1/B3=69,5Q gidi ra R3=99,20)

Cudi cung tuyén tinh héa doan IV va xac dinh giao diém v&i doan Il ta c6 toa dd giao diém tai U=-
5,9V va [=-79,3mA

Tl so d6 mach dién ta tinh dwoc U»:=5,9-79,3.103.10,1=5,1(V)
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Nhan xét:

M6t sé HS thdy rang doan I va IV c6 hé s6 goc khdc nhau diéu nay la ding vi khi mé thue chét di
6t zener c6 dién tré hai chiéu khéng bang nhau. Trong bai nay tdc gid coi la Ii twdng nén bé qua cdc
dién tro diét khi no méi nén cé sai khdc nhw véy!

0.5W 5.1V

Zener Diode
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VPhO 2019 - Ngay thi thi¥ nhat (13/01/2019)
Caul
(L& gidi dé xudt béi Pham Dinh Hodn, Vinh Phc)

1. Vi hé kin theo phuwong ngang va ban dau khdi tdm cla hé hai vat dirng yén nén khéi tdm hé chi chuyén dong theo phuong
thang dirng. Chon hé truc Oxy nhu hinh vé véi goc O trung vdi vi tri ban ddu cla khdi tam hé. Hinh vé bén 1a vj tri cGa hé tai

thoi diém bat ki. v
. x =1lcosa x* ) 1)
Toa do cuavat (1) la: . = +-=—=1
y = 2lsina > 4]
(2) a
Vay quy dao cla vat (1) 1a nira hinh elip phia trén Ox o f(

2.

a. Goi T; (T ,T ) ,T (—pmg,0) Ian lwot 13 lwe do vat 1 va vat 2 tac dung 1&n soi day

127 "1y
L - T, +(-umg)+0=0 |T, = pumg
Soidaycanbing: T + T + p.2l =0 = i
oiday canbang: 1 + 1, + p.2lg {T +0—-2pgl=0 Ty:2pgl

ly 1

Vay lyc cing day tic dung lénvat (1) 1a T = —Tl c6dolonla: T, \/TQ + T2 ,umg)2 + (2pgly’

2pl
/il 0

Hum
ﬁ
72111'

20=5(e""—e ") /2
:{ (€= )2 4P s s h—Jot r 4

12° = 7 — arctan

V¥ x

T
Goi 0 = (T ,0x) = O=n- arctan[T

1z
b. Gia str vat 1 co toa dd la (a,b)

b=5E" +e“%)/2

=S h=b-5=N5+4I -5

a/5_efa/5)/2®2pgl:2_l<:>5:1u_m

T, .
Ta lai co: tan(z — @) ==~ =y (a) = (e
T, umg o p
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VPhO 2019 - Ngay thi thir nhat (13/01/2019)
Cau ll

(Loi gidi dé xudt béi Pham Binh Hoan, Vinh Phtc)
1.

a.Goi p,T,h laap sudt, nhiét dd, do cao clta cdt khi trong xi lanh khi pit téng can bang

Uy 1y
Tacé: p= p, +——= .Qué trinh doan nhiét thuan nghich: p h’ = ph” = h=h, (&j —h, (14_ Mg 2)
? p p, TR’

Ly 7=

V4 M. ¥
Va: p} T} = p T :»T=To(& =To(l+ ng

p PR,
’ ’ R’h
b. S8 mol clia chat khi la: n = L2 o
RT,

R>h Mg |7
Cong ma khitrong xi lanh nhdnla: W =AU =nC, (T -T,)) = PoT %0 (1+ & -1
p

y—1

o [

—1/y
M,
Cong do khi quyén thyc hién la: W, = p 7R’ (h, —h) = p, xR’ h, [1—(1+ i 2] }
p,T

o 0

—1/y
M:
Cong do trong luc cla pit tong thuc hién la: W, = Mg(h, —h) = Mgh, [l —(l+ ‘iz J }
P, 7L,
2.
2 3 , M
a. O vi tri can bing, ap sudt khila: p, = p, + Rf
V4

o

2

-y
2Mg
p,7R;

Do cao cotkhila: iy =h, (1+

Chon truc Ox thang dirng hwdng Ién, géc O trung véi VTCB cla pit tong

ey -1

/4
) 2M;
Khi pit téng cd li d6 x < A,. Ap sudt khila: p_ = p, M =(pg+—‘2g)(l+ﬁ)’1 =(p,+——
TR h, TR h,

h +x

(poﬂRf +2Mg)yx
h

0.

Pinh luat Il Niuton: (p, — p,)7R> —2Mg =2Mx" < 2Mx +
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e 2Mh,
Chukidaodong: T =27 > =2r 5
(p,7R, +2Mg)y (p, 7R +2Mg)y

Coi van tdc clia pit tdng khi & vi tri cAn bang cla y 1 bang 0 thi bién d6 dao dong cla pit tong la:

M -y 2M -y
A_h—hl_hol(n ngj —(1+ izj ]
poﬂ. (2] poﬂ. o

2M ~1/y -1y
b. Chiéu cao nhé nhat cua cotkhi: h, =h —A=2h —h=h, [2(1+ & J —(1+ & J :l

p, R’

o

P uo'r.dr - dp, uo'r.dr

3. Tacé: =dp =L 1
p =Pt P TRT n, &r M
" RT
o’ ur’
Tich phan phuong trinh (1) ta dwoc: p. =C.ex
phan p g (1) oc: p, p( RT j
Khéi lwong cta khdi khi hinh vanh khan gidi han bdi » va r+dr la:
2 2 2
dm = Cu2zh exp O L var
RT 2RT
Tich phan phuong trinh trén ta suy ra khdi lvgng cda khi trong binh 1a:
2 2
_ 2C72zh exp @ UR; 1
w 2RT
1y
g
pUR & | 1+
PIRM P, R @ R

Vay ap sudt khi tai thanh binh la:

2 2
pszexp(a;g?"]: 2 p2 ex
2RT {exp O KR, -1
2RT
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VPhO 2019 - Ngay thi thir nhat (13/01/2019)
Cau lll
(L&i gidi dé xudt bdi Tran Bire Huy)
1.
a) Vi tinh d&i xirng cau, méat dé cta cac hat chi phu thudc vao khodng cdch dén tam va thoi gian:
n(r,0,¢,t) = n(r,t)

Tai thoi diém ban dau ¢t = 0, goi 6N 1a s8 hat dién tich trong mot I6p cau cé ban kinh tlr 7, dén . + o, (6r, < 1)
ON = n(7"0,0)47r7"0267"0 (1)

Vai n(rO,O) = 13 mat d6 phan bd hat ltc ban dau. Do cac hat khdng vuot nhau nén s6 hat 6N ludn nam trong mot

ATR?

|&p cau cé do day thay ddi theo thoi gian. Tai thoi diém ¢, s6 hat SN s& nam trong 1&p cdu ban kinh tir 7 dén r + o7
(0r <) ,néntacé

6N = n(r, t)dwr’sr = n(r,,0)4mr’ér, (2)

véi n(r,t) 1a mat d6 phan bé hat tai vi tri 7 & thai diém ¢ . Ta s& xét chuyén dong cla I6p cau chira s6 lugng hat dién tich
khong d6i 6N c6 d6 day §r va mat do phan bs n(r,t) thay déi theo thoi gian.

Do céc hat khéng vugt qua nhau nén sé hat dién tich N(7,t) bén trong qua cau ban kinh 7 & thoi diém ¢ ciing bang s6 hat
N(r,,0) & bén trong qua cau ban kinh 7, & thoi diém ban dau ¢ = 0. Do d6
Nr?

N(rt) = N0, 0) = (3)

Ap dung dinh luat Gauss-Ostrogradsky ta tinh dugc cuong do dién truong E‘(r, t) taivitri 7 & thoi diém ¢

3

N(r,t)q Ng 75

By = -Nntag
Amer® dmer® R®

(4)

Do céc hat dién tich chi chuyén ddng doc theo phuong ban kinh nén v = 7€ . Do Or < 1 nén ta xem tat ca cac hat dién
tich hat trong I6p cau c6 ban kinh tir 7 dén r + Or s& cling chuyén dong voi van téc v = 7€ . Chuyén ddng cla I&p cau co

bén kinh tir 7 dén 7 + Or cling nhu cac hat dién tich & bén trong I&p cau nay dugc mo ta bdi ham r(t) dé xay dung

phuong trinh vi phdn mé ta chuyén chuyén cuta I&dp cau ta cé céc cach sau:
Cach 1: Phuong phap dong luc hoc
Do 67 rat nhd nén tat ca cac hat dién tich & bén trong 1&p cau c6 ban kinh tir 7 dén 7 4 67 cung bditoa dd r(t) va co
cung van tdc ¥ = 7€ . Ap dung dinh luat Il Newton cho hat dién tich —q c6 khGi luong m & vitri 7'(t) = ré€_:
mi'e = qﬁ(?, t) (5)
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Thay E(7,t) tir (4) vao (5) ta thu dugc

2 3
mit = 2410 (6)
drer” R
Cach 2: S& dung dinh luat bao toan nang lugng
Téng ddng ndng K cua cac hat la:
1 s 1 .2
K = E(m(SN)fu = E(méN)r (7)
Goi U la thé ndng tinh dién cta cac hat, ta cé
dU = —(¢6N)E(r,t)d7 = —(¢6N)E(r,t)dr (8)
N&ng lugng cla |&p cau bdo toan nén ta cé
d dK dU
—(K+U)=0 —=—— 9
dt( ) dt dt ©)
Thay (8) va (7) vao (9) ta duoc
(mON)i = (g6 N)E(r,t)r (10)

Thay E(r, t) tr phuong trinh (4) vao phuong trinh (10) va rat gon ta thu dwgc phuong trinh vi phan mé ta chuyén dong

cla l&p cau cé ban kinh tir  d&n r + Or

2 3
mit = 2410 (11)
dmer” R
. dr drd L dr d | .
Thay 7 = a_aar_ r—r LN L vao phuong trinh (11) r6i lay tich phan ta thu dugc phuong trinh
dt  dr dt dr  dr| 2
mi® _ Ng* n'[1 1 (12)
2 dme, R* 1, 1
Suy ra
. d N¢'r> r—r 21e R*m
TE—TZ\/ qg 0 = dt = — L ar (13)
dt 2me, R°m T Ng'r, r—r
Hay

t T 3
2me R
[at=[ ey A (14)
f . quo =

S dung cong thirc tich phan f - Jz(zr —a) +aln \/; ++zT—a

r—a

+ C' tathu duoc
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27T€0R3m \/; + \/7’ -1
t= —55 r(r—ro) +rnn——m——— (15)
N o

27e R?
t = SME M Ty AR A (16)
N¢* T r r

T phuong trinh (16) ta c6 thé tim dwoc
= f(t) (17)

hay

+In

khong phu thubc vao T Do d6 ta sé co
T+ or = (r, +or)f(t) = or = or f(t) (18)
Thay (17) va (18) vao phuong trinh (2) ta thu dwgc mat d6 phan bé hat tai vi tri 7 & thoi diém ¢

n(r.f) = SN n(r,0)dwriér  n(r,,0) 3N (19)
U dmesr Amsr [fOF an[RF®)T

13 ham s6 chi phu thudc vao thdi gian ma khéng phu thudc vao vi tri 7 nén mat d6 phan bé hat 13 déu.

b) Tir phrrong trinh (16) ta tinh duoc thoi gian dé dién tich di chuyén tir vitri 7, = R dénvitrir = 9R

- /% 62+ n3 1 242 20)

a) T6éng dién tich cla ddam may 1a —Ng néntacé

2.

p(r)dnr’dr = —Ngq (21)

O:U%:U

Thay p(r) = A / r" vao phuong trinh (21) ta thu duoc:

¢ 4 A
47rAf r*“dr = —Nq < (R — Rg’_a) = —Ngq
R, —a
Suyra
(o —3)Ngq

A= (22)

An(R*™ —R™)

3|Page



CLB VatlixPhO | www.xpho.org | fb.com/xPhO.org

b) Ta c6 su phan bé dién tich trong khdng gian nhu sau

V9 o< <p,
4 0
A
p(r)=1—, R <r<R (23)
r
0, R<r

Do dién tich phan bd d6i xtirng cau. Nén st dung dinh luat Gauss-Ostrogradsky v&i mat Gauss |a mat cadu ban kinh
r tatinh duoc cwong d6 dién trwdng tai vi tri cdch tdm mot khoang r trong céc trwong hop:

* Truonghop 0 <r < R;:

r

1 1 3Ng Ngqr
E(rdrr? = — rdrridr = E(r) = —ridr = (24)
(r) £, [ pr) ") e 1’ f R dme R

* Truonghop R, <r <R

r)amr’ = —fp )amrid
1 oA
= E(r)= fp Ydmr dr-l—fp YAmrridr| = -1 Vg + f—47”’2d7’ (25)
47-‘-5 rr 0 ) 47T807’ 7,0 ro‘
(= 3)Ng

Thay A=

vao phuong trinh (25) ta thu duoc
(R — R*™)

R
N —3)N (
E(r) = g S|+ (agfa 3) qg,a f 4r? dr
4me T 4n(R™" —R™) 7o (26)
B Nq B ,,,.3—04 _ Rg’—a B Nq RS—a o 7,3—11
4dme r* R™ —R™| A4mer’ R —R™
* Truong hop r > R: Do téng dién tich bén trong kh&i cau ban kinh 7 bang khéng nén
E(r)=0 (27)
Nhw vay
[ N
ig’ O S r S R()
dre R
N 3—a 3«
Bry={-—4 H =" po,<R (28)
dmer” R — R
0, r>R

Chon géc thé ning & vo cung, V(r = 00) = 0 . Dién thé tai cac vi tri cich tdm dém may mot khodng 7 duoc tinh nhu sau
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Tl (28) ta tinh dugc dién thé tai cac vi tri

= r>R:

V(r):—fE(r')dr'—f E(r')dr' = ]’E( dr'+ V(R)

R

)
3—a
- 3—a 3osz 'la T'
47TER —R) !

0
_ Nq R " 33—«
dre (R**—R")| r 2-a 2-a

RUt gon biéu thirc nay ta thu dugc

Ng 2—)R"™ +7r"" —(3—a)rR*"
4re,r 2—a)(R™ —R"™)

voi R <r<R

r By r
V(r) = —fE(r')dr' — [ BGar' =~ [ B(rdr' + V(R,)
% B

N RZ o 2
:-f qu _dr '+V(R0)=Q(°—:)+V(RO)
47‘(‘6 87r50R0

Ng (2—a)R*™" + R —(3—a)RR*™"

twr (32) vao (33) ta thu duoc
4me R, (2—a)(R*™ — Rg’_a)

Thay V(R,) =

_ Nq |R -1 N 2-a)R™ +R ™" —(3— )RR
dme R, | 2R 2-a)(R"" = R™)

5|Page
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VPhO 2019 - Ngay thi thir nhat (13/01/2019)

Caulv
(Lo gidi dé xudt béi Tran Ky Vi, Sinh vién khoa Vat li, Bai hoc S pham Ha Néi)

1. Hé 1a mdt thau kinh moéng phang — 16i nén dé tu cta thay kinh duoc tinh:

1 1 1
®=(n—1)£—+— - ()

R R, f
Theo gia thiét bai toan, luén cé R, = (mit phang cta thiu kinh), R, = R (mit
cau clia thau kinh). Ta biéu dién cac dai lwong do dai va géc trén hinh VI.1. ’

Do do ta co:

o1 1 2) \ ;
R f
Tir hinh v& ta c6
7 = (2R —d)d =2Rd (do d be), 3) Hinh 1V.1
va
P/ E— (4)

cos(7Z - 9) sin &
2

T (4), (3) tinh dwoc: R = , th& vao (2) suy ra:

c 2

sin
—1)sin’ @
ponzhsin 0 )
2
va
2h
- =" 6
4 (n—1)sin’ @ ©

Khi U =0 thi @ =6,, h=d, f = f,thay vao (5) ta dugc:

_ (n—1)sin’ 6,
2

2. Xét mat phan cach tranh chap ba chat ran, 1dng, khi khéng phan (rng
héa hc_)c, vGi nhau cla phan tlr méi trudng. Dudng gidi han cla cc chat F = 0N

nay sé 6n dinh &ng vai cuc tri thé ndng cla nang lwong toan phan. Khi dé -

lwc tdng hop tac dung |én phan tlr cla dudng gidi har] s& bj triét tiéu theo Fig= 0N
phuong ma phan tlr d6 cé thé dich chuyén (nguyén tac cong o)

d Jo-

Fy = oA

Biéu dién cac lyc tai mat tranh chap ba mai trudng nhu hinh 1V.2. Diéu Hinh V.2 kién
can bang cGa doan phan tlr bé Al trén dudng gidi han theo phuong ngang la:
Fop=F, . +F, cos0 > o,Al =0,,Al + Al cos 0. (7)

Tl d6 ta duwoc phuong trinh Young cho tredng hop dinh uét nay (dinh wét mét phan):
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oy Crw —O
cos@=—KR IR —KR_CIRI L, (8)

o

3. Ta c6 thé tinh truc ti€p thé tich chdm cau nho tich phan. D& khéng phai dai dong ta cé thé dung cong thirc tinh thé tich
chom ciu:

2 3
=z S OR=I)= ~ 7RI = %”f
sin” @
tlr day suy ra:
-2
Jo> Qsin «9'
27
Thé vao (6) ta thu duoc:
fe 1 X 40 . (9)
(n—1)sin@ \ 7 sin @
4.Tacéd
cosd = cos b, + U2 (*)

2lo
Khi U bién thién tang lién tuc thi géc 0 giam lién tuc (khdng qua diém ky di, do cong thirc (*) va cdc s6 liéu dé bai), do do

theo (9) f ting lién tuc, nhung du U cé ting khoang rong tir 0 dén 80V thi hé s6 —U2 =0-—>0,016 trong cong thirc

2lc
(*) cling cwe ky bé, do d6 gdc O cling bién thién rat bé:
Tl (9), suy ra:
. 40
fisin*0=—", (10)
m(n—1)
Lay vi phan toan ph‘ém 2 vé cla (10), tir cac gid tri fo va 0o, ta co:
—(f sin 6’)‘ f sin’ )‘ 0=0
f =/o,0= 90 S=/.0= 90
Tir d6 suy dugc: 3£, sin* 6 df +4f;) sin’ 490 cos §,d0 =0 ,Hay
4
f———f (11)
¢ n¢9
Tl cOng thirc dé bai 1ay vi phan loga Nepe hai vé ta cé:
—sin6,d6 E,E cos O E,E
= - SO(U) > do=———"" - -5(U?),
cos 6, 20l cos O, + e, U sin@, 2olcos b, + cg,U
h2 3
Laicd Q=7—BR-h) ~7Rh* = —— , tir déy suy ra:
3 sin
Qsin’ 4 2d 1 4Q
d=3 /7 0 _)f;) = — = 3 — ,
2 (n—=1sin" g, (n—1)\zsin" 6,

Thé vao (11), va theo (9) ta dugc: véi

4 4Q EE
df___fo 20 A wind ; 2 5(U2)'
tan 6, 3(n—1) tan” g, \|sin" 6,7 20l cos b, +es,U,

VéiUg=0
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2
RN Af = i > 3 4% A (U2 )
3(n-1olcos@,tan” 6, \ wsin" G,

e Dién tich mat xung quanh cta cla mat ngoai twa nhu 1 chdm ciu dugec tinh 13 duoc tinh:

2
S=27Rd = ‘475 d2=,3/1§”? .
sin”~ @ sin” &

Tir déy taco: S, =3

sin” 6,
Va
§*sin® @ =16720" — 3S; sin® 6,dS + 2, sin 6, cos ,d0 =0.

_)dS:_gSO.cosﬁo d(g:_gc?seo . 1'67292619.
sin 6, 3 sing, \/sin” 6,
Tl d6 ta tinh dugc nang lvong bé mat nhan duoc la:
2 16720
dE, = = 02 |2 &€ 25(U2).
3tan” 6, \|sin” 6, 20/ cosb, + eg,U,
Hay
2
S A LU A(U?).
3lcos @, tan” 6, \ sin” 6,
o Vi A(U?)=UL, ~U; U tace:

Af = 2808 P 3 4% Ur?lax
3(n—1)olcos @, tan” G, \ 7sin" 6,

2
_ EyE \ 167202 U
”  3lcosf, tan’ 6, \/sin’ 6,

va

«» Nhdn xét I¢i gidi:

1. Do khdng cho san fo, Bp nén ta khéng thé tinh ra s6 biéu thirc nay, khong hiéu ngudi cho dé cé ly do gi, nhuwng néu mudn
tinh gdc 0o, ta phai xét cuc tri thé thé nang toan phan lwc cding mat ngoai va trong lwc (ldc nay tac dung dién mat di), ma dé
lai khéng cho san khéi lwong riéng cla dau Silicone AF1600, do dé khdng thé tinh duoc df thanh sé.

* Do U ltc dau bang Uo = 0 nén khdng thé I8y vi phan §(U?) = UodU = 0, khéng hiéu ly do gi d€ dé phai lam nhu thé nay?!!

2. Thiyre ra néu bai todn cho khéi lwvgng riéng teflon AF1600, don gian hon cé thé dung phuong phap nang lwong dé tinh do =
h 1l

Trong thuc t& B > 90° khi vira m&i tha giot silicone AF 1600 (day |a mot chat ran vo dinh hinh), (khi cho dién thé ddu U = 0)
chat AF 1600 13 chat khong dinh wét mot phan, tir d6 ta cd thé dung phuong phap cuc tri thé ndng gom thé nang bé mat E,
va thé trong trudng, (U = 0 chua c6 thé tinh dién), khi ddy ta can tinh: thé tich chdm cau, vi tri tdm chom cau.

, h’ 7R’
Thé tich chém cau cé cong thirc la: Q = T(3R —h)= 3

(1-cos )’ (2+cos0). (12)

Dién tich chém cau: S = 27R.h =27 R*(1—cos 6).
Nang lwgng mat ngoai clia chdm cau la: £, =08 = 276 R*(1—cos 0)
e Khd&i tdm chdm cau: Chia qua cau thanh cac d&i cdu mdng, thé tich dV (vanh mau den dam),
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dV = 7R*sin’ O.RdO = R>sin” OdO, cé toa dd trén trucz 13 z = Rcos O :

Vi tri khéi tdm cda chdm cau (& day ta chon gbc toa dd & tdm O cla mat cau chira chém ciu).

0
j 7R*sin® 0d(sin 6) s
L 0 _7R'sin” 0
¢ Q 30
Tl d6 tinh duwoc khoadng céch tir khéi tdm dén ddy chém cau:

4 23
7R sin” 6
he =z;—Rcos@ =————Rcos¥,
302

Ta chi cé thé coi gan dung rang tai vi tri R = Ro, 8 = 0o, h = do, ban kinh R tai U = 0 khong bién d6i, chi cé 0 bién déi bé (diéu
nay chi la gan dlng, néu lay vi phan theo nguyén ly D’Alambert cho ca hai bién R va 0 hodc R va h, thi that s phuong trinh
la phirc tap, vuot qud stre va thoi gian cdia mot hoc sinh phé thdng dé giai mét bai todn so cap trong mot ky thi HSG)

Khi can bang ta c6 thé ndng cuc trj vdi:

dU =dE_+dU_; =odS + pgQdh,
=270 R*sin@d0 + pgrR*sin”> @cosOdO + pgQRsinOdh =0
2Q 4o

Suyra sin26, =— ,
" zR® pgR?

dén day ciling khong thé gidi tiép, vi cuc ky phirc tap, phwong trinh ra dén bac 6, dudi

can thirc.

* N&u ta chon mdt phép don so hon, do thé tich cla giot silicone rat bé, nén c6 thé xem khdi tdm & d6 cao hg = h/2 (h 1a bé
day cua giot silicone — xac dinh theo cach nay 13 “rat thd so”)

Do d6 ta c6 thé tinh céc thé ning don gian hon:

U, =ngg—>dUG =%dh,

T (12)tacé: R = +—

zh* 3

7

2
U, :aS=c727rRh=27r0'( @ +ﬁjh: 2‘;10+2”"h —dU, :(—ZZ? +@jdh,

h

dU =dU_ +dU, =(— 2;29 + 4”3‘”’ + gggjdhzo

8woh’ +3g,0§2]’l2 —-120Q2=0, (1.%)
Thé s6 vai khoi lwgng riéng clia AF1600 la p = 1.98 g/cm? = 1980 kg/m?3, giai lay nghiém duong ta cé: h = 0.892 mm, tir do

cOR= +§=1.098mm(R>h)

h?

R—-h
G6c bo luc dau: cos 6, =T=O.188—)90 =79.2°.
Thé vao cong thirc &y 1 va 4 ta co:
1. fy,=2,71 mm,d, =0.539 mm,
4. Af =142 ym, AE_=183.0 pJ.
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VPhO 2019 - Ngay thi thi¥ nhat (13/01/2019)
CauVv

(L&i gidi dé xudt bdi Tran Bire Huy)
1.

Cuong do chum tia laze

— —

E _ D anh sang vao P anh sang ra

dt dt

Theo thuyét tuwong déi, dong lwong cla mét photon lién hé vdi nang lwong € photon clia nd theo hé thirc:

o Sphoton
p photon, ~

c
Goc léch: 0 = arcsin (n sin a) —«
*0<y, <L:

+ V@i nlra bén phai:

Yo +L
F o= [ 22wa—cos)|1—-2L|d
iy L

2 2
= I—OW(l—COSH) L— (yo +L> — %
c 4L
:iW(l—cosﬂ E_&]
c 2

1|Page



CLB VatlixPhO | www.xpho.org |

+ V@i nlra bén trai:

Y

r=/

y,—L

I
SwW(1- 0059)[1 _F
c 2

3L

2
_+y_0_yL
4

2 2L

I—COW(— sin 0) [1 - g] dy

I )
=——"LWsinb
c

3L

2
_+&_yL
4

2 2L

Vay, luc F= (F;,F;) do chum tia laze tac dung Ién l3ng kinh:

I 2
F =F +F :—OW(l—COSQ)ﬁ—yL
# Fp # c 2 2L
I y2
_ _ 0 3 0
-F; —-F;/p +-F;}t —?WSID@[E—ZJO]

b)

* Do déi x(rng guong nén:

(%)

F-w)=E(w)v £ (-w)=-F

*L<y,<0:

(=)

2L

F

z

(yo) =F (—yo > O) = I—COW(l— cos ) %

F

Y

)= > 0) = Bwnol 2L ()

2|Page
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2

Y
2L

I
=—LW(1—cosf) [ﬁ -
c 2

~——o—

2

I
=——LWsinf yi—i—yo
c 2L
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Tém lai:
3 Y, 1 . yo‘yo‘
—_0 _ = _ 2 3 — 0 —r
Fz(yo)— . w(1 cos@)[ A Fy(y0>— . W sin 6 5L Y,
I Wsin 6
T FRPOREALL LI

Ap dung dinh luat Il Newton: F, = mij; nén ta thu duoc

. I, Wsin6
iy +———y,=0
mce

mc

Vay, chu ky dao déng nho cla lang kinh 1a: 7' = 271 |————
IW sin 6
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VPhO 2019 - Ngay thi thi hai (14/01/2019)
Caul

(L&i gidi dé xudt bdi Lé Cao Anh, Dai hoc Bdch Khoa Ha Néi)
1. Ap dung dinh Ii cosine cho tam gidc 0,0,0, ta c6

2

R
00 =R+

—QRECOSQ = R? [§—0059] (2)
2 4

Suyra: 0,0, = R, E —cosf (2)

Khi 0,0, <, thilyc ddy do thanh 0,0, tac dung 1én AB la:

Hinh 1

l, —R,/é—COSH] (3)
4

Chon géc thé nang trong truong tai O, . Khicanh cira AB & vitri 0, thé nang clia hé gom canh cira AB va va 16 xo duoc

F =k, —0,0,)=k

tinh nhu sau:

2
k R ECOSQZO] (4)

U(0) = —2MgR cos 0 + %kz(oﬂo3 —1,) = —2MgR cos6 + 5

Ta co

av =2MgRsin 0 + kR
do

i kl
R,/g—cosﬁ—lo]ﬁ: 4Mg + kR — ——— E81119 (5)
4 5 5 2
1/——cos@ 1/——cos@
4 4

Kl R 2c0s9(5/4—c0s9>—sin29
2(5 / 4 — cos 9)3/2

2
dU _ (4Mg + kR)gcose - (6)

a9
Vi tri can bang 0 1a cuc tri cha thé ning U(6) hay la nghiém cta phuong trinh dU / df = 0, tir phwong trinh (5) suy ra

cacvitrican bang 0 < 6 < 90° la nghiém cla phuong trinh

kl / kl
A4Mg + kR — ———=0= é—COSQbZ—O (7)
/5 4 ¢ 4Mg + kR
— —cosf
4 cb

K,

—_ (8)
4Mg + kR

Hay cosf, = % — [
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. f5 .
T (7)tanhan thdyrang [, > R i cost, , nghia la tai vi tri can bdng ch 16 xo dang bi nén. Thay (7) vao (3) ta thu

duoc lyc ddy cha thanh 0,0, téc dunglén AB tai vitri can bang:

F = 4Mg |2 — cosf, = k|, ——29__ (9)
4 ¢ 4Mg + kR

kl
Tu (7) ta thay ———2—— = 4Mg + kR vao (6) ta thu duoc
1/i—cos@cb
2 2 2cosf, (5/4—cosf, ) —sin’@ 4Mg + kR) Rsin” 0
dU _ 2MgR + M cosf, — Cb( / Cb) @ = ( ) < >0 (10)
2(5/4—008%) 5—4cost

Vi vay vi tri can bang xac dinh bdi phwong trinh (8) 1a mot vi tri can bang bén. Diéu kién dé cé vi tri can bang 0 < 6 < 90°
la

2
Kl
<1$1<—"<£ (12)

5 kl
O0<cosf<l=0<——|—2—
2 " AMg—+kR 2

4 |4Mg+ kR

2. Goi 90 la vi tri dirng tirc thoi. Ap dung dinh luat bdo toan co ning ta co:

2
—Mg2R+%k[lo—§] = —Mg2R cos 0, + k

l —R é—cos@]
4

1 R ) R
& Mg2R(1—cost)) = 51{:[5—1— R,/ZCOSHO][%O —E—RJZ—COSHO]
1—cost,
& Mg2R(1— cost),) Y [21 ———R,/Z—cose ]

- cos@
2
,Ecos@o] (12)

/D — dcost = -1 (13)
4Mg —I— kR

o s ) o 4kl 1 kl
Dieukiéndétontai 0 <0 <180°: 1<—2——-1<3 =>-<—2—<1 (14)
4Mg + kR 2 4Mg + kR

& 4Mg

——cos@ ]2kl —k:R

Tur day ta tinh duoc

Tir (11) thi ta thdy v6i diéu kién (14) thi hé ton tai vi tri cdn bang 0 < 6 < 90°. Tir phuong trinh (12), ta tim dugc méi

lién hé gitra k£ va lo
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. 5 —+ §—cos@ (15)

2M RI|1
10: _9+ 0
2 4

3. Trong thiét k& ban dau nhu dé bai ra (Hinh 1), ta thay rang néu thao man diéu kién (14)
thi cdnh clra c6 thé ty mé ra khi clra mé chét, va clra xe cé thé tu sap (G vitri @ = 0) néu
ta kéo canh clra qua vitri 6, = 6 duoc xac dinh bdi (13). C6 rat nhigu phuong én thié ké
dé clra xe c6 thé ty md va tu sap néu kéo clra qua vi tri 0 , khi d6 cac thiét ké phai thoa
man diéu kién sao cho khi m& chét cira cé thé tu di dén va dirng lai & mot vj tri 90 =0,

tuwong tu nhu diéu kién (14) cho thiét ké ban dau. Mot thiét ké dé xuat nhu hinh 2.

4.
a) Goi w, va w, lan lugt a van téc géc chia AB va 0,0,:
w=0vaw =d+0 (16)

Ap dung dinh ly sine cho tam giac 0,0,0, ta co:

R/2 R
= (17)
sina  sin(a + 6)
Suy ra: 2sin o = sin(a + 6) (18)

Hinh 3

L4y dao ham hai vé cla phuong trinh (18) theo thoi gian, va st dung dinh nghia (16) ta thu dwoc phuong trinh:

w 0 1
2w, —w,)cosa = w, cos(a +0) = —+ =1 _cos(a +6) =1 ——(cos@ - sin@tanoz) (19)
w, 2cosa 2
N , . . ) sin
Tr(18)tacé 2sina = sinawcosf + cosasinf = tanay = ——— (20)
2 —cosf

Thay (20) vao (19) ta thu dwoc mai lién hé giira w, va w, theo 0 :

w 1 —
—1:1—l cosf) — sin 0 sin 0 _ 0 dcost (21)
w, 2 2—cosf| 2(2—cosb)
b) Goi v la gia téc goc clia clra xe duoc tinh nhu sau:
M
=— 22
Y= (22)

voi M 13 t8ng momen cla cac luc tac dung |én clra xe. Khi clra xe & vi tri (‘ng v&i goc @ thi tdng momen lwc M cé thé
duwoc tinh bang 2 céch sau.

Cach 1: T biéu thirc thé ndng U(0) ta co
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dU 2kl R
M=——=|———4Mg — kR|—sinf
do \Vbh —4cosf 2

bi€u thirc nay thu duoc tir phurong trinh (5).

Céach 2: M 13 t6ng momen cla trong lwc va luc dan hoi tac dung |1&n clra xe khi dang & vi tri (rng véi goc :

M = FRsina — Mg2Rsinf = I~

l0 — R écosH]
V4
tan o

Tr(18)tacé sina = ———— (26). Thay (20) vao (26) ta thu duoc:

V1 +tan® «

trong do F' 1alycdan hdichaloxo: F =k

. sin 6
sino = ———
Vb —4cosb
Thay (25) va (27) vao (24) ta thu duoc
2kl
M =|—=——-4Mg— kR Esi119
Vb —4cosb 2

Gia t&c goc cua ctra xe khi di qua vi tri (‘ng v&i goc 0

M [2]4;10—(kR+4Mg)\/5—4cos9}Rsin0
I 215 — 4 cos 0

")/:
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VPhO 2019 - Ngay thi thi hai (14/01/2019)
Caull

(L&i gidi dé xudt béi Pham Dinh Hodn, Gido vién Vét Ii tai Vinh Phic)
1. Khi & diéu kién thuong:

kT HP 1 — pve,
5 vap= = y=—pvic, =——"——.
V2rd?p o Nk, T d 3 Py 37r\/§NAd2

P> pc ==

Vay y khoéng phu thudc dp suat.

Khi ap sudt khi thap( khi kém): p < p.., néu tiép tuc gidm ap sudt thi mat do khi gidam nhung A khéng ting, do vay y

giam

k,T
-1 S pe=nkl=——F—

0 4p suat gidi han p = p,. thi A= NG
27d (1, — 1)

1
T 2
\/572'61272 ?
2.
a.bat 7, =80+273=353K, 7, =20+273=293K

T+T,
Nhiét d6 Iop khi & chinh gilta thanh binh la: 7 = % =323K

O nhigt dd T, =323K thi p.=2,23Pa

pvey uc,  [8k,N,T,
+) p, =10mmHg =1333Pa > p =y, = -
: ¢ ‘ TSN 3eaN .\

Vay mat d6é dong qua I&p khi chinh gilta thanh binh la:

L__ Ky . RN Ll _yea g ims )
n 3m/§NAd b =

) p, =10 mmHg =0,01333Pa , tr do thi y, =22 4,
Pc

) T -
=0

7

VAt mat do dong qua I6p khi chinh gitra thanh binh la: j, =22 j =1 (J /m’.s)
C

S T U o s e oA A Lt ot b L L | T+T,
b. Tai thoi diém bat ki, gia s nhiét d6 cha nudcla T = nhiét d6 I6p khi gitra thanh binh la 7, = 2

kT,

PN, _
N2zd* (r, 1)

Ap sudtlop khila: p, =n k,T, ==—2k,T, .0 nhiétdd T, , ap suat p.
U

Vi p, < p. nénhé s& dan nhiét cta 16p khi chinh gitra 13 :
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P =&Z:\/§”d2(”z—”1),0N Hey 8kyN T, _ (1, = rl)pc,, 8k,N T,
“pe P 372N, d?

