BQ GIAO DUC VA PAO TAO

HUONG DAN CHAM PE THI CHINH THUC
Mén: VAT LI
Ngay thi thir nhat: 24/3/2016
(Hudng dan cham gom 09 trang)

I. Hwéng din chung

1. Can bd chdm thi cham dting nhu d4p 4n - thang diém cta B6 Gido duc va Dao tao.
2. Néu c6 ciu nao, ¥ nao ma thi sinh c6 céch tra 10i khac so v6i ddp 4n nhung van ding thi van cho diém tdi
da cta céu, y d6 theo thang diém.

3. Can bd chim thi khong quy tron diém bai thi.
IL. Pap an - thang diém

KY THI CHON PQI TUYEN OLYMPIC NAM 2016

Ciu Noi dung Diém
Cau 1 (3,5 diem)
1l.a Trong h¢ quy chi€u ban, chon tryc y hudng theo phuong cua xung lyc, con truc x huong tir trai
1,00 d | qua phai. Khi thanh BC chuyén dong véi van toc u, thanh phan vén toc theo hai phuong x vay cua | o 954
tam thanh CD la: v = /®sin 6, v, =u—/wcos6
Xét chuyén dong quay cta thanh CD quanh tim C, md men luc bang khong nén mé men dong
1 .
luong bao toan: 0=1_®+L ., =0= 3 m/’®-m(u—/®cos 0)/cos O+ mm/’sin* O 0,50d
—0=2"c0s0 0.25d
47 ’
1.b . o cos” 0
1,00 d | Dong lugng cua hé ba thanh sau va cham P=mu+2mv =3mu| 1- 2 0,25d
Pong nang cua hé ba thanh sau va cham
2 2
m 1 11 2—cos” 0 0,254
K="" 1 2o m(v; +v))+ 2wl = 3mu’ = B
Goi v 12 van tdc cua qua ciu sau va cham. Dinh luét bao toan dong lugng va nang luong cho
2
cos” 0
Mv, = Mv +3mu (1— j
2 0,25d
1 1 2-cos’ 0
—Myv, ==Mv’ +3mu’ ———
2 2
. 4 cos’ @
Strdung M =3m d¢ gidira: u=—"—-—v,; vV=——",—V, 0,25d
‘ 4—cos” 0 4—cos” 0
2.a Xét chuyén dong quay cua thanh CD quanh tdm C, md men lyc bang khong nén md men dong
0,50 d | lwong bao toan. Giai hoan toan twong ty phan la, chi thay u = v, =2/, tacé: 0.50
32lm 3w ’
0, =——-=cos0="—cosb.
4 7 2
2.b Goi v 12 van tdc qua ciu sau va cham. Y 1a xung lugng qua cau truyén cho thanh, con Y, la xung
1 , . . \
00d lugng trao doi gitra hai thanh theo phuong y. Goi v, v, la céc thanh phén van toc cua trung diém
thanh CD sau va cham. 0,25d
. 3 . 3
v, ={®,sin0= Eﬁml sin©cos 6, v, =2l - lw,cos0 = (o (2 _ECOSZ 0)
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Cau N§i dung Piém
Momen dong lugng cia hé hai thanh sau va cham
2 _ 2
L= %mﬁzwl —%mﬂzwz +m(2(+/LcosB)v, —m/sinOv, = me7o (163 Dcos”9) .
Goi K 1a dong nang cua hai thanh sau va cham: 0,254
2,216 2
2K = gmﬁzwf +%m€20)§ rmi+y?) =200 (163 Dcos 6)
Sau va cham, dé qua cau dimg yén thi n6 phai truyén hét mémen dong lugng va dong ning cho hé
thanh:
m2®,(16—9cos? 6) , mle(16—9cos? 6) 0,254
3mv,h = 3 ; 3mv, = 3
Suyra 9v,h = ’0,(16—9cos* 0);  3v, =(®,16—9cos’ 8
16— 2 0,25¢
Chia cho nhau ta dugc: h = M.
Cau 2 (3,5 diém)
1. v
v-1 2
