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PE THI OLYMPIC CHUYEN KHOA HQC TU NHIEN 2014
Moén thi: Vatly - Ngay thi: 23/05/2014
Thoi gian 1am bai: 180 phut (khong ké thoi gian phat dé)

Bai 1: Nguoi ta ném mot vat tir mat dat 1én voi toc do dau v, theo phuong hop voi phuong ngang
mot goc a. Gia tdc trong trudng 12 g. Bo qua stic can cua khong khi. Chon hé quy chiéu c6 gbc
toa do O tai vi tri ném, truc Oy hudng thang dtng 18n trén, truc Ox hudng theo phuong ngang sao
cho vat chuyén dong trong mat phing xOy.
1. Véi gia tri van tdc ddu vy xac dinh, vat chi c6 thé di téi cac vi tri nam bén trong mot duong
gi61 han. Xac dinh phuong trinh duong gidi han nay.
2. Khi roi tré lai mat dat, vat khong bi nay 1én khoi mat dat (v, = 0). Hé s6 ma sat giita vat va
mit dat 1a p.
a. Tim tdc dd cua vat ngay sau khi cham dat. Coi phéan lyc khi va cham 16n hon rat
nhiéu so véi trong luc.

b. Vi goc a bﬁng bao nhiéu thi vi tri vat dung lai nam xa O nhét.

Bai 2: Mot khau sung don gian duoc ché tao tir mot éng tru c6 chiéu dai Ly va ban kinh trong r.
Mot dau 6ng duoc nut kin boi mat pittdng co thé dich chuyén duogc tu do trong éng, dau con lai co
dat mét vién dan hinh try. Vién dan dugc gilt trong 6ng nho ma sat voi thanh 6ng va chi bat dau
chuyén dong néu ap suit bén trong dng vuot qua gia trj ap suat gidi han Pgp.

1. Co6 hai cach dé day vién dan ra khoi dng: dun nong khi trong éng hodc 1a ddy pittdng nén
khi trong dng lai. Trong ca hai truong hop, ta déu gia thiét rang khi trong ong 1a khi ludng
nguyén tir, va cdt khi ban dau c6 chiéu dai Ly, nhiét do Ty va ap suét Py.

a. Nung nong khi trong 6ng trong khi giit nguyén pittong. Can nung khi dén nhiét do
nho nhat nao dé day vién dan ra?

b. Day nhanh pittong nén khi trong dng lai. Coi qua trinh dién ra da nhanh nén khi
khong trao ddi nhiét v6i bén ngoai (Q = 0). Tim chiéu dai ¢t khi khi vién dan bt
dau chuyén dong?

2. Vién dan ban dau c6 dang hinh try, chiéu cao h << L, va ban kinh day r’ 16n hon mét chut
s0 vOi r (Ar =1’ — r kha nho so v6i r). Néu bi nén béi ap suét P theo mot phurong nhét dinh,
vién dan bi bién dang theo phuong do, tuan theo biéu thire: % = —E v6i E 1a suét Young
ctia vién dan. Hé s6 ma sat nghi gitra vién dan va thanh 6ng 14 p. Ap suit ctia khong khi

bén ngoai 1a Py. Tim biéu thirc ctia 4p suat giéi han Pyy,.

Bai 3: Xét dién tich diém Q duogc gitr ¢ dinh tai diém O trong chan khong. Mot dién tich diém
khac c¢6 khéi lwong m va dién tich q (Qq > 0) chuyén dong véi tée dd vy tir xa vo cung lai gan
dién tich trén. Bo qua lyc tuong tac hap dan giita cac dién tich.

1. Tim khoang cach gan nhit giita cac dién tich, biét:
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a. Dién tich q chuyén dong theo mot dudng thang di qua Q.
b. Dién tich Q nam cach phuong chuyén dong ban dau ciia dién tich q mot doan 14 d.
2. Tra 10i cac cau hoi ¢ y 1 trong truong hop dién tich diém Q c6 khdi luong m va co thé

chuyén dong tu do trong chan khéng.

Bai 4: Cho hé gdm hai qua cau nhé c6 cung khéi luong m, dugc nbi A,
v6i nhau boi mot thanh thing c6 khoi lugng khong dang ké. Céc qua ()
cau chi c¢6 thé chuyén dong trén mit phing ndm ngang doc theo hai
dudng ranh vuéng goc voi nhau A va A,. Ban dau, chung duoc dit ¢
vi tri thé hién bang dudng nét dut trén hinh 1. Tai thoi diém t = 0,
ngudi ta truyén cho quéa cau nim tai giao diém O cua hai rinh mot van

tdc vo doc theo A;. B qua moi ma sat va lyc can. Tai vi tri thanh hop

voi A; mot goc a, tim:
1. Van tdc cta cac qua cau.
2. Gia tdc cua cac qua cau.
3. Thoi diém t thanh quay dén vi tri nay.
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Bai 1: Nguoi ta ném mot vat tir mat dat 1én voi toc do dau v, theo phuong hop voi phuong ngang
mot goc a. Gia tdc trong trudng 12 g. Bo qua stic can cua khong khi. Chon hé quy chiéu c6 gbc
toa do O tai vi tri ném, truc Oy hudng thang dtng 18n trén, truc Ox hudng theo phuong ngang sao
cho vat chuyén dong trong mat phing xOy.
1. Véi gia tri van tdc ddu vy xac dinh, vat chi c6 thé di téi cac vi tri nam bén trong mot duong
gi61 han. Xac dinh phuong trinh duong gidi han nay.
2. Khi roi tré lai mat dat, vat khong bi nay 1én khoi mat dat (v, = 0). Hé s6 ma sat giita vat va
mit dat 1a p.
a. Tim tdc dd cua vat ngay sau khi cham dat. Coi phéan lyc khi va cham 16n hon rat
nhiéu so véi trong luc.

b. Vi goc a bﬁng bao nhiéu thi vi tri vat dung lai nam xa O nhét.

Bai 2: Mot khau sung don gian duoc ché tao tir mot éng tru c6 chiéu dai Ly va ban kinh trong r.
Mot dau 6ng duoc nut kin boi mat pittdng co thé dich chuyén duogc tu do trong éng, dau con lai co
dat mét vién dan hinh try. Vién dan dugc gilt trong 6ng nho ma sat voi thanh 6ng va chi bat dau
chuyén dong néu ap suit bén trong dng vuot qua gia trj ap suat gidi han Pgp.

1. Co6 hai cach dé day vién dan ra khoi dng: dun nong khi trong éng hodc 1a ddy pittdng nén
khi trong dng lai. Trong ca hai truong hop, ta déu gia thiét rang khi trong ong 1a khi ludng
nguyén tir, va cdt khi ban dau c6 chiéu dai Ly, nhiét do Ty va ap suét Py.

a. Nung nong khi trong 6ng trong khi giit nguyén pittong. Can nung khi dén nhiét do
nho nhat nao dé day vién dan ra?

b. Day nhanh pittong nén khi trong dng lai. Coi qua trinh dién ra da nhanh nén khi
khong trao ddi nhiét v6i bén ngoai (Q = 0). Tim chiéu dai ¢t khi khi vién dan bt
dau chuyén dong?

2. Vién dan ban dau c6 dang hinh try, chiéu cao h << L, va ban kinh day r’ 16n hon mét chut
s0 vOi r (Ar =1’ — r kha nho so v6i r). Néu bi nén béi ap suét P theo mot phurong nhét dinh,
vién dan bi bién dang theo phuong do, tuan theo biéu thire: % = —E v6i E 1a suét Young
ctia vién dan. Hé s6 ma sat nghi gitra vién dan va thanh 6ng 14 p. Ap suit ctia khong khi

bén ngoai 1a Py. Tim biéu thirc ctia 4p suat giéi han Pyy,.

Bai 3: Xét dién tich diém Q duogc gitr ¢ dinh tai diém O trong chan khong. Mot dién tich diém
khac c¢6 khéi lwong m va dién tich q (Qq > 0) chuyén dong véi tée dd vy tir xa vo cung lai gan
dién tich trén. Bo qua lyc tuong tac hap dan giita cac dién tich.

1. Tim khoang cach gan nhit giita cac dién tich, biét:
Trang 1/5



a. Dién tich q chuyén dong theo mot dudng thang di qua Q.
b. Dién tich Q nam cach phuong chuyén dong ban dau ciia dién tich q mot doan 14 d.
2. Tra 10i cac cau hoi ¢ y 1 trong truong hop dién tich diém Q c6 khdi luong m va co thé

chuyén dong tu do trong chan khéng.

