BO GIAO DUC VA PAO TAO

Mén: VAT Li

HUONG DAN CHAM PE THI CHINH THU'C
Mén: VAT Li
Ngay thi thir nhat: 01/4/2021
(Hudmg dan cham gom 10 trang)

I. HUONG DAN CHUNG ,

1. Giam khao chdm ding nhu dap an - thang diém cua BO Gido duc va Pao tao.

2. Néu ¢6 cau ndo, ¥ nao ma thi sinh ¢6 cach tra 161 khac so v61 dap an nhung dang thi van cho
diém t6i da cua cdu, y d6 theo thang diém.

3. Giam khdo khong quy tron diém thanh phan cta timg cau, diém cua bai thi.
II. DAP AN - THANG DIEM

KY THI CHON PQI TUYEN OLYMPIC NAM 2021
HUONG DAN CHAM DE THI CHINH THUC

Cau |

Néi dung

‘ Piém

Cau | (4,0 diém)

l.a)

Goi r latoa do cua khdi tim qua ciu vd R 1a vector béan kinh cua qua ciu c6 hudng tir

tam dén diém tiép xtc. Luc ma sat nghi Fmsn 13 luc phat dong cho chuyén dong quay quanh
truc qua cau. Céac phuong trinh chuyén dong

0,25

Dé qua cau lan khong truot: V+®xR =QxT (3)
L4y dao ham hai vé phuong trinh (3)
dv do
— 4+ —x
dt dt
. dv 5 |= dv —
Thé (1), (2) vao (4): —+——| Rx| m— | | xR=QxV
1), (@) ()dt 2mR2{ ( tﬂ
av 2=
Hay: —=-QxV (5
Ll ©)
Vi vay, gia téc cua khdi tam qua cau luén vudng goc vai van téc géc Q va phuong cua

vector V
2 - —
A1) _dO-Y) 5. W _55.(2Gxv |-0
dt dt dt 7
nén qua cau s& chuyén dong tron déu.

0,50

L4y nguyén ham hai vé phuong trinh (5)
I 25547 (6)
dt 7
Véi V' 1a hang s6 phu thude vao didu kién dau va thuoc mit phang dia. Ta hoan toan co thé
viét lai phuong trinh (6) dudi dang
d? 2 g — —*
—==Qx(r-7) (7
ks
- 2— _. 5 , \ . -
V6i V = —7Q>< . Qua cau sé chuyén dong tron déu voi tam dat tai T

Dé qua cAu chuyén dong tron c6 tam tring véi tm dia va ban kinh r, thi r* trong phuong
trinh (7) bing 0. Do d6, van tc ban dau cua qua tdm khdi cau

0,50
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Noi dung

Pieém

%, = 2GxT, ©

vai 1, 1a vi tri ban dau tha qua cau.

Str dung diéu kién lin khong trugt (3) va phuong trinh (8) ta c6: @, x R =

r\>|0'|

0,25

1.b)

Khi van tdc ban dau cua qua cau bang 2V, st dung phuong trinh (7) cho ta
L 2= . .
2V, :7QX (K=" (9

So sanh (9) véi phuong trinh (8) ta cé ¥~ =—F,. TAm qua cau s& chuyén dong tron c6 tam la
diém dbi xtring véi diém tiép xuc ban dau qua tam cua dia.

0,50

2.a)

Phuong trinh chuyén dong cua qua cau
Fomsn + mgsin ej =m d— (20)

RXFmsn :éngd_(D (11)

Str dung phuong trinh (4), (10) (11) ta dugc

av 2—
—=—QxVv+—=gsind j(12
i =72 g 1(12)

0,50

5gsin 0~ .
9SINO 41 phuong trinh (12) trér thanh

Vi ]:-(5><T)/Q vadit V' =
av 2=
E —7QX(V \Y} ) (13)
Do d6, d¢ qua cau lan khong truot voi vector van toc khoi tim khong doi thi V=V hay
qua cau duogc 1an sao cho van toc cua khéi tam ban dau theo phuong i vadolon bang
5gsin 6
20

0,50

2.b)

Dang dai s6 cta phuong trinh (12)

2
v, = 7va 14)

v, =_EQVX+595|ne
7

(16)

(15)

v.(0) = Sg sin®

v,(0)=0 (17)

biéu kién dau:

0,50

Giai hé (14) (15) va sir dung cac diéu kién dau ta duoc
—1Ocos(2§2 Jgsm 0+5gsin®

v, ()= 20

5sm[2£72 )gsm 0
v, (1) =

Q
Khi qua cau & vi tri cao nhat thi v, (t) =0 V4t chi c6 van tc theo phuong x va

v, ()= Sgsm 0

0,50
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Cau Noi dung Piém
15gsin 6 . . e X X
Truong hop |vX (t)| _=9 loai do tai d6 vat ¢ vi tri thap nhat
Cau Il (4,0 diém)
1. | Theo cac dir li¢u cua bai toan, sy phu thudc cua ti phan cua cac phan tir khi Hydro bi phan

li vao nhiét do c6 dang tuyén tinh n=aT +b. Cac hé s6 a, b duoc xéac dinh tur:

{nl S g10%K b= 2,9

n, =arl, +b,

Noi ning tong cong U cta phan duge khao sat cia dam may bao gdm ndi ning cua hai khi
ly tuong (don nguyén tor H va ludng nguyén tir H2) va nang luong phan ly cua céc phan tir
Hydro.

Goi n 12 s6 moll cta khi Hz khi chua phan i, ta c6:

U= g(Znn)RT+g(1—n)nRT+ R

0,50

Thay biéu thirc 1 =aT +b.
U=3nRT(aT +b)+ > nRT(l—aT —b)+ N, n@T +b)W

”ZRTZ (%R +N aWjTJrnN bW

Tim d6 bién thién ndi ning trong mot qua trinh gidn nd nho bang cach 1ay vi phan hai vé
biéu thirc ndi nang theo T, ta dugc:

dU=nR (aT

5;b+N aWde

Goi V 14 thé tich phan dang xét ciia ddm may & nhiét do T ndao d6. Dung phuong trinh
Mendeleev-Claperon ta tim dugc ap suat p va tinh dugc cong dA trong qua trinh gian no
nho

oV =n,RT = p = MRT

dA =pdV
Trong d6 no 1a s6 mol khi, n, =n(1—n)+2nm=n(l+n).O0 diy chi y do 1 phan tir Hydro
phén 1i thanh 2 nguyén tr Hydro. Suy ra:

da_ NA+MRT \ n(L+aT +b)RT }dv
v v

dV =nR[aT’ +(1+b)T

0,50

Vi la qua trinh doan nhiét nén ta co:

dU = —dA
nR( 5+b NaWde——nR[aT2+(1+b)T

al +——+
2

(T+5+b+NAW]dT— {TZ 1+b }dv
2a R a \Y

]dV

5+b N, W
T+——
av 2a R
B 1+b ar (@)
v T2 420
a

Dit va thay sb: A = 52+—b+ NaW _53208,1k:B = 22 = _p375K
a a

0,50

Lay tich phan hai vé cua (1)

0,50
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Cau Noi dung Piém
V. T, T+ 75 +b + N, W T, T T,
cdv ¢ FT+HA 1¢A 1 ¢B-A
- d—:j 2a1 bR dT:j .. dT:-j—dT+—j dT
w Vo1 e itbg 1 T°+BT By T+B
a
In A = A In T— +(1- ) In +B
vV, B T T B
v, T, + B8
- — =
V, T T,+B
_A Ay
B B
Thay sb: =V, =V, TP LEB P 38,3km’®
T, T,+B
2.a) | Xét mot khdi khi da nho dm
Nguyén ly thir nhét nhiét dong luc hoc ¢6 8Q, = 8U + P8V
trong d6 dU =C.8T +Loq, T =T, = constant
0T =0,PoV =—-V4P.
Do do, 8Q, = Ldq— V4P
om om RT,
Lu n PV——RT nén 8Q, =L6q———L38P 0,50
uy ra g M Q M P
SmRT
Q,=LAq- j—dPAq jdq
L Qo fa RT,
sm_ om . M PB
Trong do: Tir phwong trinh Clapron-Mendeleev doi Véi hoi ta co:
m m HaP
V, =0 RT = —bh — Zntbn
pbh A ) VA RT
Liegng hoi mede trén don vi thé tich thém vao khi khi tang dg am 18n béo hoa la: 025
— 89 _ (1_0,75). M _ 0, 25 H1Pen _ 5 01096kg/ m? |
Vv, A RT
A A
A9 _ 29 _0,0084; LAY = 2477650/ kg: 2 = 30699.9 Jkg.
dm V,p om dm
Cong toan phan thuc hign: W=Q, —Q,
Theo nguyén ly 2 nhiét dong luc hoc: Q. = &
T2 Tl
w-(1-T)o oW (1 L) 89, R Py -
T, 5m T) sm M PB )