Mat d6 dong nhiét qua I&p khi chinh gilta thanh binh la:

jk:Zk(T_]-'ZJZPCV \/4kBNA(T+I;).(T_7;)
h=h 3 Tl

Goi ¢ la thoi gian ma nhiét d6 nudc giam xuéng 40° C(7; =313K)

Phuong trinh can bang nhiét cho qua trinh vo cung nhé:

—medT = j,27. (” ;rz jh.dt - pcV”(gl )k \/4kBNA(T+T2).(T—T2).dt
7w

3mc J-
pe, w(r +1)h 4kN 2 (T T)\/T+T

s } dT 1 (,/ +T, —\2L) (T, + T, +2T,) 1,066
2 (T-T)T+T, \/Tz (\/T+T+\/ﬁ)(\/T+T -\21,) 21,

:>t=jdt—

3mc mu 1,066
pey (i +n)h\ 4k N, . V2T,

Suyra: t = . Thay s6 ta thu duoc: £ =53869 (gidy)~ 14,96 (gi®)
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VPhO 2019 - Ngay thi thi hai (14/01/2019)

Cau lll

1.

a) Chon chiéu cac dong dién nhu hinh v&. Theo dinh ludt Ohm, ta cé:

| | diy,
E:ZRZR2+ZR2T2 +L2E

E=iR +i,R,

Upy = ZRIRI =yn T+ L, dt
Xét tai nut M, ta co:
iRl + iLl = i33
Khi dong dién trong mach én dinh :
dz’L1 B dz’L2
dt dt

Thay (5) vao (1), (2), va(3) ta duoc

iRz = E =0,24

R, +r,
E
i, = =0,24
’ R + Rl,rll
3
R +n
F—i R
i =—18 % —0,0674
B R1
b) Taco:
) —(265+51729)¢ —(265-51729 )¢
suy ra:
di (t

dt

1|Page
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(Loi gidi dé xudt bdi Tran Pirc Huy )

(4)

(5)

(6)

(7)

(8)

(9)
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Ngay trudc khi mé khoéa K:
i, =l — i = 0,133A va i, =i, = 0,2A (112)

Tai thoi diém t = 0, do dong dién qua céc cudn cam khdng thay d6i dot ngdt nén ta cd

i (0) =0,1334 (12)

i, (0) =i, (0) = 0,24 (13)
Tai nut B ta co:

i, T4, =0 (14)
Do do

Iy (0) = iy, (0) = —0,2A (15)
Tuw (4) taco:

z'Rl (0) = iR3 (0) — iLl (0) =—-0,3334 (16)

T (3) ta thu duoc:

di (0) i (0)R —i (O)r
L&KL LT —120é (17)
dt L S

Thay (12) va (17) lan lugt vao (9) va (10) ta thu duoc hé phuong trinh déivéi A va A,

A+ A =0133
18
~[265 + 51720 ) 4, — (265 - 51729 ) 4, = ~120 (e
Giai hé (18) ta thu duwoc:
A =0270A va A = —0.137A (19)
c)Taco
UCM :ZLZ(TQ +R2 +R3)+L2d_t2:ZL1r1 +L1 dtl = ZRlRl (20)

Sau khi m& khéa K, dong dién qua cac cuon day L, va L, bat dau gidm dan, t6c d6 gidm dan cla cac cwong do dong dién

i, va 1, lakhdc nhau. Do d6 tv cam cla cudn day thit hai L2 = 10L1 I&n hon nhiéu so véi dé tu cadm cla cudn day tha
1 2

nhat nén dong dién chay qua cudn day th hai khdng d6i chiéu.

i, (t)>0 (21)
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Ta co

i, (O + L —; (22)

Tai thoi diém ¢ =t thi i (t,)=0, i, (t,) > 0 . Tl (22) ta suy ra sy bién thién cla i (t) taithoidiém t =t

L di () di (1)
a = (1) <0= <0 (23)
R dt . it

Nghia |a sau thoi diém ¢ thidong i, (¢) ti€p tucgidm,va 4, (t <t) <0 nghialadong diénqua L, la déichiéu. Tir (22)
ta rut ra duoc
i dil(t) r+ R

=1 (t)+1 (t)1—+ 24
g oar B0 0T 2

Sau thoi diém ¢, thi i, (¢) gidm danvé 0 con

i (t)‘ thi dang tang dan nén s& c6 mot thoi diém ¢ = t, :
1

R R
i (t)=—>—1 (t)hayi (t)=——=2—1i (£)<O 25
)] = ) ()=~ ) 25
di, (t

= 0, nghtala dong 4, dat cyc tri tai thoi diém ¢ =1,

2.pé U, = 0 thi mach phai théa man diéu kién clia mach cau cén bang:

RR
D2y, = BB, =7, = (26)
CR,

Thay Z =1 +jwl,val/Z =1/R + jwC (véi jladonvido j° = —1)vao (26) ta thu duoc:
nL, 2 2 CR, 1 T

RR
T, + jwl, = ]2% SRR JjwCR, R, (27)

1

Poéng nhat phan thue va phan 3o cla hai vé cla (27) ta thu duwoc hé phuong trinh

RR
= L= 36,670 v I, = RRC = 0,440 (28)

1

"
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VPhO 2019 - Ngay thi thi hai (14/01/2019)
Caulv
(L& gidi dé xudt béi Tran Ky Vi, Sinh vién khoa Vat li, Bai hoc Sw Pham Ha Néi)
1.
a) Theo dé bai ta nhan thay th nguyén cla ndng lvong dugc tinh nhu sau:

1

a 3271°n’

B |= |[F(e, m,e.h)] = M.DT.

Do — c6 thr nguyén bang 0 nén

327%n?

|F(e,m,e,h)| = M.DT (1)
Do ham F'(g,,m_.e,i) duwocxem nhu mét tich va (hodc) thuong clia hang s6 dién &, khdi luvgng m, cla electron va hang
s Planck rut gon 71, do d6 theo phuong phap thi nguyén ta cé thé dit:

F(g,,m,.e,h)=elmle’n’,
véi a, f,y,0 lacacsé nguyén khéng thir nguyén. Do do,

[Feyom e,m)|=[e [m! ][ ][0 |=(M"'L°T'P) (M) (T.1) (M.LTY

hay

[F(go, m_ e, h)] = VIS [ phaty =S p2ary 2)
T (1) va (2), theo phuong phdp déng nhat thirc ta cé hé:

—-a+f+0=1
-3a+20=2 ")
da+y—-56=-2
20+y =0
Gidi hé (*)taduvoc a =2, =1,y =4,0 = -2, tlr day ta nhan duoc:

4
me

F(e ,m .e,h) = — (3)
(0 e ) €§h2

b) Tir (3) va theo dé bai ta thu dugc biéu thirc ndng lugng & trang thai kich thich n:

j— m€e4
" 32atelntn’

(4)
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Theo tién dé 3 ctia Bohr — Sommerfeld, khi hydrogen chuyén tir trang thadi £/ sang trang thai co ban E, n6 phat ra mot

_)i me 1— L
4, 6Areitie\ nt)

n

photon cé buwdc séng )\n duoc xac dinh

4
2ﬂhc=En_E1:_ ’?ei 22| mgez 2 |
A, 32rn g h'n 32xg,h

n* 64rieln’c

A = :
"o -1 me
c N e

— , khi nguoi quan

n

2.
a) Trong hé qui chi€u (HQC) gan véi nguyén t&r hydro khi né di*rng yén photon phét ra c6 tan sé f,

s&t (NQS) thay HQC hydro chuyén déng nhiét véivan téc vV thi NQS thu duoc tin s8 f thda bién d8i Lorentz cho xung —

nang lvong:
1+ v
1 27hf, . . vii
27zhf:—2(27zhfn+ Y, j—)f I fn(1+— ,
Vv C
C C
la vector don vj theo phuong truyén séng, ta thay f I&n nhat khi v

la*lkl

(do trong chuyén dong nhiét v < ¢), vdi 1 =
I , do d6 d6 léch cha tan sd do dwoc trén may thu la:

f_

cung chiéu 71 va nhoé nhat khi Vv nguoc chiéu 7

(d-42)-

A =|f. - L ]=|1,

A —d—f .Do dé

C
Tacd6 A =— suyra — =
A S

P %Afzi :&1
f c

ALP =
f 7,

n

b) Tir hé thirc lién hé bat dinh ta cé
hoo
(AEn) =—,vdin>1 (5)
min
T
Con & trang thai co ban thoi gian s6ng khd lau nént AE, < AE
Khi nguyén t&r chuyén tir trang thai thr n > 1 vé trang thai co ban thi phat ra photon cé nang lvgng & duoc xac dinh

1 Béi dwéng hoc sinh gidi Vat Ii - Vat ly hién dai, Vi Thanh Khiét, NXBGD 2010
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2
¢=E - =27 (6)
l}’l
. L As  AL7
Tuwong tu nhu phan (a) ta cling cé: —_— =" (7)
& A,
Do AE, < AE néntlr(6)tacod: Ae =AE +AE, = AE , (8)
Thay (7) va (8) vao (6) ta dugc:
A’AE
AT =T (9)
2rhe

h
Thay (AEn) _=— tlr(5) vao (9) ta thu duoc:
min ,Z.

(AZH) = Z"Z (AE" )min _ /’tn2
"Jwmin  2ghe  2rmer

c) Goi khéi lwgng cha nguyén tlr hydro 1a m, , ndng lwong khi hydro khdng chuyén dong la =m,c”, va dong lugng cla
) Goi khéi | hydro I3 72, lrong khi hydro khang chuyén déng 1a E, = m,c?, va déng |

nguyén tl hydro sau khi phat ra photon Ia ]_5 Ap dung dinh luat bdo toan nang luvong ta cé:
E,+E, =\(pc)’ +E; +E +&', (10)

hc : . :
trongdoé &' = 7 13 ndng lvgng cta photon dwgc phat ra khi nguyén tl&r chuyén déng. Theo thuyét twong déi thi dong luvgng

p' cliaphoton lién hé v&indng lugng £' cland theo hé thire p' = £'/ ¢ . Hé nguyén tlr va photon Ia hé kin nén déng luong

cla hé bao toan: p'+ p =0. Do dé ta cé:

g'
p|=p==, (11)
&
Goi & va /7,n | budc séng clia photon do nguyén tir dirng yén phat ra khi né chuyén tir trang thai th 7 vé trang théi co
2rhe
A

n

ban, ta cé: e=E —E =

, (12)

it Ae = &'- ¢, tir (10), (11), va (12) ta c6: (£, — A5)2 =(e+ A&‘)2 + Eg . Pon gian biéu thirc ndy va s dung biéu thirc
(12) ta thu duoc:

B 52 _ 82 _ 472'27’?2 (13)
206+E,) 2E, 2mA’

Bi€u thirc nay thu duogc ta Idy gan ding bd qua € vi ¢ K E . (Thatvay, tacd £, = m002 =5,12.10° eV con

4
m.e
j— —_ e
e =Lk _, —FE =

| W =13,6 €V ). Tuong ty (6) ta co:
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|Ae|=AE, = UV (14)
Thay (14) vao (13) ta thu duoc: Aﬂf = ﬂ-—h = h )
myc  2myc
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VPhO 2019 - Ngay thi thi hai (14/01/2019)
CauV
(Loi gidi dé xudt béi Physicium, CLB V@t Ii xPhO)
1.
a. Giai thich nguyén tac hoat dong ctia bién tir cong tir

Khi dat bién tlr vao trong mét tir trudrng déu cé cudng do tir trudng HI c6 chiéu doc theo truc cla 16i bién tlr cong tir (go 1a

truc z ), khi d6 bén trong I3i sat xuat hién tlr trwéng phu thudc vao cudng do tir truong Hx va do tirthdm g cla 16i

B = puH, (1)
va c6 chiéu doc theo tryc ca bién tlr cong tir.

Khi cho dong dién chay qua cudn diéu ché lam cho bén trong 18i tir xuat hién thém mét tir trudng He vubng goéc HT

Tl trwdng nay cé thé thay déi bang cach thay déi dong dién chay qua cudn diéu ché.

Vi vay khi diéu chinh dong dién qua cudn diéu ché s& lam thay d6i tir trvdng tdng bén trong I5i (H = 1/Hj + H; ) Do dé

tlr thdm 14 cha phan I8i phu thudc vao cudng d tir trudng H nén cé thé duoc thay d6i bang cach thay déi dong dién qua

cudn diéu ché.

Do céch bé tri nén tir thdng cla Be qua cudn day tin hiéu bang khong. Vi vay tong tir thdng qua cudn day tin hiéu dwoc

tinh & = NSBx = NSNOMHT (véi N s6 vong day cudn tin hiéu, va S tiét dién clia mdt vong day trén cudn tin hiéu). Khi
dong dién chay quan cuén diéu ché bién thién theo thoi gian 1am cho dd tir thdm cla 18i cling bién thién va tir thdng qua
cudn day tin hiéu bién thién theo thoi gian. Vi vay hai dau cudn tin hiéu s& xuat hién xuat dién déng cdm (rng vdi bién d6 ti

& thuan v&i cudng d6 tir truong H_ .

b. Thanh lap cong thirc tinh £

Khi cho dong dién bién thién chay qua cudn diéu ché, thi xuat hién xuat dién dong cdm (rng xuat hién & hai dau cda cudn
tin hiéu dwoc tinh nhu sau:

€= ——=—NSuH — )

Khi cé dong dién bién thién diéu hoa v&itan s6 w chay qua cudn diéu ché, sé tao tlr truong H, (vudng géc véi H ) bién
thién didu hoa H (t) = H sinwt. Ti truong tdng hop bén trong 181 H = \/H’ + H; = H(H).Tithdm p cla 18i

phu thudc vao cwdng dd tir treong H(H:) c6 thé duoc khai trién:

H? ]' d2ﬂ

H! 1
9 d(H?)

2y _ dp
u(H,) = p(0) + )|

0 =0

H,=0
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Thay Ha = HO sin wt vao (3) d6 tir thdm cua 18i phu thudc theo thoi gian cé thé duoc viét.

w(t) = p, + p1, cos(2wt 4 @,) + p, cos(dwt + p,) + 1, cos(bwt + @) + - (4)

Thay (4) vao (2) ta thu dwoc tin hiéu hai dau cudn tin hiéu 13 téng hop cla céc séng hai bac 2n

Et)= ESQ) cos(2wt + ¢,) + E(<)4) cos(4wt + ¢,) + E(()ﬁ) cos(6wt + ¢) + - (5)

Véi E*") 1a bién d6 clia séng hai bac 2n lién hé véi cuong db tir trudng ngoai H

EP" = 2nwNSpu puH, (6)

vai k la d6 nhay cha bién tlr cong tir. S& dung thiét bi khuéch dai lock-in c6 thé do dwoc céc bién d6 cac sdng hai EéQ") )

Trong phant thyc hanh duwéi day ta s& do bién dé cla séng hai bac hai Eéz) =2wNSp,pu,H =kH .

2.

a. Bd tri thi nghiém

S dung la ban dé xac dinh chiu tir trudng cha Trai Dat. Dat cudn Hem-hén sao cho tir twdng do cudn Hem-hon ¢
cung chiéu véi tir trudng cta Trai Dat. DE lam duwoc diéu nay, ta lam nhu sau: dat la ban vao phia bén trong cuén
Hem-hén, xoay cuén Hem-hdn dén vi tri kim la ban khéng xoay khi ma tang tir tir cwdng dé dong dién qua cuén Hem-
hén tr 0 A . Sau d6 C8 dinh cudn Hem-hon.

NGi cudn Hem-hén tryc tiép véi ngudn dién mot chiéu, bién trd va Ampe ké.

D3t bién tlr cdng tir vao trong cudn Hem-hdn, st dung la ban va day do dé dat bién tl&r doc theo tir trwdng cta Trai
DAt va tir trwdng cta cudn Hem-hén: Ludn sgi day qua cudn Hem-Hon va kéo cang soi day sao cho sgi ddy song song
vdi kim la ban. Bat bién t& doc theo sgi day. C8 dinh bién tir.

N&i hai dau cudn diéu ché véi may phat 4m tan.

NGi hai dau cudn tin hiéu véi may khuéch dai lock-in.

b. Thu thip vao x ly sé liéu thwc hanh

Thu thép s6 liéu

Budrc 1: Mdy phét dm tan ddt & ché do phat ra dién ép xoay chiéu hinh sin véi tan s6 f .

Budrc 2: Dt tan s6 trén may khuéch dai lock-in bang 2f .

Budc 3: Diéu chinh bién tréd dén mot gia tri xac dinh. Ghi lai s chi clia am-pe ké I va gia trj bién do cla sdng hai bac
hai £/ hién thj trén mdy khuéch dai lock-in.

Lap lai budc 3 va ghi vao bang sau:

Lan do n I E
1
2
3
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Xt ly sé liéu
Bién d6 séng hai bac hai cua tin hiéu tlr cudn tin hiéu lién hé véi cudrng dé tir tredng nhu sau
E =kH = kol + B, [ i) = kal + kB, / j1, (7)

trong dé H 13 cwdng d6 tlr trudng tdng hop cua tlr trudng do cudn Hem-hén ad va cudng do tir trvdng cla Trai Dat

B, /1, , va k 1a d6 nhay cta bién tir c8ng tir.
bat:

a=ka, b=kB /pu, (8)
Khi dé phuwong trinh (7) tré thanh:

E=al +b (9)

Cacgid tri a va b duwoc xac dinh tir s6 liéu thyec nghiém.
Céch 1: Xac dinh a va b bang phuwong phép binh phwong cuc tidu
* Tl bang sé liéu trén ta tinh cac gid tri:
N N N N N
D1 DB, Y I Y LE val =Ny 2 —
n=1 n=1 n=1 n=1 n=1

trong d6 N 13 t6ng s6 lan do.

o

n=1

» Gidtrica @ va b duoc tinh nhv sau:

1 N N N
a= f[NZ IE —NY IEIE

n=1 n=1

N

T
r

N N N
SNIEYTE =Y I IE]
n=1 1 n=1 n=1

= Cicsaisd Aa va Ab dugctinh

Aa=o \/E va Ab=o liﬁ trong d6 o, = ;i(E —al —b)
E r E Fnzl n’ E N_anl n n

Céch 2: Xac dinh @ va b bang phuong phép do thi

= Tirbang s6 liéu biéu dién cac diém (I ,E ) trén hé truc toa do

= V& hai duong thang bao cic diém thyc nghiém (datténla £ =al +b va E=a,l +0,)

* Tl hinh v& xac dinh cac hé sb géc a, a, va tung dé b1 , 62 clia giao diém vdi truc tung clia hai dwdng thang trén.
* Gidtri a va b dugc xac dinh

1 2 A Z? 1 2
2 2
» Cicsaisé Aava Ab

a =
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a —al+la, —a b —b|+ b, —b
Aa = 5 2 va Ap =11 2

[N}

Tinh dd nhay cha bién tlr cdng tir
T cdng thirc a = ko, d6 nhay k cla bién tlr cdng tir dwoc xac dinh nhu sau:

T +Ap— L yRa
(0% (0%

Ngoai ra ta cling cé thé xac dinh dwoc tir trudng cla Trai Dat BO:

b b
B =M _ .\, 2
k 'uoa
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VPhO 39 (N3m hoc 2019/2020) — Ngay thi thi nhat (27.12.2019)
Caul

(Loi gidi d& xudt béi Ngé Vinh Khang)
Kién thirc co’ ban

Trong cac bai todn vat ran, kién thirc co ban ma ching ta luén can phai nhé dé 1a phuwong trinh phan bé van téc
cla cac diém trén vat ran:

ﬁB =1_7)A+(UAB XEZ‘EA-'-(UAB X(FB_?A)
DPao ham hai vé cla phuong trinh nay theo thoi gian, ta cé:

C_iB:aA+)_’)X(FB_FA)+(UABX(ﬁB_ﬁA):&A+?Xﬁ+wABx(wAB XE)

Tir cong thire nhén ba vector, ta c6: wyg X (wap X AB) = (wap - AB) wap — (Wap - wap) AB

DGi v&i vat ran chuyén dong song phang va déi vdi hai diém dang xét A va B & trong cing mat phang song song

véi mat phang co sé& thi chingta cé w,p L AB va vi th& nén Wap * AB = 0.
Téng hop tat ca nhirng diéu trén, thi ching ta cé:
C_l)B: C_iA +WXE_ (UABZE
Tl cc phuong trinh phan b8 van t6c va phan bé gia tdc, ching ta sé gidi dwoc cac bai toan déng hoc cla vat ran.
Dc biét, khi chi€u phuong trinh phan b van tc Ién phuong song song véi AB ching ta cé:
aB'Iq—B) ﬁA‘E-I_(wABXﬁ)‘Zﬁ ﬁB‘E 1_7:4‘@
= = =
AB AB AB AB AB

Phuong trinh nay cé nghia 1a van téc cha hai diém A va B khi chiéu |én phuong song song vdi AB thi bang nhau.
Day 1a mat kién thirc phé bién dwoc dp dung nhiéu trong cac bai todn vat ran.

Néi dung loi giai

1.

Hinh 1: Khi OAB = g
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a) Van téc cla hai diém A va B khi chiéu Ién phwong song song vdi thanh (ciing 1a phuong song song voi E) bang
nhau, nén ta co:

Vg COS @ = VU,

Tl d6, ching ta dé dang tim duoc:

b) Chi€u phuong trinh phan bé van téc |én phwong vudng géc vdi thanh, ta cé:
vpsina = 0 + wypl

Tir d6, ching ta dé dang tim duoc:

vp N r?
Wpp = Tsma = Ttana = wl—z = 0.56rad/s

c) Dé tim gia téc cha dau B va gia tdc géc cha thanh AB thi ching ta s& dwa vao phuong trinh phan bé gia téc cla
vat ran da néu & trén. Chung ta dé dang nhan thay rang ching ta dang cé hai 4n can tim va phuwong trinh phan bé
gia toc c6 thé duoc chiéu Ién hai phwong vudng goéc véi nhau. Nhu vay, ta cé thé dé dang doan dwoc dé chinh 13
hai phwong trinh gidp tim ra hai 4n can tim. Viéc can lam dé 1a chon hai phuong chiéu lam sao dé ching ta cé thé
thu dugc két qua mot cadch nhanh chéng va thuan tién nhét.

Vi diém A chuyén déng tron déu quanh tdm O nén né cé gia téc hudéng tdm a, = w?r c6 phuong va chiéu nhu
hinh v&. Ngoai ra, vi diém B chi chuyén déng theo phuong ngang nén gia téc dg cling cé phwong ngang. Ching ta
thay ¥a5 X AB vudng géc v6i AB nén néu chiéu phwong trinh 1én phuong song song véi AB thi ching ta khir duoc
mot an chuwa biét 1a ¥,45. Thue hién phép chiéu nay, ta co:

— 2
—ag cosa@ = —wjpl
2 4
wjgl r
ag = = w? - = 0.098 m/s”
cos a l

Chi€u phuong trinh phan bé gia téc 1én phwong vuéng géc vdi thanh AB, ta cé:
agsina = w?r — y,pl

Tl d6 ching ta dé dang tim duorc

r 4

r
Yap = 02 <7 — 1—4) = 8.02 rad/s?
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2. Chlng ta dé dang nhan thay haiy a va b giong hét nhu & phan 1, nén ching ta chi don gian 1a 13p lai cac budc
d3 lam & phan 1.

Hinh 2: Khi BOA = g

a) Van téc cla hai diém A va B khi chiéu |én phuong song song vdi thanh (cling 1a phuong song song vdi E) bang
nhau, nén ta co:

Vg COSQ = U, COS
Tl d6, ching ta dé dang tim duoc:
UB = UA = wr

Chi€u phuong trinh phan b van tc lén phuong vudng géc véi thanh AB, ta thu duoc:

. . Up —Vy
vgsina = v sina + wypl = wyp =fsma =0

Chi€u phuong trinh phan bé gia téc 1én phuwong song song vdi thanh AB, ta cé:

agcosa =aysina +0

w?r?

,/lZ_rZ

aB = aAtana =

b) Chiéu phuong trinh phan bé gia tdc 1én phuwong vudng gbc vai thanh AB, ta co:

ay

- ay .
agsina = —a,cosa +yupl = yap = (tanasina + cosa) = 7——

Hay

w?r

YaB = —l2 — 2

c) Trudc hét, ta sé tim gia tdc cla mot diém X bat ki trén thanh AB. Phuong trinh phan bé gia téc cla diém X nay
la

E;=&A+m?Xﬁ—wABzﬁ=a_A)+mXﬁ

Vdia)AB=O.
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Theo phuong trinh ndy, ta cé gidn d6 biéu dién cac thanh phan cla ay B, Qg

nhu hinh bén. Vector y,5 X AX vudng gbc vadi thanh AB nén c6 phuong
(duoc bidu dién bdi dudng thang mau xanh dwong) hop véi gia toc dy
mot géc a. P8i vdi X nam trén thanh AB thi gia tdc ay cla nd s& cé dau
mut X; ndm trén doan thang A, B;.

T hinh v& nay ta nhan thay diém N trén thanh AB cdé gia t8c nhé nhat khi
X1 trung v&i N; sao cho O;N; vudng géc véi A, B;.

w?r?

l

ay = a4 sina =

Diém N & cach A mét doan 13

AN = A2 [1 - G)Z]

YaB

Trong khi d6, diém M trén thanh AB c6 gia t6c I&n nhat khi X; trung v&i A; (v&ia < % hay [ > r/2) hodc X, tring
véi By (v&i a > %hayl < m/2).

a, = w?r (M trung A) véil > rvV2
ay = w?r?
M ag = ﬁ (M triung B) véi | < rV2
—r

3. P& c6 duoc van téc cha mot chat diém, ching ta dao ham toa do theo thdi gian. D& tim toa d6 cla dau B trong
bai todn nay thi nhitrng gi ching ta can chi |a hinh hoc don gian.

Hinh 3: Tai thoi diém bét ki.

a) Toa d6 clla dau B la: xg = OB = rcos¢ + lcosa.
Dao ham toa do theo thoi gian, chingta cé: vg = —Xxg =rsing ¢ — lsina a.

Chung ta biét rang ¢ chinh 13 van t&c goc cla tay quay: ¢ = w va ¢ = wt. Vay viéc con lai ching ta can phai lam
dd 1a tim sin a va a theo thoi gian. M6t [an nita, chdng ta can hinh hoc. T dinh ly ham sé sin trong tam gidc OAB,
chung ta cé:

sina sing

3 3 3 ( t)
= I :sma—smgo—l—smw _l
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Dao ham hai vé theo thai gian, ching ta cé:

. ro. r cos(wt)
cosad =wcos(wt)==>d=w-——
l |l cosa

Ma ta cé sina + cos?a = 1, nén

r? T s
1-— l—zsinz(wt) véi -3 <a< 5
cosa =
r2 T 3
— |1 ——sin?(wt) véi =< a <—
\ B sin?(wt) voi > a 5
Thay hét tat ca vao biéu thirc cla vg ta thu duoc
(
T cos(wt) s s
wr sin(wt) |1+ -+ voi —=<a<-—
l r2 2 2
1-— l—zsmz(wt)
vB =4
[ T cos(wt) ] T 3
wrsin(wt) |1 —-- voi =< a < —
l r2 2 2
L 1- Tz sin (wt)

b) Ching ta dé thay dau B dao dong diéu hoa khi

K 1, tecla vy = wrsin(wt).

=1, tic la vy = 2wrsin(wt).

~x~1I=

Lo két

DAy |a mét bai todn déng hoc vdi y tudng don gidn va cdc bidu thirc khdng qué dai nhu nhirng bai co théng thudng
trong dé thi HSGQG. Luvu y rang |&i gidi trén day da duoc dién giai chi tiét vdi hy vong cé thé gilp ca nhitng ban
doc méi lam quen véi kién thirc Vat ly & THPT chuyén cé thé hiéu duoc, con khi lam bai thi thi hoan toan cé thé
dién giai ngan gon hon rat nhiéu. Vi thé bai nay khéng phai 1a dai va cling khéng phai la khé. Day cé |8 1a mét trong
nhitng bai ngon an nhat trong ki thi nam nay.

Céc thanh vién tham gia thao luin va ra soat i giai

»  Trdn Dirc Huy, Sinh vién
= Nguyén Xudn Tan (Vietnam National University).
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VPhO 39 (N3m hoc 2019/2020) — Ngay thi thir nhat (27.12.2019)
Caull

(Loi giGi dé xudt béi Hoang Vdn Tién - Gido Vién Vat Ii Truworng THPT Chuyén Lé Quy Bén, Quédng Tri,

V6 Nhat Minh — Gido vién Vat Ii Truong THPT Chuyén Lé Quy Dén, Binh Binh)

a. Ta co: \i:\ist = 2T, = 200K
T,

1 5
Vi ndi ndng ti 1& thuan vdi tich cha &p suat va thé tich nén ta c thé dit.
U=k.pV =VvCy.T, véiklahangsé
Xét trang thai 2 va 5 ta cé:
V. =pV
U2 _ U5:> p2 1 pl 2
T,= T, = 200K

V2=2Vi=>p2=2.p1

Xét trang thai 2 va 4 ta dugc:

<

Yo 7, — 2T, = 400K
T4

Trang thdi 3 1a tdm cda hinh chit nhat nén hai thdng s6 cha né dugc xac dinh bdi hé thirc.

Vi +V,
2

+
P = P 2 P: =15p,

v, =1,5V,

Xét trang thai 1 va 3 ta duoc: p_ll_—vl = p_lf—v3 =T,=2,25T, =225K
1 3

b. Xét do thi (p; V) qua trinh 2 — 5 1 dwong thang cd dang: p=aV +b

Tl céc thong sé cua trang thai 2 va 5 ta dwoc hé phuong trinh

Py
2p,=av,+b |ja=-==
{ pl_azvl b:> V1:>p=—&.\/+3pl (*)
pl_ 1+ b=3p1 1

Phuong trinh vi phdn nguyén ly | cla qua trinh 2 — 5 ta duoc:

oQ=dU +0A=kd(pV )+ pdV =(k+1) pdV +kvdp

Tir (*) ta duoc: dp = —%dv — Q= (k +1)[—%.v +3ledv —k%VdV - [S(k +1) p, - (2K +1)%dev

1 1 1 1

Vidv>0 =aQ > 0khi V <V, :Vlmzvl( , +£j=v3+ L5V,
2k +1 2k +1 2k +1
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Cach 1:

Xét chutrinh1-3-5-1.

(Ps—p)(Vs=Vi) _ pV,

Cong khinhan duoc: A = 5 4

> Qud trinh 1 — 3 3p suat ti I& thuin vai thé tich va nhiét d6 ting = Khi nhan nhiét.

Nguyénly | :

Qi =AU, + A, =K(pV; — pV;) +

5k S5pV,
=Q; :T pN"'%

( P+ p3)(V3 _Vl)
2

> Qud trinh 5 -1 dang ap, khi gidm nhiét = khi tda nhiét.

> Quatrinh3-5:

1 g
Taco:V,=V,+ 2](5\/11 >V, Vay khi nhan nhiét trong doan Vs dén Vo
+

Q= T&Q =3(k+1) p,.(V, —V;)—(2k +1)%(V02 _V32)

1
_9 vy
82k+1

= Qq

Nhiét lwvgng khi nhan trong chu trinh nay la:

, 5k 5pV, 9 pV
Qi =QutQu =" PVt == 4o T

Hiéu suat cda chu trinh: H '=i=i:>§,6,1 =Q/
Q') 63 4
1

2k +1

63 5k 5 9
>—=—4—+=
16 4 8 8

k=25
Giai phuwong trinh ta dugc: [k __0.35 nhan gid trik =2,5

Xét chutrinh1-2-5-1:

2 Cong khi nhan dugc: A=2A = plTVl

¢+ Khi nhdn nhiét trén cac qua trinh 1 -2 va 2 — 0 (0 la trang thai &rng v&i Vo)

Qua trinh 1-2 dangap : Q, =AU, =k(p,V, — pV,) =kpV,

2|Page


https://xpho.org/
https://facebook.com/xPhO.org

CLB VatlixPhO | www.xpho.org | fb.com/xPhO.org

Qua trinh 2 —-0:

Q, = 'TaQ =3(k+1) p,. (Vo -V, ) —(2k +1)%(V02 _sz)

ﬂ(k+2)2
2 2k+1

= on =
Vay nhiét khi nhan duoc trong chu trinh nay la:

k+2)
Q =Q, +Q, =kpV, +p1_\/1u

2 2k+1
67
:>Q1 :E p1V1
Hiéu suat chu trinh la: H = A = %
1

Céch 2: ( Nguyén Tén Phu)

Ta cé V, >V, nén nhiét lwvgng khi nhan trong qua trinh (2) - (5) la Q,s =Q,; +Q;,

Theo dé,tacd: H,y, = R P _ i = Qs +Qy = % A11351

Q1351 Q13 + Q30 63
Theo tinh chét clia d6 thi, ta cling c6 : Al =2A ., =2A,,, )

Mdt khac, xét qua trinh 1-2-3, vi AU,,,, =0nén

Q12 + st + Q31 = A11231 p
= le + st = AI1231 + Q13 p2 @) (4)
= Q12 + Q23 + Qso = A'1231 + (le + Qso)
. 63 . 67, P;
= Q12 + Q25 = A1231 + 7 A1231 = 7 A1231 (2)
b a
A 2A 8 (l) (5)
Tuw (1)(2), ta co: H1251 = 1251 — 1231 — _—
Q12 + st g A 67
1231
4 i
O Vi v,Vv,Vv, V
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VPhO 39 (Nam hoc 2019/2020) — Ngay thi th& nhat (27.12.2019)

Cau lll
(Loi gidi dé xudt bi Nguyén Xudn Tén, Vietnam National University)
Phén 1: Nghién ciu cdu tao nguyén tir:

1. Theo mé hinh “qua cau clrng” ctia mau Thomson, va cham gitta cdc qua cau “hat a” véi qua cau “hat nguyén tir
vang” |a dan hoi. Xét “hat a” bay td&i vdi van téc ¥, va cham vdi “nguyén tlr vang” & vi tri cé vector béan kinh hop
1

7 . ? 4 ~ 7 7 . - —_— b by ~ ~ 7’ s \ ~ ? \ .~ ~
v@i phuong cua v mot goc tdi f = sin ora nhu hinh vé. Do khéng cé ma sat va “nguyén t&r vang” dwoc gilt co

dinh nén sau khi va cham, “hat a” bj nay ra v&i gc phan xa cling bang S.

Hinh 1: Tdn xa cta cdc “hat a” 1én “nguyén tir vang”.
GAc tdn xa O can tim 1a
0=mn—-2B

Hay

b
— _ - =1
0 =m=2sin (D + d)

2. V6i dong hat glri tdi trong tiét dién vi phan do = 2mbdb (khoang nhdm nam trong khoang tir b dén b + db),
mat d6 dong hat « tan xa trong don vi géc khdi dQ = 2msinfd@, ing véi mdi nguyén tlr vang la

do b |db b 1 b (D+dcosp b(D+d) (D+d)?
dQ  sinf1dAl  sind |d6 dB|  sin2f 2 ~ 4sinf 4
B db

\ A iy ia N , . S8 PO T N A
Luvu lugng hat dong a trén tiét dién S la I, twong ing va&i Ny, = p? nguyén tl vang bi chiéu vao. Nhu vay tong

mat do dong tan xa toan phan cla cac hat @ dudi goc tan xa 6, khi cac hat nay d3 di xa tdm nguyén tl&r vang mot
khoang r la
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IO
J= dNscatterea _ NAufdo- _ @ (D + d)?
dSo rzdQ  'M 42

K&t qua nay hoan toan khéng phu thudc vao 0, khéng giéng vai két qua thuc nghiém. Thi nghiém cla Geiger va
Marsden d3 chirng minh mé hinh nguyén t&r Thomson la khéng chinh xac.