Bai 4: Cho hé gdm hai qua cau nhé c6 cung khéi lugng m, dugc ndi A,
v6i nhau boi mot thanh thing c6 khéi luong khong déng ké. Cac qua ()
cau chi c¢6 thé chuyén dong trén mat phang nam ngang doc theo hai
dudng ranh vudng goc voi nhau A; va A,. Ban déau, chung dugc dit &
vi tri thé hién bang dudng nét dut trén hinh 1. Tai thoi diém t = 0,
ngudi ta truyén cho qua ciu ndm tai giao diém O cua hai rinh mot van

tdc vo doc theo A;. B qua moi ma sat va luc can. Tai vi tri thanh hop

voi A; mot goc a, tim:
1. Van tdc cta cac qua cau.
2. Gia tdc cua cac qua cau.
3. Thoi diém t thanh quay dén vi tri nay.
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Chu | P4p an | Piém
Bai 1 (6,0 diem):
1.1 X =V, Ccosa.t
Phuong trinh chuyén dong cua vat la: ) I
y=V,sm oc.t—zgt
Phuong trinh quy dao cua vat la:
2 2 2
y=Xtano— ng 5 :—gX2 tan” o, — X tan oL — 5 0,75
2vycos” o 2v, 2v,
Vat khong dén duoc cac vi tri khong cho ta nghi¢m tana, tirc 1a:
2 2 2 2
A=x’—45% y+gi <0 :>y>&—gX 0,75
2v; 2v; 2g 2v;
. v, gx’
Duong gidi han can tim la parabol y=——-=—. 0,50
2g  2v,
1.2.a | Khi roi tro lai mit dat, vat co tdc d6 vo hop véi phuong ngang mot goc o nhur lic
ném. Dung dinh luat bién thién dong nang:
NAt=mv,sina .
v,(cosa—usina); coto > 0,50
F At=m(v,cosa—v)=v= o " ) H
0 cota < 0,50
F, =uN
1.2.b . 2sin2
Tamxa L= Yo SN0 . 0.50
g b
Sau khi cham dt, vat di dugc thém mot doan 1a:
2 2
s=— =_Yo (cosoc—usinoc)2 (n<cota) 0,50
2ug  2ug
2 2
. . : 2 .
Vi tri vat dung lai cach noi ném la: d = VoSG 2V° (coso—psin oc)2
g Hg
Léy dao ham theo o rdi dit béng 0, ta co:
2v; . : :
d' = Yo cos20, —&(cosa —usina)(sino+pcoso)
g Hg
2v; : o[ : :
= L(cos2 o, —sin’ a) —&(smacosa +pcos’ o —psin® oo —p’ sin oLcos oc)
g [
2 2 2 2
. l-p° . l—p” .
=Y (0052 o —sin’ oc)— H smoccosoc} = &{coskx— B sin2a 075
g H g 2p ’
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2p

d'm:O<::>tan20c=1 ~=tano=p 0,50
—H
* Bién luan:
+u£1thitan0c=u 0.75
+p > 1 thi a = 45" (tng véi goc c6 tim ném xa cyc dai) ’
Bai 2 (3,5 di€m):
2.1.a . £ 2 ’ P, P h h
Xét qua trinh dang tich: L=—-=>T=-"2T,. 1,00
0 0
2.1.b p 1y
Xét qua trinh doan nhiét: PL, =P, L' =L=L, (PO ] , 0 day voi khi Iy tuong |
gh ’
ludng nguyén tuy = 1,4.
2.2 ’ z . N , A A . Ar
Ap suat thanh binh ép Ién vién dan la: P=E— 0.50
T s
. Ar
Luc ma sat: F  =pN =puPS=pE—h.2nr 0,25
r
Mit khac: F,, =(P,, —P, )’ 0.25
A 2uEhAr
Vay: P, =P+ 7 0,50
Bai 3 (6,0 diém):
1.
3.1.a Bao toan nang lugng: lmvé _kaQ =>r. = 2kq2Q 1,00
2 min mVO
3.1.b Tai Vi tri gﬁn nhau nhat, g co van tde v vuong goc voi duong ndi hai dién tich. 0,50
Ap dung céc dinh luat bao toan:
lmvé LI
2 2 T 0,75
mv,d =mvr_
1 2kqQ 1 1
S t— g5 =0
I.min mVOd rmin d
B 1
= Tmin = 2 0,75
kqQ 1 kqQ
212 + 2 212
mv,d d mvyd
3.2.a | Chuyén qua xét trong hé quy chiéu khoi tim cua hai dién tich.
Dung bao toan nang luong:
2
plpYo_kQ_ - 4kdQ 1,00
2 4 r, mv,
3.2.b | Tuong tu 1b, ta cling co:
2
2lmYo ol kaQ
2 2 2 . 195
VO d I‘min ’
2m——=2mv-2=&
2
2 2 qQ
mv, =2mv- +
- 0 M 1 +2kqQL_L:0

2 212
2rmin mVOd I.min

mv,d =2mvr,_
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1

= rmin = B
kqQ 1 kqQ 0,75
22 | T T 212
mv,d 2d° mv,d
Bai 4 (4,5 diém):
4.1 | Lién hé¢ giita cac van toc 1a: v,sino = v, cosa 0,50
; . 1 1 1
Két hop véi bao toan niang luong: Emvl2 +EmV§ = Emvg
Ta tim dugc: v, = v, cosa; Vv, = v, sina. 1,00
4.2 | Chon hé quy chiéu gan voi m, ta nhan thiy toc d twong d6i ctia m, so véi m; 1a
Vo, hudng vudng goc voi thanh. 0,75
Goi a; va a, lan luot 1a gia toc cua hai vat trong HQC mat dat. Thanh phan gia toc
ctia m; trong HQC trén la:
2
v
: vo |a,=—2cosa
a,coso—a,sina=—
L = 5 1,25
a,sina+a,cosa=0 al:—&sina
4.3 n e 4 L. 2 n \ A ol
Trong hé quy chi€u gan voi m;, m; chuyén dong tron déu =t =—. 1,00
Vo
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Thoi gian 1am bai: 180 phut (khong ké thoi gian phat dé)

Bai 1: Xét h¢ gom mdt qua cau nhé khoéi luong m dugc noi vao diém treo O c6 dinh nhd mot sgi

day manh, nhe, khong gian c6 chi¢u dai L. Ban dau, vat dugc gilt ¢ vi tri sao cho day treo cang va

hop véi phuong thang dimg mot goc o. Tha nhe cho vat bat dau chuyén dong. Cho gia tdc trong

truong la g.

1.

Xac dinh vén téc cua vat va do 1on cua lyc cing day tai vi tri ddy treo hop voi phuong
thang dimg mot goc . Tim vi tri ma tai d6 gia tdc toan phan cua vat dat gia tri nho nhat.
Khi dang chuyén dong, diy bi vudng vao mot cai dinh tai O’, nam phia duéi O theo
phuong thang dimg va cach O mot khoang 1a /. Tim diéu kién cua / dé day ludn cing trong
sudt qua trinh chuyén dong.
Gia sur rﬁng / nhan gia tri 16n nhét théa man diéu kién tim duoc trong y 2. Tai vi tri nao, ap
luc cua day 1én dinh 14 16n nhét.
Ta xét truong hop o= 90° (day treo ban ddu nim ngang).

a. Biét! khong théa man diéu kién tim duoc trong y 2, x4c dinh vi tri lyc cang day

giam dén 0. M6 ta chuyén dong ctia vat sau do.

b. Tim gid tri I6n nhat cta / dé soi day quin dugc quanh O’ it nhat mot vong.

Bai 2: Mot qué khi cdu c6 mét 16 hd & phia dudi dé trao d6i khi voi méi truong xung quanh, cé
thé tich khong ddi V = 1,1 m>. Vo khi cu c6 thé tich khong dang ké va khéi luong m = 0,187 keg.
Nhiét do cua khong khi 1a t; = 20°C, ap sudt khi quyén tai mat dat 13 po = 1,013.10° Pa. Trong céc
diéu kién do, khéi luong riéng cua khong khi 1a 1,20 kg/m’. Gia tdc trong trudng tai mat dat 1a g =

10 m/s”.
1. Tim khdi lugng mol trung binh cua khong khi.
2. Dé qua khi cau lo ling trong khong khi, ta can nung néng khi bén trong khi ciu dén nhiét
do t, béng bao nhiéu?
3. Nung nong khi bén trong khi cau dén nhiét d6 t; = 110°C. Tim luc céan thiét dé giit khi cau
ding yén.
4. Sau khi nung néng khi bén trong khi ciu, ngudi ta bit kin 16 ho lai va tha cho qua khi cau

bay 1én. Cho nhiét do khi bén trong khi cau t; = 110°C khong ddi, nhiét d6 cua khi quyén
t; = 20°C va gia tdc trong truong g = 10 m/s” coi nhu khong ddi theo do cao.
a. Tim khoi luong riéng cua khong khi tai do cao h so voi mat dat.

b. Tim dd cao cuc dai ma qua khi cau lén dugc.
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Bai 3: Tu dién phé“ing gém hai ban tu phéng c6 dién tich S, dat song song cach nhau mot doan d,
dugc ndi vao hiéu dién thé U khong d6i. Phan khong gian giita hai ban tu dugc lap day boi mot
chat c6 hing sb dién méi bién thién theo phuong vudng géc véi mat ban theo quy luét:

€ I \ ) , £ Y A
e(x)= lx voi x 1a khoang cach dén ban tich dién duong.

I+—
d

1. Do 16n cua vécto cuong do dién truong tai mot vi tri trong di€n moi tuan theo quy luét:

E .2
E(x)=—"-. Tim bi€u thic cua E,.

e(x)
2. Tim nang lugng cua tu di¢n.

Tim mat do dién tich khi tai vi tri cach ban duong mot doan x.

Bai 4: Nui trén Trai Dat khong thé cao qua mot gia tri cuc dai. Khi chiéu cao cua nui ting 1én, ap
suét ép 1én phan chan ngon nui ciing ting 1én. Khi gia tri ndy vuot qua mot gia tri xac dinh, phan
dat da & chan nui bi bién dang va 1am ngon ndii “chim” xudng. Trong bai ndy, ta coi rang do cao
cuc dai ctia mot ngon nui chi phy thudc vao gia tdc trong truong g, khdi lwong riéng p va gidi han
bén o (ap suét 16n nhat vat liéu con chiu duoc) cua dat d4 cu tao nén ngon nui.
1. Gia thiét rang biéu thirc d6 cao cuc dai c6 dang h =Cxo” xpP x g’ voi C 1a mot hing sb
khong c¢6 don vi. Tim a,  vay.
2. Uéc lugng gia tri dd cao cuc dai ma mot ngon nui trén Trai DAt c6 thé dat duoc véi cac sb
litdu C~1;6=2.10°Pa; p=3.10°kg/m*;g=10m/s*. Lién hé vdi thyc té&: Pinh nui cao

nhét trén Trai DAt 1a dinh Everest, cao hon muc nude bién khoang 8,8 km.
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Thoi gian 1am bai: 180 phut (khong ké thoi gian phat dé)

Bai 1: Xét h¢ gom mdt qua cau nhé khoéi luong m dugc noi vao diém treo O c6 dinh nhd mot sgi

day manh, nhe, khong gian c6 chi¢u dai L. Ban dau, vat dugc gilt ¢ vi tri sao cho day treo cang va

hop véi phuong thang dimg mot goc o. Tha nhe cho vat bat dau chuyén dong. Cho gia tdc trong

truong la g.