Thay sb: W _9903.2 J/kg.
om

Thi sinh c6 thé tinh cong theo W =nQ,, 1 1a hi¢u suét caa chu trinh Carnot.
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Cau Noi dung Piém
2.b) | Nang lugng bao toan:
1(éSm)[vzB -vi|= 112 || L ag+ OMRTyy Pa
2 T, M Py
U2 0,50
T, ), A9 RT, 2W V2
Vg =42|1-2 || L— Rl P +V4 =(—+vij
T 6m M P om
Ap dung s6: v, =123,4m /s =444,3km/ h. 0.25
2.0) y 2
Tir biéu thirc vr/2 =constant, taco : V,I,"2 = v 1'% 1, =1, (—B] :
Va 0,25
Thay s6: r, =1524km
Cau I11 (4,0 diem)
1.a) | Theo dinh luat bao toan nang lugng, sau khi ban tu dich chuyén lai gan nhau, ta co:
Q=A-AW )
Trong d6 Q 1a nhiét luong téa ra trén dién tro, A 1a cong cua luc la trong bo ngudn, AW 14
d6 bién thién ning luong cia dién truong giira hai ban tu. Ki hiéu Aq 14 do bién thién dién | 020
tich cua tu trong qua trinh phan bé lai dién tich, ta c6: Ag=UAC=(2C-C)U=CU
A = AgqU=CU’. )
Sau khi hai ban tu dich lai gan nhau, dién dung cua tu la 2C, con dién tich cua tu thi khong
doi (Theo gia thiét). Vi vay hiéu dién thé gitra hai ban tu 1a U/ 2. Ngay sau khi két thuc su
phan bo lai dién tich, hi¢u dién thé lai 1a U. Do do6:
2CU? 2 2
AW= CU® 2C(U/2)? 3 Scvt (@) 0,50
2 2 4
Tu (1), (2) va(3) suyra:Q = —CU2
1.b) | Ki hiéu x(t) 1a khoang cach gitra hai ban tu ¢ thoi diém t, x(0)=d, d 1a khoang cach ban dau
gitra hai ban ty. Di¢n tich cua tu ¢ thoi diém t 1a q(t). Ta c6 phuong trinh:
d )
q(t) = (U-IR)C(t), I = =2 C(t) = 2>
7 dt X(t) 0,50
O day, S la dién tich cta ban tu
x(t) U dq U
Ta c6 phuong trinh vi phan: —+ =— —+F(t)g=
PREOnE phan: SR TR T g THWa=
5 . Ul 1 S At
Theo d¢€, sau khoang thoi gian rat nho ta cé: q(At) = —| ——+At [=U i
R| F(0) x(0) R
Dé c6 thé xem dién tich 1a khong doi trong thoi gian hai ban tu dich chuyén, R phéi théa
man diéu kién:
R>> AXO) AW _ 5941050, 0.25
€49 €,

Cdch 2: Khi d giam dan dén C tang va Uc giam. Véi 1 dich chuyén dx ciia d, thoi gian dé g
tang lén e lan la T =RC(X).
C bién thién trong khoang C_,, —C, ., dodé RC_, <t<RC

Vay, dé dién tich la khong doi trong thoi gian hai ban ty dich chuyén thi:

max !
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Noi dung

Pieém

At<<t=RC,, =R >>£:A—td:0,94.108§2.

min 80

Trude khi tAm 3 roi khoi tAm 2, dién tich cia tim 3 la: Q = C,U= dS U=0S

Sau khi tAm 3 roi khoi tAim 2, mat do dién tich bé mait ctia mdi tim nhu hinh vé. Béo toan
dién tich:

A X
g,U - 1
G, =G, =—— 1) E1 ot
d o1
o o x [E2 32 >
Suyra: E,=—L1;E,=—% 2o ,
€ € 0
\ U
Tu (1) suyra: E, —E, =E (2
Ngoai ra, téng hiéu dién thé cta hai ban tu ndi tiép 1a U
E,x+E,(d-x)=U 3)
0,50
Tu (2) va (3) suy ra:E, = %dJFTX 4
U x
E,=—- 5
| " | ()
Luc dién truong trén tam 3 (hudng 1€n trén 14 chieu duong) la:
E E, gSU?
F.=-0,S—2%+0S1t="2 2x+d 6
9 E ’ 2 2 1 2 PNE ( ) ( )
Tong hop luc tac dung Ién tam 3 la:
SU2 g,SU?
Fow = Fe = mg = ( —Mg)+=7—x=ma
€ SU2 € SU2
=(o—7—9+— ()
2md?
. . s s g,SU°
bé tam 3 chuyén dong dugc 1én trén can dicu kién: 20md2 >0
Vagia tdc ludn duong sau khi chuyén dong 1én s€ dap vao ban 1. Diéu kién trén c6 nghiala | 0,25
2
suat dién dong U cua b nguon it nhat phai la: U = % (8)
€y
Tuong tu, khi ban 3 va Sham v6i ban 1, dién tich duong ¢ mat trén cua ban 3 va di¢n tich
am trén ban 1 tri€t ti€u lan nhau, dién tich & mat dudi la: AX
€49 o7 1
-Q, =—¢,E,S= Q___ E1 le
d i 4
o S 1 -G 2
= g,E,5="CU x B2 oY
Q, 0 d v 0, 2
Sau khi ban 3 va cham vao ban 1, van toc bang 0, chuyén dong di xudng dudi tac dung cua
trong luc va luc dién trudong, va cham vao ban 2 hoan toan khong dan hoi. Trong qua trinh | ( 25

€S

di xubng ctia ban 3, tong dién tich ctia nd la: —Q = _T U
Cuong do dién truong Ea, E» gitta hai ban cua tu dién trén va dudi (xem hinh) 1an luot la:
. g,U
o, — 0y =— 9
-0y =2 ©
Suy ra: E; :ﬁ;E'2 =2
€o €9
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Cau Noi dung Piém
Tu (1) suyra: E; —E| =—% (20)
Ngoai ra, tong hiéu dién thé cta hai ban tu ndi tiép 1a U
E.xX+E/(d-x)=U (11)
Tu (10) va (11) suy ra: E; = l; ddx (12)
U2d-x
E == 13
| 2= 4 g ‘ (13)
Luc dién truong trén tam 3 (hudng 1€n trén 1a chiéu duong) la:
E’ E; SU2
FL=—ojS 2 roiS—t= 80 (3d-2x)
Téng hop luc tac dung 1én tAm 3 la:
SU2 3g,SU? SU?
Flug = Ff =g =~ (3 -2x) ~mg = ~(=>—+ mg) + e x = mal
3808U2 £,SU?
= + X 14
o 7 ( 2 d2 ) mdS ( )
Pé tam 3 chuyén dong duge xudng dudi can diéu kién
g,SU?
+g>0 (Piéu nay ludn xay ra
| omd’ 920 ( y y ra).
Hoc sinh ¢ thé bién ludn dé dat két qua nay.
2b. | Tur cong thirc (7) ching ta co6 thé thay

2 2 2 2
:(sosu ~ ]+sosu Y B AcEESY A &SU

2md2 md2 ! md3
_dv_vdv LN
Tdt dx
vdv = (AX+B)dx:> v =+AX? +2Bx (Pinh Iy dong ning)
d
dt=——it, = [ — 0,50
AX2+ZBX ] AX2+ZBx
d
2
Ap dung tich phan dé bai: t, = 1 In B+ Ax+ VA JAX® + 2Bx
JA JA 0
3e,SU? —2mgd?) + 2U,/2¢,S(e,SU? — mgd®
Ta dugc: tl:g — (80 gd”) . \/80 2(80 gd®)
U 805 £,SU? —2mgd
Twong ti, tir cong thirc (14) chung ta ¢ thé thay (Luwu ¥ liic nay ban 3 chuyén dong tir 0 dén
d)
gSU*  g,SU°
a= X+ +0)=AX+B, (15
md3 (2md2 g) 1 1 ( )
2 2
A, - SOSLi B, = SOSU2
md 2md 0,50