0,50d Quad trinh doan nhi¢t thudn nghich nén: p, =p, (%J =p, (%j 0,25d
1 1
Nhiét lwgng nha ra ¢ dan néng Q, = Cy(T, — T5)
Nhiég lurong nhan ¢ dan lanh Q, = C(T; — Ty)
HE¢ s6 1am lanh:
.- C,(T,-T,) _ (T,-T,) _ (T, -T)
Cp(Tz_T3)_Cp(T1_T4) (Tz_T3)_(T1_T4) T L—l -T L—l 0,25d
1 rl-‘1 4 T4
Vi cic qud trinh I-1I va ITII-IV 1a doan nhiét nén: T—2 = T—3 —e= T,
T T, T, -T
2.a) 5 o ) ds
0,75d | Dat Cy =g(V), mdt khic ta c6 dQ=CdT=TdS=C, =T E 0,25d
v
dC d(T((il"f’j 0°S 9°S d’p
( dvvj v | T Tover Tarov :T(dTZJ =0=e'(V).
T v 0,504
T
hay néi cch khac g(V) 1a hang sé ma g(oo) = % nén g(V)= % =const
2.b)
1,0d | Tacé dU :(ﬂj dT+(£) dV =C,dT+ T(@j plav=Rars 2 av
dT J, dv ), dT ), 2 \"
0,5d
Dé dang c6 duoc: U = BT ~ 2 4 const.
2 v
Duing nguyén Ii I cho khi dang xét v6i qué trinh dang dp, ta dugc
dv a \(dVv
CydT+a—=CdT-pdV—->C =C, +|p+— || —=
\ VEINAT ) cona 0,25d
a a 2a
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Cau N§i dung Piém
R 5R R
Vay CP—CV+(p+12j =20
v A _y_p)@ 2 2a(V -b) 0.25d
P+ 3 ( ) 3 ’
v v RTV’
2.0 dv a
0,50 d 5Q=0=CVdT+a?+pdV:> p+? dV =-C,dT 0,254
R (p +— j
a 2a \%
RdT = (V—b)dp+ p+—2—(V—b)—} dVv = (V—b)dp+—dV
A" A" G, -C,
RC, dr| _(V-b)(C=Cy) _ 1 V-b 0,234
:>RdT=(V—b)dp— dT = PV _ 5
G, -C, dp RC, C, 1 2a(V—b)
RTV’
2.d) 2a b 2a b
0,75d ) dT T BT
’ Sir dung gia thiéta << pV: b<< Vtacé o =—y ~RL o~ RT 0,254
dp |, C, C,+R
2a
" C,+R% TdT C,+R¢| pR
e o oV _~v
Suy ra Idp =p, —p b 7 b j 7 1 dT 0,25d
P1 T —-T T ——
bR bR
2a
-T
7R 2a bR
= T, -T,+—In
p,=p + 2b bR 2a T 0,25d
2
bR
Céu 3 (4,0 diém)
1. TU truong & rat xa mémen ludng cuc tir tng véi cdc vi tri doc theo truc mémen ludng cuc //m
0,50 d —_\- — —
) . 3(m.r) I ml 2k'm
cddang: B=K'| ————-—|=—
r r r
Tir trudng trén truc dbi ximg ctia vong day tron ban kinh R ¢6 dong dién I chay qua, tai vi tri cach | 0,50d
tdm vong day mét doan r la:
2
— & L.27R R uo Z(I.TCR ) uo 2m " Tuds k' = uo
4n (R +1°) R2 412 4T (R + 2)3’2 47 13 4
2. Ta str dung phuong phdp anh tir, trong ty nhu phuong phéap anh dién. Anh cia md men tir da cho
1,50d dbi xung véi md men tir A theo truc z, hudng theo chidu am cua truc Oz dan t6i hai md men tir 0,25d
nay diy nhau.
Ning lugng ciia mot md men tir trong tir truong déu c6 dang U= -mB, tuy nhién trong trudng
hop nay cua ta tir truong tic dung 1én md men tir A khong déu ma tang tir O dén B tir khi chwa xudt 0.50d
. . 1_= '
hién anh tir dén khi anh tir xuat hién hoan toan. Do dé U, = > mB.
Do nam cham chiu tdc dung cla trong lyc nén nang lugng téng ctia nam cham c6 biéu thirc
1_ = k'm’
U=—-—mB+Mgh = m} +Mgh. 0.50d
2 (2hy