1.

Xac dinh vén téc cua vat va do 1on cua lyc cing day tai vi tri ddy treo hop voi phuong
thang dimg mot goc . Tim vi tri ma tai d6 gia tdc toan phan cua vat dat gia tri nho nhat.
Khi dang chuyén dong, diy bi vudng vao mot cai dinh tai O’, nam phia duéi O theo
phuong thing ding va cach O mot khoang 13 L — /. Tim diéu kién cua / dé day ludn cing
trong sudt qua trinh chuyén dong.
Gia st ré’mg [ nhan gia tri 16n nhét thoa man diéu kién tim dugc trong v 2. Tai vi tri nao, ap
luc cua day 1én dinh 14 16n nhét.
Ta xét truong hop o= 90° (ddy treo ban diu nim ngang).

a. Biét! khong théa man diéu kién tim duoc trong y 2, x4c dinh vi tri lyc cang day

giam dén 0. M6 ta chuyén dong ctia vat sau do.

b. Tim gid tri I6n nhat cta / dé soi day quin dugc quanh O’ it nhat mot vong.

Bai 2: Mot qué khi cdu c6 mét 16 hd & phia dudi dé trao d6i khi voi méi truong xung quanh, cé
thé tich khong ddi V = 1,1 m>. Vo khi cu c6 thé tich khong dang ké va khéi lwong m = 0,187 keg.
Nhiét do cua khong khi 1a t; = 20°C, ap sudt khi quyén tai mat dat 13 po = 1,013.10° Pa. Trong céc
diéu kién do, khéi luong riéng cua khong khi 1a 1,20 kg/m’. Gia tdc trong trudng tai mat dat 1a g =

10 m/s”.
1. Tim khdi lvgng mol trung binh cua khong khi.
2. Dé qua khi cau lo ling trong khong khi, ta can nung néng khi bén trong khi ciu dén nhiét
dot, béng bao nhiéu?
3. Nung nong khi bén trong khi cau dén nhiét do t; = 110°C. Tim luc can thiét dé gii khi cau
ding yén.
4. Sau khi nung nong khi bén trong khi cau, nguoi ta bit kin 16 ho lai va tha cho qua khi cau

bay 1én. Cho nhiét do khi bén trong khi cau t; = 110°C khong ddi, nhiét d6 cua khi quyén
t, = 20°C va gia tdc trong truong g = 10 m/s” coi nhu khong dbi theo do cao.
a. Tim khoi luong riéng cua khong khi tai do cao h so voi mat dat.

b. Tim d6 cao cuc dai ma qua khi cau 1én dugc.
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Bai 3: Tu dién phé“ing gém hai ban tu phéng c6 dién tich S, dat song song cach nhau mot doan d,
dugc ndi vao hiéu dién thé U khong d6i. Phan khong gian giita hai ban tu dugc lap day boi mot
chat c6 hing sb dién méi bién thién theo phuong vudng géc véi miat ban theo quy luét:

€ I \ ) , £ Y A
e(x)= lx voi x 1a khoang cach dén ban tich dién duong.

I+—
d

1. Do 16n cua vécto cuong do dién truong tai mot vi tri trong di€n moi tuan theo quy luét:

E .2
E(x)=—"-. Tim bi€u thic cua E,.

e(x)
2. Tim nang lugng cua tu di¢n.

Tim mat do dién tich khi tai vi tri cach ban duong mot doan x.

Bai 4: Nui trén Trai Dat khong thé cao qua mot gia tri cuc dai. Khi chiéu cao cua nui ting 1én, ap
suét ép 1én phan chan ngon nui ciing ting 1én. Khi gia tri ndy vuot qua mot gia tri xac dinh, phan
dat da & chan nui bi bién dang va 1am ngon ndii “chim” xudng. Trong bai ndy, ta coi rang do cao
cuc dai ctia mot ngon nui chi phy thudc vao gia tdc trong truong g, khdi lwong riéng p va gidi han
bén o (ap suét 16n nhat vat liéu con chiu duoc) cua dat d4 cu tao nén ngon nui.
1. Gia thiét rang biéu thirc d6 cao cuc dai c6 dang h =Cxo” xpP x g’ voi C 1a mot hing sb
khong c¢6 don vi. Tim a,  vay.
2. Uéc lugng gia tri dd cao cuc dai ma mot ngon nui trén Trai DAt c6 thé dat duoc véi cac sb
litdu C~1;6=2.10°Pa; p=3.10°kg/m*;g=10m/s*. Lién hé vdi thyc té&: Pinh nui cao

nhét trén Trai DAt 1a dinh Everest, cao hon muc nude bién khoang 8,8 km.
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TRUONG PAI HOC KHOA HOC TU NHIEN
TRUONG THPT CHUYEN KHOA HQC TU NHIEN

DAP AN-THANG DIEM

PE THI OLYMPIC CHUYEN KHOA HQC TU NHIEN 2014

Mon thi: Vatly - Ngay thi: 24/05/2014

Cau | Pap an | Piém
Bai 1 (6,0 diem):
1.1 | Dung béo toan nang luong:
1,
S my =mgL(cosoc—cosoc0):>V=\/2gL(cosoc—cos0L0) 0.50
Dinh luat Newton cho thanh phan huéng tam:
2
T—mgcosoazmV = T=mg(3cosa—2cosa,) 0,50
Gia toc cua vat:
2
a,, =Vf: 2g(coso—cosay); a, =gsina
=a= \/aﬁt +a, = g\/4cos2 o —8cosa, cos o +4cos’ o, +sin’ a
:g\/3coszoc—(8005oco)cosoc+(1+4cos2 oco) 0,50
Truong hop 1: cosa, S%
4 4cosa
—a, =g,/l-—cos’ o, khi cosa = 0
min g 3 0 3 0’25
Truong hop 2: cosa, >%
=a,. =2g(l-cosa,)khia=0 0,25
1.2 | Ta di xét chuyén dong cta vat sau khi day vudng vao dinh.
Khi déy chwa chuyén dong dén vi tri nam ngang (0 < a < 90°), thi day luén c6
mot phan can bang véi thanh phan trong luc hudng theo day nén day luon cang.
TH1: Néu day dimg lai truéc khi diy nam ngang:
-mg/l >-mgLcosa, =>0</<Lcosa, 0,75
TH2: Néu ddy chuyén dong qua vi tri diy ndm ngang. Tai vi tri ddy treo hop voi
phuong ngang mot goc o (0 < a < 180°).
%mv2 =mgL(1-cosa,)—mg(L—-/)(1-cosa)
T 2 0,25
—mgcosa =
RO
2mgL(1-cosa
—T-"18 ( 0)—mg(2—3cos0L)
L-/¢
L(3+2cosa
Day luén cing: T > 0;Vo = ( o) </<L 0,50
1.3 | Gia tri 16n nhit cua ¢ 1a L (Poan day con lai rat ngan). D& thiy vi tri ap luc 16n 0.50
nhit 14 khi o. = 180°. ’
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14. 2mgL 2
a Tzﬁ_mg(z—%osa) Ozcosa———i
L—¢ 3L-7/

> 1,00
Khi do: v, =, /ggﬁ

Sau d6 vat chuyén dong ném xién theo quy dao parabol trong khong khi véi toe 0,50
d6 dau v, theo phuong hop voi phuong ngang mot goc (180 —a).

1.4.b | Do sai sot vé dé nén cau nay trd nén rat dé, dap an theo dé 1a: /=L 0,50

B6 xung, gia tri nho nht caa ¢ tinh nhu sau:
Chon h¢ tryc toa d0 Mxy voi goc toa do M tai vi tri cia vat khi T = 0, truc Mx
hudng doc theo sgi day vé phia O’, ta co6:

1 1
=v t——gcos(a—90°)t* = v t——gsino.t?
Y=Y, 2g ( ) 0 2g
1 1
x =—gsin(o—90°)t* = ——gcosa.t?
Je ( ) S8

Dé day quin quanh dinh it nhat mot vong, ta can c6: x >L—/ khi y=0

2 2
hay: —lgcoso{ 2.V° ] :—2V°‘C(2)SOLZL—£
2 gsina gsin” a
2g £2 ¢

39310 o,

[l_éwzJ
g 9(L—€)2

=82 >9(L—-0) -4/
3

=

=/

> L
3+243
Bai 2 (5,5 diém):

2.1 | T phuong trinh trang thai cua khi ly tudng:

PV=nRT=DRT=p= B _MP. [P T,
M V RT’ p, T

RT 1,2.8,31.293

:M:pl —
P 1,013.10°

~28,84.10 kg / mol = 28,84g / mol 1,00

2.2 | Dé khi cau lo limg, ta can cé:

T
p,Vg=mg+p,Vg=p V= m+%V
2

pTV 1229311
pV-m 1,2.1,1-0,187

=T, = =341,36 K ~ 68,36 °C 1,00

2.3 | Luc can gilr qua khi cau la:

F=prg—mg+pan=(pr—m+p%—Tleg

3

= 1,2.1,1—0,187+1’2'293.1,1 10~ 21,4N.
1,00
2.4.a | Chia khong khi thanh cac 16p rit mong co do day dh, ta co:
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MP
P RT °