Phén 2: Nghién ciu cdu tao hat nhén nguyén tu:

1. Thé ndng tuong tac tinh dién cta hat nhan cé duoc la do su tuwong tac cla cac proton.

Ta s dung gan ding rang hat nhan 1a mét qua cau tich dién déu véi mat dé dién khéip =

Ze . 7 ~ v ~ - A ? ? S 7 . e n o . ~ AY by
el Khi dé thé nang tinh dién cla qua cau (v&i moc thé nang tai xa vo cung) la
=T.

3

R 1 [ 4 L. 3 7%?
w; =f (p.—nr3).(p. Amr2dr) ==
0

Amteqr 3 54megR

Hinh 2: “Giot
chét 16ng” hat

Trong d6, ta da chia qud cau thanh cac 1&p vé cau cd bé day dr va tinh twong tac tinh dién
gilra tirng vo cau vdi qua cau bén trong nd roi cdng téng thé ning cla cac twong tac nay lai

(nhu vay ta d3 tinh dugc thé nang tuwong tac tinh dién cta I&p cdu véi ca cac dién tich bén nhan.

trong va bén ngoai no).

Tl cong thirc thye nghiém R = RyAY/3 ta cé

3 Z%e? 3 e?
W1 == _g

24-1/3 _ 2 p2h
T 54me R A3 ZEAT = ko Z2AT.

4megRy
Tl céng thirc ban thuc nghiém cla Weizsicker, ta nhan thay thé nang twong tdc nay chinh 13 s6 hang thi ba,

Z% o e LR LA
a3 —=. T d6 cé thé két luan
Al/3

kO = a3z = 0.72 MeV

Va
b= 1
-3
2. Tlr biéu thirc tinh thé ndng tinh dién ta cé dugrc
- 3 e?
%3 =% = 54meyR,
Nén
3 e? s
Ry == =120x10""m
54meqas
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Tir day ta ciling tinh duoc khéi lwgng riéng cla hat nhan, véi gan ding rang khéi lwgng cla proton bang véi khdi
lvgng clia neutron my, = m, ~ 1.67 X 10%7kg, két hop v&i dinh luat thuc nghiém R = R,A'/3

Am m

pm =2 =—P  ~231x107kg.m3
4 . 4 3
§TL—R § RO

Thé néng twong tac do hién twong bé mat |a ti 1é vai dién tich bé mat hat nhan. Véi R = R,A/3, dién tich bé mat
hat nhan la

S = 4R? = 4mR*A%/?
Thé nang twong tac do hién twgng bé mat la
W, = 0S = 4moR,*A%/3
Ta thdy thé& nang nay rng vdi s6 hang th hai trong céng thirc ban thuc nghiém cha Weizsicker, nén
a, = 4moR,*

Hé sé cang mat ngoai cta chat 1ong 13

 4nR,?

k
o ~ 1.49 x 1017—‘2
s

Phu luc
NGi vé cac s6 hang khac trong céng thirc ban thuc nghiém da cho cla Weizsacker.

S6 hang —a; A lién quan dén lyc hat nhan manh [1]. Do lyc nay cé tam tac dung ngén, cac nucleon coi nhu chi
twong tac véi cac nucleon gan né nhat. Néu coi hat nhan 1a phan b6 déu thi méi nucleon s& chju mét lyc hat nhu
nhau va cé déng gép nhu nhau cho thé ndng twong tac, vy nén thé nang nay ti 1é véi so hat A.

A 2
(5-2)
A
quan dén nguyén li loai trir Pauli. Nhin chung, khi c6 cang nhiéu mot loai hat

A=16

Lowerenergy  Higher energy

S6 hang a, duoc goi la thanh phan bat déi xirng (thanh phan Pauli), lién

nuleon, cdc mirc ndng lugng & cao hon bi chiém nhiéu hon 13 khi sé hat proton va YT Y ::
neutron xap xi bang nhau, lam ting téng nang lugng va gidam tinh bén vitngcia (@@ 0O OO @O
hat nhan. Do vy thanh phan nay ti I1é v&i hiéu sé neutron va proton [N — Z| = 9 00 09 00

.A Yy p y s s p | | o0 00 00 00
2 |E — Z|. Ta c6 thé suy ra thanh phan nay ti 1ap luan sau: Hai loai hat proton va Pr|°t°”sz’|"ej“°”5 "Tm” ZTE—UTS

neutron |a hai loai hat khac nhau, chiém céc trang thai lvgng t&r khac nhau. Dé .
Hinh 3: Mé hinh mét chiéu cua

s sdp xép cdc nucleon trong
hat nhén déi véi A=16 [1].

don gian, xét hai “hd trang thai” mét chiéu cGa proton va neutron nhu hinh vé,
vdi s& nucleon trén mdi mirc nang luwong 1a hai (spin up va down) (s& proton va
neutron |a chan).
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Lwu y day chi la 1ap ludn gan ddng do thudng thi cdc mirc ndng lwgng cda proton |a cao hon cta neutron [2]. Trong

gan dung thé nang diéu hoa, nang luvgng cda nucleon khi dao dong & mirc nang lugng th n 13 E,, = (n + %) hw.

So véitrwong hgp N = Z = %th‘l trudng hgp N — Z = 4, ta “bdt di” hai proton va “thém vao” hai neutron, lam

tang thé ndng cla hé mét luvgng (2Aw). Khi ti€p tuc “bét di” hai proton va “thém vao” hai neutron (N — Z = 8),

thé nang s& tang thém la 3 X (2hw), véi luu y vé khoang céch cla cdc mirc nang lwgng. NEu tiép tuc quad trinh
N-Z

“thém” va “bdt” nay thi thé nang sé ti€p tuc tang 1én 13 5 X (2hw), 7 X (2hw),..., (T - 1) X (2hw). Vay khi s6

o " . N = .x R o L AL
neutron nhiéu hon s6 proton la N — Z thi thé nang da tang thém so véikhi N = Z = 2 la

N-Z
(2hw)><<1+3+5+7+--~+< - —1))

N—Z7 N—Z7
=(2hw)x(Tz_1)_1x (Tz—l)—1+1

=2(N-Z-2)(N-2)
~T2(N=2)? voi N=Z > 1.

(-2,

Day chinh la quy luat can tim [3].

Ngoai ra con c6 modt s6 hang nira la thanh phan két cap (pairing term), gay ra bdi hiéu rng két cdp spin (spin-
coupling) [1]:

+8, v&i Z, N chan (A chan)
6(A,Z) =1 0 voiAlé
—8o v6i Z,N 1& (A chan)

V@i 6, thay d6i chdm theo A. Co ban |a theo nguyén li loai trir Pauli, hat nhan s& c6 nang lwgng thap hon néu s6
nucleon cé spin up bang véi s6 nucleon cé spin down. Chi khi Z va N 1a chan thi ca proton va neutron cé s lvong
hat v&i spin up va spin down bang nhau.

Tham khdo
[1] Wikipedia. Semi-empirical mass formula.

[2] Douglas Giancoli, John Jewett (1975). Physics for Scientists and Engineers with Modern Physics, Eight edition.
p. 1346.

[3] B6 GD&DT. BE thi chon ddi tuyén Olympic mén Véat ly ndm 2014. Céu V.

Cac thanh vién tham gia thao luin va ra soat i giai
e V6 Nhat Minh (Gido vién truwong THPT chuyén Lé Quy Pbn Binh binh).
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VPhO 39 (Nam hoc 2019/2020) — Ngay thi th& nhat (27.12.2019)

Cau lv
(Loi giGi dé xudt béi Hoang Céng Viéng, Triwong THPT Chuyén Ha Tinh)

1. S6 boi gidc khi ngdm chirng & vé curc:

2. a) Goi tiéu cy cla hai thdu kinh thij kinh 13 f{ = 2a; f; = a; khodng cach gitta hai thau kinh e = 1,5a. Quang tdm
tuong rng la 07 va 05. Goi quang tam cua vat kinh la Ox.

Xét sy tao anh qua hé thiu kinh:

! !

AB & o ! A1Bs L AB, ——2 > AB b
1 dll dz d,2 22 3 d’3 33

Tacéds=f;=a=d;=15a—-a=0,5a>0.

A A A.B
GAc tréng vat: oy = } L
1
. N A,B d, | A4B
GOc trong anh: o = =22 = 22 | ==,
£ d2 | £
N A ez o d, f1 f]_ d,2
S6 boigiac: G, =—= |2 |- =d, = +=+-=2.
’ g ® (o)) dz f’2 2 _fIZGOO
N , v 1 1 1 f,Ge 1 1 a 20 1 1 —
Céng thirc thdu kinh: —+ = => 22—+ -=—=> +——+—=— =a= +3,75cm.
d; d, f fid, d, 2a 1000,5a 0,5a 2a

Gia tri thda man: a =3,75 cm.

Lwu y: Dé bai khdng ndi rd trong hé thj kinh thdu kinh ndo ddéng vai tro thi kinh mét hay thj kinh vat. Trwdng hop
0, la thj kinh vdt khéng théa mén vi can diéu kién A2B: la dnh thét (d’, > 0)

+) Vi tri d§t mat tai thi kinh m3t 05,. o o, 0! N
g _ _fdy 10005375 _
Tacé: d; = e 2.5 cm.

d2 = 0103_ - dll = 010'1 = 97,5 cm.

Khoang cach tir mat dén vat kinh bang: 0,0, = 0,0; + 070, = 75 + 1,5.3,75 = 103,125 cm.
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Hinh 1

M M »
ds d; ' da dj

di1=1,5a=5,625cm = dj =—22,5 cm.

d, =0,0] —d] =75+ 22,5=120 cm = d; =600 cm.

N M;0 M;0
Tt hinh 1 ta duoc: PQ = =22 p, = ~221p, =% ¢m ~ 11,17 > D,.
M; 03 M, 03 6
d 2 . Y D1 1
G6c mo thj truwong: a = = — rad.
01M2 60 F

Vi tau & rat xa, tir hinh 2 ta |13y gan ddng: EF = La..

Quang dudng tau di dwoc khi con trong khoang tdm nhin M,
cta kinh:

s=EF+e=La+a=%m, S .

N S
Van toccua tau: v = = =39 o Hinh 2

Cac thanh vién tham gia thao luan va ra soat loi giai

»  Trdn Dirc Huy, Sinh vién
» Trdn Ky Vi, Sinh vién, Trwdng Suw pham Ha Noi

2|Page


https://xpho.org/
https://facebook.com/xPhO.org

CLBVatlixPhO | www.xpho.org | fb.com/xPhO.org

VPhO 39 (Nam hoc 2019/2020) — Ngay thi thir nhat (27.12.2019)
CauVv
(Lei gidi dé xudt béi Tran Ky Vi, Sinh vién, Truwdng Bai hoc Sw pham Ha Néi)

Trong bai nay viéc st dung ly thuyét tuong déi hep (Special Relativics Theory) dé gidi gdy rat nhiéu ngd nhan cho
HS phd thdng trong viéc giai quyét bai todn nay, & day can dung mét ly thuyét khac thi mai cé két qua chinh xac
hon vé hap dan khéng gian Ia ly thuyét tuwong ddi rong (General Relativics Theory), nhung trinh d6 HS cap 3 khong
thé hiéu vé phép toan tensor va phuong trinh trudng trong chdc 1at (cdc vé dodn HS cdp 3 cd thé hiéu ngay va giai
duoc phuong trinh Einstein vdi tensor Ricci la it can ct) nén tam thoi nguoi giai chi xét bai toan trong twong quan
gitta co hoc c6 dién Newton va thuyét twong ddi hep cling nhu s&r dung mot khai niém khién cudng ma ngudi giai
khéng hodc it khi thich dung la khai niém “khéi lvgng twong déi tinh”, & bai nay chi chd quan goi la khéi lwong.

1. Goi khdi lwong photon & mét vi tri bat ky la m, Theo phuong trinh (pt) Einstein vé lién hé khéi lugng ning

lwgng & =mc? va pt Planck lién hé ndng lugng chuyén dong E véitan sé f, (¢ =hf ) ta
, hf ¢ /\/\/\/’a
c6: m=—-

C2
Trong y nay do vi Trai D4t & rat xa ngdi sao nén chi xét twong tac hap dan cla hé photon
—sao khi photon d3 di xa ngbi sao nhwng chua dén dugc Trai Dat. Néu “quan niém”
(thwe ra quan diém nay hoi [am lac vi d3 quan diém hf [a nang lvong téng cda photon
roi nhung con phai dua ra quan diém nay dé giai toan), khi photon chuyén déng ngoai
déng ndng (hf tw cd), thi cdng cla lwc hap dan da lam bién d6i tan s cla photon, trong
qua trinh vi phan, néu chi dung dinh ly dong ndng dang vi phan cé dién cho quan diém

N GMm GM .hf
rang: d(hf)=- - dr:—wdr ,
df  GM tdf  TGM
Hay S = 2Mgr (S 2y &
Y T { f lrzc2
_Gm
Suyra: f, = fe * < f, (1)

cho thay budc séng dich dai ra khi photon di ra xa hanh tinh.

2. Khi khéng quan tam t&i “strc hap dan” cla hai hanh tinh, nguoi quan sat (NQS)

chi quan tdm viéc chuyé&n hé qui chi€u (HQC) va sai khac tan s6 do chuyén hé qui O
chiéu sinh ra thi ta cé thé hinh dung rang chuyén ning luvgng kéo theo chuyén tan e

equivalence principle

s6 & day la do bién d6i Lorentz.

Su sai khac gitta f,' va f1 do su chuyén déi photon tir HQC (sao — Trai Dat) sang

. . hf hf, .. s e s >
HQC tau. Goi p, = —Z, p, =—=lan lwot la d6 1&n xung lwgng clia photon trong
C C

HQC (sao — TP) va HQC tau:

hf/=y(hf,—V.p,) 2, nhan thdy Vva P, nguoc chiéu nén ta co:
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1-p? ¢
GM
K&t hop (4) véi (1) ta co: /= fe R % (3)

Tan sé f, thu dugc & bé mat Trdi DAt & day tinh dwoc nho su bao toan nang luvgng cho hai trang thai cda photon
khi & b& mat ngdi sao va khi & rat xa ngdi sao. Cling dung dinh ly ddng ndng dang vi phan trong c6 dién ta cé

d(hf)=—CMMg, CMamy _ GMAT,  GMIT 4
r, r, r’c r,°c
f, © Ry 7G7M %
o~ 2. df _ GM GMd _ Rc2+Rdcz
Bién doi ;[T _vF[rlZ? 1= iwdrz —> f2 = foe (4)

—GM,
Rqc?

Chia haivé cia (3)cho (4)tavadat a=¢ , ta tinh duoc:

A2 2
_ (1) —(ef,)
V=C-—5 > (5)
f)) +(af,)
GM,
N ;.. 7. ~ . GMd -7 N . R ~ _W GMd _ A \
DG v&i Trai Dat, dai lvong Ree 6.9x10™" << 1, nén khai trién mii e ~1- =i g, néntlr(3), (4), (5) ta
d d
thu duoc:
f) —(ef,)’
v=c(1’)2 ( 2. (6)
) +(ef,

e Chu thich:

1. Visao & [ ta khdng duwa vao cdng cua lywc hap dan Tréi Dat, & y 1 ngudi gidi quan niém cum tir “photon &
rat xa” & day la photon di xa va thoat khoi tam anh huéng cta thé hap dan clia ngbi sao. Con tai sao & 13!
lai duwa vao thé hap dan cta Trai Dat vi sy bién d6i tan s6 photon trong truéng hgp nay sinh ra do hai
cong, mdt 1a cdng ma photon nhan trwdc khi thoat khoi truéng hap dan clia ngdi sao nhuwng van chua di
vao truong hap dan cla Trai Dat, hai la cong ma photon nhan sau khi “chui vao” ving hap dan cla Trai
Dat.

2. Viéc dan ra cong thire & 2 c6 thé thuc hién dé dang nho sy tuong tu gitta vector xung lwong bén chiéu
(pi‘, p., P, p;“) va vector 4 chiéu khéng — thoi gian (le X2, X, xi) Hay chitng minh theo phuong phap

tuwong tu vé bat bién:

Tham khdo: Ta c6 bat bién khoang

(ct)2 —r? =const (1)
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Trong d6 72 = x* + y?> + 2% tlr day ma ta thanh |ap dugc

x=r—V=y(rv+Xct'j:y(x'+!ct’j (1)
v v C

c

Va ct= y(ct Y ﬂj (2)
C

2

E -4 ? ~ \ ~ . ~ ~ .7 AY . by e ?

Lai co (—) — p? =m? =const (ll) (m & day la mét dai lwgng trong mot s6 gido trinh goi Ia mo — khéi lwgng nghi
C

cla vat)

) e ) T T - T R, = ) " o
Dang cua (l1) giong dang cua (1), vai trd cua r,va ct gidong vaitrd cua p va —, do do thay thé trong (1) vai tro
C

r,F thanh B, p’; ct, ct’ thanh E/c va E’/c nén ta dé& dang thanh 14p cac cdng thirc bién d8i, thay trong (1)

Tham khao

1. O day |&i giai d5 tham khao mot s6 quan diém cla ban Tran Dirc Huy v cac tin s6 fa, f'1, fa.
2. & day loi gidi da tham khao quan diém cda ban Tran Bdrc Huy.

3. https://cosmology.lbl.gov/talks/Kaiser 16 RPM.pdf

4. MODERN PHYSICS FOR SCIENCE AND ENGINEERING, First Edition, Marshall L. Burns, Tuskegee University

5. https://en.wikipedia.org/wiki/Redshift

6. 131 ¥ http://physics.unipune.ac.in/~phyed/26.4/26.4%20P.%20K.%20Shrivastava.pdf

7. https://web.mit.edu/8.286/www/lecn18/In01-eufl18.pdf

8. International Zhautykov Olympiad, 2019 Prolems

9. Presentation of Prof. Paul T.P. Ho - Astronomers Capture First Image of a Black Hole.

10. https://files.eric.ed.gov/fulltext/EJ1053864.pdf

Cac thanh vién tham gia thao ludn va ra soat l&i giai

= Trdn Pirc Huy, Sinh vién
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VPhO 39 (N3m hoc 2019/2020) — Ngay thi th& hai (27.12.2019)
Caul

(Loi giGi dé xudt béi Tran Pirc Huy — Sinh vién, va Physicium — CLB Vit i xPhO)

1.

a) Khi xe tang t8c thi téng céc vector lyc ma sat tac dung |&n cac banh xe cé phuong nam ngang va hudng vé phia
trudc. Cac luc nay gdy ra mé-men lyc (d6i vdi truc di qua khéi tdm) cung chiéu véi mo-men luc gay ra bdi luec phap
tuy&n véi mat dat tac dung 1&n hai banh xe truwdc. Vi thé mo-men lyc gay ra bdi lwc phap tuyén tac dung Ién hai
banh xe sau phai I&n hon so véi hai banh xe trudc dé ddm bao sy cdn bang md-men lyc. Ngoai ra, khéi tAm nam
& trung diém khodng cach giita cdc banh xe cho nén lyc phap tuyén tac dung 1én hai banh xe sau I&n hon hai banh
xe trwdc. Vi banh xe, truc xe va gidm xoc khong cé khéi lwong cho nén luc ma gidm xéc phai chiu bang luc phap
tuyén cha mat dat tdc dung Ién banh xe. Vi vdy, gidm xdc & hai banh xe sau chju lyc 1&n hon giam xéc & hai banh
xe trudc.

b) Goi k |1a d6 ctrng clia mdi 10 xo gidm xdc. Luc dirng yén, xe can bang theo phuwong thang dirng cho nén ta cé:
Mg = 4N. Mat khac: N = kx, nén:

Mg

k = — = 45000 N/m

4x,
Trong giai doan hép sé & cap 1, 10 xo & gidm xdc sau ludn bi nén x; =
12 cm, tire 13 bi nén nhiéu hon 2 cm so vdi lic xe dirng yén. Vi do cirng
cla cac 16 xo 13 giéng nhau va téng cla luc dan hodi cda 4 10 xo phai
bang trong lwc nén hai Id6 xo & banh trudc phainén it hon 2 cm, dd nén

clachunglax; = 8 cm.

Vi chi cé hai banh xe trwdc khdng tuong tac vai dong co, néu luc ma P

sat tac dung lén cac banh nay khdc 0 thi sé tao ra mé-men lyc khong

can bang, va diéu nay thi khong thé xay ra déi véi nhitng vat duoc gia thiét 13 khong khéi lwgng. Vi vay, luc ma sat
chi tdc dung 1én hai banh xe sau. Vi cdc mé-men luc can bang, ching ta co:

d d
2N1§ = Fms t6TLgh + 2N1§

Nhu d3 gidi thich & trén chidng ta cé: N; = kx; va N| = kx;, cho nén:

_ ke —xd _ (o = x))d

Fins tong = — g Txoh = 7500 N

Téng lyc ma sat nghi cuc dai la: 2u, N; = 2u,kx; = 8100 N. Vi téng lwc ma sat nhd hon téng luc ma sét nghi cuc
dai cho nén xe khong bi truot.

Gia t6c cla xe trong giai doan hop s6 & cap 1 la:
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Fms téng (xl - XDd
= = =417 2
a M 9 4x0h m/s

Nhu vay trong giai doan hdp s6 & cap 1 thi xe tang toc déu tir 0 dén V;. Thoi gian xe tang téc khi hép s6 & cap 1 la:

V]_ -0 V1 4x0h

=1 0 —0672s
a g (x;—x)d

t1=

Trong giai doan hop & cap tir 2 dén 6, cong suat clia dong co |a khong d6i va bang:

P max

Pd(f)ng co — T
Néu nhu céc banh xe khéng truot thi lyc phat dong la:

Pd(f)ng co Pmax

F . an = =
phat dong v 20

Dé thay, lwc phat dong 16n nhat khi van t8c la nhé nhat, tire 1a khi v = V. Khi d6 lyc phat ddng bang:
thét dong max = ;n_];llx = 20000 N

Bay gi® chiing ta sé di tinh téng lwc ma sat nghi cyc dai. T phuwong trinh can bang momen luc, ta cé:

d d
2N1§ = Fisn téng maxh + (Mg - ZNl)E
VGi Frsn téng max = 2UnN1 thi:
d Mg
Fmsn téng max (_ - h) = Mgz = Fmsn tong max — 1—h =8230N
- e
Un d

Vi luc phéat déng 1dn hon téng luec ma sét nghi cwe dai cho nén cé su truot xay ra. Luc nay lyc phat dong 1a lwc ma
sat trugt c6 tong do 1on: F s tong = 21¢Ny. T phuong trinh can bang momen lyc, ta co:

d d
Zle = Fonst t6ngh + (Mg - ZNl)E

V&i Fmst téng = Z.UtNl thi:

d d Mg
Finst tong (Z_h) = Mgz: Fonst téng =1 - 7570 N
2(———
pe d

Mé&-men lyc clia ddng co phai can bang véi mé-men lyc cta luc ma sat truot: Masng co = Fmnst tongR, V81 R 12 ban
kinh cla mbi banh xe. Van téc géc cla moi banh xe sau la:
_ Pd(fmg co Pd(fmg co

Wpanh sau = -
Md@ng co Fmst t6ngR

Hai banh xe sau s& ngirng trwgt khi ma: Vy = Wpsnn squR- TW d6, van téc cla xe khi ma hai banh sau ngirng truot
la:
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Pdéng co
Vi = Wpsnh sauR = F—” = 7,43 m/s
mst téng
Thoi gian dé xe ting toc tir V; dén V, la:
Vi = V)M
t, = Q =1,10s
Fmst téng

Trong khoang thoi gian con lai, cdc banh xe 1an khdng truot nén cong suat cla déng co khéng bi tiéu tdn vao ma
sat, thoi gian xe tang toc tir V; dén van tdc tdi da V4, = 100 km/h bang bién thién déng ndng chia cho cong suét:

M (Vrrzlax - Vtz)
t3 =

=11,5s
zpdéng co

Vay téng thoi gian ma xe tdng téc dén van téc tdi da la:
t:t1+t2+t3 :13,25
2/

Goi v 13 van t&c chuyén dong déu cla 6 to trén doan dudng cua. Xét trong hé quy chiéu gan vai 6 t6, khi d6 cac
lwc tdc dung 1én 6 t6 nhu hinh vé.

—

Trong d6, lyc quan tinh tac dung lén 6 t6

For = Mv?i (1)
trong dé R 1a khoang cach tir khdi tdm G cta 6 t6 dén tdm O cla khidccua, R = R, — % =120 — 1?6 =118m
Céc lyc ma sat tdc dong Ién cac banh xe

Fs1 = uNy (2)

Fins2 = uN, (3)

(O day ta xem gan ding cac hé s& ma sat nghi & hai banh xe A va B 13 bang nhau. V&i trudng hop tdng quat xem
| gidi phia bén dudi day). Trong hé quy chiéu gan véi 6 to, 6 td dirng yén nén ta ¢ cac phuong trinh can bang
lwe,
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Mg =2(N,+N;) (4)
th = 2(Fs1 + Fins2) (5)

Thay cdc phuong trinh (1)-(4) vao (5) ta thu duoc

Mvz— M
R—.U g

suy ra

v=.ugr (6)

Diéu kién can bang mémen vdi truc quay tai cac diém A va B [an lvot 1a

b
Foch +2N;b = Mg5  (7)

b
Foch + Mg =2Nb - (8)

Thuc té, khi thay (4) vao (7) thi thu duoc (8). Nén ta sir chon stir dung mot trong hai phuong trinh (7) va (8).
Tw (7) ta rat ra biéu thire cha N, va Ny
N, =M (1 h) 9
2=Mglz—15) O
v g (Lenl) o
1=Mg (7 +u5) (10)
DE xe khdng 1atthiN; > 0va N, = 0, do d6

b _ _b
2n=H=7p

Tacé b/2h = 1.8/1.08 ~ 1.7. Nhu vdy moi gia trj cia hé s6 ma sat déu khéng lam cho xe khéng bi lat.

Nhu vay toc d6 toi da cla xe twong (ng vadi gia tri u = u,,=0.75 (gia tri hé s6 ma sat nghi I&n nhat).

Vmax = \/,ungR =+0.75 x 10 X 118 ~ 29.7 m/s = 107.1 km/h
b. Goi x, |a d6 bién dang cua 1o xo phia banh xe A. D3t Ax, = |x, — x|, ta cé
N, — N, = 2kAx, (11)
Thay (9) va (10) vao (11) ta thu dugc

L, = HnMgh
2 2k b

Suy ra

Ax,  u Mg h  4xoh
b/2 k b2 b2 12)

tana =
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Thay s6 ta thu duorc

doh 1 0.05 rad ~ 2.86°
= — =~ U. X 4.
b2 20 (04 ra

tana =

Rat u tw phuong trinh (6) thay vao phuong trinh (12) ta dwoc

cang = Ax, uMg h  4uxoh  4v’xoh 13
e = =k 2 b2 grpz D)

T phuong trinh (13) ta thay cac tdc dong 1am tdng o khi di vao khic cua la tang t6c dé hodc cua véi ban kinh cua
hep (R nhd). T&r phuong trinh (12) ta thdy khi o tang thi p tdng, va N, giam, hu vdy, a tdng thi nguy co xe bj lat
cang cao. (Hay néi mét cach khéc la khi xe di vao khic cua ma di vdi téc d6 cao hodc cua véi ban kinh cua hep thi
sé khong an toan).

Trong trwong hop uy + U,

Fns1 = uyN; (14)
Fins2 = upN, (15)

TU phuong trinh (4) rat N; = Mg/2 — N, thay (14) va (15) vao phuong trinh (7) ta thu dwoc
Mg b

Rat gon ta thu duoc

Mg b—2uh

4 b— (41 —uz)h

Nhu vdy dé N, = 0 thi b — 2u h = 0. Twong ty nhu & phan trén ta thu dwoc van téc xe cé thé dat cwc dai khi
Uy = Uz = Up

N2=
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VPhO 39 (N3m hoc 2019/2020) — Ngay thi thir hai (28.12.2019)

Cau ll
(Loi giGi dé xudt bdi Tran Ky Vi, Sinh vién, Trudng Bai hoc Sw pham Ha Noi)

Qua trinh bay hoi: mét lvgng phan tlir chat [6ng bay ra khéi bé méat cla nd. Viéc tinh truc tiép lwong phan tlr d6 1a
tuong déi khod, nhuwng cé thé tinh dugc lvgng phan tlr tir hoi roi vao chat I6ng. Néu chat 16ng va hoi & trang thai
can bang (hoi bdo hoa) thi lwong phan tl roi trén bé mat chat [dng vé trung binh bang lvgng phan ti roi vao chat
ldng. Vi nhiét dé va 4p suat riéng phan cla hoi b3o hoa d3 biét nén cd thé tinh dwoc s6 phan tl roi vao chat 1dng
trong mot don vi dién tich bé mat trong mét don vi thoi gian.

1. a) * S6 va cham cta phan t&r hoi nudc 1én mat thodng cda binh nwdc trén mot don vi dién tich trong mét don
vi thoi gian trong treong hop hoi nwdc dat bao hoa la:

Z, :%nv (1)

3 P _ 8KT R ... . N .
Trongdén=-" vV =,[——, k=— 13 hang s6 Boltzmann; m= 13 khsi lvgng 1 phan tir.
T "\ 7m N, N,
T téng s6 cdc phan t& roi trén bé mat thoang nudc 16ng chi cé n% s phan tl di vao trong nudc, do sé phan tl
di ra chinh 13 s& phan tlr di vao chat I6ng bi gilt |ai, trong trvdng hop hoi nwdc trong khi quyén dat b3o hoa:

/L
Ny = ——=—= (2)
* J27kTm
* Trd lai ta xét tiép trudng hop clda dé bai. Vi trong trwdng hop nay hoi chua bdo hoa nén néng dd phan tl hoi
nhd hon va theo dinh nghta dd am a thin = ano, no 1a néng dd phan tlr hoi bdo hoa. Khi d6 sé phan tlr roi vao trong
nudc:

=a 77F)bh (3)

7. =
2 N27kTm

Py x 0 R
SG phan tlr hoi nudc bay ravan la z, =iz, = o

J27kTm

ra phai bang Puh). Do d6 trong mot don vi thoi gian, nwdc mat diz = z1 — z; phan ti: z =

(b&i khi mudn bay ra thi dp sudt ma cac phan tlr nay tao

n(l-a) P

N27KTm

Khi d6 khdi lwong tat cd phan tlr hoi nuwdc bay ra tir bé mat cla nwdc trong mot don vi thoi gian:

2 201
sz:ﬁd—n(l—a)th/ m__nd’d a)th,/ T _ 1 84x10*kgls
4 27kT 4 2RT

b) Goi dM Ia khéi lwvgng phan tl&r nwédc bay ra trong khoang thoi gian dt dM =mzSdt. Lai c6 dM = pSdh . T&r day
tinh dugc téc dé thay d6i chiéu cao ciia muc nudc:

@:U(l_a)th \/7:41.7pm/s (4)
dt p 27ZRT

~ ~ 7 An n e " N n N ? ~ ~ \ - . IV N ~
2. a) Thong luvgng khuéch tan _DA_ khong doi trén toan b6 chiéu cao cua coc, dau trir biéu thi qua trinh khuéch
X

tan xay ra tir noi cé mat dé cao dén noi cé mat do thap. Do dé:

An n,—n(z) n,—n n, —n
— =const = 2 (2) _ 1y L=n(z)=n,—- -
AX z H-h, H-h,

z
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Do mat d6 phan tlr hoi nwdc ti 18 vdi dé dm twong déi. Suy ra:

a;—a

o Th z (5) ;ao alanluwotla d6 4m twong ddi tai mat thodng va & d6 cao H — ho so véi mat
b

a(z)=a, -
thodng.
S6 phan tlr hoi nudc khuéch tan qua mot don vi dién tich trong mét don vi thoi gian:

Ad, :_Dﬂ:_[)iﬁz Dﬂﬂ
AX KT Ax KT H-h,
S8 phan tlr hoi nudc thoat ra khoi bé mat cia nwdc:
AQ(; = 1(1—8.0)

Qua trinh bay hoi 1a can bang dong, do do:

R, a,—a
Ag, =Aq, = D2 =z,(1-
Jo Qo = KT H—h, (d-a,)
aa+l DP
—-a)=01- = dig=——"b____ (g
@(@-a)=(-a)=a=""7 via=riT ©

b) Téc d6 thay déi chiéu cao clia myc nwdc:

Tir phuong trinh (4): 20~ 70=2)R, / £ 7
At P 27RT

aa+l_a)_ 1-a
a+l

1+«

Bién dai: 1-a, =a(a0—a):a(

Tir (6) ta dugeg = — 20 __ DR, 2zkim__ D ,/2”“ ~1.45x10* <1
nZ,KT(H -h) nkT(H-h) PR, (H-h)n \ RT

Do d61-a, ~a(1-a) >a, =1-a(1-a)~99.99%

" an(i-a)R
vay A _an(l-a)R, | ~6.06 nmis
At - 27RT

Tham khao:

Viéc khdng cho biéu thirc tinh van téc trung binh cla phan tl khi trong bai gy khé khdn mét phan cho HS, néu
HS c6 doc va nhé hai chuong Il va VI ciia Nhiét hoc va Vat ly phan t&r cia Pham Qui Tu thi cé thé tinh lai duoc, &
day xin trinh bay lai cach tinh v .

Tl ly thuyét Gibbs vé phan bé chinh tic cho hé ddng nhiét ti€p xuc véi hé didu nhiét (thermostat) thi phan bé

myv?

3
\ \ 7. « R , , ~ A2z ~ ~ \ m oLt
Maxwell - Boltzmann ducgc hinh thanh véi biéu thire xac suat theo d6 I6n van toc ladW =4x (ﬁj vie 2Tdy,

Tl d6 van téc trung binh cba phan tir mot chat khi & nhiét d6 T la:

4o +o0 3 mv?
V:IVdW:I4ﬂ ( m jvse‘znd\,: EZ ﬁ
5 5 \} 27KT \/ m \/ T

2|Page



https://xpho.org/
https://facebook.com/xPhO.org

CLB VatlixPhO | www.xpho.org | fb.com/xPhO.org

1. Loi giai da tham khao y ki€n cla Tran Qudc Toan, THPT Chuyén Nguyén Pinh Chiéu Dong Thép vé viéc tinh s6
phan t& hoi nudc bay ra.

2. PFIEV — Nhiét dong hoc Jean Marie Brébec
3. Nhiét hoc cho hé CLC — Pham Qui Tw NXB DPHQG HN

4. Thermodynamics and Statistical Mechanics - A brief overview - Sitangshu Bikas Santra, Department of Physics
Indian Institute of Technology Guwahati, Guwahati - 781039, Assam, India

5. An Introduction to Thermodynamics and Statistical Mechanics - Second Edition, Keith Stowe - California
Polytechnic State University

6. Vat li théng ké — Vi Thanh Khiét, NXB GD 2004
Cac thanh vién tham gia thao ludn va ra soat l&i giai

» Hodang Vén Tién, Gido vién Trwong THPT Lé Quy Bén, Quang Tri

3|Page


https://xpho.org/
https://facebook.com/xPhO.org

CLB VatlixPhO | www.xpho.org | fb.com/xPhO.org

VPhO 39 (Nam hoc 2019/2020) — Ngay thi thir hai (28.12.2019)

Cau lll

(Loi giGi dé xudt béi Tran Purc Huy)

1.

a) Trudc khi bat tay vao lam thi ching ta s& hinh dung mét chat vé dinh hudng x{ ly bai todn nay. Suat dién dong
cam ng lién quan dén sy bién thién cta tir théng qua khung day theo thoi gian. VAy ching ta hinh dung ngay
dwoc rang, ching ta sé phai tinh téng tir thdng di qua khung day va sau d6 dao ham né theo thoi gian dé tim duoc
suat dién déng cam rng.