3/9




Noi dung

Piém

3k'm* \ 3u,m’
8Mg 32nMg’

Vi tri cin bang ctia nam chdm (ng véi vi tri thé nang cyc tiéu, tr d6 h = 4\1/

0.25d

Chon truc Oz trung véi truc doi xing cua hinh try, goc toa do tai vi tri ctia dién tich duong. Pién
thong do dién tich q giy ra qua mot méat S 1a chdm cia mot mat cau cé dudong bao 1a mdt duong
tron nam trén hinh tru dong va céch goc toa d6 mdt khoang z

D, = 2nkq(1—LJ.

Val+7?

0.25d

Tuong ty dién thong do dién tich 4m giy ra qua mit S d6 c6 biéu thirc
z—/
a’+(z—1)’

Tir d6 dién thong do ludng cuc dién gdy ra qua mit S c6 biéu thirc

@, =2mk(—q)|1-

z—/ z

\/a2+(z—€)2 _\/32+Z2

@, = 21kq

0.25d

Tir sy twong ty dién tir, tir truong do nam chdm A gdy ra qua mit S c¢6 biéu thirc

z—/ z

\/a2+(z—€)2 _\/32+ZZ

@, =21K'q’

0.25d

Tur d6 tinh dugc suat dién dong cam Ung chay trén bién ciia mat S

Ay _ 2nk’q'a’v ! !

£=— —
dt (a2 +(z—£)2)3/2 (a®+2° )3/2

0.25d

Wdz

Cong sut toa nhiét trén mot vanh dP =edl; dI =&edG; dG =
p(2ma)

_€Wdz _ 41m°k*q%a’v'W 1 1

=dP 2map 27ap (a2 +(Z_€)2 )3/2 - (a2 42 )3/2

0.25d

Dong cam tng nhanh chéng triét tiéu tai nhitng noi ¢ hai dau ong do d6 khi 6ng du dai ta c6 thé
coi nhu ong dai vo han.
Cong suat toa nhiét trén toan Ong

2

p

_ 4’k %q%a*v’'W T 1 B 1
27tap . (az +(Z—£)2 )3/2 (az +Z2 )3/2

0.25d

Doi bién s6 z=ay, ¢ = a x ta dugc
2

P

_ 4m’k”q”a’v’W 1 ]f 1 1
27ap a’ 7 (H(y_x)z)m (1+y*)"

_4m’k”q%a'v'W 1 45n(£}2
27ap a’ 128

P —
a

0.25d
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Noi dung

Piém

Khi nam chim chuyén dong dcu cong suat tdéa nhiét phai bang cong suat cung cap bdi trong luc
64Mgpa*

————="— — véim=q’/.
4510°k*m° W b

P=Mgvtrds v=

0.25d

Cau 4 (3,0 diém)

2,50d

Khi khéa K & vi tri (a) tu C; dugc tich dién () (b) A
q, =C,E °
Khi khéa K chuyén sang vi tri (b), tu C, phéng

dién, C, va C; nap dién, ta c6:

d . d Co . E,r=0

Xét cac doan mach chira L:

gs, Cs

di di
Vp -V, = L—I;VF -V, = L—=2

dt dt )
Lién hé gitra cac di¢n tich va hi¢u dién thé gilra
hai ban:

V-V, =y v =3
C, C

q
Va-Vi=
0

N — qJ2, Gy

0.50d

2
d 2
d, . 1
La(ll—l_lz):VF_VB :(VA _VB)_(VA_VF):C_(ql_qz) (2)

0

Timduqczc(llt@ +i,)=—(-q,+q,) =—q/+q; (D

” ” 1
(1) va (2) tim dugc: (q)—q5 ) +—(q,—q,) =0
LC,

0.50d

bat X=q,—q,
” » 1
X+ X" =000 =—. 3)
LC,
Tuong tuy nhu vy ta tinh dugc:
2

d, . . d y
a(_ll"'lz) dz(q1+q2) q, +4q,. “4)

L%(—il+i2)=VF+VB—2VD=—(VA V,)=(V, =V, )+2(V, - V,).