_Mgh
S Mo pope ™
P RT
_Mgh _Pogy
= p=p,€ RT =P, Py 1,00
2.4.b | Qua khi cau can bang khi:
' , m pT 0,187 12.293 3
Vg=mg+p,Vg=p'|' =—+ = + ~1,088kg/m
PiVvE gtP, V=P, v R 333 g
P ' 1,013.10° . 1
he—to Py LOI3107, 1088 orrm. 1,00
P  Po 1,2.10 1,2
, Bai 3 (5,0 diém):
3.1 | Hiéu di¢n thé gitra hai ban tu:
X
d EO (1 + j P d
d E X 3E,d
U=|E(x)dx=|——Zdx =" x+— || =—>
j ( ) '([ € € ( 2dj 0 281 100
2¢,U
E,=——.
~ T 0,50
3.2 | Nang luong cua tu di¢n:
2
X
W= J-W.dV = J-—SSOEZSdX =|=—-¢, —~—Sdx
02 0214 % € 1,00
_1gESS j( 1+§j o 3e,EqSd _ 3g,Sd | 4812?2
2 g 3 4e, 4e, 9
W = SOSISU2 0,50
3d .
3.3 | Chon mat Gauss c6 dang hinh tru chi¢u day dx, mat bén song song véi cac duong | 0,50
suc di¢én, cac mat day co6 dién tich S. 7
Thong lugng dién truong qua mat Gauss ke trén la:
", E ',
©=[Eds Q. (E(x+dx)-E(x))S'= pSldx _ B, dx 4, _pSdx (1+§j .00
g€, g€, g d €,€, d ’
gE, 2e,e,U
= = 0,50
x+d 3d(x + d) ’
Bai 4 (3,5 diém):
4.1 | Ta str dung phuong phép so sanh thir nguyén:
h c6 don vi la m (tht nguyén L);
o ¢6 don vi Pa hay kg.m™.s (thit nguyén ML'T?);
p c6 don vi kg.m™ (thtr nguyén ML) 1,00
va g c6 don vi la m.s” (thir nguyén LT?)
So sanh hai vé h=Cxc*xp® xg' ta thu duoc: 0.50

L= (M'L_lT_z)q.(ML_3)B.(LT_2)y — Ma+BL—a—3B+yT-2a—Zy
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oa+p=0 a=1
Taco: {—a-3B+y=1=p=-1 —h=C>

1,00

2a-2y=0  |y=-1 Pe
4.2 | Thay sb ta duoc: h ~6,7km. 0,50
bay la do cao cuc dai so véi phan dat da xung quanh (chén nui), chir khong phai 050

s0 v6i muc nude bién nén két qua nay khong méu thudn voi trudng hop do cao
cua Everest.
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TRUONG BAI HOC KHOA HOC TU NHIEN
TRUONG THPT CHUYEN KHOA HOC TU NHIEN

PE THI OLYMPIC CHUYEN KHOA HOC TU NHIEN 2015
Mon thi: Vatly
Ngay thi thir 1 (09/05/2015)
Thoi gian lam bai: 180 phdt, khong ké thoi gian phat dé

Cau 1. [10 diém]

Mot vat khéi luong m co thé truot tw do trén mét ban khong ma sat va duoc ndi
vOi mot vat M duoc treo phia dudi ban nhd mot soi day lubn qua mot chiéc 16 nho trén
mét ban (xem hinh 1). Gia thiét rang vat M chi chuyén dong theo phuwong thang ding va
i day néi ludn ludn cang. Ky hiéu r va 0 la cac bién nhu trén hinh v&. Vat m duoc
truyén mot van toc ban dau v, theo huéng vudng goc vai sgi day ndi n6 vagoi rolagiatri

ban dau clar.

® M

Hinh 1.

(a) Hay xéc dinh van téc gdc ctia chuyén dong clia m nhw 1a mot h am sd cliar. [2 d]

(b) Xac dinh gia téc clia M theo r. [2d]

(c) Timvan tdc In nhét ctia M theo {v, ro, M, m, g} [3d]
(d) Bét v lagiatr clia v, d& m chuyén dong tron? Biéu dién v, theo {ro, M, m, g}.

[1d]

(e) Gia st rang & =|v, v |<<v,. Tim giatri nhd nhat valon nhat clia r theo {v , r,,

M, m, g}. [2 d]

Goi y: cong thire sau cd thé hitu ich: (1+x)" =1+ n.x+%n(n—1)x2 +Flsn(n_1)(n_ 2%+ ...

Cau 2. [10 diém]

Xé mot xy lanh kin. Hau hét thanh clia nd la cach nhiét tét trir mot day duy nhat
(mat S3 trong hinh 2) 1a dan nhiét. Xy lanh dugc dit nam ngang va dwoc chia thanh ba
ngan Ay, A, vaA; bdi hai vach ngan cach nhiét S, va S, cé thé dich chuyén khéng ma sét

1



doc theo xy lanh. Lic ddu mdi ngan chira n mol khi hé li & &p suét P o, nhiét do T, vathé
tich V. Hé li duoc xem 1amot khi ly tudng don nguyén t, C,, = 3R/2, Cp = 5R/2 vay =
5/3.

Truyén nhiét that cham cho khi & trong ngan A, cho dén khi nhiét do cla khi trong
ngdn A, trd thanh T, = a.T, (a 1a mdt hdng s6 nao do), trong khi nhiét do cla ngan A,
duoc gitr khong doi.

Hinh 2.

(a) Xé&c dinh cac thong sb trang thai ma&i clia cac ngan A4, Ay, Az {Py, V1, T4}, {P>,

V,, To} va{Ps, Vs, T3}, biu dién két qua theo Py, Vo, To. [4 d]
(b) Tinh tong nhiét lugng truyén cho khi trong ngdn A ; va cdng makhi trong ngan A,
truyén cho ngan A, tir ngan A, truyén cho ngan A theo { Py, Vo} va cac dai luong

lién quan khéc. [3 d]
(c) Tiép theo, ho néng cham khi trong ngan Aj cho dén khi thé tich cta khi trong
ngan A; dat lai gid tri V ban dau. X&c dinh nhiét do cudi cung trong ba ngan.

[3d]

Cau 3. [10 diém]

Hai dién tich diém, dwong, giong hét nhau (q, = o, = q) dugc ddt tai hai diém A vaB
cach nhau mdt khoang 2L. Mat phéng P di qua trung diém O ctia AB vavudng goc véi
AB (Plamiét phang déi xing).

(a) Hay vé phéc hoa duong strc dién trudng cla hé nay. [2 d]

(b) Bat x lakhoang céch tir diém M trén P dén O.

i. Vi x bang bao nhiéu thi cutng do dién truong tai M dat cwc dai? [2 d]

ii. V& do thi phu thudc cla cudng do dién truong E tai M theo x. [2 d]
(c) Xé mdt duong s (e di ra tlr dién tich dat tai A vatao voi AB mot goc o.
i, Tim khoéng céach nhé nhét gitta duting strc ndy va mét phang P. [3 d]
ii. Pudng stic nay khi di ra xa vo cung sé tao voi duong thang BA mot goc
bdng bao nhiéu? [1d]

Hét dé ngay 1.



TRUONG BA| HOC KHOA HOC TU NHIEN
TRUONG THPT CHUYEN KHOA HOC TU NHIEN

DAP AN THI OLYMPIC CHUYEN KHOA HOC TU NHIEN 2015
Mon thi: Vatly
Ngay thi th 1 (09/05/2015)

Cau 1. [10 diém]
(3) Do luc cing day luon hudng vé chiéc 16 nén momen dong Ivong clia m trong chuyén dong
quay quanh chiéc 16 duoc bao toan:

L=mr’6=const=L,=mryv,

T d6, toc do goc clia chuyén dong clia m la:

0=0="30 &)
(b) Xét chuyén dong doc theo soi day:
Mrir=T-M
{ ) , J = (M +m)f =me’r - Mg )
mi=moT-T
Thay (1) vao (2):
2,2 2,2
" v \Vj
:(M+m)r:m.—°r4°r—Mg: ?3 ° _Mg
2.2
. mr, Vg Mg
= == —
P (M+m)r* M+m
2,2
(c) Toc do ctia M 16n nhat o a, =f=0crt="hY (3)
M Mg
B&o toan nang lugng:
%M.VM2+%m.(vM2+r2m2)+Mg(r—rO):%mv§ (4)
1 1 1 5, .,
“(M+mv, ==mvi-M —Mmr-o
L+, = L Mgl 1)
2

2 2,2
lmv ~Mg| 3™ Yo -1, L. :/0
2 Mg 2 r

1
:—mv -M
- |

:%mvfJ +Mgr, —%3 mM2g2r,’v2

Suy ra, toc do 16n nhat clia M:



\/mvg +2Mgr, —R/mM?g*r,*v2
V,, =
) M +m

(d) Biéu kién dé m chuyén dong tron:

f=r=0 = ‘r3=mr°2Vg=r3:v =V, = Mgr,
r=h Mg 0 c 0 m
(e) Tai thoi diém r = riymax — Vv, =F=0
Thay vao (4):
= e+ Mg(r—r,)= 1 mv2
2 2
1 v Zr 2 1
Hay —om—=5+ Mg(r—ro):Emvg
Dé't €. €= Tiwmax ~To
2.2
%m.(vo fo ~+Mge==-mv;
fy+€)
-2 1
<:>—mv§(1+£] +Mgg=_mvg
f 2
2 3
®—mV§[1—2£+{£J —{Ej +...]+Mgg=_mv§
f f ry
2 2 2
Q(Mg—%JSJrEm—VgsZ—Zng e®+..=0 (5)
fo 2 (rO) (ro)

Do dieu kién: § =|v, — v |<<v, = e<<1,.
Loai bé cac s6 hang bac cao trong (5), gilr lai dén bac 2 ta dugc két qua:

e=0
2(mv§ —Mgr, )ro2

2
3mv;

2

2(mv§ — Mg, )r02
3mvg

= {rmimrmax}: {rO’rO +



Cau 2: [10 diém]
PE cho thuan tién, trong |1 giai nay, ching ta ding hang s6 a? thay cho hang s6 a
da cho trong phan dé bai gbc. Nghfala T, = a2 T, thay vi T, = a.T,,.
(D€ co 10i giai ding voi dé bai gbc T, = a.T,. thi trong moi két qua dudi day,
nhi*ng chd ndo c6 a thi nhd nhan thém hé s6 % vao s6 mi cla a)

(a) Vi céc vach ngan S; vaS, co thé chuyén dong khdng ma sat doc theo xylanh va nhiét

luong dugc truyén mot cach cham rdi nén &p suét & cac ngan ludn bang nhau.
R=PF,=FR=P.