* Khi khung day chwa hoan toan di vao trong vung co tir truong: 0 < t < g
Ki hiéu hoanh d6 cla canh AB la x, (0 < x, < b) thi tlr thong di qua khung day la:

abx?
2

a
= Bobxo + (E + _) bxg

Xo X0
d = f B(x,ty,)bdx = f (By + ax + Bty )bdx = (By + Bty )bxo + 7+
0 0

Trong do t,, = % la thoi diém ma canh AB c6 toa dé x,.

Suat dién dong cdm rng xuat hién trong khung la:

do dd dx, 2P 2p
S N 14 (Bob + (74- a) bxo) =-V [Bob + (7+ a) th]

€T A T Tdx, de

* Khi khung day da hoan toan di vao trong vung cé tu trwong: t >

<Is

Ki hiéu hoanh d6 cla canh AB la x, (xo = b) thi tir thong di qua khung day la:

X0 X0 ab
d = f B(x,ty,)bdx = f (B + ax + Bty )bdx = (By + Bty )b? + 7[xg — (xo — b)?]
xo—b

xo—b

b
= (B0 + E20) 2 + 2123 — (0 — )

Suat dién déng cdm (rng xuat hién trong khung la:

_ 4o dddxy __, (Bb° 2)__ 2 _ o p2y=
€=~ = Tima = V(V+ab = —fb* — ab“V=const

b) Dong dién xuat hién trong khung day la:

28 Voo _b
Ll [Bob+(7+a)th]§ khi0 <t <o
6r | Bb? + ab?v _ b
o khi 2

Thay s6:
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,=Ez{83.3+104t khi0 <t <2s
6r 125 khi t=2s

Trong dé donvichailapAcondonviclatlas.

Tw biéu thirc cla cuwdng d6 dong dién ta cé thé vé dugc do thi.

—~V

2.

a) Day |a mét bai todn quen thudc & cap THCS, ching ta khéng can phai ban nhiéu vé dinh huwdng gidi bai nay.
Day la mach song song v6 han tuan hoan. Tacé: Ry,p, = Ryp = " = Ry 3,

So d6 mach dién la: Ryp <> 21//(r nt Ry, p, nt 1)

Vay ta co:

1 1 1

+ —_—
Rup  2r 21 + Ryp
Phuong trinh nay twvong duwong véi phwong trinh:
RXB + ZTRAB - 4‘7‘2 = 0
Phuong trinh bac hai nay cé hai nghiém: R, = (\/g — DrvaRyg = _(\/E + 1)r. Ta loai nghiém am. Vay:
c=vV5-1
b) Mau chét clia bai nay dé 1a can phai hiéu rang téng hiéu dién thé trén mot vong kin cé tir thdng bién thién thi
, > b , . . ~ W iAo oaem s \ PR \ o~
khac 0. Trong khoang thoigian 0 <t < 27, hai hinh vudng dau tién sé tién vao trong vung cé tlr truo'ng va sé co
tlr thdng bién thién, cac hinh vuéng con lai s& khdng tién vao vung co tir tredng va khdng cé tir théng bién thién.
D6i véi doan mach toan dién tré cé téng hiéu dién thé trén moi vong kin bang 0 thi ching ta cé thé thay thé né
bang mdt dién trd twong duong. Chung ta cé thé thay rang trong khoang thai gian dang xét thi doan mach nam
gitta A, va B, théda man diéu nay, cho nén ching ta cé thé thay doan mach nay bang mét dién trd twong duong
C.r. Khi d3 hiéu dugc didu nay, ching ta s& gidi hé cac phwong trinh Kirchoff va tim duwoc cudng d6 dong dién

theo cac suat dién dong cdm (rng, con cac suat dién dong cdm ng cé thé dé dang tim duoc bang cach lam tuwong
ty nhu & phan 1.
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Goi suat dién déng cam t&ng trong vong A; ABB; A, va vong

B> B B
A,A{B{B,A, lan luvot |3 €, €,. POng thoi, quy wdc chiéu duwong cla [ |
’21\1 zmz \ ~1 2 g quy g —gb
cac dong dién nhu hinh vé.
Twr cac phuong trinh Kirchoff ta co: I:il Cr 2r E
47‘i1 + Zriz = _61
r
(2 + C)Ti3 - Zriz = _62 —:—
Az
il - iz - i3 = O
Giai hé phuong trinh nay ta thu duoc:
_ e 4+C ¢ 1 3-V5¢ 7-3V5 ¢
BT LT T 0+ 6C r 10+3C 4 1 4 7

. . S U s . b .. .
* Khi hinh vuéng A; ABB, chua di hoan toan vao vung ¢ tur truong: 0 < t < , tue @0 <t<2s.

Tuong ty & phan 1 ching ta dé dang tim duoc:

€,=-V [Bob + (% + a) th]

62 = 0
Khi d6 biéu thirc cia cwong dd dong dién qua AB |a:
3-V5 V 2
isp === | Bob + (73 + a) th] ~ 95,5 + 119t

Trong dé donvictailapAcondonvicltatlas.

* Khi hinh vuéng A; ABB; da di hoan toan vao vung cé tur trvong nhung hinh vuong A, A, B, B, chua hoan toan
.. b 2b ., ..

dlvao:;s t<7,tu‘cla:25 <t<i4s

Tuwong tu & phan 1 ching ta dé dang tim dwoc:

€, = —fb? — ab?V

Tu théng di qua vong A,A,B;B,A, khi canh A, B; da di vao trong vung cé tu trweong mot doan x; (O <x; < 3)

la:

abx?
2

@, = (Bo + Bty,4p)bx; +

+b bx?
=[Bo+%lbxl+a2xl

Suat dién déng cam (rng qua vong nay la:

db,  db,dx, Bb 28 ) ( b]
N P T V[(B°+V>b+(v+“ bV (¢ V)

Khi d6 biéu thirc cia cwong dd dong dién qua AB la:
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\/§—2.b2(aV+ﬁ)+7—3\/§-K

lup = 4

2p
; e [Bob + (7 + a) th] ~ 80,7 + 45,6t

Trong d6 donviclaila pAcondonviclatlas.

Loi két: Dang bai todn khung day di vao trong vung cé tir tredng khad quen thudc va cé trong sdch BDHSG va cé y
twdng twong doi don gian. Vi thé day 1a mot trong nhitrng bai dé “nhit diém” trong dé thi ndm nay. Tuy nhién, cac
bi€u thirc clia bai todn nay twong d6i dai dong va vi thé phai hét sirc chinh xéc trong khi lam va thay s6. Cau khé
nhat trong bai nay 1a cdu 2b khi can phai hiéu mau chdt nhuw d3 néu & trén, |a cau héi cé cac biéu thirc dai nhat va
can phai gidi mot hé phuong trinh. Ba cau hdi con lai déu twong ddi ngan va dé 1y diém.

Cac thanh vién tham gia thao ludn va ra soat l&i giai

»  Nguyén Chi Trung, Gido vién Vét ly Truong THPT Chuyén Bdc Ninh
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VPhO 39 (Nam hoc 2019/2020) — Ngay thi thr hai (28.12.2019)

Caulv
(Loi giGi dé xudt bdi Tran Ky Vi, Sinh vién, Trudng Bai hoc Sw pham Ha Noi)

1. Theo tinh chat hinh hoc cta hé:

2 2 2 2
D 1+(l+1J D 1+(1_1j “D 1+1[1+i} D 1+1[1_ij )
D 2D D 2D 2 2D 2\D 2D
ax
§:d2—d123.

O vitri co van sang: == =kAkeZ —> A= (1)
D kD

é’vitricévénté’i6:a—[;(:(m+%)/1,mez_>1:L (2)

1
(m+§)D

D6i v&i anh sang trang 0,4m <A <0,75um va tai vi tri x = 10 mm ta tim dwoc cac gia tri

* 3,3<k<6,25—>k e{4,5,6} : tirc la cdc mau A=0,416um, 1 =0,5um, A =0,625um: cé 3 birc xa cho van

sang taix =10 mm

* 2,8<m<5,75—>me{3,4,5}: c6 3 birc xa cho van t8i tai x = 10 mm d6 [a 2 =0,456,m, A =0,556um,
A=0,714um.

* Ta tim vi tri chi ¢ 2 vAn mau khac nhau trung va xa nhat:
Dung phuwong phap vé quang phé:
e Quan diém cta GV Hoang Cdéng Vién, THPT Chuyén Ha Tinh

+) C4c van sang nam trong gidi han bdi hai duong thang

a 0,5 N a 0,5 1
k=—x=—"-x=0,625xvak=—x= X ==X.
2D 0,4.2 AaD 0,75.2 3

Vung mau dé trén hinh chinh I3 cac vi tri hai birc xa cho van sang. Tir hinh v& ta dworc vi tri xa nhat [ vi tri van
6

e T 9,6 mm. O day chinh xac Xmax < 9,6 mm vi tai x =9,6 mm cé 3 birc xa cho

sang bac6 cla 0,4 = Xax =

van sang.
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k-}hmax

Diéu kién: (K + 2)Apin > (k— DApa= (k+2)0,4 > (k—1)0,75

(k*‘z).)bnﬂn

= 4.

= k< 4,3 = Kmax

(k_l).}\.max

(k*'l).}umin

= 9,6 mm

7VminD
a

=(4+2)

a

7”minD

Ta dugc vung xa nhat: xmax = (kK + 2)

én

tha 3 tr

inh la vung

4 (ch

birc xa k

back+1 =5vacla

irc xa

inh la vung trung nhau cta b

N

au dé trén h

ung mau

\

\Y

hinh trén).

Poéng Thap

-’
iéu,

~

Toan, THPT Chuyén Nguyén Dinh Ch

Tran Quéc

~ ?
em cua

Quan di

hé:

ap vé quang p

s

Dung phwong ph

o
o
[
<
/
N
2N
LI
Lo
[ I I
| I I |
| I I |
| I I |
I I |
-~
(SN~ | N
. X0
mhk ,Onﬂuv
- c AI/H (O] \wu
2 28T
>
g..AObnl C .
£5 &gt
3 I Xm
w P v o
(%]
© O S
X0 3 «m@ >
£ T Q© R
> xO )
2§ x =2
> <0
v M% oS .
3 o . o
> S O
o S
S = T S
Q
(O

s

s A

én cdc van sang clia quang p

, bidu dié

hé

0 quang p

& gian do
tung la bac k nguyén. vV

\Y

3

tugng trwng ra cac vi tr

é

amc

trung t

favan

, vé vé ph

~

la quang pho6 back

~

3, tlr d6 khi quang pho bac k — 3 tao vdi quang pho bac k mot khe hep, khi dé

an sang

A

trong khoang gitta khe c6 2 birc xa cho v

bac k khéng chéng 1én phé back—3. L

6

h
phd k “vwon” dén phé (k — 3). Do do:

ip

an sang th

a

blrc xa chov

Aoy D

>(k-3)

ﬂ“min D

=k

Xnmx

<t

©

Il
<
2|9
Ol
[ X
o

Il
g
‘B
4An

Vv

X7

A,

= 6.

Hay Kmax

9,6.10°m=9,6mm.

0,4.10°.2
0,5.10°

=6.

D
a

— kmax ﬂ“min

)(max

2|Page


https://xpho.org/
https://facebook.com/xPhO.org

CLB VatlixPhO | www.xpho.org | fb.com/xPhO.org

e Quan diém cta ngudi gidi, Tran Ky Vi — HNUE:

Do dé bai néu rd 1a “Tim khoang céch 1&n nhat tir van trung tdm dén vi tri ma tai dé cd va chi cé hai bire xa cho
van sang”. o day ta goi van trung tdm & vi tri O, vi tri cAn tim 13 M, dé néu rd 13 tai M chi cd 2 birc xa cho van
sang, tirc moét vi tri van sang nao do cla hai birc xa nay phai trung nhau tai M va chi ¢ 2 birc xa nay gay vang
sang tai M thdi. Theo diéu kién trung nhau vé vi tri van sang ca n birc xa tai M

XM:klﬂ“-—D _kﬂ‘D_k ﬂ'”lD = nl"D
a a a
khac bat dang thirc Cauchy) (k & day cé thé khong phai 13 s6 nguyén)

. =cosnt= kZ (Pinh ly Cauchy v& gia tri trung binh —

Mét khac A, =0,4um< 2 <0,75um= A _, Nén phaico ki € G ={K:Kpin +1 - Koy =L K } © N Ma do chi

c6 hai birc xa nén tap G chi ¢ 2 s6 tu nhién lién tiép 1a kmin vVa kmax va do d6 c6 thé dat kmin = k, va kmax = k+1.

V& gidn d6 quang phé ra, biéu dién clia cac van sang sé ing

vGi truc tung la bac k nguyén. Luc d6 néu mét diém cho hai Kk ki,
birc xa cho van sang tirc la né chéng 1an Ién nhausaocho [~ ========-=- -
khoang giira nd |a hai van sang, vé tuong trwng ra cac vi tri clia / /
k, 18y vAn sang xa nhat |a quang phé back, v& xuéngk—-1, k- [~ ="""~"-7
2, tlr d6 khi k — 2 chdng 14p vdi k, thi trong khoang gitta nd cé 2 / /
van sang theo dé bai. Vung xa nhat c6 2 birc xa chovansang ="~~~ (k—2)i,...
thi phé bac k khong chdng [én phd bac k — 2. Lic nay duwong
phd k trugt dén phd (k —2). Do dé:
k ﬁ’mlnD (k 2) ﬂ’maxD
a a X
ke P 3075
Ao~ 0,75-0,4
Hay kmax = 4
Ain D 0,4.10°.2 =
Xnax = Kinax m; =4, 05107 =6,4.10"m=6,4mm.
Thir lai dé thay tai x = 6,4 chi c6 2 mau trung nhau 13 2 mau cé budc séng 1an lwot 13 0,4pum va 0,53um.
2. Gid st khe S di lén mét doan X/,
Khi dé tinh twong ty nhu y 1 hiéu quang trinh tir S di qua hai khe X
dén diém M la: M
S d, S d
1 X
!/ ! ! ! aX ! ! X’ dz
5=(d2+d2)_(d1+d1)=(d2_d1)+(d2_dl):B+(dz_dl) 1 E— \\I/ ©
2 82
a 2 2 aXl e oo > D
(d,—d;)=,|ds ( —j - dé+(x'——} ~—. (3) do
2 d, E
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ax ax' .o L LR L 2 o Aa A 1A L e 1A A Lt N 4
0 =—+—, khi d&i S khoi O’ sao cho mot van sang tai x bi thé cho bé&i mot van toi lién ké tire la d6 bién doi

0

ax ax')_ aAx' 4
d, 2

hiéu quang trinh tai x bang nlra budc séng: Ad = A[B+ 5
0

Nhu vay biéu thirc e can tinh chinh la: e = AX' :/12—d° =0,546 mm
a

Van sang trung tam doi dén diém O; twong tng vdi diéu kién hiéu quang trinh bang 0 s& c6 toa do

X - ax'

D .
O0=—2+—=0—>x, =——X', tcS, |, O1 thang hang.
D 4 =74 + thang hang

Trong li thuyét giao thoa xét ddi vdi giao thoa hai song két hop cé bién dé dao ddng gidng nhau truyén tir khoang
céch diva d; tdi vi tri cin xét tinh chat giao thoa dugc md ta bdi hai dao dong sang

27d, 27d, J
A

E =E cos(a)t— j E,=E, cos(wt—

E=E, +E, =2E, cos(a)t—%(d1 +d2)jcos%(d2 -d,),

Cudng do sang trung binh theo thoi gian do mdi ngudn thi cap Si1, Sz gay ra doc 1ap trén man la:

l, = k<Ef> =kE; <0032 (a)t - szl j> :%kEj

B :k<E22>:kE§<cosz(a)t— 2’;d2j>=%klzg =1,=1.

lyx 1 +1,=21. 1

Cudng d6 sang may thu thu dwoc trén man 1a cuwdng d6 sang trung binh theo thoi gian (cho rang do trong rat

o . d,—d,)) o
nhiéu chu ky): 1 =k (E?*) = 2kE? cos® 72-(2—1j= | cos? (_j, 4
Trong dé cos’ [a)t—%(dl+d2)j =%, l,.. = 2KE; =41 =21,, 6§ =d, —d, I3 hiéu quang trinh.

Téng quat hda, cwong dé sang do mét ngudn tach thanh hai ngudn thir cap truyén tdi tai mot diém trén man:
pire)
| =1__cos*| — | (¥
05’ 2]

Bay gid khe sang S bi m& réng, ta cé thé chia khe thanh nhitng khe rat bé bé day dx’ lién tiép nhau, nhirng khe nay
la nhi*ng ngudn khong két hop nén ching khong thé giao thoa véi nhau. biét rang ddi véi nhitng khe rat hep thi
khi tdng do6 rong khe 1én bao nhiéu thi cwdng dd sang tang ty 1é bay nhiéu [an tire 13 tir (*) va (4) ta suy dugc cudng
dd sang nguyén té do mot khe nguyén t& day dx’ tai vi tri X’ gay ra trén man la:
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dl :Im—axcosz(”—ajdx'dl _ cos?| Z| 2 & 1 ax.
b A b A D

Do céc khe dx’ khéng giao thoa véi nhau nén cuwdng d6 sdng trén man 13 téng cac cwdng dd sang nguyén té nay,
tre 1a hinh dnh giao thoa s& chdng chéat 1én nhau.

lowe ! | S'”Zzb 2
1(x) == I cos?| Z| 4 | gy = 2o b4y 0 cos
b ;, 2\ D d, b 7ab AD
Ad,

1(x) =1, 14 MU 00s 278X ) _ .. £1+sinc(u)cos@j (*), véi u _rmab
U aD D 2d,

. sinu . : TR, w oy n
Ham sin c(u) =—— hay ham sin cardinal u la mét ham cé dang do6 thj sau day:
u

1.2 : : !
1.0} .
0.8}
0.6}
0.4}

0.2F

0.0

-0.2}

—0.4 L i | L L
—bn —4n —2n on 2n 4n 6

Ham sin c (u) dat cuc dai la 1 khi sinu =0 va u = 0. Cudng d6 sang trén man déu nhau néu thanh phan phu thudc

X ey A A s . mab o e
vao trong biéu thirc (*) triét tiéu. Tdcla sin Sinu=0va u=0 hay u= EPR =k (k nguyén duong do cac tri s6
0

bén vé& phai bang dwong) b nhd nhat khik=1vadodé b - :;t—do = 2e, day chinh la bé réng khe cho trong dé
a

bai, nhw vay trén man cuwong do sdng la déu nhau va hé van sé bién mat, ta khéng quan sat duoc van giao thoa
nira.

3. O day chéc c6 |18 d& bai nham 13n, hodc dung thuat ngi hiém, trong cac gido trinh Viét Ngit kinh dién vé quang
khong c6 khai niém anh sang “phan cuc phang” — plane polarization ma chi c¢é khai niém anh sang “phan cuc
thang” — linear polarization, con & céc gido trinh nudc ngoai hay dung linear polarization hon plane polarization,
daiy cha dé c6 thé néu rd 13 anh sdng cd vector cwdng do6 dién trwdng chi dao ddong theo mét phuong xac dinh
hay con goi la dnh sang phan cwc hoan toan. Con anh sang ty nhién la anh sang cé vector cwong do dién truong
dao déng theo moi phwong ndm trong mit phang vudng géc véi phuong truyén sang. Do dé viéc cong cudng do
sang cla hai ngudn anh sang tw nhién 13 vé cung khé. O day cé 1& d&é bai yéu cau tinh cudng dé sang d6i véi dnh
sang phan cuc thang, dé cong vector cudng do dién truong duwoc dé dang.
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Dé thay Iap ludn nhu cau 2, cudng do sang tai mot diém x trén man do mdt khe S va gy ra cé dang:

|S.=|maXCOSZ(ﬂ—5j=2|Oc052 z %_a_b [3]
A Al D 2d,

Hai ngudn nay khong két hop nén téng cwdng dé sdng tai mot vi tri x trén man a:

1(x) =1 + 1, =21, {cos?| = %+a_b +cos?| Z ax_ab =2l, 1+cos(@jcos zab 4
A\ D 2d, A\ D 2d, AD d,

Tai van trung tdm 1(0) = 41, cos’ zab 16l
2Ad

0

Trd lai dé ta ta thay hai khe S1, Sz ¢6 d6 rong nhw nhau, nén | =2kE?Z = 41 KEZ =41 =21, v8i Eo |2 bién do
2

dao doéng sang cia mot khe Sy, S,.5%!
e Tham khao thém:
1. Ta dé dang tinh dugc hé s6 k théng qua thuyét dién tir Maxwell:

Theo thuyét dién tir Maxwell: ngudi ta dinh nghia dd dong ning lwgng Umov — Poynting chinh 1a van t6c truyén
nang luvgng cla séng chay don sic bang mat dd ning lvgng dién tir trwdng nhan véi van téc pha clia séng nay:
S =V =E AH, ma ciing theo thuyét dién tir Maxwell trong séng dién tir phdng don sic (séng dién tir phing
e , “ N 2 ” N \ N N \ ST A A1z &E I - \J
khac séng “phan cuc phang”),, tlr trvong H va dién truong E cé lién hé vé do Ién H = /—OE ,vector H LE.Y
Hiy

nghta cGa vector Umov chinh |3 ndng luvgng truyén dén mot mat trén mot don vi dién tich trong mot don vi thoi
gian, day chinh 13 cwdng d6 sdng, do d6 trung binh dd 1&n cla S thé hién cuwdrng d6 sdng do dugc trén man:

S=EH-= /ﬁEZ - /‘9‘90 EZ cos? (wt —kx) —> 1 =(S) = [0 E? (cos,z(cot—kx)>=1 “og?,
Mty Mty Lty 2\ puq

1 / 1 1 y
Trong moi trwong chan khéng thi e =1, =1, ticla | = > iE(f = EczgoEo2 = EkE; , vy trong dé bai
Hy

k=c’¢,=—.
0 11,5
2. Oy 2 va 3 ta khdng quan tam dén cudong d6 sang nhiéu xa, do d@ ghi rd cac khe rat hep va ciing khdng cho do

rong khe dé tinh, thuc chat cwdng d6 sang trén man phai 1a t6 hop cla cudng d6 sang nhiéu xa va giao thoa.

3. O day ngudi gidi ko quan niém cuong dé sang chi 1a binh phwong bién dé cla cuong dé dién truong téng hop
ma la. Trung binh theo th&i gian cha binh phwong cwdng do dién trwdng. Bdi vi sao ¢ quan diém nay, 1a vi ngudi
giai quan diém mdy thu do cudng d6 sang giao thoa 1a do gid tri cudng d6 sang trung binh theo thoi gian. Cha
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may do khong do cudng dd sang tirc thoi. Nén két qua co thé khac véi mot s6 gido trinh dai hoc nhw PFIEV
Quang hoc séng. Tham khao thém Quang Hoc — Ngd Qudéc Quynh.

4. Thyc ra trong 1, (21 331 141 B c4¢ phép todn chi la gan ding theo khai trién Fourier, vi cho du 13 d& bai ndi hai
khe S1 va S; cung d6 1&n nhwng khodng cach tir hai khe nay téi S hodc khoang céch tdi S’ 1a khéng déu nhau, nén
khéng thé coi |1 = I, @ day ta |y xap xi ma thdi, vdi quan diém khoang dich clia S va S’ so véi trung tryc cda S1S;
khong la bao tire S1S = S2S, va S18” = S,S'.

5. Ta c6 [®lvi coi rang cé quan diém coi tai x = 0 thi c6 van sdng trung tam, thuc t& nhan thay tir cau 2 chi can chia
khe S thanh nhitng nguén nhé thi cé cac nguén d6 da la déc lap roéi, hudng hd cac ngudn xa nhau nhu dé cho S va
S’. M3t khdc khong thé cir cdng hét 4 dién trwdng do S va S’ truyén qua khe Sy, S> trén man nhu kiéu 1a cdc ngudn
k&t hgp duoc, vi 2 thanh phan dién trudng & day chua chac da cung phuwong dao dong dé cdng kiéu phirc hay
kiéu gian dd Fresnel. Chi cé thé bigt duwoc thanh phan dién truding clia khe S’ sinh ra do truyén qua S: va Sz 13 Es
va Eq giao thoa nhau; khe S sinh ra dién trwong Eiva E; giao thoa nhau. Do d6 cudng d6 sang la téng cudng do
sang doc |ap. Do do viéc vd doan tai x = 0 ¢ van trung tdm la mét vd doan cla ngudi giai, khéng can cir. Co
nhiéu quan diém yéu cau phai cdng hét 4 vector cudng do dién trudng nay, tuy nhién déi vai nhitng ngudn déc
l4p cudng d6 sdng mdy thu thu dwoc 13 doc 1ap va chdng chat. H3y xem trong BDHSG Quang hoc 2 Vi Quang,
NXBGD 2013, Pg. 49, 2" Edition, c6 doan “... Néu m& rdong ngudn d&n murc hai nira clia né coi nhu hai ngudn
sang doc 13p....”. Vay rd rang & day ton tai quan niém khi hai ngudn so cip & xa nhau mot khodng 1&n thi coi hai
ngudn la déc 1ap vdi nhau. Va tac gia bai giai nhin nhan bai todn dwa trén quan diém nay:
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Giira 5 van sdng lien li€pcé 4 khoing van. Do dg tacé:

¢ i
I=Z mm = 0,75 mm

Tinh ra . <[0,594.107 ml= 0.504 um. 0y
Van sdng chinh gilta nam tai diém 1 tren d

b) Gia sir 1a tinh li€n khe sa
T i sdng S mot doa
. VoI dudng SO, dén Vi tri 8’ & phia duéi S trén

= Géc léch cia céc tia sdng vin la 3.
= Cic anh S,
Sivas,.

%43/0:7_

ung SO (Hinh 2.6).

n rét nho A theo phuong vubng géc
hinh 2.6. D& dang thay rang :

va S, déu tinh tién xuéng phia dudi mot doan A, dén cic vi tri

~Tacé S|S, =SS, =a

= Khoing cich tir §,S, dén man énh vin bang D. .
— Khoing van vén bang i = 0.75 mm. S ll
A =7
- Van sing chinh gita di chuyén ¥ %
dén diém I' Ia giao diém cua tia SO véi
man dnh E (Hinh 2.40). Hee

D6 1a vi tia S'O di qua ca hai lang kinh, coi nhu di qua mot ban mat song
song theo phuong vudng géc vdi mat ban, nén sé truyén thang. Hiéu quang trinh
giita hai tia S|0l va S;0I bing khong.

Tacd: o =—===10=II'=104

Néu nguén mé rong dén muc hai nira clia né coi nhu hai nguén sing doc lap.
khong két hop. c6 diém gilta ndm tai S va S’ thi trén man anh E ta s& ¢6 hai he
thong van giao thoa chéng chit lén nhau. Hai h¢ théng van ndy c6 cung khoang
van, c6 van sdng chinh giita ndm tai I va I' va khong giao thoa véi nhau. Néu van
sdng clia hé no triing v6i van 16i cua hé kia thi man s¢ sdng déu va cdc van giao
thoa s& bién mat.

Vay. diéu kién dé hé van bién mat la :

1 1

49

Ciing khong thé& xem mit phing dao déng vector E khi hai ngudn & xa coi ring gan bing nhau, vi chi can léch nira
budc séng céc diéu kién giao thoa d3 thay d6i hoan toan. Quan diém nay trinh bay trong Tuyén tap bai tap VL NC
THPT Ngbé Quéc Quynh tdp V, NXBGD 2007, Pg.185.
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man M mog khm\ng :

D‘-D'FIF.1=D~ l[l
n

' ) .,{. LS n_',',}

m bly 2id 1A d"W 9o b ai n.D

) nguén | g ;
= E = E[l 4 (Lf\l).l_ T (ll- F kho(’\ng vAn i 1 -
. . . VR b l-l 1~ ‘i)[)l)
pdn ndy sai, vi dé tinh do o ) |
' 0 dich Chuyén FE| trong cong thire (3), ta da

— -

- sing "W gy 1 8 vy I, = 1. Cdch lam
g ndy dp dung duge chyo
: ‘ quang hinh, khi ta chi qus -

¢O thé bo " KPR il 4 Ch quan tam 1Gi sy tao
::, y t:]il;a l:ll:}nlg d‘() bién thien Al hang chuc bude song. Con
B coi | ::z: l'e"~ N bude séng, thi van sng da thanh van 161,
on (| l)zl bang 1 duge, tic 1a khong ap dung cong thie (3)
mE=l ).

R ~% 12 xap xi bing sin

nho hon 1 rit nhiéu | ta 6 thé tinh i’ mot céch
s i =
11— = i'[l ——(n 3 =i

D

cich Jam s& déin dén két qua hiu nhu bing nhau.

Tai liéu tham khao:
1. Prolems and Solutions on Optics, Yung Kou Lim
2. Quang hoc — Ngdé Quéc Quynh
3. Quang hoc — Vii Quang NXB DHQG
4. Optics, fifth edition — Eugene Hecht
Cac thanh vién tham gia thao ludn va ra soat loi giai

® Hoang Céng Vién, Trwdng THPT Chuyén Ha Tinh
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VPhO 39 (Nam hoc 2019/2020) — Ngay thi thr hai (28.12.2019)
CauV

(Loi giGi dé xudt bdi Tran Pure Huy, Sinh vién)

1. So’ d6 bd tri thi nghiém:

®

Mg

NGi 16 X0 néi tiép vdi bién trd va ngudn, dong thoi treo 10 xo thang dirng va mdc cac trong vat di ndng vao dau
tu do cla 1o xo dé cac vong khdng con sit nhau nhu hinh vé:

Cac codng thirc can thiét:

Trudc tién chung ta sé di tim lyc ma |0 xo tdc dung |én trong vat do dong dién twong tac vdi tir trwong do chinh
no gay ra.

F

Xét mot cudn day solenoid siéu dan cé N vong day, tiét dién S, chiéu dai [, dang c6 dong dién I chay qua né va cé
mot luc F cé phuwong song song vdi truc va hudng ra ngoai cudn day tac dung Ién dau ty do cha dé gilr cho cudn
day can bang. Nang luvong tir tredng trong cudn day la:
U —1ICD—¢2— @ [
M2 2L 2ueN2S

toN2S

Trong dé @ Ia tlr théng qua cudn dayva L = la do tu cam cla cudn day.
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Thuec hién dich chuyén 3o bang cach kéo dai cudn ddy mot doan nhé 8. Nhé rang d6i véi cudn day siéu dan thi tir
théng qua né dugc bao toan, nén do thay ddi ndng lugng tir tredng la:

CI)Z
8U,, = ———6l
™ 2uoN2S
Vi hé can bang nén:
MoNZSI ?
FSl=6U, >F = ®* U1 —“ONZSIZ
oo T 2uoN2S T 2ugN%S 212

Theo dinh luat 3 Newton, thi lvc ma cudn day tdc dung |én trong vat sé cung phuong nguoc chiéu cung dé 1on vai
lwc F ma trong vat tac dung 1én cudn day. Vi thé nén luc ma cudn day tac dung |én trong vat F' s& huwdng vé phia
cudn day nhu hinh vé. Ching ta ciing lwvu y rang, luc F' nay 1a do tuwong tac cla dong dién chay qua cudn day vdi
tlr trwong do chinh né gay ra, cho nén ndé khong phu thudc vao dién trd ctia cudn day va mach dién ma cudn day
dugc ndi vao ma chi phu thudc vao dong dién chay qua cudn day. Vi thé d6i vdi 16 xo trong thi nghiém nay, luc F’
do nd tac dung lén trong vat cling gidng nhu lyc ching ta vira tim dwoc trong tredng hop cudn day solenoid siéu
dan va c6 1ap nhu vira roi.

Quay tré lai vai bo tri thi nghiém cla chdng ta. Néu cudng dd dong dién chay qua 16 xo |a I va chiéu dai cha né la
[, téng khdi lwong cla cac trong vat méc vao dau ty do cha 10 xo 18 M va céc vong 16 xo khdng sit nhau (néu nhu
cac vong 10 xo sit nhau thi ching ta con cé ca cac lyc tiép xuc) thi ta cd phuong trinh can bang luc nhu sau:

oN?S

2 _
2 I“=0

Mg —k(l—=1,) —

Suy ra:

UoN2S

T 12 =—kl+ (Mg + kl,)

2
BV 12 x =1, b=k, a=
212
Mg + kl, thi ching ta c6 dugc phuong trinh tuyén tinh Y = bX + a. Tir phép hdi quy tuyén tinh ching ta c6 thé

tim duogc gid tri cha d6 déc b, tir d6 ching ta tim duwgc d6 cing cha 10 xo: k = —b.

Trong d6 I c6 thé do dwoc bang am-pe ké va [ cé thé do duoc bang thudc. Dt Y =

2.
Cac buérc tién hanh thi nghiém:
+ Treo |0 xo thang dirng va mac 16 xo vao mach dién nhu hinh vé.

+ Treo cdc trong vat vao dau tu do cta 16 xo di ndng dé cho cac vong 16 xo khdng con sit nhau nita nhuwng cling
khdng qua nang dé tranh cho 10 xo khéng bi “méi”.

+ Péng khoda K, thay d6i gia tri cia bién tré dé thay ddi gia tri cia dong dién, néu thay cac 10 xo khdng sit nhau thi
do chiéu dai cla 16 xo tuwong (ng vai cwdng dd dong dién I lic do. Va tiép tuc thay d6i gia tri cda bién tréd va ghi
lai cac s6 liéu I, | twong ing. Néu nhu cdc vong 10 xo sit nhau thi khdng dwoc 18y s6 liéu va phai gidm dong dién
xuong (bang cach tang gia tri cla bién tro).
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+ Sau khi thu dworc cac s6 liéu thi tinh cac gid tri Y va X tuong (ng. V& d6 thj cia Y theo X, udc lvgng va vé mot
duwong thang gan di qua tat ca cac diém va do gid tri cha dd déc clia dudng thang nay. Ngoai ra, ching ta ¢ thé
tim d6 déc bang phwong phédp binh phuong t6i thiéu. Tir dé tim dwoc d6 cléng cla 1o xo: k = —b.