d, . . 2
La(—llﬂz):———(qﬁqz)- (5)

d d d
Tu phuong trinh: i1+1, =i, & s b S

dt dt dt
=q,+q,+q;=const=C,E =q,=CiE-q,—q,
Khi d6 phuong trinh (5) viét thanh:
d, . . 2 1 2 1 2C E
L—(-, +i,)==(C,E-q,-q,)-—(q, +q2)=—(—+—j(q1 +q,) .

dt C C, C C, C o6

Tir (4) va (6) tim duoc: (q”+q”)+% q,+q, — 2EC; —0
0C. 1 2 LCCO 1 2 C+2CO

0.50d
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Noi dung

Piém

2EC;
C+2C,

Y+o'Y =00 = |—— 12 = €25
LCC,

bat Y=q,+q, -

i (M
LC, LC

Giai (3) va (7) tim dugc:

X =Acos(0,t+9,);Y =Bcos(wt+¢)

1 EC? A B EC?
=—(X+Y)+—2="cos(@,t+, ) +— cos (ot + )+ ——2—
q; 2( ) C+2C, 2 ( o (Po) 2 ( (P) C+2C,

1 EC> B EC?
= (Y-X)+—2 =—"cos(m,t+@,)+— cos (ot + ) + ——2—
q, 2( ) craC, 2cos( ot +9,) 2c0s( ¢) cracC,

0.50d

Biéu thirc cuong d6 dong dién la:

. dg, Aw, . Bo .

1, =———=——=sin(®,t+ @, ) +——sin (ot +

(= Ty S (@t @) +=sin (@t +0)
. dgq, A, . Bo .

i, :d_t2 :T°s1n((x)0t+ (p())—7s1n(0)t+(p)
i=i,—i, =Bwsin(ot+¢)
Chon t = 0 ngay sau khi K chuyén sang (b), khi dé:
q, =CE;q, =0;q, =01, =1, =1=0

2
Tim dugc: @, =@ =0;A=C,E;B=CE— 2EC, _ C,E 1—£
C+2C, C+2C,

0.50d

0,50 d

Bl

15 4

20 4

’ 1
KhiC>>C, o= E = ,, mach xay ra hién twong phich
0

. Ao, . Bw . . Aw, . Bw . . .
== . sm((x)ot)+7s1n(0)t); i, zT‘)sm(mOt)—Tsm(wt); i=Bosin (wt)
V& phéc sy phu thudc cuong do dong dién qua tu C; vao thoi gian:

20

15 4

“lh,nl““ “h...,.nlllil““ll
LR 11

1

=}

w

=1

in

=}

0,50

Cau 5 (3,0 diém)

0,50d

Chon hé truc toa d6 nhu hinh vé. A
Trong chum tia sdng song song ta xét hai tia sang:
- Tia AyO di doc theo tryc doi xtmg cua W truyén I /

qua W vao mdi trudng c6 chiét suét n, khong bi 1ch.
- Tia Al bat ki song song véi AgO, téi diem I(x, 1) n
trén mat W, khic xa theo IR cat Ox tai F, v4i OF =f. .

Quang trinh ciia hai tia ndy phai bang nhau v&i moi

(x, 1) trén W, ta cé: ° \
nf =x+ny( —x)* +r°

=>m -Dx*-2nf(n-Dx+n’r’ =0

ol

0,50d
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Noi dung

Piém

Mat c6 dang duong elip tron xoay, gidi han boi mat phang x =0 vax =f:
X=—— 2
n+1 r
+ =1

(n+1)2 n+l1

2.a)
0,50 a

Pé tia sang truyén theo dang hinh sin thi phwong trinh duong di ciia né c6 dang: r = a.cos(kx)
= 1, = —kasin (kx) = —coti,

Ny

Tac6: n sin1, =const= n, sini, =n, =>n, =—/-
sini,

1
—=cot’i, +1=1+k*(@* —r*) =sini, =

Ma
sin’ i, JI+K (@ =)

Chiét suét n, bién thién theo quy luat sau: n, =n,.1+ k*(a®-r?)