Khi & ngan A, bién ddi doan nhiét nén:

v 1(y-1)
TV =TV ' = V—Z = (—J =a’=V,=a’y,

0

,
R _[ Y =a°=P,=aP,
P, V

2
Ngén A; bién déi dang nhiét nén:

P3V3=Povozﬁzizizaéj\éza%\%'
Vo B R

Vi xylanh kin nén tong thé tich & ba ngan khong thay dai, tir dé:
V, =3V, -V, -V, =(3-a’-a®)V,

Suy ranhiét do & ngan A:
A aR3-a’-a®l, (3" -a*-1pV, _ (ae® - ot 1)1,
nR nR nR
Bang két qua doi chiéu:
Ngan A; Ngan A, Ngan Az
Ap sudt a°p, ap, a°p,
Theé tich (3-a®-a’), a>V, a®\V,
Nhiét do (3a°— a2 - 1T, a’T, To
Dai chiéu két qua theo dé bai goc voi T, = a.Ty:
Ngan A; Ngan A, Ngan Az
Ap suit 2P, /P, 7P,
The tich (3_ 232 _ a’5/2)\/o a2y, a®2y,
Nhiét do G —a7 -1, | aT, T,




(b) Nhiét toa ra ctia ngan Aj;

Q, = W,, = nRT,In(V,/V,)=nRT.Ina° =5P,V,Ina.
Do nguyén |y bdo toan va chuyén hod nang lueng, nhiét lugng truyén vao ngan A ; duoc
chuyén hoé thanh nbi nang cla khi trong ngan Ay, A, vacong thirc hién tir ngan A, vao
ngan Az (Wa):

Q, =AU, +AU,+W,,
=nC, (Tl - To)"' nCv(Tz - To)+ W23

=gnR(T1+T2 - 2T,)+5PV,Ina

= % NRT,(a —1)+ 5PV, Ina

=(45xa® +5Ina-45)PV,
Cong cla khi & ngan A, thirc hién trén ngan A ,:

W, =Q, - AU, = AU, + W,, = gnRTO(aZ ~1)+ 5PV, Ina= g(a2 ~1RV, +5PV, Ina.

(c) Ngan A; vaA, dugc nén doan nhiét.

pll(vll)y = pl(vl)Y , pz'(vzl)y = pz(vz )y
V,+V,'=3V, -V, =2V,

A
2 o3-a’-a®)

=V = V

fo3-att 3-a°

.2 2a®
VeT g g e T
p(V, v (3—8.‘5)5/3 - (S_a_s)s/a ] (Sag_a_z)ws
Ry, =T:>P1=P2=P3:TaPO=TPO

Nhiét do clia cac ngan:

T RV _ (3a®-a?f"” 23-a°- a‘S)TO _ (3-a®fB-a®-a®k’ T

nR 25/3 3_a—5 22/3
. BV, (3-a?f’ 2a® (3-a®f"a
T,'= R 2573 3_a° To= 223 To
Ny Tk
Ty=bYs foa—af



Cau 3. [10 diém]
(@) Hinh dang dudng stec nhu hinh vé:

(b) Cutng do dién truong tai M:

i. Gia tri I6n nhat clia E,:

E 1 20.X
M 4, (XZ + L2)3/2
E 1 2q

M= ~ /2
Ars, (X4/3+L2X 2/3)3

X X
2 2 2
1 2q q
=E, < =
M 4Ans, (3(L4/3/41/3))3/2 3\/§TE80L2
q 4kq
E,=(E,) = = o x=L/2
M ( M )max 3\/§TCSOL2 3\/§L2

ii. PO thi E,, theo x.
e Khi x<<L —E,, tiléthuan voi x.
e Khi x>>L — E,, tilénghichvéi x

= D0 thi Ey, theo x:

- L2x—2/3 LZX—2/3 LZX—2/3 LZX
4/3+L2X 2/3: 4/3+ + > X4/3.

2

-2/3
\ 2

(C) N la diém trén dudng strc dang xét va gin mit phang P nhat = E,, //(P)

|



Pit: = Z/NAB;y= /NBA.

:>IaEN//(P)c>41 9 cosp = ! %cos«/

2
g I e, T,

1 1
< — COSf} = — CoSy

r1 I’2
- 2 - 2 h h
asnzﬁcosﬁzsnzycow h=——=—
h h sinp siny
— cospsin®p = cosysin’y
—1=cos’ B + CoS y + COSP COSY (1)

* Pién thong gtri qua mat hinh tron (1;h):

o ( q J 2n(1- cosp) _( q J 2n(1- cosy) :( q J 2n(cosy - cosp)

€ 4An 8_0 4n 4n

&g

(Tinh theo g6c khdi hinh nén nhin tir cac dién tich dén vanh tron)

Mt khéc, do cac dudng sirc khong cat nhau nén dién thong nay cling bang dién
thdng glri qua goéc khéi cta hinh nén c6 géc Mo 13 20, tir dién tich tai A (Cha y ring
cudng do dién truong do dién tich tai A gay ratai di€ém gan sat A |arét Ién so voi dién
truong sinh ra bai dién tich dat tai B). Do vay:

. (EJ 2n(1-cosal)
€ 4n
— cosg —cosb =1-cosa ()]

Giai hé phuong trinh (1) va (2):

= cosg +cosb = \/(1+ cosa )(3-cosa )/3

@+ cosa )(3-cosa)/ 3 , 1-cosa
2 2

= COSY =

8



J(@+cosa)(3-cosa)/3  1-coso
2 2

{Vidykhi a =60°— cosg=7/8;cosb =3/8}

= cosf =

* Do d6, khoang céch gan nhét tir duding stkc dén mét phang P: d = L — ry.cosp

N r 2L
O day: 1 )
Y sing sin(b+g)
g 2Lsinycosp
sinB+7v)

(St dung B vay daxéac dinh duoc & trén)
ii. Buong stc tai vo avrc.
Tuong tuw trén, ta cé dién thong cla hé xuyén qua day hinh nén c6 géc mé la 2c tinh tir

tam O (xem hinh v&) c6 thé dugc xéac dinh bdi cac biéu thirc:

QZ[QJM

€, 4n
o[ a 2n(cosc —cog(n—o)) _( q |2r(2cosc)
€ 4n € 4n
Do vay:

1-cosa 1-cosa
= C0SC = > = o = arcco >



TRUONG BPAI HOC KHOA HOC TU NHIEN
TRUONG THPT CHUYEN KHOA HOC TU NHIEN

PE THI OLYMPIC CHUYEN KHOA HOC TU NHIEN 2015
Mon thi: Vatly
Ngay thi thr 2 (10/05/2015)
Thoi gian 1am bai: 180 phdt, khong ké thai gian phat dé

Cau 1: [7 diém]
Thanh AB dong chét, khéi luong M, chiéu dai AB = L rém trén mat phang ngang khdng
ma sét, doc theo truc toa do y. Mot vat khoi lugng m (coi nhw mdt chat diém) chuyén

dong doc theo truc x voi van toc v vava cham dan hoi véi thanh tai diém C.

(a) Biém C phai & vi tri nao dé ngay sau khi va cham, thanh sé quay quanh truc quay
tlre thoi di qua A? [3 d]

(b) Xét truong hop AC:%L;m: M va va cham la dan hoi. Sau va cham, vao thoi

diém thanh AB nam doc theo truc x 1an dau tién thi khoang céch gilra chét diém m
va dau B cla thanh bang bao nhiéu? [4 d]
Cau 2: [10 diém]
MOt dién tich diém duong q dwoc dat bén trong phan rong clia mot vo cau vat dan tich
dién Q (Q = q). Chiéc vo c6 ban kinh trong laavabéan kinh ngoai bang b (b=2a). Lay

tam cla chiéc vé lam gdc toa do.



(a) Gia sl dién tich diém q dugc dat tai goc toa do - tdm clia vo.

Hay xéc dinh cudng do dién truong tai cac diém nam trén truc x theo gia tri ctia x
(—o<x<mo). [2d]

V& do thi thé hién su thay doi ctia cuong do dién truong doc theo truc x. [1d]

iii. Tim ham & xac dinh sy phu thudc cla dién thé tai cac diém trén truc X theo x

(—o<x<o). [2 d]
V& do thi clia dién thé tai cac diém trén truc x theo giatri cla x. [1d]

(b) Béy gio ta gia thiét dién tich diém q duoc dat trén truc x tai diém x = a/2.

V& hinh anh dudng strc dién treong tao bdi cac dién tich nay. [2 d]
Lap biéu thirc tinh cuong do dién trudng tai cac diém bén ngoai vo cau nay theo
toa d0 x (|x > b). [0.5d]

Xac dinh dién thé tai cac diém trén truc x véi [x| > a. [0.5d]

iv. V& do thi su thay doi cta dién thé doc theo truc x (cé thé em phai du doan dang

dfla d thi khi —a< x < a). [1d]

Cau 3: [8 diém]

7cm N I X

33cm

Trong mdt chiéc xy lanh thang ding, tiét dién S = 20 cm? mdt chiéc piston néng 7,2kg

nhot mot cot khi cao 33cm & 0°C va dé lai mot khoang tréng cao 7cm khac & phia trén

2



clia piston ndy (xem hinh v&). Ap suét khi quyén bing 10° Pa, khéi luong riéng clia thuy
ngan va khong khi trong diu kién ban dau nay tuong ¢ng 1a 13600 kg/m ® va 1,8 kg/m®.
Nhiét dung riéng dang ap ctia khong khi 14700 J/(kg.K). Lay g = 10 m/s 2.
(a) Thuy ngan dugc d6 vao trong phan rong clia xy lanh phia trén piston cho dén thuy
ngan day dén miéng xy lanh. Tim khdi lugng ctia thuy ngan da do thém vao. Coi

quatrinh |adang nhiét. [4d]

(b) Khoi khi dugc dun néng rat cham cho dén khi thuy ngan dugc trao hét ra ngoai.