Bang thu thap sé liéu:

I (don vi [ (don vi Y (don vi X (don vi
dong dién) | chiéu dai) lwc) chiéu dai)
11 l1 Yl Xl
I, l, Y, X
12 lZ YZ XZ

Do thix ly s6 liéu:
Y
a ~
)
\\ ...... a
b = tana X
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VPhO 41 — Ngay thi thi nhat (04/03/2022)

CAU I

*Loi gidi dé xuat bdi [sigma] va qvt

la. Xét can biang moment ddi v&i truc quay vudng goc véi mat phing
vadiqua B, d€ moment cta trong lwc cAn bang véi moment cta lwc dan
héi thi 16 xo phai bi nén

F

R
_P +— COSs 00 = Elastic

& %cos@o =k I, — RO,

<, = RO, + %COS 6, = 40,01572 cm

1b. Kich thich dao dongdégoc o, — 6, +60 6>0, 0 <0, , tong

moment tic dung 1én thanh (véi chiéu dwong la chiéu nguoc kim dong ho)

R R
M = —mg_cos 6,+0 +k|l,~ R 0,+0 |=— KR —mg - sin, |0

Xét chuyén dong quay cia thanh quanh dau B ta co

miI?
3

mlI? -
2

L
2
- Dinhly Huygens-Steiner: ; — +m_L2 - fmxdx—i—
B G 2 . L
T2

- Khi L = R, theo phwong trinh chuyén déng quay cta thanh

0// —

m

SIS

= —[%— 39 sin90]9

—

elastic

el

Vay thanh dao ddng diéu hoa quanh vi tri cAn bang néu dwoc kich thich dao dong bé, chu ky dao dong ctia

thanh dwoc xac dinh

T=2" 2m — 0,37991 sec
w
3k ﬁsin&
m 2R 0

2a. Theo dinh ly ham sine trong tam giac

sin m— sin @

L R’
dods a—Z pg—T
4 12
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Xét chuyén dong song phang ctia thanh gom:

- Chuyén dong quay ctia thanh quanh khoi tim
4212 ”

- Vidau B thanh truot doc theo mit san nén ta dé co: [, =nN

Két hop hai phwong trinh trén, ta dwoc

T T T m
N sin— -+ N _|cos— — pusin—| = —~L
T B[ 6 " 6] 6

Chuyén dong tinh tién cta thanh

NAcos%—,uNB = ma,_,

. T
mg—|—NAs1nZ—NB = ma,
Tai ¢t = 0, vt B chuyén déng doc theo matsannén ¢ = =0

y—B
V3

a = £cosz—mz—— L
v =7 6 y I

vat A chuyén dong tron trén cung CD, vi v, = 0 nén gia téc huéng tam bang 0,

T LT L . m 2\/§—1
a cos——+a sin—+~v—sin—=0—-a =————~L
" 4 v 4 2 12 ’ 4

Tiwr cac dir kién trén, ta xac dinh dwoc hé phwong trinh:
_EVLJFNA M +N, §_0’2]:

my 2*/_ +N ‘/2_—0,4NB:0
3 2
T

7L—NA7+NB:mg

~L = 0,74702¢
o 1N, = —0,44683mg

A

N, = 0,36057Tmg

2b. Luec do san ngang tac dung 1én dau dwdi cua thanh

Q= N> + 2, = N, 1+ 1> =0,38835mg
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* Cac thanh vién CLB Vat li xPhO tham gia thuc hién Igi giai tham khao dé thi VPhO 41
- [sigma]
- Pham Quang Anh, Trudng THPT chuyén KHTN, PHGQ Ha Noi
- Nguyén Hoai Anh, Gido vién Trudng THPT chuy&n Nguy&n Hué, Ha Noi
- Nguyén Manh Diing, Trudng THPT chuyén Béc Kan
- Nguyén Hai Duong, Gido vién Trudng THPT Chuyén L& Hong Phong - Nam Binh
- GMC
- Phung Minh Hiép, Sinh vién Trudng Dai hoc bach khoa Ha NOi
- Tran Van Hiéu, Trudng Bai hoc Su' pham TP. H6 Chi Minh
- HUNG THINH AN - BINH DINH
- Quang Huy
- V6 Truong Thién Ky, Trudng THPT Chuyén Ludng Van Chanh, Phd Yén
- Nguyén Thanh Long, sinh vién Trudng Dai hoc Bach khoa Ha Noi
- Lé Duy Nhat, Gido vién Trudng THPT Gia Dinh, Tp. H6 Chi Minh
- Phun Phun
- Physicium
- gvt
- Nguyén Qudéc Son
- Thanh Tén
- Tran Ky Vi, Giang vién Trudng Dai hoc Su' pham Ha Noi
- Zinc
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VPhO 41 — Ngay thi thi nhat (04/03/2022)

CAU 11
*Loi gidi dé xudt bdi [sigma] va qvt

1. Phwong trinh Poisson cho qua trinh doan nhiét

pV7 = const

— TV = const

1

— T7"'V = const
Ta c6 gia thiét

V,=mV,vaVv, =mV,
Ma talai c6

1 1 1 1 1 1

=177 _ -1 T B s =1y, _ qiy—1
LV =T Vevaly"V, =T Vyval" V, =TV,
LAy tich s6 cac vé trén ta dwoc
_ ~ 7 ~ 2 _ 2
V,VV,=V V.V, vaytacokétqua V, =m’V,

2.  Cdng cua qua trinh dang nhiét

v
A= [ pdV =nRTIn-L
Jpav < anrn

Cong cda qua trinh doan nhiét

A=-AU=nC, Tf—Tl

Cong cua ca chu trinh

|74
A=nR T +T, lnm—nRT31n7F—|—nC’Vl T-T, +T,-T, + T,-T, |

E

0
VF
A=nR T +1T, lnm—nRTgan—E:nR T +T,—-2T, Inm
3. Nhiét lwong cia qua trinh dang nhiét

Q=A RT1 Vf
=A=n n—+

Vi
Nhiét lwvong doan nhiét: Q=0
To6ng nhiét lwgng nhan:

Q. =A,+A,=nR T +T, Inm
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4.  Vay hiéu suit chu trinh dé c6

—1—
1 T+7T

1 2

* Cac thanh vién CLB Vat li xPhO tham gia thuc hién I6i giai tham khao dé thi VPhO 41
- [sigma]
- Pham Quang Anh, Trudng THPT chuyén KHTN, PHGQ Ha Noi
- Nguyén Hoai Anh, Gido vién Trudng THPT chuyén Nguy&n Hué, Ha Noi
- Nguyén Manh Diing, Trudng THPT chuyén Béc Kan
- Nguyén Hai Duong, Gido vién Trudng THPT Chuyén L& Hong Phong - Nam Binh
- GMC
- Phung Minh Hiép, Sinh vién Trudng Dai hoc bach khoa Ha NOi
- Trén Van Hiéu, Trudng Bai hoc Su’ pham TP. HO Chi Minh
- HUNG THINH AN - BINH DINH
- Quang Huy
- VO Truong Thién Ky, Trudng THPT Chuyén Luong Van Chanh, Phd Yén
- Nguyén Thanh Long, sinh vién Trudng Dai hoc Bach khoa Ha Noi
- Lé Duy Nhat, Gido vién Trudng THPT Gia Dinh, Tp. H6 Chi Minh
- Phun Phun
- Physicium
- gvt
- Nguyén Qudc Son
- Thanh Tén
- Tran Ky Vi, Giang vién Trudng Dai hoc Su' pham Ha Noi
- Zinc
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VPhO 41 — Ngay thi thi nhat (04/03/2022)

CAU III
*L o7 gigi dé xuat boi - Phung Minh Hiép, Sinh vién Truong Pai hoc bach khoa Ha Noi

4meg (r2+h2) °

_f27t R 1 oda.r.dr.h
—Jo

: 3
0 4me (r2+h?)z

= (1 gat)
T2go (R2+h2)
Khih <« R=>F ~ >

2&

2.a
Nang lwgng dién trwong gitra 2 ban la:

U = eg,E2mR?d

2 2..p2
1 (v goV2nR
=& (—) nR?*d = 22—
2°0\a 2d
Lwc tuwong tac gitra 2 ban la:
_0U _ gV?mR?
F= ad 2d>2

b.
b1/ Dfa kim loai ddt trén ban dudi thi dién tich s& phan bd trén mat ban va mat dia.

Tacé:VzE.d:i,d:>g:%

€o
2
Dién tich trén dia kim loai la: ¢ = —o.tr? = ——sovgr
b2/ Cudmg dé dién truang do 2 ban gy ra gitra 2 ban la:
%
E=3 (1)

Xét sy va cham gilta [an th& n va n+1, ta cé:

1 1
|Q|Ed =Emvf(n+1) —Emvsz(n) (2)

k — vs(n+1) (3)

Vt(n+1)
. _ _1 Vs(n+1) 2 1 2
Tir (12)3) => Iql. E.d = 2m (Z22)" — 2muZ,, (4)
Sau nhiéu [an va cham, v tién dén t&i han, vy = Vs(ne1) = Usgn (5)

_|2&V2mr2k?
Ysgh = md(1 - k?)

Thay (5) vao (4), suy ra:
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* Cac thanh vién CLB Vat li xPhO tham gia thuc hién Igi giai tham khao dé thi VPhO 41
- [sigma]
- Pham Quang Anh, Trudng THPT chuyén KHTN, PHGQ Ha Noi
- Nguyén Hoai Anh, Gido vién Trudng THPT chuy&n Nguy&n Hué, Ha Noi
- Nguyén Manh Diing, Trudng THPT chuyén Béc Kan
- Nguyén Hai Duong, Gido vién Trudng THPT Chuyén L& Hong Phong - Nam Binh
- GMC
- Phung Minh Hiép, Sinh vién Trudng Dai hoc bach khoa Ha NOi
- Tran Van Hiéu, Trudng Bai hoc Su' pham TP. H6 Chi Minh
- HUNG THINH AN - BINH DINH
- Quang Huy
- V6 Truong Thién Ky, Trudng THPT Chuyén Ludng Van Chanh, Phd Yén
- Nguyén Thanh Long, sinh vién Trudng Dai hoc Bach khoa Ha Noi
- Lé Duy Nhat, Gido vién Trudng THPT Gia Dinh, Tp. H6 Chi Minh
- Phun Phun
- Physicium
- gvt
- Nguyén Qudéc Son
- Thanh Tén
- Tran Ky Vi, Giang vién Trudng Dai hoc Su' pham Ha Noi
- Zinc
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VPhO 41 — Ngay thi thi nhat (04/03/2022)

CAU 1V
*L o7 gigi dé xuat boi Tran Ky Vi — Giang vién Pai hoc Su’ pham Ha Noi, va Pham Quang Anh — Hoc sinh
Truong THPT Chuyén Khoa hoc Tu’ Nhién, PHQG Ha Noi

1.
G G, G, G,

(@) Soddtao anh: M—M, —M, —M, —M,.

Hinh 1

Chon M, d6i xting véi M qua G, lén M, la anh cia M qua G,. Chon M, d6i xing v4éi M, qua
G, lén M, la anh ctia M, qua G,. Chon M, ddi xiing véi M, qua G, 1én M, la anh cua M,
qua G,. Chon M, d&ixtng véi M, qua G, 1én M, la anh cta M, qua G,. N&i M, véi N cat
G, tai E, n6i M, v6i E cat G, tai Q, n6i M, v6i Q cat G, tai J, ndi M, véi | cat G, tai I, ndi
M véi I.

Ttr d6 MIJQEN la duong di cua tia sang. (Hinh 1)

(b)

[b1]. T phan a)ta cé moilan M tao anh qua mot guong thi phan xa trén guong dé mét lan vay
tong c6 4 guong va Mcd thé c6 4 Tan phan xa qua G, nén m c¢6 thé lan luot la 1,2,3,4. Do 4
guong hop véi nhau thanh hinh chit nhat do c6 tinh chét do6i xiing khi m =3 thi n6 trung voi
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m=1, vakhi m=2 thind trung véi m =4. Truong hop khi m =0 d6ng nghia véi viéc diém M
sé khong phan xa trén G, .

Két luan: Vay m=0, m=1 va m=2 thi twong trng sé c6 0 lan phan xa, 1 Ian phan xa, 2 Tan phan
Xa qua G,.

[b2]. Voi m=2:

Ta c6 s6 lan phan xa qua guong G, la 2.

Vay ta ¢4 bai toan b trg: tir cac chit s8 a,b,c,d cd bao nhiéu s6 c6 2 chir s6 d6i mot khac nhau tir
4 56 da cho. Vay ¢6: 12 s6 c6 2 chir s6 d6i mot khac nhau tir 4 ch s6 da cho.

Tt bai toan b trg ta c6 duoc 12 cich vé duong truyén

Cu thé:
M—G |[M—-G |[M—G
{M—>G4’{M—>G3’[M—>G2/
M—G, M—-G, [M—G,
{M—>G4'{M—>G2'{M—>G2'
M—-G, M—-G, IM—G,
{M—>G1’{M—>G3/[M—>Gll

2. Trong bai nay, (theo tién trinh lich st) ta sé chon phép bién déi Galiléo (Co 1é vay — dé
khong noi ro)
Guong M,

ZZ; Gio aether

v (%
4—

7
c > —0°

¢ vt
:L Guong M,

Ngudn sang S D—
[ v 4

Detector M
a) boéi v6i quang truyén doc theo S— M, — M, — M, — M (duong 1) anh sang sé di qua sao cho
vector van toc tong hop cua anh sang (tong cua van tdc anh sang ddi véi aether va van tdc cuia

aether do6i vdi giao thoa ké) s€ vudng goc voi M, M, . thoi gian can thiét d€ anh sang dén guong
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M, bang ti s6 cua khoang cach M, va van toc anh sang. Theo phép bién d6i Galiléo, van toc

anh sang doc theo duwong 1 theo hai chiéu di va vé ltc d6 la Vc* —o*; va thoi gian di va vé la

0.1) ; 2L _ 2L/c

]

Ddi véi quang truyén S— M, — M, — M, — M (duong 2): thoi gian can thi€t d€ anh sang dén

gong M, bang ti s6 ctia khoang cach M, va van toc anh sang, theo phép bién ddi Galiléo van
t6c nay bang c¢—v. Thoi gian can thiét d€ anh sang quay tré lai ludn ludn 1a ti s§ ctia khoang
cach da di duoc L, va van téc anh sang lac nay la ¢ +v. Khoang thoi gian anh sang di va vé toi
guong M, séla:

L L 2L/c

0.2 t. = —+ —
0.2) > c—v c+v o)
e
- 2
Néu chung ta gia st rang — < 1, gitt dén gan dung bac nhat trong ¢, va t, cta [E] ta co:
¢ c
(0.3)1 PO PR PO P
' Yooc 27 ¢ c’
va hiéu cua ching
2
(0.4) st=t,—t ~ 0
c
Khi d6 hiéu quang trinh la:
Lv®

c
b) Néu bay gio quay hé giao thoa ké mot goc 90° thi quang truyén 1 va 2 sé doi thi tu va hiéu sd
thoi gian ¢, va t, cling vay; diéu d6 dan dén hiéu quang trinh ltc nay la:

2
(0.6) A =o' = E2
c
va nguoi ta s€ quan sat duoc sy dich chuyén N van trong pho giao thoa. Tt d6:
A/ 2
0.7) N-—£—a 2l
A Ac

¢) Theo tinh toan 1y thuyét & cau b, vach giao thoa sé phai thay ddi. Vi thé, bang viéc quay may
do, nguoi ta co thé quan sat duwgc mot sy thay doi déu dan cua van giao thoa. Tt do 16n sy
chuyén cua cac vach giao thoa, nguoi ta c6 thé tinh duoc gia tri cua v.

Theo thiec nghiém ctia Michelson va Morley nam 1887 Case Western Reserve University, thi ho
khong nhan duoc N khong bat ky truong hop quay hé di 1 géc 90° nao (right angle). Do d6
gia thi€t vé “gid aether” la bat kha di.

e Tuy nhién cac li thuyét sau nay da mé rong hon li thuyét vé “mot aether” bao quat hon, tham
thau vao v tru va moi vat thé. Nam 1951 Paul Dirac trong ly thuyét treong lueong ti (QFT)
chap nhan doi hoi phai ¢ aether xem!"!
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* Cac thanh vién CLB Vat li xPhO tham gia thuc hién Igi giai tham khao dé thi VPhO 41
- [sigma]
- Pham Quang Anh, Trudng THPT chuyén KHTN, DPHGQ Ha Noi
- Nguyén Hoai Anh, Gido vién Trudng THPT chuyén Nguyén Hué, Ha Noi
- Nguyén Manh Diing, Trudng THPT chuyén Béc Kan
- Nguyén Hai Duong, Gido vién Trudng THPT Chuyén L& Hong Phong - Nam Binh
- GMC
- Phung Minh Hiép, Sinh vién Trudng Dai hoc bach khoa Ha Noi
- Tran Van Hiéu, Trudng Bai hoc Su' pham TP. H6 Chi Minh
- HUNG THINH AN - BINH DINH
- Quang Huy
- V6 Truong Thién Ky, Trudng THPT Chuyén Ludng Van Chanh, Phd Yén
- Nguyén Thanh Long, sinh vién Trudng Dai hoc Bach khoa Ha Noi
- Lé Duy Nhat, Gido vién Truong THPT Gia Dinh, Tp. HO Chi Minh
- Phun Phun
- Physicium
- gvt
- Nguyén Qudc Son
- Thanh Tén
- T7rén Ky Vi, Giang vién Trudng Dai hoc Su’ pham Ha NOi
- Zinc
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VPhO 41 — Ngay thi thir nhat (04/03/2022)

CAUV
* | 0 gidi dé xudt bdi Nguyén Thanh Long - Sinh vién Truong Pai hoc Béch Khoa Ha Noi, va HUNG THINH
AN - BINH DINH

1.
a)

Trong hqc khdi tam, téng dong lwong cla hai hat bang 0, vay nén d6 I&n ddng lvgng hai hat bang nhau va ta goi
né la p’. Nhu vay, phuwong trinh bao toan nang lwgng cla hé cé thé viét nhu sau:

2 _ 2 4 122 !
My-oC —\[mu_oc +pecc+pec

Chuyén pc sang V€ trai rdi binh phuong 2 vé, ta rut duoc p theo céac dai lvong d3 cho

2 2
p, _ My — My-o
2Mmg—-q

Tl d6 ta tinh duwgc téc dd hat muydn trong hé quy chiéu khdi tdm

2 2
c _ Mz—o — My

14 (m#—lo(;)Z
b

c = 0.2712c.

- 2 2
ma—o + my,-o

Ta nhé rang, cong thirc chuyén van tdc gitta 2 hé quy chiéu chuyén ddng twong ddi vdi nhau theo van téc V 1a

2

’ ! 1 V

vtV Vy _(E)

Vy=———= Vay, =——————
1+vsz 1+v§2V

Tur d6, ap dung trong bai todn clia ching ta véi V = v,-, ta tim dugc téc d6 cta hat muyén trong hqc dat.

’ PN
j V' 4 20/ v-cost + v [1 - (=) ]
v ZWz : :
14 o5t
c
v'cosf"\? V)2
[1_( =) “1‘(7) |
v'vn—cose’]z
i e

~ 0.98c.

=c|1-
|1+

(Pap s6 day du dé kiém tra la 0.9755...)
b)

Thoi gian séng cha hat Muy6n trén trong hé quy chiéu dat la
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Va quang duwong hat di dugc trong thoi gian doé la

VT
Ah = ——— =~ 2900m < 10km.

v 2
1- (%)
DU dé bai khong dé cap tdi, xong ta biét rang thoi gian song trén chi 1a thoi gian séng trung binh chi khdng phai

thoi gian séng cla tat ca cac hat nén van s& cé mot s6 hat cham duoc xudng dat, xong xac suat nay khong phai la
cao va phan 1&n cac hat khong thé cham xuéng mat dat duoc.

2.
Dong luvgng phuwong Ox dugc sinh ra béi dién trwong E la
px = eEt.

Con dong lugng phuong Oy duoc bao toan

Va déng luvgng ca hat electron

Nang lwvgng cla hat electron nay

2 .4 mgoc*
E = |miyc* +p?c? = — a2t (eEt)?c2.
1-(2)

Nhu vay, téc do6 cha hat electron Ia

* Cac thanh vién CLB Vat li xPhO tham gia thuc hién Igi giai tham khao dé thi VPhO 41
- [sigma]
- Pham Quang Anh, Trudng THPT chuyén KHTN, PHGQ Ha Noi
- Nguyén Hoai Anh, Gido vién Trudng THPT chuyén Nguyén Hué, Ha Noi
- Nguyén Manh Diing, Trudng THPT chuyén Béc Kan
- Nguyén Hai Duong, Gido vién Trudng THPT Chuyén L& Hong Phong - Nam Binh
- GMC
- Phung Minh Hiép, Sinh vién Trudng Dai hoc bach khoa Ha NOi
- Tran Van Hiéu, Trudng Bai hoc Su pham TP. H6 Chi Minh
- HUNG THINH AN - BINH DINH
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- Quang Huy

- V6 Truong Thién Ky, Trudng THPT Chuyén Ludng Van Chanh, Pha Yén
- Nguyén Thanh Long, sinh vién Trudng Dai hoc Bach khoa Ha Noi
- Lé Duy Nhat, Gido vién Trudng THPT Gia Dinh, Tp. H6 Chi Minh
- Phun Phun

- Physicium

- gvt

- Nguyén Quéc Son

- Thanh Tén

- Tran Ky Vi, Giang vién Trudng Dai hoc Su' pham Ha Noi

- Zinc
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VPhO 41 — Ngay thi th& hai (05/03/2022)
CAUI

*Lot gidi dé xudt boi Pham Quang Anh - Truong THPT chuyén KHTN - BHGQ Ha Noi, Thanh Tan, Tran
Van Hiéu - Truong Dai hoc Su’pham TP. H6 Chi Minh, Nguyén Hoai Anh - Gido vién Truong THPT
chuyén Nguyén Hué - Ha Noi va Vo Truong Thién Ky - Truong THPT Chuyén Luong Van Chanh, Phu

Yen.
1. XuAt phat tlr cong thirc cho mémen quan tinh cta chat diém
I =1r*m

Do cac diém trén vanh tru déu cach déu truc quay nén mémen quan tinh cda ca vanh khoi
lwong mIar?Am = r?m

Xét vanh tru khéi lwong dm, thé tich vi phan dV, khoi lwgng riéng p

dm = pdV
Vanh tru cé chiéu cao L, ban kinh day r va c6 d6 day dr, do vay
dV = 2nrlLdr
Mo6men quén tinh ctia 6ng tru:
R R 4Rz 4 4
I = f 27"2(p27rrLdr) = 2nplL - f 2r3dr = 2mpL - L mpL(R; — k)
R, Ry 4 2

Ry
2. Chon hé toa do nhw hinh vé

PT dinh luat II Newton cho chuyén dong lan khong trwot ctia Ong:

fmsR2 = Ioy
—fms + Mgsina = Ma
N-—-mgcosa =0

Ong lan khong trwot nén ta c6 a = yR,

Bién d6i cac PT dé ra biéu thirc phu thudc vao a va f,,,; ta dwoc:

Io

—fms + Mgsina =M
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Mg sina
MR?2
Iy
Str dung diéu kién f,,,; < uN = uMg cos a, ta dwoc:

MR? RZ — R?
tana < pu ] +1|=u\2+—5——
0

<:>fms =

+1

A _ RZ-R?
Vay a,, 4, = arctan [,u (2 + R§+R%)]

3.

Lién hé gia tdc gitta G va K
g =ap +7 X KG + & x (8 X KG)
Chiéu PT trén lén cac truc toa do
Agx — Agx = YR, — w?d
{acy —agy = —w’R, —yd
Do ag, = 0,ax, = w*R, (thanh phan gia toc tiép tuyén va gia tdc tinh tién tai K triét tiéu
theo phwong 0x) , ta co:
ac, = YR, — w?d
{ Agy = —yd
PT Pinh luat Il Newton cho chuyén dong ctia 6ng:
{Zﬁ = md,
M =17
Chiéu cac phwong trinh 1én truc toa do ta co:
—fms = M(YR; — wzd)
N — Mg = —Myd
Nd + fsRy = Iy
Giai hé PT ta dworc:
_ Md(g+w®Ry)  d(g+w’Ry)
Yl T MRE+d?)  kE+RZ+d2)
d*(g + w’R;)
k2 4+ RZ + a2

N=M|g

rad

Thay sé ta dwocy = 3,155—2,N = 1139 N
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* Cac thanh vién CLB Vat li xPhO tham gia thuc hién Igi giai tham khao dé thi VPhO 41
- [sigma]
- Pham Quang Anh, Trudng THPT chuyén KHTN, PHGQ Ha Noi
- Nguyén Hoai Anh, Gido vién Trudng THPT chuyén Nguyén Hué, Ha Noi
- Nguyén Manh Diing, Trudng THPT chuyén Béc Kan
- Nguyén Hai Duong, Gido vién Trudng THPT Chuyén L& Hong Phong - Nam Binh
- GMC
- Phung Minh Hiép, Sinh vién Trudng Pai hoc bach khoa Ha Noi
- Tran Van Hiéu, Trudng Bai hoc Su' pham TP. H6 Chi Minh
- HUNG THINH AN - BINH DINH
- Quang Huy
- V6 Truong Thién Ky, Trudng THPT Chuyén Ludng Van Chanh, Phd Yén
- Nguyén Thanh Long, sinh vién Trudng Dai hoc Bach khoa Ha Noi
- Lé Duy Nhat, Gido vién Truong THPT Gia Pinh, Tp. HO Chi Minh
- Phun Phun
- Physicium
- gvt
- Nguyén Qudc Son
- Thanh Tén
- Tran Ky Vi, Giang vién Trudng Dai hoc Su' pham Ha Noi
- Zinc
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VPhO 41 — Ngay thi th& hai (05/03/2022)

CAUII

X1 Of gidi dé xudt boi Nguyén Thanh Long - Sinh vién Bai hoc Bach khoa Ha Ngi, [sigma], Nguyén Quéc
Son, Zinc va Vo Truong Thién Ky - Truong THPT Chuyén Luong Van Chanh, Phu Yén.

Bai todn binh quay li tdm khéng phdi mét bai todn mdi déi véi hoc sinh gidi THPT, né dé dwoc dwa ra nhiéu Ian va
gdn nhét la dé VPhO ndm hoc 2018-2019. Vi vdy, & phdan 1. cua 10i gidi ndy, ta sé trinh bay lai mét cdch hét sire
van tat dé moi ngudi ndm duoc y twdng va tiép tuc cdc phdn sau. DE doc chi tiét hon vé bai todn, cdc ban cé thé
doc lgi bdn ddp dén cua nhém cho y 3 cdu 2 nqdy thi tht nhdt VPhO 2019.

1.

U
Theo phan bd Boltzmann, néng dé khi, khdi lwong riéng cha tirng loai khi sé ty 1& vdi e kT, va &p suat khi (VSi U la
thé& ndng cla mdi hat), vi vay, khdi lwvgng riéng cia moi loai hat sé cé dang:
piw?r?
pi(r) = C;e 2RT .
Vé&iila A hodc B va C; 13 mot hé s8 hiéu chuan cla khi d6. D& tim hang s6 C;, ta st dung diéu kién chudn hoa dé
la téng khéi lwvong khi trudc va sau khi binh quay khéng hé thay d6i:

. RO H,ia)zrz
HiPio TR%h = f C;e 2RT 2hmrdr
RT 0
, i w?RE
_ HiPio Rg _ HiPio " 2RT
= Ci = 272 o 6
RT g, Hiw’r* RT  mw?Rg
fo e 2RT 2rdr e 2RT —1

Nhu vay, kh8i lvgng riéng cia moi loai khi phan b8 theo ban kinh theo ham

iy Hiw*RG fw?r?
_ Hilio 2RT L
pl(r) - RT #iszg e 2RT .
e 2RT —1
Va ap suat rieng phan mbi loai khi phan bé theo ban kinh 1a
2p2
Hiw* Ry
_ PRT _ 2RT __ faor”
pi(r) - 1 = Dio /“isz(zj e
t e 2RT —1
Tai thanh binh r = R, 4p suét riéng phan 2 loai khi lan luot |a
2R2 2R2
Pa(Ro) = Pao [ RE e 2RT vapg(Ry) = Pgo 1ip R e Z2RT
e 2RT —1 e 2RT —1

2.
Ty s6 khdi lvgng 2 khi luc chua quay binh cho phép ta tim dwoc mét hé thire

a _ UaPao
b ,quBO.

S dung hé thirc trén, ta cd ty s6 khdi lwgng sat thanh binh cda 2 loai khi nhw sau
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1pw*R3
R R ave 2RT —1 (ua—up)w?R3 a
_ Pa(Ro) _ #apa(Ro) _ (#A>( ye = 1 2 (”_A)( ) ~ 140.50.

& = = = 252 e 2RT
R R Uaw2R
pe(Ro)  uppe(Ry) Up %_1

b

Up
Ty phan cac khi A va B & sat thanh binh lan luot la:

£ 1
=—=299293%vab; =— =~ 0.707%.
T %o va by 1+¢ o

3.

n
Tir k€t qua phan trén, ta s& thiy ring & tang thir 1, ty s6 khi luong khi la e, = (Z—A) 2 D& 1am gidu khi B lén
B
2% thi ta can n thoa man bat phuong trinh

49b
>2%=>¢6<49=>n> —Iog(u_A) (T) ~ 110.7.
Hp

e+ 1

Vay, ta can 111 tang dé lam giau khi B I&n trén 2%.

* Cac thanh vién CLB Vat li xPhO tham gia thuc hién Igi giai tham khao dé thi VPhO 41
- [sigma]
- Pham Quang Anh, Trudng THPT chuyén KHTN, DPHGQ Ha Noi
- Nguyén Hoai Anh, Gido vién Trudng THPT chuyén Nguy&n Hué, Ha Noi
- Nguyén Manh Diing, Trudng THPT chuyén Bic Kan
- Nguyén Hai Duong, Gido vién Trudng THPT Chuyén L& Hong Phong - Nam Binh
- GMC
- Phung Minh Hiép, Sinh vién Trudng Dai hoc bach khoa Ha Noi
- Tran Van Hiéu, Trudng Bai hoc Su pham TP. H6 Chi Minh
- HUNG THINH AN - BINH DINH
- Quang Huy
- VO Truong Thién Ky, Trudng THPT Chuyén Luong Van Chanh, Phd Yén
- Nguyén Thanh Long, sinh vién Trudng Dai hoc Bach khoa Ha Noi
- Lé Duy Nhat, Gido vién Trudng THPT Gia Dinh, Tp. H6 Chi Minh
- Phun Phun
- Physicium
- gvt
- Nguyén Quéc Son
- Thanh Tén
- Tran Ky Vi, Giang vién Trudng Dai hoc Su' pham Ha Noi
- Zinc

2|Page


https://xpho.org/
https://facebook.com/xPhO.org

CLB VatlixPhO | www.xpho.org | fb.com/xPhO.org

VPhO 41 — Ngay thi th& hai (05/03/2022)

CAUIII

*1 07 gidi dé xuét boi Nguyén Thanh Long - Sinh vién Pai hoc Béch khoa Ha N&i, [sigma] va Vb Truong
Thién Ky - Truong THPT Chuyén Luong Van Chanh - Phu Yén.

1.
a)

Momen quan tinh ctia khung day quanh truc quay

Dinh luat 2 Newton cho quyén ddng quay quanh truc ¢d dinh cda khung day:

16 = ZIBLL' . 6B 0
@ = —zly Esm<p=><p+7<p~ .

T =21 |—
~“T 6I,B’

Va chuyén doéng cla khung dwoc mé ta theo thoi gian bdi phwong trinh chuyén déng

o= 6103t
@(t) = @ocos —

Tai thoi diém t = t, nhu dé bai mo ta, ¢(t,) = 0va @(ty) = —@q

Nhu vay, chu ky dao dong clia khung day la

b)

61oB
m

. Ta biét rang khi khong cé dong dién

chay qua khung day va dién tr& khung khéng dang ké, khung day s& quay tron déu vdi van téc goc khdng déi w (
w duong khi 8 gidm). Khi d6, dién ap hai dau MN la

Uyy = —%{Bchos[w(t —to)]} = wBL3sin[w(t — ty)].

Tai thoi diém ¢ = 0, viéc dong dién dét ngdt bi ngdt hoan toan khéng lam thay déi van téc géc clia khung nén

6IgB .
W = @ |— —Va
— oBL2 6l,B 6103(t ‘)
Uyn = Po m sin | @go m o/ |
2.
a)

Tl truwdng sinh ra béi day dan thang dai vo han tai diém cach day r cé thé dé dang tim dwoc theo dinh ly Ampere
vé lwu so cla tir thong
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I
B =200
2nr
O day, ta s& cé hai cach d@ tinh dién ap qua khung day: Cach tha nhat 13 s&t dung dinh luat Faraday vé cdm dng
dién tir rdi dao ham tlr thdng qua khung day theo thdi gian va céch th hai d6 13 tinh truc tiép suat dién déng
cdm (ng thong qua cong thirc uyy = ¢ (¥ x §)d7.

Theo cdch thir nhét: Viéc chiéu vector dé tinh tir thong qua khung day tuwong d6i phirc tap nén ta cé thé tim mot
mat phang cé tir thdng twong duwong nam trong mit phang tao béi day va truc quay. Cac duwdng sirc tir tao voi
day din dai vo han déu 1a cadc dudng tron cung ban kinh nén mat ta can tim 1a mét gidi han tir ban kinh r bang
v&i khoang cach tir day dan d6 cho dén canh 2 — 3. Tl d6, ta tim dwoc tir thong qua khung day

2

D b 1 I,L L
<D=j BLdr=J MLdT‘=—HOO Inl1+<—) —2—cos<pl.
DZ+L2—2DLcosg /DZ+12=2DLcosp 21T 4m D D

Khung Day

DAy din dai v han
Nhu vay, dién ap uyy duoc tinh la

do  powlyl? sing

Uyn = ——- = :
dt 2nD 2
& 1+(%) —Z%COSQD

Theo cdch thi hai: Ta dé dang nhan thay suat dién déng cdm (ng ca vong mach nay bang ding vdi suat dién
dong cam &ng trén canh 2-3, nhu vay

powlyL? sing

2mD 1+ (%)2 — 2%cos<p.

Hién nhién, theo c3 hai cach tinh, ta déu nhan dugc mét dép sb giéng nhau.

b)

duMN

Dién ap uyy dat cyc tri tai = 0, hay

2DL
0 = Dy I

C6 2 gia tri cGa ¢ thod man biéu thirc trén, ching cé dé 1&n bang nhau nhwng ngwoc diu, mot cuc dai va mot
cyec tiéu, cuc dai sé dat dugce & treong hop @ > 0. Tir d6 ta thu dugc dién ap cyc dai
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powlyL?

21D [1 - (%)2]

Uyn =

* Cac thanh vién CLB Vat li xPhO tham gia thuc hién Igi giai tham khao dé thi VPhO 41
- [sigma]
- Pham Quang Anh, Trudng THPT chuyén KHTN, PHGQ Ha Noi
- Nguyén Hoai Anh, Gido vién Trudng THPT chuyén Nguyén Hué, Ha Noi
- Nguyén Manh Diing, Trudng THPT chuyén Béc Kan
- Nguyén Hai Duong, Gido vién Trudng THPT Chuyén L& Hong Phong - Nam Binh
- GMC
- Phung Minh Hiép, Sinh vién Trudng Pai hoc bach khoa Ha Noi
- Tran Van Hiéu, Trudng Bai hoc Su' pham TP. H6 Chi Minh
- HUNG THINH AN - BINH DINH
- Quang Huy
- V6 Truong Thién Ky, Trudng THPT Chuyén Ludng Van Chanh, Phd Yén
- Nguyén Thanh Long, sinh vién Trudng Dai hoc Bach khoa Ha Noi
- Lé Duy Nhat, Gido vién Truong THPT Gia Dinh, Tp. HO Chi Minh
- Phun Phun
- Physicium
- gvt
- Nguyén Qudc Son
- Thanh Tén
- Tran Ky Vi, Giang vién Trudng Dai hoc Su' pham Ha Noi
- Zinc
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CLB Vat li xPhO

VPhO 41 — Ngay thi th& hai (05/03/2022)

CAUIV

*Loi gidi dé xuat bai Trén Ky Vi — Truong Pai hoc Su’pham Ha Noi, Pham Quang Anh — Truong THPT Chuyén Khoa
hoc Tu Nhién — BHQGHN va V6 Truong Thién Ky - THPT Chuyén Luong Vian Chanh - Phu Yén

1. a) Co thé bo tri quang hé nhuw hinh (1) hay hinh (2) hodc hinh 3:

Hinh 1. M6t cdch bo tri quang hé

CH
Quang hé
L, L
2
i \
F =F, 7 c O
- _._._f;_._._ S Py = SOP A 1
Y
Y

So
Ll
—ly — Lz
‘ "=F
\b,-'
F', G,
%00
Py
%
%
&
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H¢ quang hoc

Hinh 3. Va mot cach khac nira....