0,50d

2.b)
1,00 d

. ., N . T
Tai moi vi tri ta ludn c6 n,sini, = ...= const = nBsma =ng

1 nz n (14K @ =) (14K @ -r))
sin’i, i(l+k (a’—b%)) (1+k2(a2—b2))
1<2(b2 K2

14K (a T 14k (a*—b%)

-

ma cot’i, +1=

(b*~r%)

0.50d

pat:  k, = K :j—r=kb (b* —1%)
X

J1+k* (@2 -b?)

. T .
= arcsin— =k, x +c=r1 =bsin(k x+c)
b

én r =bcos K x | =bcos(k,x)

Tair=b;x=0suyra c=
J1+K2 @ —b?)

N a

0.50d

1,00 d

Pinh cia mat ngan cach nam tai O nén di€ém hdi tu s€ ung vdi cic diém nam sat tryc Ox, tic

:E\/1+k2a2

2 k

0.25d

* Tia di qua dinh c¢6 quang trinh: L, =n,f
v6i n, =n,~/1+k?a’ 1a chiét sut tmg véir = 0.

0.25d

Cic tia khdc truyén thang trong khong khi mot doan x, 16 vao trong va truyén theo dudng dang
hinh sin vé F.

Quang trinh ctia doan Gng véi 1/4 chu ky cua tia di theo duong r = bcos (k X) bang:

Zkb kz bz )
L, =[n,df=[n 1+ dx_j a1+ (a2 = 1?) 1+1+k bz)dx

[1+ k’ (a2 —b” cos’ kbx)]dx

JI+E (a7 -7
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Noi dung

Piém

k’b’ k’b’
2,2 2,2
nA(1+k a _ZJW /1+k2(a2—b2) nAn(1+k a - >

" S+ (22 - 17) 2k 2k

+ Phan duong sin bén trong moi truong bi thiéu mot doan dau coi 12 thing, nén quang trinh cia né
khoang:
(f-f)+L, —(n,-1)(x—(f-f,))=L,= x+L,—n, (x—(f-f,)) =L,

2.2
T, (1+k2a2 _krj

=T (14 K02
= (1+k%a’)

X+

. k221.2 _\/1+k2 (az—l‘z)(\/l+k2a2 —\/1+k2 (aZ_rZ)) ) TtnAk3r2 (az_rz)

2k 1—nA\/1+k2(a2—r2) ) 8(n, -1)

0.50d

Cau 6 (3,0 diém)

0,50 d

. . A 5 A < A < e 2s 3A t
Thoi gian song ciia muon trong hé quy chiéu gan véi trdi dat: t= #2; B=v/c

1-B
Véi v 1a toc do cua muon.
Toc d6 dé muon dén dugc bé mat trai dat can théa man

=M spoy> L 052 00865.10° (m/s)

MM DR

0,504

0,50 d

Dé thay muon s& bi léch tdy. Luc lorent lam cho muon chuyén
dong tron deu véi ban kinh thoa man
’ I'Il()HV _______
=evB=>R =

eB4/1— B>
S=R —[R? —H? <426,07 (m)

m“v \ . 3A 1A X N N
;T d6 @0 léch can tim la

-
an

©l Pwl

v

0,504

1,00 d

Theo thuyet Bohr

sz 2 mv2 2

:ke—z; E= —ke—;mvr:nh,n:1,2,...
r r 2 r

2 2 2.4
n znz; v, :ke : En k I;lf:2
kme fin 2h°n

Tt d6 tinh duge: 1, = ="

0,504

k’m’e*
Do d6 nang lugng ctia hydro muon 1a Enu = ——th >
n
Vé&im' 12 khdi lwong rit gon ciia hé proton va muon.
k2 * 4 1
—mf 1—— | =3,4.10%c").
20 9

Do d6 tan s6 cua photon phét ra la f,, =

0,504
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Noi dung

Piém

Béo toan dong lugng va nang lugng twong ung 1a
p.+p,=0; Ex=E +E, (D)
Lién h¢ gilra nang luong va dong luong:
E’=p°c’ + mc* )

0,50d

. E:
Str dung (1) va (2) véi chu y bo qua khoi lwong nghi cta notrino s€ tinh duoc p, = K

Tu d6 tinh dugc dong ndng cia muon

B2 —mct)
T,=E, -E, = (ﬁj +m?c¢t —m, ¢? =153MeV

ou — 7E ou o
K

2
—mg,C
2E.c

4

0,504

HET
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