Tim nhiét lugng nhé nhét can truyén cho khi trong quatrinh nay. [4 d]

Cau 4: [5 diém]

Trong mdt tro choi mao hiém, truot bang dugc thire hién trong mot chiéc giéng c6 dang
mot ban cau ban kinh R (xem hinh v&). Nguoi trugt bang bdm vao dau clia mot sgi cap co
chiéu dai L = R vabat dau trugt xudng khong van téc dau. Bau con lai cta sgi cap dugc
budc vao mot diém c6 dinh trén miéng giéng. Soi cap ludn cang trong ca qua trinh. Bo
quama sét, trong leong va do dén cla soi day. Kich thudc cla ngudi va ban truot duoc

bd qua so véi L.

(a) Hay xéc dinh quy dao chuyén dong clia ngudi truot bang. [2d]
(b) Tim vén tdc cla nguoi choi va lvc cang cla day cap khi ngudi nay di qua diém
thdp nhat. [3d]

Hét d@ thi ngay 2.



TRUONG BAI HOC KHOA HOC TU NHIEN
TRUONG THPT CHUYEN KHOA HOC TU NHIEN
PE THI OLYMPIC CHUYEN KHOA HOC TU NHIEN 2015
Mon thi: Vatly
Ngay thi thtr 2 (10/05/2015)
Thoi gian 1am bai: 180 phdt, khong ké thai gian phat dé

Cau 1: [7 diém]
(a) bdt v’ lavan téc ciia m ngay sau va cham, w vav,, lavan téc géc vavan téc cla
khoi tam cua thanh, x lakhodng cach tlr diém C dén khdi tam cla thanh.
Ca dong lugng va mo men dong lugng d6i voi khéi tam cla thanh déu dugc bao
toan:

mv =mv'+ My,, 1)

rnv.x:mv'x+%ML2w (2)

DEé diém A trd thanh tam quay tic thoi, tirc langay sau vacham A c6 van tdc tic
thoi bang khong.

L wL
vy, —WE=0:>VM == (3)
St dung (1);(2) va (3) ta duoc:
-v)=M
m(v-Vv') = My, L oL
1,2 1D X=—=AC="
m(v—v')x=-—ML*—" 6 3
12 L
(b) Twong tu & trén, ta co cac phuong trinh bao toan:
nmv =nmv'+ My,
vt o mv s v
4 4 12
Lo =Lt MV7, +1(i MLZJW2
2 2 2 2\12
VG m=M :
V=V'1+v, (4)
V=3v'+Lw (5)
12v? =12v?+12v;, +wWL? (6)
WL

T (4) va(5) taco: v, = 3

(6)=12| v—V' |(v+V')= 12(W—;j2 +w?L?
WiL

3



= 4wl (v+V') =2§1WZL2 = V+V'=éWL

Giai cac phuong trinh trén:
.3 24v 8
SV=—VW=—3V, =—V
11 11 11 ]
Vi khong c6 ma st nén céc van téc trén déu khong doi sau va cham. Thanh AB s&

trd nén nam doc theo truc x vao thoi diém T:

WL
2 48v
Khi dé, m di duoc:
AX=V'T =&
16
Tam cla thanh dich chuyén:
L L
AXy, =V, T = % > >
Khodng cach tir m dén dau B cua thanh (xem hinh vé) 1&:

m v
T &

A A /
4@._-_3_-4___4 __________ e\
| . ., B
oL (TE_L_R_LJ: )

' 16 6 16!
< :

Cau 2: [10 diém]
(a) Pién tich diém g dwoc dat tai tm cla hé.
i. Dién trudong trong long vat dan bang khong do vay dién tich hudng Gng & mét
trong clia vo cau bang vatréi ddu véi q (theo dinh luat Gauss). Do do dién tich &

mat ngod £ & 2xq. Do tinh d6i xtng nén cac dién tich dugc phan bd déu.

E(x)= 2 (xEb)
E(x)=0 (a4 x|<b)
E(x):§ (x|<a)

ii. DO thi cuong do dién truong doc theo truc x:



E(X)

(b= 2a)

ka/a?

kg/2a*

-2a -a 0 a 2a X

iii. Dién thé doc theo truc x (0< x < ).
V6 cau la mdt vat dan nén la mit ding thé. Dién thé tai r = a bang dién thé tai
r = b. Tai di€ém bén ngoai vd cau, do tinh ddi x(ng va dung dinh luat Gauss, hé trong

duong nhy mot dién tich diém dat tai tam cau. Do do:

r N
:>V(r=a)=V(r=b=2a)=V(r,aSrsb)=Z—It()qzm
a
Voi x<a:
a kg k
V(x)-V(a)= ["E(r)dr :7‘*_;‘1
kg kg _ kq
V(x)=V(a)+ —-2 =2
=V(x) (a)+X P
Tom lai:
z_kq (X>b)
X
V(x)= k_s (a<x<b)
kq (x<a)
X

iv. D0 thi dién thé doc theo truc x.



V(%)

(b= 2a)

ka/a ka/a

-2a -a 0 a 2a X

(b) Bién tich diém q duoc dat trén truc X tai diém x = a/2 .

Cuong do dién truong tai moi diém trong long vat dan can bang déu ban g khéng,
dung dinh luat Gauss ta thay, tac dung tong thé clia khdng gian dugc gidi han bai
mit trong clia vo ciu (tr phan tich dién hudng g vao trong) ra bén ngoai la bang
khong, nhu thé vat trung hoa vé dién. Vi vay dién tich hudng (ing & mat trong clia
v cau ciing bang —g, tuy nhién s phan b dién tich s& khdng con dugc déu. Vo
AU Ngodi Vi thé s& khong bi anh hudng bdi bén trong nén co dién tich bang 2 qva
phan bd déu. Phia ngoai vé cau, ca dién thé va dién truong déu sé khong thay doi
so VOi truong hop d6i xing & trén.

Hinh v& minh hoa phan b dién tich va dudng stc dién truong nhu hinh vé (chay

cac dac diém dién trudng véi vat dan can bang).

Cuwong do dién truong tai vi tri ¢ toa dd x:
7



E(x)= 23 (xEb)

E(x)=0 (a< x<b)

iii. Dién thé phu thudc vao x (a< x< ).

2q (x>b)
v k—g (a<x<b)

iv. D0 thi dién thé doc theo truc x.

V(X)
/ (b= 2a)
kg/a kg/a
-2a -a 0 a2 a 2a X

Cau 3: [8 diém]

() Ky hiéu Slatiét dién xy lanh, m1akhi luong piston, h 13 d6 cao ban dau cta cot khi,
h, 12 do cao phan rong phia trén piston, p, 1& &p suét khi quyén, Puy Va p, lakhoi
lwgng riéng clia thuy ngan va khoéng khi (& trang thai ban dau da cho) c, nhiét dung
mol dang tich.

Ap suét lic dau valic sau la
p, = [po +(m+ mHg)g/ SJ: Po + Mg/ S+ p,,OX
Theo dinh luét Boyle:

Thay céc biéu thirc clia p,,p,.V, vaV,, taco:

(h+h —x)S= R+tmg/S o
Po + Mg/ S+p,,OX

= (p, + Mg/ S+p,gx)h+h —x)=(p, + mg/ S)h

8



Sip lai phuong trinh:
P = [P0+ 1)~ (1 + Mg/ )k~ (p, + mg/ Sy =0
Thay £ liéu:
p, =10° Pa;% = 36x10'Pa;p,,g =136x10°N / 7
Ta duoc phuong trinh:
136x10°x* — [136x10° x 0.4 - (10° + 36x 10 )} - (10° + 36x10*)x 0,07 = 0
Hay:
x> +06x-0,07=0
= X=0Im=10cm.
Khéi luong thuy ngan m,, =p,, Sx:
Myg = Prg Vi =136.10* x2x10™* = 2,72(kg)
(b) Nhiét lvong cép cho khi dugc xac dinh theo nguyén ly & | clia nhiét ddng luc hoc:
Q=AU +W,, D
Trong d6 Wy, cong thirc hién bai khi.
D0 bién do6i ndi nang:
AU =c,mAT 2
Cong thuc hién bai khoi khi cé thé tinh bdi biéu thic:
W, = %Av (3)
Ap suét khi 1Gc bi nén manh nhét:
P, = P, +%+ Py OX =1496x10°Pa
Con Itc cudi cung &
P, =Py +% = p,=136x10°Pa

Khoi lvong khi, tinh theo lic dau &
m,, =p,Sh=18x0,20x33=1118g

Xét trang thai dau vatrang thai cudi ta c6 phuong trinh:

ﬁ = L =T, = ﬁTl
VS TS Vl

Hay:



T3=Tl(h+hgl)S (h;hl) 273x 30 _ 39091k

D0 thay doi nhiét do:

AT =T,-T, =5791K ~ 58K.
S& dung (1), (2) va(3) vathay $ ta dugc:

Q=700x1118x 58+wx105 x200x10°°

=48,23+ 28,65 = 76,79J
Trong quatrinh nay, ndi nang khi tang lén 48,23 J, vakhi thuc hién mot cong 28,65 J.
Cau 4: [5 diém]
(@) Vi soi day ludn céang trong qua trinh chuyén dong nén mludn cach A nhirng

khoang khong doi. Do vay, m chuyén dong trén mat cau tam A ban kinh L = R.

Nhw vy m ndm trén ca hai mét cau (O,R) va(A,R).

= Quy dao clia m la dwong giao nhau dla hai mat cau nén 8 lamdt dudng tron tam
O, dat tai trung diém clia OA, ban kinh r:
r = Rsin60° = R+/3/2
(b) Tai diém thap nhat ctia qu§ dao, m chiu tac dung clia ba Iyc nhu trén hinh V.
Do m [udn chuyén dong trén mdt mét phang thédng dirng = T = N.
Luc hudong tam:

F=-P+ (T x c0s30° + N x 005300)

2
m:/ :—mg+2Tx£ V3T -mg (1)
Co nang bao toan:
2 2
= =mgr = =2mg (2)

— k@, omg=+/3T-mg= T =+/3mg

10



TRUONG PAI HOC KHOA HQC TU NHIEN
TRUONG THPT CHUYEN KHOA HQC TU NHIEN
PE THI OLYMPIC CHUYEN KHOA HQC TU NHIEN 2016
Moén thi: Vatly - Ngay thi: 07/05/2016
Thoi gian lam bai: 180 phut (khong ké thoi gian phat dé)

Céu 1: Lo xo khong chiéu dai tu nhién (zero-length spring) 1a loai 16 xo duoc ché tao sao
cho lyc dan hoi cta 10 xo c6 do 10n ti 1¢ thuén voi chiéu dai cta nd: F =k.I (I > lyin 12 chiéu
dai cta 10 xo khi cac vong 10 xo xép sat nhau). Trong bai nay, ta s& di nghién ciru mot sb bai
toan sir dung dén loai 16 xo0 nay.