AX HoBX = _'[w/Ax +ZBx

d
: ‘ B, + AX +JA \AX® +2B X
JA, /A 0
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Cau Noi dung Piém
3g,SU? +2mgd?) + 2U4/2¢,S(g,SU? + mgd®
Tim duoc: tzzg —| (80 g ) . \/80 2(80 g )
€49 g,SU” +2mgd
Téng thoi gian can tim:
Tt (3<e,osu2 2mgd?) +2U./2¢,5(¢,SU? — mgd? ) |,
NV sos £,SU? —2mgd? 0.5
d (3eosu2 +2mgd?) + 2U,(2¢,S(s,SU? + mgd?)
U 805 £,3U° +2mgd?
Cau IV (4,0 diém)
1. | Ta c¢6 khoang cach Mat Troi — Trai Dat la d =
1,5.108 km nén ban kinh mat troi 1a
R, =d.a=15.10% (O 26 3 14] 0,68.10°km
180
Ap dung dinh luét 2 niuton cho quS{ dao mat :[réng 0.50
v6i ban kinh quy dao quanh trai dat Ro va tan so
goc mo ta co
_ [oR? i
2“ R3 gR3 —3,84.10°km
Puong kinh mat trang 1a D, =2aR, =3,48.10°km
Puong kinh cuia khoang tdi toan phan tai vi tri ciia mat tring 13 D1. 0.50
D, =2R, —ZRO(RS —Re ] ~9,35.10°km
. D,-D D,-D
Khoang thoi gian nguyét thyc toan phan1a T=——2=T,—+—2 =159 (h)
o,R, 2nR, 025
. n D, +D, ’
Thoi gian nguyét thuc T, =T, =3,49 (h).
0
2. | Xét tia sang dén bé mat khi quyén va bi phan xa tai bé L .
mat trai dat, do tinh chat déi xtg c6 NN
- T - T , &
sm(z—(pj—nsm(E—yj Y /R 0) 0,50
R+ h*
Con=1+An; An=2,810"<<1
Gan dung goc nho co
X2 (P2 YZ
cosX=l-—=1-—=(1+An)|1-—
5 5= )[ 5 0,50
. 3 v2 -’ An
Bo6 qua s6 hang gan ding bac cao c6 =Anva y(y—-¢@)=An > Ap=y-@p=—
Y
R : 1/ZR
Mat khac cosy =—=F— > y=~siny=,[1-
’ ! R:+h ! ! (R +h] R Th 0,50
Ving tdi toan phan c6 diém xa nhit 13 (so v6i tAm trai dat)
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Noi dung

Pieém

. T
(RE+h)SIn(+(pJ
L,  _ Reth = 2 ) _11410°%m
sin( 2 o) SM(=¢) =)

Ban kinh ving ti toan phin tai vi ti mit tring di qua 1a
D, =2(L,-R,)tan (y —(p) ~8,47.10° km
D11 — Dz T D11 -D

Khoang thoi gian nguyét thuc toan phan 1a T = =T, 2=1,36 (h).
o,R, 2nR,

Cong suit buc xa toan phan cua mit troi
P=cT,.4nR2
Néu bo qua anh hudng cua thau kinh thi céng suét birc xa dén thau kinh va vao 16 A twong
ung la
P _ oT, 4R nd? oT.R? nd” P P, s _ oT. R}

T 4nd? 4 &2 4 A aRZ AT AdPRE A
Trong do6 d 1a khodng cach tir mat troi dén trai dét, Rs, Ry 12 ban kinh mit troi va banh kinh
anh caa n6 qua thau kinh, di 1a duong kinh ria cua thau kinh, Sa la dién tich cua Io A.