Tham khao ol
b) Dua vao y 1a va cac tam gidc dong dang dé dang suy duoc:

2
S _ [L] .
S i
2. Dong luwong ctia cic photon dén dién tich S ctia mit phang guong trong 1s la:
k k

EcnS cosa |- = (uScosa) =
c k k.

vOi u=nhf = nThc la mat do nang luong, I_c'z.n = 2771%1 la vector song ctia song di tdi (incident ray, ¢,
hudng theo chiéu anh sang t6i)
Tuong te dong luong cua chum photon phan xa véi hé s6 phan xa R lal?!

—

k

re

RucosaS—==

re
véi k= Ly la vector song cua séng phan xa (reflection ray) (¢, hudng theo chiéu anh san
re A € g g&p g y re 8 8

phan xa). V& mat 46 16n thi [k, =k, |- 2771

2|Page


https://xpho.org/
https://facebook.com/xPhO.org

CLB VatlixPhO | www.xpho.org | fb.com/xPhO.org

Mirror ||

!

=

re

apl!

par

Hinh 3. Gian d6 dnh sdng t6i guong.
Luc tac dung 1én mit phang guong tinh nho dinh li bién thién dong leong::

Rg_@]
k

re in

— —

- k k.
F=— RuScosai—uScosai] =-—uScosa

re in

Phan tich lyc nay thanh hai thanh phan vudng goc F,, va song song voi mat guwong F _, ta co:

per

—

F=F +P

St dung phép chiéu vector cho ta co:

per

F_=uS(1+R)cos’a= nThCS(l + R)cos® a

R — ’"]-Ex:—Rcosa—cosa

F =uScosa.sina(l—R)= u?s(l—R).sinZa = Z—TS(l—r)sinZa

par

Luc tac dung trén mot don vi dién tich do d6 la:

FZ + F2
f= Ws - = th J(1=R)?sin? 2 +4(1+ R)? cos* a ="hCCT°SQ\/1+R2 +2Rcos20
Reference:

1. Hecht, Eugene. "Optics 4th edition." Optics 4th edition by Eugene Hecht Reading (2001).

2. Lebedew, Peter. "Untersuchungen iiber die Druckkrafte des Lichtes." Annalen der
Physik 311.11 (1901): 433-458.
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4. 3aukun, Amutpuir Aaekceesnd, Dayapa Beunamunosnu [1pyt, and Baaaumup

Azaexcanaposud OsunHkuH. "COOpHMK 3a4a4 110 o01eMy Kypcey ¢uankn.” (2016).

* Cac thanh vién CLB Vat li xPhO tham gia thuc hién Igi giai tham khao dé thi VPhO 41
- [sigma]
- Pham Quang Anh, Trudng THPT chuyén KHTN, DPHGQ Ha Noi
- Nguyén Hoai Anh, Gido vién Trudng THPT chuyén Nguyén Hué, Ha Noi
- Nguyén Manh Diing, Trudng THPT chuyén Béc Kan
- Nguyén Hai Duong, Gido vién Trudng THPT Chuyén L& Hong Phong - Nam Binh
- GMC
- Phung Minh Hiép, Sinh vién Trudng Pai hoc bach khoa Ha Noi
- Tran Van Hiéu, Trudng Bai hoc Su' pham TP. H6 Chi Minh
- HUNG THINH AN - BINH DINH
- Quang Huy
- V6 Truong Thién Ky, Trudng THPT Chuyén Ludng Van Chanh, Phd Yén
- Nguyén Thanh Long, sinh vién Trudng Dai hoc Bach khoa Ha Noi
- Lé Duy Nhat, Gido vién Truong THPT Gia Dinh, Tp. HO Chi Minh
- Phun Phun
- Physicium
- gvt
- Nguyén Qudc Son
- Thanh Tén
- T7rén Ky Vi, Giang vién Trudng Dai hoc Su’ pham Ha NOi
- Zinc
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VPhO 41 — Ngay thi th& hai (05/03/2022)

CAUV
*L07 gidi d8 xudt boi Nguyén Hodi Anh — Gido vién Trudng THPT chuyén Nguyén Hué - Ha Néi, Trén Ky Vi — Gidng vién
Truong Pai hoc Su’ pham Ha Noi va Physicium — CLB V&t If xPhO

a5y a5y
1/ Tir cdng thirc R = AT ~3/2e2ksT — RT3/2 = Ae?ksT

Lay logarit hai vé ta duoc

] RT% =Ind ABg 1
“( )—” Yok, T

3 . A
bty =1In (RTZ) ;vax = % ta thu dugc phuong trinh tuyéntinhy = ax + bvéia = %.
B

T d6 thiy = y(x) ta xac dinh duoc hé s6 goc a, va d6 rong clia vung cAm dugc tinh bang biéu thirc
AE, = 2kga
Hé s6 goc a dugc xac dinh bang khép ham tuyén tinh bang phuong phap binh phuong cuc tiéu.

Ta c6 bang s6 liéu

i teo)| Q) | TK) | 2 = % 10°) | y—mpr: | ay 0% | & 0"
1 70| 1630| 343 2.92 16.15 47.09 8.50
2 65| 1990| 338 2.96 16.33 48.31 8.75
3 60| 2440| 333 3.00 16.51 49.59 9.02
4 55| 3040| 328 3.05 16.71 50.94 9.30
5 50| 3730| 323 3.10 16.89 52.29 9.59
6 45| 4440| 318 3.14 17.04 53.59 9.89
7 40| 5630| 313 3.19 17.26 55.13 10.21
>z =2136| » y =116.89| Y zy, =356.95| » 1’ =65.25

véi T(K) = t(°C') 4+ 273. St dung phuong phép binh phuong cuc tiéu trong khép ham tuyén tinh, hé s6 géc a cua
duong thdng y = ax + b duoc xac dinh bing biéu thirc:

N

NEN: LY, — in
o im

a = i=1 7

N N
NZ :ULQ - [Z Z;
=1 =1

-

Il
w)—‘

Y 7%356.95 %107 —21.36 x 10~ x 116.89

7x65.25x107° —(21.36 x 10*)?

~ 3.92 x 10*(K")

D6 rong clia vung cdm cla chat ban dan la: AEg =2k,a ~1.08 x 10 °J ~ 0.68eV
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Céach 2: (Sir dung d6 thi néu cd gidy vé do thi)

V& cac diém (x;,y;) trén gidy v& do thi. D& x4c dinh hé s6 géc a clia duwdng thang y = ax + b ta v& dudng thang (d) di
qua nhiéu diém dit liéu nhat. Lay hai diém A va B bat ky trén duwong thang (d). Hé s6 géc a dugc xac dinh:

xg — x4 (3.10 —3.00) x 10~3

a= =4.00 x 103(K™1)

D0 rong clia vung cdm clia chat ban dan a: AEg = 2k,a ~1.1X 107 ~ 0.69eV

17.50

17.00

16.50

1600 LI LI LTI T[] |
2.90 3.00 3.10 3.20

2(107%)

Nhan xét: Cach xac dinh hé s6 géc a bang phuong phap d6 thi cé wu diém 13 thye hién nhanh, nhwoc diém 1a cé d6 chinh xac
khong cao bang khép ham tuyén tinh bang phuong phap binh phuong cuc tidu vi phu thudc vao cdm tinh cla ngudi vé do
thi.

2/ Mac mach nhu hinh vé

°

c
°
v

S6 chi cic von ké 13 hiéu dién thé hiéu dung trén dong co, dién tré va 2 dau mach
Uy1 = Up; Uy, = Ug; Uyz =U
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. A s A L u
Cudng d6 dong dién hiéu dung: I = ?R =12
Pdng co P co gian d6 vecto gibng nhu cudn cam cé dién tréd = gian d6 vecto cia mach nhu hinh vé.

Ap dung dinh ly cosine

Up + Uj — U? Ups — Ujy — Uj,
— N =
cos(t — @) 20y U, Cos ¢ 20y Uns
Codng suat dong co
UZ _ UZ _ UZ
Pp = Uplcosp = 3 £ vz

R
* Cac thanh vién CLB Vat li xPhO tham gia thuc hién Igi giai tham khao dé thi VPhO 41
- [sigma]
- Pham Quang Anh, Trudng THPT chuyén KHTN, PHGQ Ha Noi
- Nguyén Hoai Anh, Gido vién Trudng THPT chuyén Nguy&n Hué, Ha Noi
- Nguyén Manh Diing, Trudng THPT chuyén Béc Kan
- Nguyén Hai Duong, Gido vién Trudng THPT Chuyén L& Hong Phong - Nam Binh
- GMC
- Phung Minh Hiép, Sinh vién Trudng Dai hoc bach khoa Ha NOi
- Tran Van Hiéu, Trudng Bai hoc Su' pham TP. H6 Chi Minh
- HUNG THINH AN - BINH DINH
- Quang Huy
- V6 Truong Thién Ky, Trudng THPT Chuyén Ludng Van Chanh, Phd Yén
- Nguyén Thanh Long, sinh vién Trudng Dai hoc Bach khoa Ha Noi
- Lé Duy Nhat, Gido vién Trudng THPT Gia Dinh, Tp. H6 Chi Minh
- Phun Phun
- Physicium
- gvt
- Nguyén Quéc Son
- Thanh Tén
- Tran Ky Vi, Giang vién Trudng Dai hoc Su' pham Ha Noi
- Zinc
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Loi giai tham khao dé thi VPhO 42

CLB Vit li xPhO

Ngay thi thi nhat

Cau l

1. Hinh v& mo ta quy dao ctia vé tinh

Goi m 1a khdi lugng ciia tau. Ban kinh quy dao tron 13
Rc = Rsin .

Bén truc chinh ctia quy dao elip la

= % = %(1+sm90).

Tu phuong trinh dinh luat Kepler 3 ta thu duge

a® R3(1 4 sinfp)?
T=2 =2 .
7T\/GM@ T 8G Mo

Suy ra, thoi gian tau di tit V dén C 1a

T R3(1 +sinfo)?
2 8G Mo

(4)
()

2. Stt dung dinh luat béo toan ning lugng ddi véi quy dao elip,

ta c6 van téc cla tau tai cyc diém C la

2GMy _ GMo

ve =
Re a

Van téc ciia tau trén quy dao tron 13
/
Vo = \/

Bién thién van tbc ciia tau la

GM
Av = ve — v} © \/ -1
v=vc—v%= R sin Og 1+ sin g

~ 5.01 km s~

(6)

3. Bai toan nay khong néi 6 van téc clia tau thay déi nhu nao
vé huéng nén qui dao cla tau c6 thé 1a bat ki dudng parabol
nao cé tieu diém tai A. Nén ta chi xét cac truong hop kha thi
nhat phit hgp thdi gian lam bai thi nhu mé ta trén cac hinh vé
bén dudi.

Hinh vé' trudng hgp 1 (kha thi nhét, truc dbi xing cta
parabol trung véi truc chinh cta elip):

Dau tién ta sé di tim gia tri @, thong s6 hinh hoc chinh ctia
quy dao parabol. Ta c6 thé si dung hai cach tiép can sau:
Phuong phdp 1: Gidi bing hinh hoc Descartes

Chon tryc toa d6 Ozy nhu hinh vé. Toa do diém M la

(10)
ym = Ro cosfy = Rsin b cos by

T = @ Resinfg = @ Rsin? 6,
2 2
L&p vao phuong trinh parabol y3; = 2axs ta thu dude phuong
trinh bac hai déi véi a

a® — 2aRsin® 0y — R sin® 0y cos® 0y = 0. (11)

Tt d6 ta tim dugc a = Rsinfo(1 + sin ).

Phuong phdp 2: S dung dinh luat Kepler 1
Tt dinh luat Kepler 1, ta cé phuong trinh dudng parabol trong
hé toa do cuc

a

—_— 12
1+ cose (12)

() =

Hinh vé khong vé ding ti 1&
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Taivitrir:RC,tacésp:g_eo

_*
1+ sin 6y
— a = Rsinfy(1 + sinby).

Rc = Rsinfy = (13)

(14)

Tiép theo, ta sé c6 hai cach tiép can dé tim thoi gian tau di tit
M dén N.

Phuong phdp 1: Gidi phuwong trinh vi phan cia chuyén dong
d
Momen dong lugng cua quy dao la: L = my/GMga = P

dt
Ta c6 phuong trinh bdo toan nang lugng trong hé toa do cuc
0= %m(?’"Q +r2p?) — GMT@’” (15)

1 .5 L2 GMgm
0 Zmr + S . (16)

dr\? GMpa 2GMg

= - 17
<dt) + r? r (17

Tir d6 ta c¢6 phuong trinh vi phan mo ta khoang cach cta thién
thé theo thai gian

dr 2 a
@ GM@(;‘TQ)'

(18)

Vé trai c¢6 dau tru 1a do % < 0 khi tau di ti diém M dén cuc

diém O ctia parabol.

d
S - —/GMgudt. (19)
2_4a
roor?
< RC 1 . ~ ~ z ~ N, 3:2
bat Kk = — = ————— Tich phan lén lay can tu diem M
a 1+ sin 6y
dén diém O, ta thu duge phuong trinh
a/2 T/2
d
/ N T / dt (20)
A b
‘ roor?
3/2
f%(k+1)\/2k71:7\/GM@§ (21)
T d6 suy ra duge thsi gian tau di tit M dén N 1a
2 R3sin® 0o(1 — sin 6y)
T=—-(2+4sin6
5(2+sin 0)\/ GM,
~ 28.29 ngay. (22)

Phuong phdap 2: S& dung dinh lugt Kepler 2

Tit dinh luat Kepler 2, ta c6 dién tich géc quét ciia tau dbi véi

tieu diém sé ti le thuan véi thoi gian theo mdi quan he

ds L GMgya

L2 2 _VTTOR 2

dt 2m 2 (23)
28

T= .
/GMgRsinOy(1 + sinfy)

(24)

Dién tich quét dugc tinh bang viing mau xanh 14 cay (hinh vé)
S=51+52— 53

= R%sin® 0y cos 0o(1 — sinfp) + R?sin® 0 cos 6o

Ym 1

-2 | —y’d
/Zay Yy
0

22+ sinfy
3

Tit d6 suy ra dugc thoi gian tau di tit M dén N 1a

.2
=R sin” fg cos .

R3sin® 0o(1 — sinfp)
GMp

2
T= §(2 + sin@o)\/
~ 28.29 ngay. (26)
Van tbc cla tau tai diém N 1a

_ [26M;,
N = Rsin 0y

~55.6 km s~ '.

Mot trusng hgp quy dao déi xing khac:

Rc

A

)
O Y

Lam tuong tu tinh dugce biéu thic cia a

a

Rc = Rsinf = (28)

1 —sin 90

Lam tuong ti nhu trén ta thu dugc thoi gian tau di tit M dén
N la

2 . R3 sin® 0o(1 + sinfo)
T—3(251n90)\/ Gy
~ 30.12 ngay. (29)

Hinh vé? trudng hgp 2 (thu ting téc theo phuong tiép tuyén
véi quy dao tron dé dat duge qui dao la mot nita parabol):

2Hinh vé khong vé ding ti le
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Ta sé di tim khoang cach ry = AN = kRc. ¢ truong hgp nay
a = 2Rc.

Phuong phdp 1: Gidi bing hinh hoc Descartes

Trude hét hét ta di tim toa do (zn,yn) trong hé toa do Oxy
Ta c¢6 phuong trinh ctia duong parabol

y> = 4Rcw (30)
Phuong trinh ctia dudng thing VN 1a
z—0
[ 2 1
= (—V ) tan(20p) (31)
— y = —Rc cot O + z cot(260) (32)

Duong parabol v dudng thing VN giao nhau tai N nén ta cé:
(xn cot(200) — Re cot 0y)® = 4Rcan (33)

Giai phuong trinh bac 2 ta thu dugce hai nghiém tng véi cac vi
tri N1 vA N2 nhu mo ta trén hinh vé:

~ 0.4091R¢c
~ 37.63Rc

TN

w (34)

ry =~ 1.4091Rc k=~ 1.409

rn ~38.63Rc | k A~ 38.63 (35)
Phuong phdp 2: St dung dinh lugt Kepler 1
Goi goc LVAN = a.
St dung dinh luat Kepler 1 ta cé
2Rc
="~ . 36
NEIY sin(6p — ) (36)
Stt dung dinh 1y sin trong tam gidc AV N A ta thu dugc
sin 6o sin(0o + «)
= . 37
TN R (37)
Tt hai phuong trinh trén, ta thu duge
W = cosa + cot Oy sin o (38)
2sin 6y
Tit d6 thu duge phuong trinh bac hai déi véi sin o
(1 + 4sinfo cos o + 4 cos? o) sin? o — 2 cos O sin o
+ (3cos® B + 4sin g cosfg) = 0 (39)

Giai ra thu dudec o ~ 10.2° vi o ~ 143.5°. Tu d6 ta tim dudc
elip va k = 38.7 ing v6i N & ngoai elip.
Tu phuong trinh (19) ta lam tuong tu

kRc T
/ T \/2GM@/dt (40)
1 Re
Re \|=—— 0
r T
%Rg/z(k +2vVEk —1=2GMoT. (41)
Tir d6 thai gian tau bay tit M dén N 1a
2 [R3sin® 6,
T=-\———(k+2)VE—1. 42
3\ 26, (k+2) (42)

Déi v6i N & trong elip thi T ~ 26 ngay.

Déi v6i N & ngoai elip thi T' ~ 8.13 nam.

Trudng hop téng quat: Déi véi trudng hop vector van tbc
¥as bat ki thi bai todn sé tré nén khé hon nhidu va sé giai duge
khi thay s6 liéu cu thé.

ka kn
T R3sin® 0, / dx +/ dz
GMg 2 ka 2 ka
ka ity ka -~ 2
r x r x

1 [R3sin®#
=3 w[(/ﬁA-l—kN)v?kN—kA

GM;
+ (ka + knr)V2kar — ka — 48% 2], (43)
vol ky = %, kn = % va kg = Ric' Gia tri 7y va a c6 thé

dugc tim bing phuong phap hinh hoc va dinh luat Kepler 1.
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Loi gidi dé xudt bdi cdc thanh vién:
o Trinh Duy Hiéu, Dai hoc Qubc gia Singapore
o V6 Truong Thién Ky, Trusng Dai hoc Bach Khoa Tp. Hd
Chi Minh
e Pham Trung Kién, Dai hoc Bach Khoa Ha Noi

Cau Il

Day 1a bai toan vé chu trinh Brayton (hay con dudc goi la chu
trinh Joule) v6i 2 qua trinh ding ap va 2 qué trinh doan nhiét
(déng Entropy).

1. *V& lai chu trinh trén dé thi p — T (4p suét - nhiét do) va
tréen do thi (V-T) (thé tich - nhiet do).

+Dé thip — T
p

p2

P

o) T
+D6thi V — T

\%4

O T

*Thiét lap biéu thic tinh hiéu ning cta may lanh theo p1, p2
va .
Ta nhé ring hiéu ning ctia mét may lanh duge dinh nghia
thong qua biéu thic

e

A
Hay viét theo cach khac

-1

e= (@ - 1) ,
Q1

trong do6, A 1a cong ma tac nhan nhan vao trong mot chu trinh,

Q@1 1& nhigt lugng tdc nhan nhan vao (trong qué trinh 4-1) va

Q2 1a nhiét lugng tédc nhan nhé ra (trong qua trinh 2-3).

Do cac qua trinh déong ap v6i khi 1y tudng 1a cac qua trinh cé

nhiét dung khong doéi chi phu thudc vao loai khi vA s6 mol nén

@:T27T3
Q. Ti-Ty

(1)

(2)

Vi qua trinh 1-2 va qua trinh 3-4 1a cac qué trinh doan nhiét
thuan nghich nén
.

T T =1 a—1

2 3 P2 v P2 v

I G et = (== . 3
n Ty <p1> (Pl) ®)

Thay lan lugt cac biéu thic (3) vao (2) rdi thay vao (1), ta tim
dugc hiéu nang cia chu trinh:

T — T3
T =Ty

-1

7-1
p2\ 7
€= — -1 . 4
Km) ] @
2. Thay céc sb lieu Ty = 302K, T3 = 326 K, p2 _ 1.64 ~ 1.58
i Lo4
va v = 1.4 vao phuong trinh (3) va (4), ta dudc:
a1
D2 v o
Ty =T (;) ~ 344K =t =71 C. (5)
1
_a=1
D2 v o
Ty =Ts <p—) ~ 286K = t4 = 13°C. (6)
1

va hiéu nang ctia may lanh 1a

y—1

o [(Z) s 1] ~ 7.20. (7)

3. a, Xét qua trinh vo cting nho trong thdi gian dt, khong
khi trong phong nhan lugng nhiét 0Qr = h (tm —tp) dt
tt moi trudng ngoai va nha ra nhiét lugng 0QQ = ¢Pdt,
lam nhiét do clia phong thay ddi tit ¢, dén ¢, + dt,: Nhiét
lugng khi trong phong nhan tit may lanh:

—0Q + QT = pkakathp.
Hay
—ePdt + h (tM — tp) dt = prrCviiVdty. (8)

Phan ly bién s6 va lay tich phan, ta tim dugc thdi gian
dé nhiet do giam to = 29°C dén ts = 20°C la

t

PekCviiV —eP + h(tm — to)
= 1 ~T718s. (9
h [—Sp-i-h(tM—ts) S ( )
Tic 1a ¢8 khodng 12 pht!
b, Hoan toan tuong tu cach giai phan a, thdi gian may nghi
chinh la tuong tng véi truong hgp P = 0 va nhiét do gidm
tit ts + At dén ts, va bing

tm —ts

t
tar — (ts + At)

_ pekCvikV 1
nghi — h

|- a0

Con thoi gian may hoat dong dé tang nhiet do tit ts tré
lai ts + At

_ PerCvikV {—EP +hta — (ts + At)]]

t =
hoat dong h —eP +h(tm —ts)
(11)
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Tu (10) va (11), ta tinh dugc ty s6 thdi gian may hoat
dong va thdi gian may nghi trong mot chu ky tit mé:

" |:—EP +htar — (ts + At)]]
thoat dong — —eP + h (tM — tS) ~ 18.7.
t In {%]
tar — (ts + At)

nghi
(12)

Ghi chi: O phan 8 cta bai todn, ta da mac dinh hiéu ring
"phong kin" tic la tong thé tich khi trong phong khong déi.
Gid thiét nay cé thé ding déi véi mot muc dich nao dé cia
bai todn, song né sé khong com phi hop néu hiéu ring day la
mdy lanh dé lam mdt phong d. Phong & cta ching ta khong thé
duge coi la phong kin, ching luon cé nhimg ké hé dé khong khi
cin bing dp sudt vdi bén ngodas. Néu tinh thém dnh hudng nay,
137 gidi bai todn van hau nhu khong déi ma chi can thay nhiét
dung riéng cia khong khi bang mot gid tri khdac, mot gid tri cé
1é nhé hon nhiet dung rieng ddng dp do qud trinh gian ddng
dp cing dong thoi lam gidm s6 mol khi trong phong. Dbi chiéu
vdi 6 lieu thue té, nhiét dung riéng ddng tich cia khong khi &
nhiét do phong chi vao c¢é cvir =~ 0.72kJ/kg - K, tidc la ¢6 su
chénh lech khd lon vdi sé lieu dé bai cho. C6 thé diéu nay da
ndm trong ngu 9 cia tdc gid bas todn nhu mot sy hiéu chinh
dng véi cdc hién tuong phitc tap ké trén. Nhin chung, di hiéu
theo cich nao, phan 3a van sé cho ching ta mot danh gid vé
cd do lom thoi gian lam lanh cia phong va phan 3b van sé cé
tj s6 thoi gian mdy lanh hoat dong va thoi gian nghi khong doi
do tyj s6 nay khong phu thudc vao nhiét dung ctia khong khi.

Loi gidi dé xudt bdi cdc thanh vién:
e Vo Truong Thién K9y, Trudng Dai hoc Bach Khoa Tp. Ho
Chi Minh
e Thay Pham Dinh Hoan, Trusng THPT Chuyén Lao Cai

Cau 1l

1. (a) Goi 6 1a géc hop béi phap tuyén day va By, do d6 0(t) =
wt
T thong qua vong day:

® = By - S = Bora®cos 6 (1)

Dinh luat Lenz cho suét dién dong cam tng:

[
d = Bowa2w0 sin 0

Eina = T (2)

(b) Céng sut trung binh can cung cip cho vong day trong
mot chu ky bing cong suit tiéu tan trén day:

P(t) = Ela _ Bgr?a"wi sin® (wt) (3)
R R

T day ta tinh duge cong suat trung binh theo chu ky:

2 2 4 2
1 Bym“a"wq

Pr=5—% (4)

(¢) Tu trusng do vong day gay ra tai tam c6 do lén:

B(t) = pol _ poec _ poBoma’wo sin 0
2a 2aR 2aR

(5)

T trudng nay quay véi van téc goc wo , xét trong mit phing
Ozy (hinh vé).

T

Hinh chiéu lén cac truc clia tit trudng cé gia tri trung binh:

2
o Boma“wo

(By) = —(B(t)sin0) = iR (sin” @)
= _7“0%;; i (6)

_ _ poBora’wo , . _
(By) = (B(t) cos§) = %(sm@cos@) =0. (7)

Vi téc do géc clia nam cham thit nhé hon clia vong day va xem
nhu nam cham thit cé kich thuéc nhé nén khi nam cham can
bang:

—(Bz)  muoawo T o AWo
tanf = = = . 8
o By 4R dtan0 ®
2. Dong nang vong day:
K= %Iaﬂ = imagéz 9)

Cong suat tiéu tan trén day:

_ Bgr*a’w?(t)sin® 0

P(t) .

(10)

Dinh ly dong nang dang dao ham cho:

dK

e —P(t). (11)
1 gdw B2r%a*sin? 0 db
2 T R at (12)

Goi ¢ 1a géc quay trude khi diung lai, tich phan hai vé ta thu
dugc:

mR 0 i 2
——— | dw=-— in” 0d6. 13
BEa |, w /0 sin (13)
mRwo sin(2¢)
= 2P 14
B?m2a? 2 (14)
— ¢ & 76,67 rad. (15)

Vay khung quay dugc ¢/27 =~ 12,2 vong.
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O day, néu ding (P(t)) thi dap sb ra 12,16 vong!

Ghi chii: Bai nay ciing c6 thé tiép can bing phuong phap dong
Iuc hoc:
Dong dién chay trong cudn day la:

_ Eina _ dP

_ 2 a0
T a = Bora sm@dt. (16)

Mo men lyc tdc dung 1én vong day

7=mxB (17)
) . d
7 = —ima’Bysinf = Id—(;] (18)
L (Bora)” 2 g e (19)
R dt = dt

Thay I vao tuong tu ta thu duge phuong trinh (13)

Loi gidi dé xudt bSi cdc thanh vién:
e V6 Truong Thién Ky, Trusng Dai hoc Bach Khoa Tp. Ho
Chi Minh
o Trinh Duy Hiéu, Dai hoc Qudc Gia Singapore
e Thay Pham Dinh Hoan, Trusng THPT Chuyén Lao Cai

Cau IV

Giao thoa ké dua ra trong bai toan 1a giao thoa ké trong thi
nghiém ctia GS. Meslin 6 Dai hoc Montpellier (lam 1893).

1. V6i dit lieu trong bai, s6 do hién tugng clia bai toan duge
mod t& trong hinh 4.1.

Y

mién giao thoa

Hinh 4.1. Sy tao thanh cic chum tia

Dé thiy néu man hing dit vuong géc véi quang truc va
di qua [ thi trudng giao thoa trén man dat dién tich 16n
nhat.

So db tao anh S 4 §1:5 3 8,

015 = —d; = —60 cm; 0285 = — (dl —+ 0102) = —67.5 cm

Cong thiic Descartes cho:

1 1 1 —— (1 1\
St s (s —~ 180
0.5 o5 f M <f 015) o
1 1 1 —— (1 1\
_ 4 == 50558 ==+ =135
0.5 0.8, f °7? (f OQS) o

Hay 518 = S0O1 + 0151 = 240 cm; 525 = S0 + 0252 =
202.5 cm.

Dat gbc toa do tai S, truc y huéng lén, truc z trimg véi
quang truc. Goi R 1a ban kinh ria mdi nita thau kinh.
Gid ta di tim toa do diém I(z,y), n6 la giao ciia hai tia
gidi han y1 v& ya t6i tit hai thau kinh L; v& Lo :

R R
"o T os
R R
P05 om0
SS1 , SSs
Khiy =y —z=05= D029 <9156 (cm),
025; 018,

2. Mién giao thoa 1a thd tich Vs,1s, duge hién thi trong hinh

4.2.

Hinh 4.2. M6 t3 mién giao thoa

Ta di tim hiéu quang trinh tai mot diém M thudc trudng
giao thoa nhu hinh 4.3.

y

Hinh 4.3. Cach hinh dung hiéu quang trinh

Goi H 1a hinh chiéu cla diém M trén truc quang hoc.
bat HM =r va SoH = ¢ (¢ > 0).

Sau d6, ching ta ¢6 HS1 = d — ¢ (trong d6 d = S251 =
551 - SSQ =37.5 Cm).

Goi 4 13 hidu quang trinh can tim; ta dit § = 1 — Iz, véi
1 (hoac l2) 1a quang trinh clia tia di qua thau kinh L,
(hodc Lo).




L&i giai tham khao dé thi VPhO 42— 7/9

T hinh vé:

Ih =88 +5M=55 —r2+(d—-¢)?
=55+ SN -5 =SS+ /T 5

A ,
Hang ti 5 xuét phét tit quan diém cta Meslin [1].

Higu quang trinh dugc viét:

b=li—l=dt ) — PR A- /R

Hon nita, néu ching ta thita nhan ring r? < ¢% va r? <
(d — ¢)? thi dan dén:

A 2 2
b=b—l~d+5—(d=0) [1+’"7]—<{1+@

T

2(d - ¢)?

hoac:

5~i_ﬁ L_&_l
T2 2 ld-¢ ¢

Néu man hiing o dugc dit cach ngudn S mot khoang I, ta
c6: ( =1— 552 = 16.07 cm

5%,\7f[ 1 1 }

272 |d+ 8% 1 1-55,
Do dé, ta chi ra ring § = Cte khi va chi khi r = Cte. Do
dé6 ta quan sat cac van giao thoa & dang nita vong c6 tam
mau den § = 5 néu r = 0). Cac vanh "sédng béng" tuong

(k' €7Z), do dé:

1
(k1)
1 1

d+SS—1T1-5%

ting v6i § = k')A

voi k' = —k

Hinh 4nh hé van Meslin c6 thé cho thay trong hinh 4.4.

Hinh 4.4. Hinh dnh cdc van Meslin

3. Véi k =0 ta ¢6 van trung tam; k = 1 (van sang tha hai)
la van sang bac 1 thi khi d6 £ = 2 la van bac 2 va do doé:

A=

k4 =
+2

~ 0.502 pm (xanh 14) .

r? 1 N 1
2( 1) d+S8Sy—1 [—-585;

A'B"
(infinité)

Hinh 4.5. Dung kinh lap quan sat khodng van

4. Dé ngdm chimg & vo cuc ha van phai dit & tieu diém cia
kinh lip v& do d6 man cach kinh mét khodng biang ding
tiéu cy ctia kinh lup (6 day ta goi 1a fi) nén khodng cach
tir S t6i kinh 1a C'S + fi = 220.6 cm.

Khi ngadm chimmg & vo cuyc cic tia qua mat 14 song song.
Khi d6 géc trong sé la: a ~ tana = ;—1 ~ 1.065°.

k
Loi gidi dé xudt boi cdc thanh vién:
e Thay Tran Ky Vi, Trudng Dai hoc Su pham Ha Noi

e Thay Nguyén Hdi Duong, Trudng THPT Chuyén Lé Hong
Phong, Nam Dinh

Cau Vv
1
Phuong trinh phén dng:
*34Po — "5Pb + 20 (1)
9Be + 3o — §C + 70X (2)
Nang lugng téa ra khi mot hat Po phan ra:

Q = Amc® = (mp, —mp, —ma)c” = 5.4MeV (3)

Ap dung dinh luat béo toan dong lugng va bdo toan nang lugng:

Ko+ Kpy=5.4 (4)
Po +pprp =0 (5)

K,
Tt phuong trinh (5) suy ra: —— = mey
Kpy Ma

=~ 51.5, thay vao
phuong trinh (4) ta thu duge:

Ko =~ 5.3MeV.

2

Goi E, E’, mo, p 1an lugt 13 nang lugng photon trude va cham,
nang lugng photon sau va cham; khéi Iugng nghi ciia proton;
dong lugng cua proton sau va cham. Ta c6 p = mov, K =

§mov2, suy ra:

p=— (6)
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Ap dung dinh luat bao toan nang luong:
E—l—moc2 =F —|—moc2 + K,

suy ra,

E' =E-K. (7)

Goi goc gitta phutong chuyén dong ciia photon va proton sau va

cham 1a a. Ap dung dinh luat bdo toan dong lugng ta sé co:

E 2 E/ 2 ) E/
— ) =|l— ) +p"+2—pcosa
c c c

Thay (6), (7) vao (8), ta thu dugc:

15 1],

c
2 —4—cosa
v

(®)

E= |1+

Ning luong t6i thidu ciia photon ting véi cosa = —1. Thay sb
vao phuong trinh (9) ta thu duge:

FEmin &~ 54.7 MeV (10)

3

Gia st X 1a photon. Ap dung dinh luat béo toan ning ludng
ta co:

Amec® + Ko = Amac® + Amp.® + Ex + K, (11)

suy ra:

Ex = Ko + Ameoc® — (Amea + AmBe)c2 — K¢

< Ko + Amed® (12)
Thay s6 vao (12), ta duge Ex < 15.297 MeV, ma theo phan 2
thi gia tri nhé nhat ning lugng ctia photon 1 54.7 MeV, do d6
X khong thé 1a photon.