1) Mot thanh thang ddng chat, tiét dién déu, co khéi luong M va chiéu dai L, co thé quay
xung quanh truc O ndm ngang di qua mot dau cua thanh. Pau con lai cta thanh duoc gan vao
diém A ¢ dinh nho mot 16 xo khong chidu dai ty nhién c6 hé s6 dan hoi Ia k. Piém A nim
thang dimg phia trén diém O, cach O mot doan 1a H. Gia tdc trong truong 1a g.

a. Tim céc vi tri c4n bang cua thanh.

b. Bién luan tinh bén ctia cac vi tri can bang.

2) Treo mdt 16 xo khong chiéu dai ty nhién trong trong truong giita hai diém A, B ¢6 cling
dd cao, cach nhau mot khoang L. Lo xo cé khéi lugng m (phan bd déu theo chiéu dai & trang
thai cac vong 10 xo xép sat nhau) va hé sé dan hoi k. Gia téc trong trudng 1a g.

a. Ban dau giit sao cho 16 xo cin bang nam ngang giita A, B rdi tha nhe. Ching minh cac
diém trén 10 xo chi chuyén dong theo phuong thang dimg ma khong bi léch di theo phuong
ngang.

b. Tim hinh dang ciia 16 xo khi cén bang.

Cau 2: Mot dong co nhiét hoat dong theo chu trinh Carnot voi ngudn néng 1a 1,5 kg hoi
nuée ¢ nhiét d6 Ty va ngudn lanh 1a 8 kg nude da & T, (v6i Ty = 373K va T, = 273K lan luot
1a nhiét do hoa hoi va néng chay ciia nudc). Cho biét an nhiét hoa hoi, 4n nhiét nong chay va
nhiét dung riéng cta nudc 1an luot: L = 2,3 MJ/kg; A = 340 kJ/kg; ¢ = 4200 J/(kg.K).

1) Tinh hiéu Suat cia chu trinh luc dau. Tir d6, tim khéi luong nudc da da tan ra khi toan bo
hoi nuéc & ngudn ndng ngung tu va tong luong cong da nhan duge khi do.

2) Sau khi ngung tu, nudc & ngudn noéng tiép tuc bi mat nhiét nén nhiét do cua nod bi giam
xuéng. Tim nhiét d6 ngudn néng khi toan bd nude da tan hét.

3) Tinh cong lon nhat ma dong co nhiét sinh ra va nhiét do cudi cua ngudn nong.

Cau 3: Cho mét tu dién gdm hai ban ty phang hinh vudng canh a dat song song cach nhau
mot doan 1a d, duoc ndi vao nguén c6 hiéu dién thé U khong doi. Quay nhe ban duong cua tu

gquanh mot canh ctia n6 di mot géc nho .



1) Coi cac dudng sirc trong tu gan dung 1a cac cung tron ddéng tAm. Tim biéu thirc cua
cuong do dién truong E tai sat mat ban duong theo khoang cach dén canh cb dinh cta ban.

2) Tinh té)ng dién tich trén mot ban tu dién va tir 6, tim biéu thirc caa dién dung tu dién.

3) Tim cong tdi thiéu dé quay ban tu.

Céu 4: May bay truc thing bay lo ling duoc nho phan luc tir khong khi. Gia thiét luc can
cua khong khi 1én cac vat Chuyén dong trong no ti 1€ thuan véi do 1on cua van tde tuong ddi
va dién tich mat can véi hé so ti 1é 1a K. Mot chiéce may bay truc thang trong thuc té dé lo
ling trong khong khi can tbn mot cong suat 1a P.

1) Coi rang cong suat P chi phu thudc vao cac dai lwong: khéi luong riéng cua vat liéu 1am
may bay p, kich thuéc cua may bay L va hé sb K va c6 dang: P = C.p*LP.K, trong d6 C 1a
mot hang s6 khong thir nguyén. Bang phuong phap thir nguyén, tim o, p vay.

2) Ngudi ta ché tao mot mé hinh may bay cé kich ¢ tat ca cac phan nho hon may bay that
2 lan. Cong suat mo hinh tiéu thy nho hon may bay that bao nhiéu 1an?



TRUONG PAI HOC KHOA HQC TU NHIEN
TRUONG THPT CHUYEN KHOA HQC TU NHIEN
PE THI OLYMPIC CHUYEN KHOA HQC TU NHIEN 2016
Moén thi: Vatly - Ngay thi: 08/05/2016
Thoi gian lam bai: 180 phut (khong ké thoi gian phat dé)

Céu 1: Xét mot hé nam trong mit phang ngang gdm ba

dia ddng chat gidbng hét nhau c6 cung khéi lwong m va A B C

ban kinh R. Cac dia c6 thé quay quanh cic truc vudng
goc v6i mat dia va di qua tAm dia. Gan truc quay ctia cac
dia vao cac diém A, B, C trén mot thanh cing, thfmg, nhe sao cho cac dia tiép xuc nhau (B la
trung diém cua AC). Gitr ¢ dinh dia A va tac dung mgt moémen lyc M lén thanh cung theo
chiéu kim dong ho. Gia thiét rang cac mép dia khong truot doi v6i nhau.

1) Tinh téc d6 goc cua cac dia B, C va dong nang cua hé tai thoi diém thanh cimg c6 toe do
goc o.

2) Thiét lap biéu thuc van toc goc cua thanh ciing theo thoi gian trong céc truong hop sau:

a. Bo qua md men can cua chuyén dong quay.

b. Tai mdi tryc cac dia A, B, C xuat hién m6 men can chuyén dong quay gidng nhau, c6 do

I6n bang M. khong d6i theo thoi gian.
PA
Cau 2: Mot mol khi li tuéng don nguyén tur thuc hién chu trinh

bién déi ABCDA duoc bidu didn trén dd thi PV 1a hinh thoi voi ' °

cac thong s6 dugc cho nhu hinh vé&. Piém C dugc chon sao cho 2P0t

C
nhi¢t dJ trén doan BC ludn gidm va cong cia chu trinh ABCA 1a o
16n nhat. ’
. | %
1) Tinh thé tich V¢ theo V. 0 6V -
2) Xac dinh vi tri trén doan BC, khi chuyén tir thu nhiét sang toa nhiét.
3) Tinh hiéu suét cta chu trinh ABCDA. "
Céu 3: Cho mét xilanh kin ABCD dit nam ngang. © B
Thanh bén AD va BC, nip CD va pittong MN dugc
lam bang vat liéu khong dan nhiét, trong khi do day Ve Vi
AB thi dan nhiét. Pittong MN c6 thé chuyén dong
khong c6 ma sat trong xilanh. Bén trdi va bén phai D . A

pittong déu co 1 mol ciing mdt chét khi 1y tuong co
nhiét dung mol dang tich Cy va chi s6 doan nhiét y. Khéi khi ¢ bén phai pittong duogc dbt
néng (hodc 1am lanh) 1am cho pitténg chuyén dong rat cham. Hay biéu dién nhiét dung C;
ctia khdi khi ndy trong qua trinh dang xét thong qua gia tri tirc thoi ciia thé tich Vq va V, ciia
hai khéi khi.



Céu 4: Cho mot ngudn S phét ra cac electron cé toc do

bang nhau va biang vo. Cac electron duoc cho bay qua mot Ay Ving
ving dién trudng hep c6 bé rong d. Ngudn phat ndm céc’h 3 /t riig;lg
bién cua vung mot khoang 1a L (L >> d). Chon hé quy chiéu L

nhu hinh v&. Khoi lugng va dién tich cua electron lan lugt la —g of: >
m va ge = —€. Bo qua tuong tac gitra cac electron va tac dung

caa trong luc. (Luu y: Cac y 1 va 2 sau day la hai bai todn _’d -~

doc lap, khong lién quan té1 nhau).

1) bién trudong duoc tao ra bai mot hé dién tich phan bd theo mot quy lut xac dinh. Bo qua
thanh phan dién truong E,. Sau khi cac electron bay qua ving dién truong, chung chuyén
dong theo phuong song song vai truc Ox. Tim biéu thuc mat do dién khdi cua ving dién
trong tai vi tri ¢6 toa do .

2) Pién trudng duoc tao ra nho hai lugi kim loai dat vudng goc véi truc Ox, duoc ndi vao
hiéu dién thé U khong ddi. Goi i va r 1an luot 12 goc hop giita phuong cua electron di toi va
cua electron roi khoi vung tu truong véi phuong cua truc OX.

a. Tim ti 6 m

sInr
b. Céc electron 16 ra khoi dién trudng trong lan can kha gan véi truc Ox giéng nhu duoc

phat ra tir “anh” S’ caa ngudn S. Tim vi tri cta S'.



TRUONG DAI HOC KHOA HQC TU NHIEN
TRUONG THPT CHUYEN KHOA HQC TU NHIEN
PAP AN PE THI OLYMPIC CHUYEN KHOA HQC TU NHIEN 2016
Mon thi: Vatly - Ngay thi: 07/05/2016
Cau 1:
1) Ta st dung phuong phap ning lugng. Chon mdc thé ning trong trudng tai vi tri ngang
véi truc quay O. Tai vi tri thanh hop vdi phuong OA goc ¢ (0 < ¢ <), ta ¢o:

W, = Mgh+%kl2 = Mg%c03¢>+%k(L2+ H? - 2HL cos )

=%k(L2+H2)+%(Mg—2kH)Lc05(p

a. D& dang nhén thiy, hé c6 hai vi tri can bang ing v6i cosp=+1 =¢=0 v p=r.
b. + Néu Mg > 2kH thi ¢ =0 13 can bang khong bén, ¢ = 7 14 cin bing bén.