0,50

Vay cong suat vao mot don vi dién tich caa 16 A khi tinh dén anh huong cua thau kinh 1a
oT,/ R/}

4d2 R?
Do ciing 1a cOng suat phét xa toan phan (d6 trung) cua hop khi can bang nhiét. Vay

R, =0.64

0,50

d,+/0.64

2f

..+ R d .
Chiay rang R—S:? tacoO T, =T,

s'

=670,8K

0,25

Cau V (4,0 diém)

S6 cac song dimg dan hoi ¢6 tan so tir f dén dén f + df lan truyén trong tinh thé thé tich V:

2 2 2
dn(f) =22V g ATV g J22TVE ey
v vy v

n

0,50

Do trong vat ran cac nguyén tir twong tac rat manh voi nhau, nén cé thé xem vat ran nhu md
moi treong dan hoi lién tuc c6 mot hé song dan hoi vai 3N tan s6 khac nhau, ké tir tan so thaj
nhat f =0 dén tan s6 cuc dai f =T,,, c4c s6ng co tan s6 cao qua sé co budc séng nho hoy
khoang cach giira cac nguyén tir va s& khéng thé truyén trong V dugc:
WM12nVE? o AnVE

3

3N=Tdn(f):j =

df

3v* N 3 N}
2 =" Sf o=v|——| (2
M o4g v M (471Vj @)

0,50

Biét ning luong trung binh caa mot séng dirng c6 tan s6 f bang € va sb séng ding tir f dén
f + df bang dn(f), nén ning luong cua hé séng ding dan hdi trong V duoc tinh bang tich
phan

fm fm 3
127Vvh J- f of (3)

E = [ &dn(e) =E, +=— =
0 Voo exp()—l
KT

fu 3 4
. 6r\Vhf 3hnV.f 9
voi: E, = df = M — = Nhf,, (4)
° ;[ Ve AV T

0,50
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Cau Noi dung Piém
la nang lugng “nén” cua vt ran, khong phu thuoc T. Goi T, = thM la nhiét do Debye, dat
> hf . .
trong (3) bién z = T ta viét lai dang cua nang lugng E cho bai (3) dudi dang
fy 3 4 /T _3
E:E0+12n:/hj =g, +3NkS [ 2z
Vo exp(hfj_l TS 4 e’-1
KT
. . 3t2%z .
va cuoi cung qua ham Debye F(X) =— | —— thi:
x° J; e’-1 0,50
TD
E=E,+3NKTF| 2| (4
Nhiét dung vat ran: C,, =a—E =3KkN<F LR F To 5)
oT T T T
4. | Nhiét dung cua vat rin trong mién nhiét 6 thap (T —0):
T o 3 4
Thay can trén cua tich phan == — o va XX dx_x ,
T v e =1 15
8w _3 4
E=E, +3NKT F(T—Dj= E, +9INKT| —— jz—dz CE,+2n'kNL (6)
T T, ) e*—1 5 TS 0,50
Do d6 ning lugng cia vt ran ¢ nhiét do rat thap ti 1¢ voi liiy thira bac bén cia nhiét do v
nhiét dung caa vat ran ¢ nhiét do rat thap:
E 12n'kN . .
v _CE_Lr —T° (7). Phu hop véi thyc nghi¢m!
oT  5T?
5. | Nhiét dung ctia vat ran trong mién nhiét d6 cao (T >>T,)
hf
. . = hf
E duoc tinh bai (3). Ta lam gan dang dén bac 1 cua ﬁ: eT—1~ T
Y] 3 LY
E=E,+ 12nVh | f df ~E, + 127VKT | tdf =E, , AnVKkT f3 =E, +3kNT 0,50
AR (hf ) Ve v?
exp| — |-1 0
KT
. e oE . L. .
Nhiét dung mol vat ran: c,, = F =3R (8). Phu hop vai thyc nghiém!
6. | Tinh To: a la hang s6 mang tinh thé nén a’N =V . Mdi lién hé fp vao ardtrate (2):
f ~ X(ijﬂs
M al4n
va tinh dugc budc song cyc tiéu twong (ng Vi tan sé cuc dai fo truyén trong mang tinh thé| 0,50
1/3
doy = =a[4—“j ~1,62a (9)
N
Va0 C& a, nghia 14 c6 thé coi cac song truyén trong mang tinh thé I1a cac séng am dung.
7. U3 3
Nhu vay: T, = Nty _ [EJ hv_ (i) L\/E (10)
k 41 ka 4r ka o) 0’50

va dé tinh duoc nhiét do Debye cua mat tinh thé can phai tinh qua suat Young, khéi luon
riéng va hang s6 mang cua vat ran. Tinh so
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Noi dung

Pieém

|

3

43,14

Ve 6,626.10"%
1,38.102.0,3615.10"°

9
130.103 ~315K
8,9.10

Tong diém toan bai

20,00
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