4

Goi khéi lugng va dong lugng ciia X trude va cham 1a m va p
(p = mv). Dong lugng clia X va proton sau va cham lan lugt
1a p1 vA p2 (p2 = mpup). Khi X va proton va cham tryc dién,
ap dung dinh luat bao toan dong lugng va bao toan nang lugng
ta co:

p = —p1 +p2, (13)
P _ i P (14)
2m  2m  2m,
T (13) va (14) ta tim duge: p = p2(1 + m/my)/2, hay
myp + m)
=, (F2 T 1
V= ( 2m (15)
Tuwong tu, khi X va cham truc dién véi Ni-to, ta co:
my +m
= R 16
V=N ( 2m ) (16)

Tu (15) va (16) ta co:

UN mp +m (17)
Vp my +m
Thay sé vao ta thu dugc:
1+m 2
4+m 15 (18)

Giai phuong trinh (18) ta thu dugc khéi lugng ciia hat X:
m=1u

Loi gidi dé xudt boi cdc thanh vién:

e Thay Nguyén Hdi Duong, Truong THPT Chuyén Lé Hong
Phong, Nam Dinh
e Thay Pham Dinh Hoan, Trusng THPT Chuyén Lao Cai

e Yuki, Ecole Polytechnique
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Cac thanh vién bién tap ETEX:
o Trinh Duy Hiéu, Dai hoc Qubc Gia Singapore
e Tran Duong Chinh, Dai hoc Bach Khoa Ha Noi
e Pham Trung Kién, Dai hoc Bach Khoa Ha Noi
e Nguyén Thanh Long, Dai hoc Bach Khoa Ha Noi
e Tran Ky Vi, Trudng Dai hoc Su pham Ha Noi
e Physicium, CLB Vat li xPhO
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CLB Vit li xPhO

Ngay thi tha hai

Cau l

1. Chiing ta di xét mot vi phan clia day dai ¢6 géc chian db.

T +dT

Xét sit can bang cia manh day bang cach chiéu len phuong

vudng géc va tiép tuyén ta thu dugc:

do

(T 4 dT) cos (%9> — T cos (7) —dFms =0
(T + dT) sin (%0> + T'sin (%0> —dN =0

X4p xi géc nhé ta thu duge:

dl' = dFns
dN =Tdb

Khi day trugt dF,,s = uN, do d6
T
dequ@—)d?:,udH
Tich phan hai vé ta thu dugec:
T2 = Tle,uHO

2. (a) Can bang moment cho thanh AC

TMXAB:FXAC—)TMIFAC

Xét tru quay cuing chiéu kim déng ho:
Tn = Tt ~ 4028.3N
Xét tru quay ngugc chiéu kim ddng ho:

Ty = Tae "% ~ 419.5N

trong dé 0o = 37#

AB

(b) Moment quéan tinh ctia hinh tru véi truc quay di qua truc

1
I= §mR2.

Moment quay do lyc ma sat sinh ra:

dM = R x dFy,s = RdT

—)M:R|TM—TN|:%§.

Hinh tru diing quay sau thoi gian:

= IUL)O
" R|Twm — Tn|

Xét hinh tru quay ciing chiéu kim ddng hd:

Iwo

= ——  ~0,200s.
RTa(erto —1) = 07008

T1

Xét hinh tru quay ngude chiéu kim dong hd:

Iwo

=~ 18s.
RTwr (1 — c-0) 0,618s

T2

(12)

(14)

Nhan xét: 72 > 71 dé ham phanh nhanh hon thi can bd tri

thanh AC sao cho Ty > T
(¢) Xét hinh vé beén dudi:

Y

Xét truong hop tru quay ciing chiéu kim dong hd ta cé:

dN = Td0 = The"?do
Ta co:
dN, = —dN cos 0 = —Tre"® cos 0d0,

suy ra

N, = | —Tae® cos0dd = T

(n? +1)

O\m‘i‘f

e%ﬁJr,u




PHO

L&i giai tham khao dé thi VPhO 42— 2/12

Tuong tu:
dNy, = —dN sin = —Thre"’ sin 0d, (18)
suy ra:
3
2 372ru 1
_ 0. _ ne -
Ny, = /—TMe“ sin 6df = TMW (19)
0
Vay ap lyc day dai tac dung lén khéi tru:
N = /N2 + N2 (20)
T P 2 n 2
:u;‘jl\/(e‘%“ +u) +(ue37“—1) (21)
Rt gon:
[e3mu 41
N=T — =~ 4116 N 22
Sy 6 (22)

Trong trudng hop quay ngude chidu kim dong hd ta thay p

bing —p
—3mu 1
N =Tyt 1308,
w1

Phuy luc: Gidi thich phan tinh tich phan:

(23)

I= /e“z cos(bx)dr = % (e” sin(bz) — a/sin(bx)eazdzﬂ)

% {e‘” sin(ba) + % (eax cos(bx) — a/@ax cos(ba:)dx)} .

1 a a?
— 1= 3 (eaz sin(bz) + geaz cos(bzx) — ?I> . (24)
—I= /e” cos(bzr)dz = bsm(b:z)Q—j—‘_clz)Qcos(bx) e +C. (25)
Tuong tu ta thu dugc:
az - asin(bz) — bcos(bx) 40
/e sin(bx)dx = P +C. (26)

Thuc hién giai va ra sodat loi giat boi cac thanh vién:

e Truong Vo Thién Ky, Trusng Dai hoc Bach Khoa Tp. Ho
Chi Minh
Ga Noj, Trusng THPT Chuyeén Lé Quy Don, Quéng Tri
o Pham Dinh Hoan, Trudsng THPT Chuyén Lao Cai
Bui Khdc Chién, Dai hoc Bach Khoa Ha Noi
Trinh Duy Hiéu, Dai hoc Qubc gia Singapore

Cau ll

LiF (Lithium Flouride) 13 mot chit c6 cau tric tinh thé la
lap phuong tam mat (FCC). Chat nay c6 rat nhiéu ing dung
trong doi séng nhu la nguyén liéu dé tao thanh pin Lithium.
Pin lithium thudng dung cho cac thiét bi nhu: Dién thoai, may
tinh, may chup hinh...; phat trién trén nhing ving dung phuong
tién di chuyén chay bing dien nhu: Xe dap dién, xe may dién,
0 to0 dién... hodc ky thuat & cac nganh quan doi, hang khong...
Do khoang cach viing cdm 16n cta LiF, né con dudce sit dung
lam tinh thé nhidu xa trong phép do phd tia X. N6 ciing dugc
stt dung nhu mot phuong tién dé ghi lai phoi nhiém bic xa
ion hoa tit tia +, tia 8 vA tia neutron trong liéu ké nhiét phat
quang. LiF dugc st dung rong rai trong PLED vad OLED (diode
phéat quang polymer v diode phat quang hitu ¢cd) nhu mot 16p
ghép nbi dé tang cudng phun dién ti.

Hinh 2.1. Mang tinh thé I1ap phuong tdm dién cla Lithium Flouride
(LiF)

1. Nhan thiy trong biéu thitc thé

b
U(r) = k8L L 2 —Us(r) + Us(r)
r r
Thé nay 1a thé Born—Meyer, dd thi cho dang thé nay dudc vé
bang Mathematica & dudi cling ctia bai giai hinh 2.2, hang ti&
dau tien Uc(r) = L2 chinh 1a thé tuong tac Coulomb ctia
r

b £ £
cc dién tich. Con hang ti Up(r) = — goi la thé Born (the
r
lugng tit sinh ra do tuong tac trao di).

Ta xét mot ion duong trong Lit dugc bao quanh bdi 26 ion
ké can nhat xung quanh né trong mang lap phuong tam mat
(FCC) (xem Hinh 2.1).

Nhém dau tién ctia 6 ion "trung tam" gin nhit c6 dién tich
am. Chiing nam & khodng cidch R tir ion dudc xét va déng gép
clia chiing 1& thé hit:

2

Ucor(R) = —6 - k%

Nhém lan can "trung tam" tiép theo 13 12 ion nidm céch Li"

trung tam khoang v/ RZ + R? = v/2R. Tét ci ching déu c6 dien
tich duong va la thé ddy

Uco2(R) = +— -

Dé dang doan dudc rang 8 ion am "dinh" nim cach ion LiT

duge xét mot khoang v R2 + R2 + R? = /3R tao ra mot thé
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8 e?

Ucos(R) = 7k

Téng hop nhitng déng gép nay, ta thu dige thé Coulomb:

Uco(R) = Uco1(R) + Ucoz2(R) + Ucos(R)
12 8 ke? ke?
— 6_7_}_7 —_— =M —
(Ve 3a) T
trong d6 M hing s6 Madelung [1] gan diing c6 gia tri
12
M—6—7+7~2.134
V2 V3
Gio ta tinh thé tuong tac Born:
6b 12b 8b b
Us(R) = - + + B
B( ) R7 (R\/>)7 (R\/§)7 R7
8
leB—6+7+ ~ 7.232
2v2  27V3
Thé nang tdng hgp (thé toan phan) la:
ke? b
Utp = Utot (R) = UC(R) + UB(R) = *Mf + Bﬁ

Diéu kién dé R = Ry 8 vi tri thé cuc tiéu la

dU e?

b
== = — —B— = 1
iR (Ro) ./\/lk:Rg BRS 0 (1)
Phuong trinh ctia Ry cho gié tri:
B \© b )@
= —— ~ 1. — 2
Ho (Mke2> 695 (W) @)

Dé thay khi do:
65b
b8\
V7 (/\/lke2 )

R& rang gid tri Ro ¢ (2) cho cyc tiéu thé nang.

d2U 2Mke®>  56Bb
2 (Ro) = — 3t fho =
dR R} R}

2. C6 8 ion nam trén cac dinh ctia mdi 6 cd sé va chi c6 1/8
thé tich cia mdi ion nim trong mot 6 co s8. Mat do ion 1a

) o ()’

Khéi lugng riéng ciia tinh thé 1a

1

n M M [(ke*\2
= 2.2 —0103— [ =
P9 Na 003NA(b)

8% 3§ [ Mke?
TOR3 T\ B

3. Khoang cach R thay ddi tit Ro dén Ry. S6 ion trong hé la
khong déi va do dé:

8Vo
(2Ro)3

_ 8W(1+49)

N= (2R;)?

Suy ra

1/3 56
Rf:Ro(l-’-é) %Ro 1+§—§

Sy thay ddi ty déi vé khodng cach R

__AR_ Ry

_9
Ro Ry 9

_9
3

Thé ning tuong tac ctia LiTtrong 6 cd sé lac sau:

ke? B b
(Ro + €Ro) (Ro + cRo)”
2

Utpf == —M

ke
Utpf ~—-M—

e (1-e+e*)+B

R% (1 —7e +28¢7)

Thé ning tuong tac ctia LiT trong 6 cd s lac dau

Utpy = Ro
O

Sy bién thien thé ning ctia Lit trong mot 6 co s6 (xét dén didu
kién can bang & phuong trinh (1) va (2)):

5T = Usp, — Uspy
=[5 )+ (e )]
:( M%H”ﬁe ) _3MR—§
~ 3/\4%%2 - A;}’;SQ 5% (ldy t6i bac 2 ciia o)

Nhiét lugng can cung cip cho hé:

@l

1 Mie? o Vo |(Mok-e)R |7
= _N§U = ) -~ 7 )
Q=gNoU 6R2 Vo 6 B-b

s 2
(k'62)% 32
=0.009Vp ||

Thue hién gidi va ra sodt loi giai boi cac thanh vién:
e Lec. Tran Ky Vi, Trudng Dai hoc Su pham Ha Noi

o [sigma], Trudsng THPT Chuyén Lé Hong Phong, Tp. Ho
Chi Minh

e Bui Khdc Chién, Dai hoc Bach Khoa Ha Noi
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) 2.0 7/nm
0 T T T T >

-10 H

-15 H

Hinh 2.2. D3 thi sb liéu thuc nghiém cda thé& Born - Meyer véi h?mg sb
mang clia LiF do tir nhidu xa X-ray, a = 0.4031 nm

Refeference

1. Madelung, Erwin. "Das elektrische Feld in Systemen von
regelmafig angeordneten Punktladungen." Phys. Z 19.524
(1918): 32.

2. Kittel, Charles. "Introduction to solid state physics Eighth
edition." (2021).

3. Varandas, A. J. C. "Accurate ab initio potential energy
curves for the classic Li—F ionic-covalent interaction by
extrapolation to the complete basis set limit and model-
ing of the radial nonadiabatic coupling." The Journal of
chemical physics 131.12 (2009): 124128.

4. Khoi, Nguyén Thé, and Nguyén Hitu Minh. "Vat 1y chét
rén, NXB Gido Duc." (1992).

Cau 1l

1. Cam tng tir tai mot diém cach day 1 mot khodng y trén
miit phdng chita hai day dan
poi(t) (11
B="—""=(-4+—"7]. 1
27 Y + l—y (1)

day 2

_____

day 1

Néu bd qua dién trudng cdm tng, dé hat dien tich chuyén dong
tron déu thi cAm tGng tit tai vi mdi vi tri ctia hat dién tich phai
c6 cung gia tri B sao cho

(2)

V6i ban kinh quy dao cta hat 1a R, tam O cla quy dao tron
nam céich déu hai day, tai thoi diém hat bit dau chuyén dong,
hat c6 van tdc theo phuong vuong géc day dan va ta cé duge
ham y(¢) nhu sau
l

y=5+ Rsin (wt) . (3)
Thay (2) va (3) vao bidu thic (1), ta tim duge cudng do dong
dien theo thoi gian dé hat chuyén dong nhu yéu cau

= (4)

2mmw 12 2 . 92 :|
t) = — — R%sin” (wt) | .
e | (wt)

Hay bién ddi theo cac cong thitc lugng giac, ta dugc

_ 2rmw {ﬁ B R21 — cos (th)]

it) = voql | 4 5 (5)

Quan sat (4) va (5), ta tim dugc cudng do dong dién cyc dai
Tmwl

Hoq

18 tmax = va tan sb goc ctia dong 14 Q = 2w.

Ldi giai trén 14 hoan toan phit hop véi gia thiét ciia dé bai va
dudng nhu khong c¢6 van dé gi cd, song gid thiét bé qua dien
trudng cadm ung la mot gia thiét c6 phan tho va c6 thé lam sai
léch di hién tugng vat ly trong bai toan.

day 2 i(t)
Az
,,,,,, y S !
(L)
day 1 Ea(v) Iy

Theo phuong trinh Maxwell Faraday dang tich phan:

oB

E-df:—/ = . dS.

Ap dung phuong trinh Maxwell Faraday dang tich phan cho
mot vong kin hinh ch@ nhat ndm trén mat phing chita hai day
d&n, mot canh ndm trén dudng thing c6 toa do y va mot canh
déi dién n6 nam trén dudng cé toa do [ —y, hai canh bén c6 do
dai Az bat ky. Dya vao tinh déi xing cla hé, ta cé thé thiy
ring dién trudng cdm tng chi xuit hién theo phuong x vudng
goc véi y va Ex(y) = —Ex(l — y), ta dugc

o di(t) (1 1
2 Ot (y+ l—y)dyAx.

Yy

2B, (y)Az = — /

l—y
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Hay
i (t)

Ea(y) = -5 T (6)

In (721 )
27 l—y
Pé danh gia anh hudng cia dién trudng cdm tng ndy, ta so
sanh ¢ do 16n luc dién va lyc tu.

Trong danh gia nay, vi ta chi can so sanh vé c& do 16n ta tam
gid st ring dong dién nhu da tinh & (5), thay vao (6), ta thiy

luyc dién sé c6 ¢G do 16n:
2 p2
mw R Y
~ In| —— ).
Y r " (l - y)

Con theo gia thiét ctia dé bai, luc tit ¢6 cd:

(7)

Fg ~ mw’R. (8)
So sanh (7) va (8), ta thiy réing gia thiét bd qua dién trudng
cam tng chi tét v6i R < [ va sé sai nghiém trong néu R c6 do
16n so sanh dugce véi 0.51.

Dé dé hinh dung hon, 1y y = 0.5] + R t§ s6 do 16n luc dién 1a
Iuc tit sé ¢6 do 16n co

_Fg R, (L+2R
K L—2R)"

51 (9)

Tic la véi R = 0.11, ty s6 n ~ 4% (tam chap nhan ring c6
thé bé qua), nhung chi v6i R = 0.2[, tj s6 n ~ 17% (mdt con
s6 tuong déi dang ké). Vi R = 0.451, phép udc lugng trén cé
thé cho ty s6 luc dién chia luc tir lén dén n ~ 133%, song con
s6 nay khong con § nghia khi ta c6 thé dua ngay ra mot két
luan ring khong ton tai mot cuong do dong dién i(¢) nao c6
thé khién hat chuyén dong tron déu do &nh hudéng cia dién tich
cdm tng néu nhu R khong qua bé so véi I.

Thuyc chat viéc trudng hgp R < [ cling chinh 14 xem nhu hat
dien tich chi chuyén dong trong ving tit trudng gan nhu déu
(theo khong gian). Khi d6, diéu kien dé hat chuyén dong tron
gan nhu chi don gidn 14 dong dién dugc cip cho day dan khong
Tmwl

ddi theo thoi gian va bing I = .
2po0g

2. a, Cam tng tir tai mot diém trén mat phing chita hai day
dan cach day 1 mot khoang y 1a

_ el (11
B.(y) = o (y+lfy>'

day 2 I

(10)

~

day 1

Ap dung dinh luat 2 Newton véi hat dién tich chi chuyén dong
trong tit trudng va chiéu cac vector theo phuong Oz:

mi = qB.(y)y. (11)

LAy nguyén ham phuong trinh vi phan trén va ghép can, ta tim
dugc phuong trinh van téc theo phuong x phu thude vao toa
do y theo ham

1
mx — mug Cos @ = %ln (%) . (12)

s
Do Iyc tit khong sinh cong, dong nang va van tdc cia hat khong
ddi v trong subt qué trinh chuyén dong. Cac gid tri Ymin V2
Ymax MA hat dién tich dat duge 1a khi y = 0 va || = vo (nhu
mod ta trén hinh vél). Tu d6, ta thay vao (12) tim dudc Ymin
VA& Ymax 12

2Tmug -1
min = {3 1+ ex 1+ cosa . 13
oo =1 {1 o0 [T 1 eosal) |19
2mTmug -1
max = (<1 +exp |— 1—cosa . 14
e =1 {1 o [T (4 eom] |10

Qua biéu thiic (11), ta c6 thé thay ring 15i gidi bai toan nay
cho phép mot sy téng quét héa véi maot tit trudng B, bat ky
chi phu thuéc vao y. Dai lugng duge lay tich phan & vé bén
phai chinh chi phu thudc vao toa do y, cho phép ta dat ra mot

dong lugng suy rong P, = mx — q/ B.(y)dy dugc bdo toan.

Tich phan / B.(y)dy trong trusng hgp nay chinh 14 hinh chiéu

theo phuong x cho thé vector A cfia tit trudng. Day hoan toan
khong phéai mot sy trung hop, P= P+ q/T la mot dong lugng
suy rong dudgc st dung phd bién trong co hoc Hamilton. Nhin
thay dugc phép bao toan dong lugng suy rong trong bai toan
nay ciing sé cho phép ta tién dudc dén phuong trinh (12) mot
cach nhanh chéng va khéo 1éo hon.

b, Theo dinh luat 2 Newton F = ma, gia tbc clia cac vat
chuyén dong trong tit trudng véi tée do vo la:

g = Q0oB:(y)

= (15)

theo hudng truc Oy. Ap dung cho vi trf Ymin V& Ymax, ta dugc
gia téc clia hat tai hai thoi diém d6 la:

2polquo o [ Tmug
min — h 1 . 1
ay il ol (14 cosa) (16)
Va
2p0l
Aymaz = A0 ogh? |:7rm110 (1 —cos a)} . (17)
mml rolq

Trong d6, gia téc tai thoi diém vy hudng theo chidu duong
truc Oy va gia toc tai thoi diém ymaee hudng theo chiéu am clia
truc Oy.

Thuc hién gidi va ra sodt loi giai boi cac thanh vién:
e Nguyén Thanh Long, Dai hoc Bach Khoa Ha Noi
e Bui Khdc Chién, Dai hoc Bach Khoa Ha Noi
e V6 Truong Thién Ky, Trudng Dai hoc Bach Khoa Tp. Ho
Chi Minh
e Ngo Dic Anh, Trudng THPT chuyéen KHTN - DPHKHTN
- PHQGHN

Hinh vé& chi mang tinh chit minh hoa
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Cau IV

Lang kinh trong bai 1a rhomboid.
Goi vat kinh 1a Lo, thi kinh 1a Lg

M
I
Wi J
1
P
------ ]-V:/_ ---_--"_-----N
QI Q.
Wy,
S
R
P

Hinh 4.1. Chum sang qua rhomboid

1. Dau tién ta tinh géc t6i gi6i han c6 xay ra phan xa toan
N 1 2
phan 1a 6., = arcsin (7) = arcsin (§> ~ 41.8°.
n
Géc t6i mat béen MQ@Q nam trong khoang tit 0° téi ag ~

1072rad =~ 0.573°. Thanh ra géc khic xa 16n nhit cia tia
sin ag

t6i qua mat MQ la arcsin( ) ~ 0.39°, mot gbc rat

bé. Do d6 c6 thé coi tia sing c6 sy lech 16n nhét t6i tir
Lo qua mit bén MQ gan nhu la di thdng nhu hinh 4.1.
Nghia 13 géc t6i bé nhat & mit ben MN c6 thé c6 tinh bing
I = 45° — 0.573° = 44.427° > 0.

Tit day thiy ré rang cac tia qua mit MQ t6i M N luén bi phan
xa toan phan. Lap luan tuong tu véi QP ta cé diéu phai ching
minh.

2. Ta c¢6 so do tao anh sau:

L MN
AB —=2°% s A B A2Bs A3Bs
di=o0 ; d’lzfl dg ;5 dy d3 ; dg
P
Q A4B4 A5Bs A6B6
dy ; dj ds ; dg dg ; dg

Vi M N va QP thi cic tia sang phan xa toan phan nén cé thé
coi nhu MN vd QP la cac guong phéng. Dya trén so do tao
anh va st dung hé cong thic "xde ra hai bén" (mac du ngusi
gidi khong thich hé cong thitc nay nhung bai nay dung hé nay
sé tién gon hon), va tit hinh vé ta c6:

dy = f1=35cm
dy=Li —dj =—30 cm
dy = —nds = 45 cm

Wi
-2
dé = —d3 = 42.5 cm

ds —dy = —42.5 cm

dy = Wa —d = —32.5 cm

dy = 32.5 cm
d5=%—dﬁ1:—300m
dir,:_—d5=20(:m

n

dGZLz—dé:5Cm—>L2:25cm

3. Cac anh qua cac ludng chat phéng va "guong" khong ddi
vé do 16n suy ra

AsBs = A1B1 = aofi

AsB «
a~rtana = 575 — ofs

fa fo

Tu d6 tinh duge do bai giac la:

(0% f1
G:—:—:?
o f

4. Anh qua quang he hien & cyc vién voi

1
O0,Cyv = PR = ‘5’ =50 cm

—ds=—(PR—5cm)=45cm —ds =4.5cm

— Ly =dg +d¢ = 24.5 cm

5. Ta c6 sd do tao anh sau:

Lo MN' MN
AB AlBl AQBQ e Ang
di=co ; di=f1 da ; dfy dg ; df
NN’ QQ’ QP
E— A4B4 A5BS
dyg ; dﬁl ds ; dg dg ; dé

‘P L
A6B6 —)Q A7B7 —>E A8B8
dr ; d'7 odl

ds ; df

Duya trén so dd tao anh, tit hinh vé ta c6:

d4:%—d§,:—40cm
—d 80

dilz n4=§cm

80 —65
ds=H— — = —
° 3 3
ds = —nds = 32.5 cm
dﬁz%fdg:f300m
dg = 30 cm
d7=%—dé:—27.5 cm
d%z%:%cm

55
dgng—Ecm:5cm:>L2:23.33cm
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Thuc hién gidi va ra sodt loi giagi bdi cac thanh vién:

e Lec. Tran Ky Vi, Trudng Dai hoc Su pham Ha Noi
e Pham Dinh Hoan, Truong THPT Chuyén Lao Cai
o Trinh Duy Hiéu, Dai hoc Qudc gia Singapore
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Hinh 4.2. Su tao anh qua hé quang, Ciu IV.2
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Hinh 4.3. Su tao anh qua hé quang, Ciu IV.5
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Cau Vv

1. Xit ly s6 lieu

Ta tim tur truong do moét vong day cé dong dién I, ban kinh R
gay ra tai mot diém ndm trén truc déi xing cta vong day cé

toa do z nhu trén hinh 5.1. 1

z(m) | At (s) | X (1075T) T2 (572)
0,04 | 27,00 8,300 0,5451
0,06 | 27,27 7,021 0,5379
0,08 | 27,92 7,452 0,5131
0,00 | 28,06 7,204 0,5080
0,11 | 28,81 6,717 0,4819
0,12 | 28,96 6,491 0,4769
0,14 | 29,42 6,095 0,4621
0,16 | 29,95 5,707 0,4459
0,17 | 30,15 5,600 0,4400

Hinh 5.1 0,18 | 30,22 5,613 0,4380

An ti Bang 5.1. B3 i li sb lie
Xét mot phan t ds ang ang xu li s6 lieu

L o Idsx wo IR
B=H B, = Mot
B= =0
,l.l,oIR2
B, =t 1
Ma 12 = R? + 22
2
gt R (2)

2 (R2—|—z2)%

Tt truong do cudn Helmholtz gay ra tai diém c6 toa do z

2
BCOH:MONIR 1 3+ 1 3 (3) 0'64[\\\H\\\\\\H\\\\\H\\\\\\H\H\HHHHHUHHHH;
2 (R2+22)2  [R2+ (h—2)?)2

Tir truong tai diém G 13 tit trudng téng hgp ctia tit truong Trai
DAt By va tit truong Beoy do cudon Helmholtz.

é = EH + Ecoil (4) 0.5 } E
Khi hai tit trudng nay cung chiéu thi B = By + Beot. Chuki 7 i ]
dao dong nhé clia nam cham ~ L Y = 4109,8X +0,2084 il
S r b 3 8
I L i
T=2 — 0.4 —
T mB [ il
i _ mBy mBeoil (5) E E
T2  4n2]s  Am2lg H :
Bléu thitc Céthé du’dcviét 18.1 nhu sau: 0.3 :HHHHHHHlHHHHHHHHHHHHHHHHHHH%
Y — AX + B. (©) 0 2 4 6 8
X (T) 1075
trong dé
1 400 7 Hinh 5.2. D thij
=7 Al )
X = Bcoil; (8)
A= ey const; (9)
B= mBa _ const. (10)

Al
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Thue hién hdi quy tuyén tinh, ta thu duge

A =4109.8 (T~ 's72)
B =0.2084 (s72)

a. Tu trudng ngang ctia Trai DAt

B _
By = 2 ~5.071 x 10 > (T) (12)
b. Moment tit cia nam cham
m = 4r’lgA ~ 1.736 (Am?) (13)

2. Phuong an thi nghiém
a. Khéo sat dac trung Von - Ampe ctua day téc béng den.

S dd mach dién khao sat dic trung Von-Ampe ciia day toc
béng déen nhu hinh vé.

X

/ ,

©
~

Thay ddi bién trd dé thay ddi dong dien vi hieéu dien thé giita
hai dau day téc béng den. Ung véi mbi vi trf cia bién trd, khi
gid tri clia dong dién 6n dinh ta doc sb chi ctia ampe ké va von
ké.
Dé xac dinh nhiét d6 T 16n nhat ctia béng ma né chua bi dit
ta can dich chuyén bién tré tit tit dé tim gia tri hieu dién thé
Uc 16n nhit ma béng den chua bi chay. Sau d6 ta dich chuyén
bién tré quanh vi tri sao cho hiéu dién thé U gitta hai béng
den gan véi gia tri Uc nhu U < Uc. Do I va U tng véi céac
gia tri U gan Ug. Trong mién hiéu dién thé gan Uc nay ta c6
thé mo ta mdi lien heé gitta dong dién va hiéu dién thé bsi mo
hinh tuyén tinh I = GU + Io. Trong d6, G va Iy dugc xac dinh
bing phuong phap hdi quy tuyén tinh. Sau dé ta sé tinh dugc
Ic = GUc + Ip. Tu day ta sé tinh dudc gia tri dién tré tng véi
nhiét do T¢:

Uc

Rc = =<

i (14)

St dung bidu thic T = apﬁ , ta xac dinh dugce nhiét do 16n

nhét:
T — o Rend? A . Ucnd? s
¢~ AL ~ “|4L(GUc + Ib)

(15)

b. Xéac dinh nhlet dung riéng trung binh wolfram

Mic cac tu ndi tiép va song song v6i nhau da dé nap dién cho
cac tu dién dén hieu dien thé dé c¢6 thé c¢6 du nang lugng lam
noéng chay sgi day téc bong den ma cac tu khong bi danh thing.
Mic von ké song song véi hé tu v bong den dé do hieu dién
thé lac ban dau va khi day t6c bi dit (hinh vé).

D

©,

Goi Up la hiéu dién thé ban dau cta hé tu dién va U la hieu
dién thé khi day téc bi chay. Nang lugng ciia hé tu phéng ra da
lam cho day téc tang nhiét do tit nhiét do phong Tp t6i nhiét
do néng chay Te clia day wolfram va mot phan bitc xa:

%CEUS—%CEUQ =c(Tc—Tp)+eoT*'SAt ~ ¢(Tc —Tp) (16)

trong d6 c 1a nhiét dung trung binh khi day téc tang tir nhiét do
phong Tp dén nhigt do6 T, Cs 1a dién dung tuong duong ciia
he tu, va At la thai gian tu phéng dién, € 1a he s6 (0 < e < 1).
Do thdi gian phéng dién dién ra rat ngan nén day téc béng den
da bi chay ma chua kip phat sang do dé nang lugng do biic xa
¢6 thé bé qua. Diing von ké do hiéu dién thé Up va higu dien
thé U lac day téc bi chay. Nhiét dung trung binh ¢ dugc tinh
nhu sau:

Cs(Us - U?)

Q(TC —Tp) (17)

Cc =
Thue hién gidi va ra sodt loi giai bdi cdc thanh vién:
e Dao Long Dic, Trudng Phd thong Ning Khiéu, DPHQG
Tp. H6 Chi Minh
e Bii Khdc Chién, Dai hoc Bach Khoa Ha Nai
e Physicium, CLB Vat 1i xPhO
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Cac thanh vién bién tap ETEX:
o Trinh Duy Hiéu, Dai hoc Qubc Gia Singapore
e Tran Duong Chinh, Dai hoc Bach Khoa Ha Noi
e Pham Trung Kién, Dai hoc Bach Khoa Ha Noi
e Nguyén Thanh Long, Dai hoc Bach Khoa Ha Noi
e Tran Ky Vi, Trudng Dai hoc Su pham Ha Noi
e Physicium, CLB Vat li xPhO
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Loi giai tham khao dé thi VPhO 43

CLB Vit li xPhO

Ngay 17 thang 2 nam 2024
Ngay thi thi nhat

Cau |

1. Gia s ring vat nhd can bing trén mit phing nghiéng, luc
kéo song song bé mat tiép xtc phai triét tiéu v6i lyc ma sat
nghi Fig:

1)

Fyp = P = Psina.

Ma do 16n lyc ma sat nghi cuc dai:

Fy =uN = uP, = pPcosa, (2)

frmax

Fig,
— > — =tana.

3)
Géc nghiéng t6i da clia mit phing nghiéng la:

Qmax = arctan p. (4)
2. (a) Gia sit vat can bing trén mat phéng nghiéng dang
chuyén dong véi gia téc dy huéng theo chiéu duong duge chon
va Iyc ma sat nghi nguge huéng chidu duong, hgp luc tac dung
1én vat nho la:
F = Psina — Fyp = mag. (5)
Do vay gié tri ctia lyc ma sat trugt duge xac dinh bdi:
str - (6)

Ma ta lai c6 dé vat khong trugt (1en trén hodc xudng dusi) doc
theo mat nghiéng thi:

m(gsina —a).

- SF;fI‘SFS (7)

sfrmax frmax )

Tuwong duong véi:

—pgcosa < gsina —a < pgcosa (8)
Bién ddi ta thu dugc:
9)

gcosa (tan o — tan amax) < a < gcos a (tan @ + tan amax)-

Vat sé trugt xudng doc theo mit nghiéng néu dap co:

ap <0
|ao| > gcosa (tan o — tan amax) -

(b) Vat s& trugt 1én doc theo mit nghiéng néu dp cé:

ap >0
|ao| > gcosa (tan a + tan aumax) -

3. Lic dau van dao dong dang & vi tri bién cao nhat sé cé gia
tdc huéng vé vi tri can bing va gia tdc c6 do 16n cuc dai 1a
max = w?A, huéng theo chiéu duong duge chon, vay khi tha
cho van dao dong, vat nhé chi c6 thé trugt len trén doc theo
mat phing nghieng. Vay:

w?A > gcosa (tan o + tan amax) - (10)

4. Dé da luon ding yén trong qua trinh van dao dong thi:

w?A < g (1 cos o + sin @)
w?A < g(p1cosa —sina).

Con quang c6 thé trugt xubng trong qua trinh van dao dong
khi:
(11)

Véi luu ¥ ring hé s6 ma sat gitta da va quing so véi mat van
théa man p1 > pe nén diéu kién théa man yéu cau bai toan la:

WA > g(pacosa —sina).

g (u2cosa —sina) < w?A < g (1 cosa —sina). (12)

5. (a) Visau mot thoi gian di, d4 trugt doc xubéng theo mat
nghiéng véi téc do troi khong ddi so véi dat, do d6 gia téc trung
binh ctia d4 dbi véi dat 1a bang 0 nén:
tia1 + t2|a2| = 0. (13)
Trong d6, ¢1 la thoi gian ma da trugt doc xudng dbi véi mat

phang nghleng, t2 12 thai gian ma da trugt doc lén ddi v6i mit
phing nghiéng trong mot chu ki dao dong ciia mat phang.

Tai mot thai diém vat dimg lai trén mat phing nghiéng, néu
gia téc a ciia van théa méan:

—g(p2cosa+sina) < a < g(pz cosa — sin a) (14)

thi vat sé tiép tuc ditng yen.
Coi t = 0 1a thoi diém ma van & vi tri bién cao nhét cia dao
dong, ta tinh toan khodng thsi gian gia toc clia van ndm trong

khoang do:

a=w’Acos(wtg) = —g (u2 cos o+ sina) , (15)

—g (p2 cos @ + sin o)
arccos ( A

—tq1 = ) ~3.18ms. (16)

w

a=w?Acos(wtaz) = g (p2 cosa —sina) , 17)

g (2 cosa — sin )
arccos ( A

— by = ) ~3.12ms.  (18)

w
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Do d6 khodng thdi gian ma van c6 gia téc nam trong khodng
do la:

td = tdl — tdz ~ 0.06 ms. (19)

Ta nhan thiy ring, t4 chi bang c6 0.48% thdi gian ctia mot chu
ki dao dong ciia mang. Nén khi vat ddi chiéu trugt trén van, né
c6 thé ding yeén trén van mot khodng thoi gian t6i da 1a 0.48%
chu ki dao dong clia van, nén ta c6 thé coi nhu vat luén luon
truot trén van:

ti +ta="1T, (20)
— ti1a1 +(T—t1)|a2| =0. (21)
Gia tbc ¢6 do 16n la:
a1 = g (sina — p2 cos ), (22)
|az| = g (sin o + p2 cos ) . (23)
do dé thsi gian trugt xudng va trugt lén dude xac dinh 13
T (tana
t1 = — 1 24
T2 < p2 - ) ’ @
T tan o
to=— 11— . 25
' 2 < 12 ) (25)

D4 truct doc xudng duéi khi van téc ciia da so véi dat phai 16n
hon van téc dao dong ciia van, tai thoi diem d4 doi chidu trugt
thi van téc trung binh vaye c6 biéu thic :

1
Vavg = U = wA cos <§wt2) . (26)
|
—wA |
| |
! Trugdt xudng ! Trugt lén !
Hinh 1.1. Dudng tron lugng giadc
Bién déi dugc:
t _
Vavg = ¥ = wAsin (%n(a)) ~319.2mm s (27)
)

Cong suat trung binh ctia lyc ma sat thyc hién lén da trong
mot chu ky:

P = mgsin avavg = 0.5325 W. (28)

(b) Cong suat toéa nhiet trung binh do luc ma sat gay ra trong
mot chu ky:

2m
P = pamg cosa/|wA cos (@) — vavg|g—<p =1.4890 W. (29)
7r

0

Loi gidi dé xudt boi cdc thanh vién:
o [sigma]
e Murasakiiro, Truong Dai hoc Suw pham Tp.HCM
e Hirrus, HSGS
e Dic Thinh, 11 Ly 1 Ams

Cau Il

df g - dfr R

Hinh 2.1. M ta hé luc

1. (a) Luyc tac dung lén thanh phan dl ciia chu tuyén tai A la:
df = odl. (1)

Thanh phan ciia df theo phuong thing ditng 1a:
dfi = df - cos@ = odl - cos . (2)

Vay luc cang bé mit tac dung lén toan chu tuyén theo phuong
thing ding la:

f1

-]

0

dfi = ocosf - / dl = 207r cos 6. (3)
0

Vi thiiy tinh dinh w6t hoan toan dbi v6i nuéc nén 6 = 0, vay
cosf = 1. Suy ra:
f1 =207

Chinh lyc fi lam nuée bi dang 1én nén ta co:
f1=20nr = Dg7r7“2ho,

__ Dgmrho

— o= 00 = 0,073 (N/m).
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Goi 0k R, OLR, oLk lan lugt 13 stic cing bé mat clia moi trudng
khi-rin, 16ng-rdn va léng-khi
Xét sy can bing tai diém A ta cé:

(7)

Vi thiy tinh dinh w6t hoan toan déi véi nude nén § = 0, vay
cos =1,do d6 oxkr —0LR = OLK.

Dién tich bé mat 16ng ran ting thém 2mrhg, dién tich bé mat
khi rén gidm di 27rho.

Do d6 nang lugng bé mat tang:

OKR —OLR :O'LKCOS@.

U = O'LRQﬂ'Tho — O'KR27TTh0

= —orr2nrhg = —o2nrho

= —ng“th.
Thé nang trong trudng tang:

ho _ Dgnr®hd

= Dgnr’hg - = 11
w gmr-ho 5 5 (11)

Coi nhiét do nudc khong déi tic noi ning nuée khong ddi

Ap dung nguyén ly I nhiét dong luc hoc, nhiét lugng nuée thu
vao la:

Dgrr®hi

= —3.41x107°% (J). (12)

Vay thuc té nudc téa nhigt lugng 3.41 x 107° (J).

(b) Ban dau khi trong éng c6 ap suat po, chiéu cao L;

p . 20L N

Ap suat khi lic sau: p = po + % — Dgh, chiéu cao L — h.

Vi qué trinh ddng nhiét neén:

poL = p(L — h), (13)
poL = (po + 275 — Dgh)(L ~ h), (14)
— Dgh® — (po + ? + Dgh) + ? =0. (15)
Nghiém phuong trinh trén la:
p0+2—U+Dgh—\/(po+2£+Dgh)2—%
h= r " - (16)

2Dg
Thay s6: h ~ 6.61 (mm).
2. (a) Cheénh léch 4p suét bén trong va bén ngoai cla giot

nudce la:
20

Ap == = 48.67 (Pa). (17)
(b) Khéi lugng ctia hai giot nudc 1a:
_pd 5 3
megﬂ(a +b°). (18)

Khi hai giot nuc gop lai thanh mot giot 16n s& c6 ban kinh 7.
Ta ¢6: a® +b% = 1'® — ' = (a® + b%) /3.

Khi giot nudc thay ddi ban kinh tit r dén r + dr, ning lugng
bé mit thay ddi mot luong:

dw = 27" - Amridr. (19)
Nang lugng bé mat clia giot nudc la:
W= / 27" ArrPdr = odmr® + C. (20)
Chon méc ning lugng bé mat tai r = 0 — C = 0 nén:
W = odmr?. (21)
Nang lugng bé mat ban dau clia hai giot nudc la:
W; = odrad® 4 o4nb® = o4n(a® + b?). (22)
Niang lugng bé mat giot nude 1én
Wy = odmr’® = odr(a® + b*)?/3. (23)

D6 gidm nang lugng bé mat chuyén thanh do ting noi ning
ciia hai giot nudc

mcAT = Wi — I/Vf7 (24)

o 2 p2y _ 3 13\2/3

*)AT:WZ Wf:(747r(a +bi odr(a® + b°) .

me Dc§7r(a3 + b3)
(25)
Vay,
2012\ _ (.3 4 13)2/3

AT:SU[(a +b°) — (a° +b°) } (26)

Dc(a® + b3)
Loi gidi dé xzudt bdi cdc thanh vién:
e Thay Pham Dinh Hoan, THPT chuyén Vinh Phiic
e Murasakiiro, Truong Dai hoc Su pham Tp.HCM

Cau I

1.
_ 1 Q
V(z) = o \/ﬁ. (1)
Vay:
-9 @)
1= 471'80‘

2. Cudng do dién truong tai N c6 phuong trung véi truc cua
Oz va huéng theo chidu duong Oz:

1 Q z Qz

dmeo 22 4+ a2 /22 4 a2 4reg (22 + az)?’/2 ®)

3. (a) Momen ludng cyc dién § c6 phuong trung véi truc Oz,
chidu theo chiéu ctia Oz:
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°
°
°
°
°
°

8.
°
°
°
°
°

Hinh 3.1. Qua trinh hinh thanh ludng cuc

(b) D& thay dién trudng do ludng cuc dién gay ra § viing khong
gian giao nhau cfia hai qud cau 13 dién trudng déu, tic dien
truong do ludng cuc dién gay ra tai N la:

. ol
1= 5 (4)
S =
Vip= éjb?» val'=0_0; nen:
3
4 7
o 4rb3 7

B =23 =P __ 5
T 7820 dmegb’ (5)

Dién trudng téng hgp tai N bang khong nén:

E+E=7. (6)
Suy ra:
P _
471'€0b3 (7)
Tic la:
3
p = 4neob’ E = dmeoh® Q= = @bz 5 (8)
dreo (22 + a2)®/ (22 4 a2)¥
Vay:
Cy = Qb°
Cs = a®.
(c) Thé ning ctia ludng cyc' (tic qui cau) la:
1
By(z) = —2pB )
3
== v 3 Q0 3 (10)
2 (22 4+ a?)? 4dmeg (22 + a?)2
QR )
8meo (22 + a2)®
Qb 22
= - — 12
871-50 (22 +a2)37 ( )
Q2b3
(o) =~ 22 f2). (13)

1He s6 1/2 trong biéu thitc thé nang la do ludng ciyc p phu thuoc
tuyén tinh vao dién trudng ngoai E. Néu lam phuong phap luc F =

p% ta thu dudc két qua gidng véi phuong phap nang lugng.

2z (a? — 22°
f/(z) = ( 1 )
=+ a)
Vi trf can bang tng véi E;, = 0 tic 14 f' = 0 tng vdi 2 nghiém
z=0vaz=4a/V2.

(14)

Lai c6:
2
7(2) 2 (a* — 13a*2” + 102") f7(0) = 26
z) =
22 + q2)° m{ya ) - _ 64
( ) f (:I: \/5) 8lab’
Do dé:
2;3
E;(0) = —?—b%ﬁ <0
2,3 , N0 2;3
Qb 64 8Q°b

Bl (+%)=- - = 0
p( ﬂ) 8meo ( 81a6> 81lmegal ~

Vay tai z = 0 thé ning cuc dai, can bing 13 khong bén;

tai z = +a/v/2 thé niang cyc tiéu, can bing la bén.

(d) Xét dao dong ctia qua cau quanh vi tri can bang bén z =
@ +z vz K i.

V2 V2

Ding khai trién Taylor ta c6:

B Q2b3
Bole) =~ 2 1) (15)
e /() 7 (25 =+ 37" (+3) ]
=- — )+ (== )+ =" (£— ) 2?]|.
871'80 f \/i f \/i 2f \/i
(16)
Vi ff (ﬁ:i) =0 nén:
7 :
1/ Q%3 64 9 4Q%®
E(z)=A+ = (- _ — Ay 20
b(z) =443 ( 871'50) ( 81a6) v t Blreoad
(17)
Véi A 13 mot hing s
Dong ning clia qua cau:
1 .2
E, = 5ma’. (18)
Co ning clia qua cau:
1 5 4Q%®
E=F E,=— _— A= . 1
&+ 5 M + Py p— + const (19)
DPao ham phuong trinh trén theo thoi gian ta dugce:
.2 8Q%*p?
———x = 0. 20
me 817r50a6x (20)
Vay tan sb dao dong la:
1 8Q%b3
= —4/ . 21
f 27w\ 81mmegab (21)
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Loi gidi dé xudt bdi cdc thanh vién:
e Thay Pham Dinh Hoan, THPT chuyén Vinh Phic

e Thay Nguyén Hdi Duong, THPT chuyén Lé Hong Phong,
Nam Dinh

e TDH, NUS
o Murasakiiro, Truong Dai hoc Su pham Tp.HCM

Cau IV
Cach 1: Dung dinh luat Snell - Descartes

1. (a) Khi tia sing gdn tam O nhét thi i = 7/2, dya vao biéu
thic bai cho nrsin(i) = const ta thu dugc:

9 % - -sin(r/2) = 1- R-sin(io), (1
N (2 _ %) ]%22 = sin’(io), (2)
() e
— (%)2 =14 cos(io). (4)

Vir < RV —7/2 <49 < m/2 nén ta lay nghiém c6 dau trit &
phuong trinh trén. Vay:

Tmin = R+/1 — cos(io). (5)

(b) Tuong nhu phan 1(a) tai vi trf 7 vdi géc i bat ki, ta thu
dugc phuong trinh:

R

(g e i

Tuong tu, ta ldy nghiém c6 dau trix.

(6)

(7)

. (1)2 _ o [1 - sinilio) (8)

R sin?(7)

LAy logarithm napier rdi dao ham hai vé theo 6 ta thu dugc:?

al1- _sin2(i0)
[l (1 ! sin2(i)>]’ ©)

—sin?(ig) cos(4)

=3 20 ()] = s

sin®(4)
sin? (o)
B KON
sin ;
Lo £ (10)

’r‘d9 sin2 (10) d9

L= l=—= 5

sin?(1)

206 thé rat gia tri cia r/R rdi dao ham truc tiép dr/df ta thu
dugc cling két qua.

Nhan lién hgp, rat gon ta thu duge:

T

—dr

Theo hinh 4, ta c6 cot(i) = ——
eo hinh 4, ta c6 cot (i) -y
hinh vé dang di vio tam nén r gidm). Khi d6 phuong trinh (11)

tré thanh:

(dAu trit 1a do tia sang trén

2d0 = di + sin(i)ds .
sin?(4) — sin?(4o)

(12)
Tich phan hai vé clia phuong trinh trén tir vi tri tia sang di
vao thau kinh dén khi tia sdng gan tam O nhét la:

/2 /2

a?m:/&—/ﬁ&ﬁﬁlﬂy ”

cos(io) cos(io)

200 = 7 — o — sin”" (M> +sin~? (COS(’:O)> . (14)

200 = 7 — g — 20 +ig = . (15)

Do d6 tia sang sé 16 ra & diém M v6i ZSOM = 7 — ig, tia 16
ra song song véi truc A (nhu mo ta trén hinh vé 4.2).

2. (a) D& thay v6i moi io, cac tia sdng 16 ra déu song song v6i
truc A nén anh ciia diém S qua thiu kinh Luneburg nay & vo
cung.

(b) V1 tia sang di qua tam (ip = 0°) ma theo ching minh &
trén géc quét clia tia sang sé 1a 2A0 = 7, ta két luan ZSOP =
180°.

Dé cho don gidn tinh toéan, ta ding nguyén ly Fermat. Do
PQ'T’ 1a mit dau séng nén thdi gian anh sing di theo cac con
duong SOP, SQQ' va STT' 1a nhu nhau. Do d6 thsi gian dé
anh sang di trong khéi cau tit S dén P la:

R/2 R R

Tsp = TST + Trpy = = / +*=*(1+3)‘ (16)

c c c 2

(¢) Tuong tu nhu phan trén, ta cé:
TSQ = TsQ! — TQQ = TSP~ TQQ's (17)
R ™ R — Rcos(60°) R
TR B R NG

s c( +2) c 20( +7) (18)
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Hinh 4.2

M3t ding pha

Hinh 4.3

Y

M~—1 1T __| -
Y

Y

Y

Hinh 4.4

Cach 2: S& dung sy tuong tu quang - cd

Co s6 dé giai cic bai toan nay la dua vao sy gidng nhau vé
quy dao chuyén dong ctia hat trong mot trudng luc thé véi quy
dao mot tia sang trong mot moi trusng khong dong nhat vé
mit quang hoc. Quy dao ctia mot chit diém va quy dao clia
tia sdng sé triing nhau khi c6 sy tuong tng xac dinh gitta tdc
do va chiét suat ctia moi trudng bién thién trong khong gian.
Thuc té nay da duge phat minh vé mat 1y thuyét béi nha vat
ly va toan hoc ling danh ngudi Ireland W. R. Hamilton vao
nam 1834 2 va Schrédinger ciing nhic lai didu nay nam 1926 4.

3Xem: Hamilton, W.R. British Association Report 513 (1834):
1834.

4Xem: Schrodinger, Erwin. Collected papers on wave mechanics.
Vol. 302. American Mathematical Soc., 2003.

Y

Hinh 4.1. Dudng truyén tia sing dusdi quy dao ellipse

1. Gid st c6 mot vat khdi lugng m chuyén dong trong thé
xuyén tam U(r), khi d6 c6 bdo toan ning lugng:

1
E= va2 + U = const (19)
v6i U(r) 1a thé nang clia vat, hay:
1 9
S = const — U(r) (20)

Ma U = U(r) do d6 v 1a ham cta r hay v = v(r) vA momen
dong lugng bao toan:

L=r-m-vy,=r-m-v(r) sina = const (21)

Trong dé o 1a géc hgp bdi phap tuyén huéng tam va vector
¥(r), tuong tu nhu goéc t6i ¢ trong quang hinh hoc, v, 1a thanh
phan phuong vi vudng géc véi r clia 7.

Nhan thic ring

r-o(r)-sina = const
Tuwong ty nhw

r-n(r)-sini = const

trong hé chiét suat bién thién xuyén tam n(r).
Nhu vay r6 thiy vai trd clia v(r) vd n(r) la tuong duong®.
Diéu kien bién cho

r=R,i=1,n(R)=1 (24)

r-n(r)-sini = R-sinig = L = Cte (25)

5Xem: Born, Max, and Emil Wolf, Principles of optics Elsevier
2013
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Ngusi ta
quang®.

goi L = r-n(r) -sini = Cte la moment dong lugng

Tt phuong trinh (20) dan t6i F = —gradU = —kr v6i v(r) =

2

.
T

(do v(r) tuong tu véi n(r).), din t6i chuyén dong

trén hai phuong Descartes clia hat 13 diéu hoa, suy ra quy dao

2

z” Yy
JERIE
B = Tmin

ctia hat (hay ctia photon) 1a cac ellipse (nhu mo t&4 ¢ Hinh 4.1)
2

= 1, v6i A va B xéc dinh tit cac didu kién dau. D& thay

= ﬂRsin%O; A= rmax = \/iRcos%o = Btang.

Y

Hinh 4.2. Cac qui dao tia sang dang ellipse dudi géc téi ig khac nhau

Khi cac qui dao ellipse cit qua cau chiét suit bién thién ciia

dé bai sé

cho nghiém giao cét sao cho ¢ + iy = 7. Dan t6i cac

tia 16 & cac dudi goc téi 19 khac nhau déu song song véi truc
A nhu mé td & Hinh 4.2.

2. Cau 2

Ldi gidi

¥ a, b, ¢ lam tuong tu cach 1.

dé zudt bdi cic thanh vién:

e TDH, NUS
e Sariputta, HNUE

Cau V

1. Phuong trinh phan rd o ctia hat nhan:

28U — 4He + Z4Th, (1)

Phuong trinh phan rad 8~ cta hat nhan:

%50Th — %5iPa+ _Ye [1]. (2)

2. Dong vi ctia Urani phai c6 s6 khéi A chénh léch véi 238

mot
dong
Con

boi s6 cha 4 vi vay: 22°Rn, 21%Po, va 22°Ra la cac
vi cua Urani.

ddng vi ctia Actini phai c6 s6 khéi A chénh lech véi

235 mot boi s6 clia 4 vi vay: 26°Rn, 22°Ra, va 21°Po 1a
céc dong vi ctia Actani.

6Xem b

ai bao: D Ambrosini et al 1997 Eur. J. Phys. 18 284

Ry —Rio . N
———— Vv6i Ry, R20 la
Rz — Rzo VOl 10, £120 lan

lugt 1a Ry, Ry ctia mot méu lam chuan. D& thiy Ri, R
ctia mot mau cu thé sé lien hé v6i nhau qua phuong trinh
tuyén tinh:

3. T cong thic ti lé ta dat a =

Ry = a(R2 — R20) + Rio. 3)

T s6 litu ctia dé bai ta cé do thi:

T T T T T T
50 [~

Ry
w
(e

T

20 |-

10 -

10 15 20 25 30 35
Ro

Tu dd thi ta co:

T/Ty _
k(2 1). (4)
2T/T2 — 1

a=1.658=
Thay s6 thu duge:
Ty = 4.51 x 10° nam, Ty = 7.13 x 10° nam.  (5)
Tir d6 ta duge T = 4.58 x 10° nam.
Binh luan

B, — R, _ (M —1)
Ry, — By, k(AT —1)

(1)

where R, = Pb207/Pb204 and R, = Pb26/Pb1 for leads from different meteorites
aandb, k = UBS[UBS today (137-8), 4, = U5 decay-constant (972 x 10710 yr-1),
Ay = U decay-constant (1537 x 107 yr~!), and 7' = age of the array.

The isotopic compositions of leads isolated from three stone and two iron meteor-
ites are listed in Table 1 (PATTERSON, 1955). Because the radiogenic and nonradio-
genic leads may occur in different mineral environments in a stone meteorite and the
sample dissolution proced may be chemically selective, the lead ratios for the
first three meteorites in Table 1 have estimated errors from the absolute of about
29;,. The lead ratios for the last two meteorites in Table 1 have estimated errors
from the absolute of about 1%.

Table 1. The isotopic compositions of lead in meteorites

Pb Composition
Meteorite —e — ——

206/204 207/204  208/204

Nuevo Laredo, Mexico |
Forest City, lowa

Modoc, Kansas

Henbury, Australia
Canyon Diablo, Arizona

67-97
39-05
3821
2054
29-44

Mot doan bai béo ¢6 18 1a ngudn clia bai todn nay '

7Xem bai bao: Patterson, C. (1956). Age of meteorites and the
earth., Geochimica et Cosmochimica Acta 10(4), 230-237.
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1. O phuong trinh (2), phan ra 8~, mot neutron bi bién ddi
thanh proton, va qué trinh nay tao ra mot electron va mot
phan neutrino electron 7; trong khi & phan ra 1, mot
proton dudc chuyén ddi thanh neutron va qué trinh nay
tao ra mot positron v mot neutrino electron. phan ra BT
con dugc goi 1a phat xa positron.

2. Céac phan tng hat nhan néi chung va phan ra  ndi riéng
phai bdo toan mot s6 lugng tit goi 14 s6 lepton, hay s6
electron v cic neutrino lién két ctia chiing (cac lepton
khéc 1a hat muon va tau). Vi cac hat nhan nang nhu 234Th
va 234 Pa ¢6 s6 lepton trung hoa va electron cé sb lepton
+1, vi vay trong phuong trinh (2) phai sinh ra hat c6 s6
lepton -1. Do d6 phan ra 8~ (electron) phai di kem véi
mot phan neutrino electron (%), (s6 lepton—1) dé trung
hoa s6 lepton trong phuong trinh trén, ban chét ciia bo
toan sb lepton da bao gdm ca bao toan sb spin nén khong
cAn noi dén & day 8.

Loi gidi dé zudt bdi cdc thanh vién:
e Sariputta, HNUE
o [sigma]/

Cac thanh vién bién tap BTEX:
TDH, NUS
e Sariputta, HNUE

[Drop]
e Than Hdi Kién, Truong THPT Chuyén Bac Giang

8Xem: Landau, L. D., et al. (1993). Lectures on nuclear theory.
Courier Corporation.
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CLB Vit li xPhO

Ngay 17 thang 2 nam 2024
Ngay thi tha hai

Cau l

1. Khéo sat nita dia tron dong chit c6 khdi lugng m va ban
kinh R. Néu chia dia tron thanh cic tam gidc cong rat nhd,
mbi tam gidc déu dong chit nén c6 trong tam cach déu tam

dia O mot doan %R. Vay khéi tam ciia nita dia tron dong chét
chinh 1& khéi tam ctia nita vanh tron dong chat cé khéi lugng

m va ban kinh a = gR.

Xét vi phan khdi lugng dm nim trén vanh tron véi dm = ™ o
T

¢6 toa do Descartes hai chidu trong mit phing chita vanh tron
12 (asin (o) ; acos(a)), toa do khdi tam dugc xac dinh béi:

0.5m
TG = / L sinada = 0, (1)
s
0.57
Yyg = / %cos (o) da = %a = %R. (2)
—0.5m

Néu tric tiép chia dia tron thanh vi phan khéi lugng véi dm =
rdrdo c6 toa do Descartes hai chiéu trong mit phing chita dia
tron 1a (rsin (a); rcos (a)) thi:

R 0.5
TG = % / rdr sin (o) do = 0, (3)
0 —0.57
R 0.5
1 2 4
Yo =g / rodr / cos (a)da = @R (4)
0 —0.57

Vay dé& dang ta xac dinh dugc thong sb do dai:

_4
T 3r

u=QC (5)

2. Momen quén tinh ctia dia tron déi véi tam hinh hoc Q duge
xac dinh:

R +0.57
m 3 1 2
Ip = </ dr da = §mR . (6)
0 —0.57m

Ap dung dinh 1y truc quay song song Huygens - Steiner ta

dugc:
1 4\? )
—— | = ~ 0.31 .
3 <3ﬂ_> 0.3199mR (7

Ic =1q — mu® = mR?

3. Dé thay:

B} 2
I=Vu’+R*=R (ﬁ) c1=r(2) £1~ 1.0863R.
R 3m

Ap duyng dinh 1i truc quay song song Huygens - Steiner ta dugc:
Io = Ic+ml® = Ic+m (v’ + R*) = Io+mR’ = ngQ. (8)

4. Vi san khong c6 ma sét, nén co nang clia ban tru duge bao
toan, do doé:

(9)

1 1
mgl (1 — cosa) = Emv% + 510w2.

Ngoai Iiic tac dung lén ban tru chi gdm trong luc va phan luc
dan hoi tai vi tri tiép xtc, do vay khéi tam C ciia ban truy roi
theo phuong thing ding, chuyén dong cla dia tron va céc luc
tac dung lén dia xét trong hé quy chiéu phong thi nghiem dugc
mo t4 nhu hinh dudi.

Dudng thang trung véi quy dao ciia C

Dudng thang trung véi quy dao ciia O

Hinh 1.1. Qué trinh hinh thanh mién va trudng giao thoa

Lién hé vé toa do ta c6:

{yc:mfcos(a))

zo = lsin(a).
Neén lién hé véi van toc:

{ ve = —wlsin(a)

vo = wlcos a.
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T do6 tdc do goc duge xac dinh:
W = 2mgl(1 — cos &)
ml2sin®a + I’
Nhu vay:
2 (1 —cos )
sina + k o
Dé& dang dao ham phuong trinh trén ta dugc gia téc goc:
. ) .
sin(a) (sin” a + k) —sin(2a) (1 — cos
_ sinfe) ( ) —sin(20) i )
(sin2 a—+ k)

Tit phuong trinh lién hé van téc, ta xac dinh dugc lien he vé
gia toc véi:

ac = — (w2lcosa + ylsin(w)) . (13)
Két hgp véi cac két qua & trén ta dugc:
2k (1 — cos ) cos a + sin® a (sin® o + k
ac = —g ( ) ( ) (14)

(sin? a + k)2

5. Chuyén dong ciia dia tron va cac lyc tic dung lén dia xét
trong hé quy chiéu phong thi nghiém dugc moé tid nhu hinh
dudi:

Dudng thing trung véi quy dao cia C
~
~
~
e \
~ \
,/ \
e |
po |
—& - 1
¥ Pudng thing trilng véi quy dao ciia Q
It /
\ N =
| P
o
1
[
AN — Il /
. N4, /

Hinh 1.2. Qua trinh hinh thanh mién va trudng giao thoa

Cac phuong trinh dong hoc tuong ing la:
e Tinh tién: N — mg = mae.

e Quay: —Nu = I.7.

Lién hé vé toa do ta c6 dugc:

Yo = —usin«
TQ = —uUcCosa.

Neén lién hé gia toc :

ae = wusina — yu cos a. (15)
Tai thai diém t = 0 thi w = 0 vi a = 0, do d6:
e =——  ~ —0.3603g. (16)
I
1+

Loi gidi dé xudt bdi cdc thanh vién:
o [sigmal
e Murasakiiro, Truong Dai hoc Su pham Tp.HCM
e Doan Quang Tudn

Cau Il

1. Cong suit biic xa trén mot don vi dién tich tai khoang cach
Rsg cua Mat Troi la:

P AT R2TS
=15 _ o4nRTs (1)

47rR§ B 47TR% B

Ta thédy dién tich hiéu dung thu bic xa ctia Trai Dat 1a 7R%,

nén nang lugng bitc xa Mat Trdi dén Trai Dt trong mot gidy

la:

oA R2T4
AT R%

7”"}%%2%% ~2x 10'7W.
R

SE
) ) (2)
Vay nang lugng biic xa Mat Troi den Trai Dat trong mot giay
1a2-10'J.

P,=L-7nR% = -wR% =

2. Gia thiét bai toan ta co:
3%P.t = A. (3)

A 26x10'°
T 0.03P,  0.03 x 2 x 107

— 1 ~ 4.3h. (4)

3. Khi nhiet do Trai Dat én dinh 13 Tk thi cong sut hap thu
va bitc xa ctia Trai Dat bang nhau nén:

P, = 04w RETh. (5)
noRETSR2
% = o4 RETs. (6)
SE
Rs
Ty =T ~ 290K. 7
— 1E S 2Rsn ( )

4. Dong lugng ctia mot hat proton c¢6 niang lugng e 1a:

p= o (8)

Trong mot gidy, do 16n do bién thién dong lugng clia tat ci cac
hat proton ngay truéc khi va sau khi dap vao Trai Dat La:

_ e
_

Xp

Luc do bitc xa Mt Troi tac dung len Trai Dat 1a:

by
F=%p= 75 (10)
Ma 2 4 2
Ye=P, = mﬂi.{s# (11)
SE

Thay vao biéu thitc trén, ta dugc

2 4 R2
p =TT B 6 67 108 N (12)
R% ¢
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5. Gia thiét khi quyén hap thu hoan toan bic xa tit Trai Dat.
Goi nhiét do bé mat Trai Dat & ¥ nay 14 Tx. Gia thiét bai toan
cho ta:

2 4 P2
709% TS TS Re _ g2 (13)
RSE
ﬁTé:TS‘/ngE = V70% - Te ~ 265 K. (14)

Loi gidi dé xudt boi cdc thanh vién:
e Thay Pham Dinh Hoan, THPT chuyén Vinh Phic

e Diao Long Dic, Phd Thong Ning Khiéu, Dai hoc Qubc
Gia Tp.HCM

e Murasakiiro, Truong Dai hoc Su pham Tp.HCM
Cau lll

1. a) Truong hgp £ = 0. 6ng tru tich dién déu
Xét dien truong gay bdi 1 vong bé day dz mang dién tich
dg = 0p2madz:

-1 dg -z N
4meq (22 +a2)3/2 .

dE = (1)

Luc do dién truong nay tac dung lén dién tich +q¢:

¢
z dz .

2 _90 -0
Fr _/qu_ aq/ (22+a2)3/2z’
0

2¢e0

P00 (1 L)z
* 250q N/ZES Y

Tuwong tu luc tac dung lén dién tich —g ciing vay:

Fo =P

Luc téng hop téac dung lén hé dien tich diém la:

= o - 00 a .

F=F{4+F. =——¢q|(l-—— | 2
* €o 1 ( V2 + a2>

Luc c¢6 phuong va chiéu ngude truc Oz.

b) Truong hgp £ =1

D@ thay 6ng tich dién deu la sy chong chap ciia 2 thanh phan

2£+ aosm22—€

D6i v6i mdi thanh phan: do tich chat déi xting ma né déu tac
dung lén hé dién tich nhitng lic nhu nhau. Do dé néu chdng
chap lai thi ra dugc lyc nhu § a. Vay luc gay bdi mdi thanh
phan tac dung lén hé la:

dién tich o9 = o9 0052

; ()

Hay

2. a) B0 qua biic xa dién tit gay bdi vector Poynting.
Xem né nhut moét cudn solenoid mang téng dong 1a Ni
N ..  pooo-2mal

B = u()?zz =7 o WZ = [oToaw?z.

b) Tir trudng thay déi sinh ra mot dien trudng xoay:

b =7r’B—E= —TF’I’Q@ =277 - By,
dt

rdB

ot ”? Q“OUO‘IW

Hay E(T)

Véi ¢ cung chidu quay van téc goéc @.

¢) Ning lugng tt trudng:
2

2
B 2y to(o0aw)” o,

W
= 90 2

Nang lugng dién trudng:

a

1
Wg = QSQ/EQ(T’)T{'Zd (7"2) = 1’2 200(1 Sty (10)
0
Téng ning lugng dién tir trudng:
2,2
W= Wps + W ugaoa Arlw? 14+ a“y
2 8w?c?
2 4_; 2 (1n)
__ Mooga”mlw
- 2

Loi gidi dé xudt boi cdc thanh vién:
e Sariputta, HNUE

e Dao Long Pic, Phd thong Nang Khiéu, Dai hoc Qubc gia
Tp.HCM

Cau IV

Hinh 4.1. Qu& trinh tao dnh qua bmss

1. So do tao anh:
Cho phan hé quang phia trén:

BMSS1

TK
ST 5 —— 5.
d; d
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Hinh 4.2. Qua trinh hinh thanh mién va trudng giao thoa

Tuong ty cho phan hé quang phia duéi:

BMSS2 TK
==

S Sy 1 5y, (2)
d; d

;

Sy tao dnh qua ling kinh:

025512552:e<1—%>:6mm. (3)

Tu do
S1S2 = ac = 0.75 mm. (4)

Su tao &nh qua thau kinh:
510 = 520 ~d=S0— 551 =45.6 —0.6 =45cm, (5)
’ o I df _ 45 x 30 _
Suy ra:
d/

8185 = ESlSQ =2ac = 1.5mm. (7)

2. Mién giao thoa 13 mién chdng chap clia hai chiim tia "tua
nhu" phat ra tir tit S7 va S5 (ving hdng phin dam Xem hinh
4.2):

OCuin —90 cm
OCmin N

0.75 cm

10 om = OChrin = 97.3 cm.

(8)

3. Ta c6 OC = 15 m va theo két qua cau 1 thi OS] = 0.9 m.
Hé tuong tu hé khe Young va khi d6 khoang cach gita véi hai
nguodn thit cip chinh 1a cac anh S; va S5 Do d6 khodng cach
gitta hai ngudn thit cip nay la a = S1.95 = 1.5 (mm) va khoang
cach tit hai ngudn nay t6i man cé thé goi la D va bing :

D= 51C = 55C = 0.6mm. (9)
Khoang van:
. AD
i=— (10)

Thay cac s6 da tinh & trén theo dit kien dé bai thi 4 = 0.2 (mm)

4. Dao ham biéu thiic clia i trong phuong trinh (10), v nhé
lai a = 5155 = 2ac, ta thu duge téc d6 thay ddi ctia khodng

van:
di _d (AD\__ ADda
dt dt\ a /) 2a2cdt’

Vi géc alpha gidm dan véi téc do w nén :

(11)

da T

E = —Ww= —@ rad/s. (12)
Do do:

di  ADw

T 202 = 12.6 pm/s. (13)

Loi gidi dé xudt bdi cdc thanh vién:
e Sariputta, HNUE

e Dao Long Dic, Phd thong Ning Khiéu, Dai hoc Quéc gia
Tp.HCM

Cau Vv

1. a) Thiét ké so d6 mach dién theo yéu cau ciia thi nghiém:
Dao dong ki dién t

<
o
<
o
>0
[SN
—+
[45)
3
—
[\5)
>
9

Daura D
Dé phac thdo hinh anh trén dao dong ki, trudc hét ta danh gia
tuong quan giita hai dién 4p xoay chiéu qua gidn dd pha cia
mach (gian dé Fresnel):

imach (méc)
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Nhu vay, tit gidn do pha, ta nhan thay uap c6 bién do 16n hon
Ur, V3 tré pha mot lugng . D6 thi ghi trén dao dong ki sé dugc
phéac théo nhu hinh duéi:

u

UABmax - - -
Urmax - —

Tt hinh anh thu dude trén dao dong ki, ta c6 hai cach dé tim
dugc do lech pha ctua hai dién ap:
e Xéc dinh khoang thai gian AT giita 2 thoi diém lién ké
ma hai dién ap dat cuc dai, tir do6 ta co:

2r AT
2T 1)

e St dung tinh chit thu dugc tit gidn do pha:

U Rmax
p = arccos

UABmax

Ta gia st cac diém thé hien dién 4p tic thoi hai dién 4p trén
dao dong ki di chuyén theo chiéu duong trén quyj dao Ellip
dugc quy uSc nhu hinh vé. Nhu vy, ta nhan thiy tai diem A,
X dat gia tri cuc dai con tai diem B, Y dat gia tri cuc dai. Ta
két luan duge: X s6m pha hon Y; vi thé, X hién thi gia tri tic
thai ciia dién ap ur, Y hién thi gia tri tic thoi ctia dién ap uap
e Tai diém B trén do thi dao dong ki:
UAB = WABmax = D- (3)
e Tai diém C trén d6 thi dao dong ki:
UR = 0.

(4)

Pé thuan tien, ta gid st ur = URmax COSwt, vay uap =
UABmax €08 (Wt — o), trong d6 ¢o 1a do tré pha clia uap so
véi ur. Két hgp véi cac phuong trinh (3) va (4), ta dugdc:

UR(C) = URmax cos(wtc) = 0 — wtc = g +km, (ke N). (5)

Liac nay,
uAB(C) = UaBmax cos(wic — ¢o) (6)
= pcos (g:l:lmrfgoo) =gq. (7)
D& co, |cos (g + kmr — cpo)‘ = |sin po|. Vay, psingo = ¢, hay:

(8)

(4
(o = arcsin | = | .
(p)

2. Ta vé s6 do lap mach dién xoay chiéu,
Cy

R
A |5

Ta co: R
HOR _ZR - —WRC, (9)
uoc  zc
(:JCX
ma w = 27 f, vay,
UOR UOR 1
=2 = = . . 1
Tow TfRCy = C. wo.  I7RF (10)

Ta thyc hién viéc tinh toan véi s liéu thu dude qua cong thitc
(10):

f(Hz) 99.8 199.0 | 300.0 | 400.1 | 500.3
U()R/Uoc 0.3 0.6 0.9 1.2 1.6
Cz (1077F) 9.568 | 9.597 | 9.549 | 9.547 | 10.180
Ta tinh dugce gia tri dién dung trung binh:
Cyp = % =9.688-10'F. (11)

Dénh gia sai s6: e(Cy) = e(ot) +e(R) = 5% + 5% = 10%.

= AC, = 10%C, = 0.9688 - 10" 'F.
Vay gia tri dién dung can tim la: C, = 9.688 +0.969 - 10~ F.
Loi giai dé zuat bdi cac thanh vién:
e Diao Long Dic, Phd Thong Niang Khiéu, Pai hoc Qubc
Gia Tp.HCM
e Murasakiiro, Truong Dai hoc Su pham Tp.HCM

Cac thanh vién bién tap ETEX:
e TDH, NUS

e Sariputta, HNUE

e Dao Long Ditc, Phd Thong Nang Khiéu, Dai hoc Québc
Gia Tp.HCM

e [Drop]
e Than Hdi Kién, THPT chuyén Bic Giang

e Colevol, Phd thong Niang Khiéu, Dai hoc Qubc Gia
Tp.HCM
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