+ Néu Mg < 2kH thi @ =7 1a cAn bang khong bén, @ =0 14 can bang bén.

+ Néu Mg = 2kH thi hé can bang phiém dinh v&i moi gia tri ciia ¢.

2) a. Ban dau 16 xo cén bang nim ngang giita A, B nén lyc cang (lyc dan hoi) tai moi diém

trén 10 xo 13 bang nhau. Piéu nay chimg t6 16 xo bién dang déu theo phuong ngang.

F, =kx

, nghia la ca
F, = ky nghia la cac

Xét mot doan 10 xo, ta c6: F = k.l va hudng doc theo truc 10 xo nén: {

thanh phan lyc dan hoi ti 16 thuan v6i do bién dang theo phuong twong tmg.

Khi tha ra, ban dau cac vong 10 xo chuyén dong theo phwong thiang ding do tic dung cia
trong luc. D9 bién dang theo phurong ngang ctia ching khong d6i so véi lac & trang thai nam
ngang ban d4u, nén cac thanh phan lyc dan hoi nam ngang ciing can bang nhu lac dau, khong
tao ra gia toc theo phuong ngang. Vi vdy, trong toan qua trinh chuyén dong, cac diém trén 10
xo0 chi chuyén dong theo phuong thang dung. A

b. Chia 16 xo thanh céc doan c6 chiéu dai dl rat nho. Theo phan tich &
trén, thanh phan luc theo phuong ngang ludén cin bang va co do 16n
bang kL. Ta di xét thanh phan lyc theo phuwong thiang dting. D& thiy, do
tinh ddi ximg, vi tri thip nhat ing vé6i diém chinh giita cua 10 xo.

Taco: 2F, =2k'dy=m,.g = Z%dy _ 2mgx
X

v

L
7 A A X \ r mg
Tich phan Ién, ta dé dang c6 dugc: y = YR

x*, 16 xo0 c6 dang parabol.



Cau 2:
1) Giai doan 1: Hoi nudc ngung tu va nudc da tan chay. Pay la giai doan ma nhiét d6 cia
ngudn néng va ngudn lanh giit én dinh 1a Ty va To.

n A . T -T
Hiéu suat tuan theo chu trinh Carnot: H =-1—2

.100% =~ 26,8% . Khi do: Q =_-II_-—1;

1 2 2

T,-T.

Khi hoi nuéc ngung tu hét taco: Q =mL =Q, =mlL-1r_—2; A=mL 2 ~9,25.10°J.

1 1

Luong nudc da bi tan chay: Am= 1o = mlLT—2 =7,43kg.
A TA
Do luong nude d4 ban du 1a m, = 8kg, nén nudc da chua tan hét.
2) Giai doan 2 tir lac hoi nuéc vira ngung tu hét dén lac nude da tan hét: Khi toan bd hoi
nude ngung tu, dong co nhiét tiép tuc hoat dong vai nhiét d6 ngudn nong thay doi, con nhiét

d6 ngudn lanh khong doi (To).

Ta co: 49 _dQ, voi dQ, =mcdT, = mlcﬂ _9Q,
Tl 2 1 Tz
Tich phan 2 vé: T/=T, exp(——2) =T, exp(— M =AM-4y _ 3331
m,cT, m,cT,

3) Giai doan 3 tiép theo, nhiét do cuia ca hai ngudn déu thay doi. Goi nhiét do cudi cua he 1a T
dQ, _ dQ, - mcdT, _ mycdT,
Tl TZ Tl TZ

’ m m,

. T, T
Tich phan 2 vé taduoc: mINL=m,In—=T =T '™ T,*"™ =281,7K
T T,

ta co:

Cong clia dong co nhiét dugc tinh bang bao toan ning lwong:

A=m[L+c(T,-T)]-m,[ A+c(T-T,)]=1MJ.

Cau 3:
1) Do cac dudng sirc trong tu gan dung 1a cac cung tron dong tim nén cuong do dién

truong doc theo dudng sire 1a khong d6i. Vay:

g 9_Y__ U
Il @r d+ex
2) Ap dung dinh Iy Gauss: > = E.§ = o= 200 _9Q
& d+ex dS
Tich phan cho toan mat ban tu: Q = J. & adx = £3U In d+pa
o d + X @ d

2
T do, ta co: ngzialn(l+q)—aj<co _ 5%
U o d d



3) Cong tdi thiéu dé quay ban tu 1a cong lam dién tich chay nguoc qua ngudn va thay doi
nang lugng cua ty:

2
A=UAQ+AW=1(c,—c)u?= 520" ﬂa—ln(ug”—aj
2 20 | d d

g,aU? l(go_ajz _gpal?

Lay x4p xi ham In ta dugc: A= =
29 2\ d 4d

Cau 4:
1) Th&r nguyén cua cac dai lugng lan luot 1a:
[p]=M.L%[L]=L[K]=M.L2T 4[P]=M.L’T®
a+y=1 o=-2
Vay, ta ¢6 h¢ phuong trinh: {-3a+ -2y =2 =>p=2
2) Kich thuée giam di 2 1an thi cong Sut tiéu thu theo cong thic ¢ ¥ 1 s& giam di 2° = 4
lan.



TRUONG PAI HOC KHOA HQC TU NHIEN
TRUONG THPT CHUYEN KHOA HQC TU NHIEN
PAP AN PE THI OLYMPIC CHUYEN KHOA HQC TU NHIEN 2016
Mon thi: Vatly - Ngay thi: 08/05/2016

Cau 1:
1) Khi thanh AC c¢6 van tc o:

A A . , R S S £:, D) —@ r
Van toc wa theo dinh 1i Uy-lit vé van toc goc tuwong doi: —2 =——.
Wy — o r

Véi owa=0= og =20.

Tuong ty cho dia B va C ta tim dugc van toc dia C 13 0, nghia 13 dia C chi c¢6 chuyén dong
tinh tién.

Pong nang cua hé gom dong ning quay va tinh tién cia B, dong ning tinh tién cua C.

Ta tinh dugc: K :%m(a).ZR)Z +%(%mR2j(2a})2 +%m(a).4R)2 =11ma*R?.

2) Ap dung dinh 1i dong nang cho cac cau a, b:
a. Theo dinh li dong nang: cong ctia moémen lyc M sinh ra d6 bién thién dong ning;

Mdp=dK = Madt=2m?ode = do=—"dt
22mr
LAy tich phan 2 vé: o= t , gia tdc goc 1a mot hang sé: » =
y P 22mr? 9 8 i 9807 22mr?

b. Theo dinh li dong nang téng dai s6 cong ciia cac Momen sinh ra bién thién dong nang:
M.dp—M,dgp, —M,.dp, =dK = (M -3M_.).e.dt=22mr’ .dw

M -3M,
So=—r——7-t
22mr
Cau 2:
. V -6V, . C A e o i
1) Phuong trinh doan BC: p=3p, —p, v 6\/0 Vi V¢ 1a the tich cua diém C. (1)
Két hop phuong trinh Claperon: PV = nRT ta duoc:
VZ-6VV 2V -6V
nRT =3pV - p,——=2=nRdT =| 3p,— p, ———= |dV 2
PV = P, V.6V, ( P = P, VC_GVO] (2)

Nhi¢t do cuc dai ung vo1 dT/dV = 0, thay vao (2) giai ra ta duoc:

Khi Tiax thé tich twong tmg d6 13: Vinax = gvc —6V, .

Dé nhiét d6 trén BC ludn giam thi Ve < Vg = 6V,. Tir d6 ta c6: V < 8V,.
Két hop v6i diéu kién cong ctia chu trinh ABCA 16n nhét thi V = 8V,



2) Nhiét luong khi nhan trén doan BC: dQgc = CvdT + PdV

Két hop v6i (1) va (2) ta nhan duge: dQ,. =P, (15— 2 \%J dv. A3).

0
A \ A \ <A [N \ dQBC
bé Qpc 1a nhan thi diéu kién la d—V >0

Tir d6, mién nhiét lugng nhan vao tng véi V € (6V,;7,5V,)
3) Léy tich phan 2 vé caa (3) voi mién V nhu trén ta tim duoc
Nhi¢t lugng thu dugc trén doan BC: Q1 = 2,25P,V,.
Tuong tu ta cling tinh dugc nhiét luong thu dugc trén doan DA: Q; = PoV,.
D¢ dang tinh dugc: Cong A = 4P,V, va Qag = 20P,V,

4

Vay hiéu sudt: H = ~17,2%.

Ciu 3: Yéu tb nhiét luong ma khdi khi bén phai nhan duoc khi nhiét d6 thay doi mot luong

dT, Ia
dv,
=C,dT, +RdV, =C,dT, +RT, 2 . (1)

1

Khdi khi bén tri pittong khong nhan nhiét lugng nén dQ,=0, do d6 C, =0 va

C T, +RT, N2 o, hay d__ R4V )
V2 T2 CV V2
Vi P = Py nén ViT, = V,Ty , suy ra
dv, dv, dT, dT
v, _dv, _dT,_dT, (3)

Vi Vo 10T
Mit khac, V; + V, khong thay dbi nén
dv; =—dv, . (4)
Thay (2) va (4) vao (3), ta nhan dugc

dvl[i+i ii}_ﬂ

Vl V2 CV V2 Tl
ViR=Cp-Cy=Cy (y-1) nén co thé viét lai phuong trinh trén nhu sau
dv; = dTl V1V2 (5)
T Vot M

Thay (5) vao (1),taco dQ, = [CV +RV \Jiyvldel .



V, +V,

dQ Vv
Vay: C :—1:(CV+R—ZJ:7/CV
' V,+ M,

dT, V, +V,
Cau 4:
1) Xét tia t6i ving dién trudng véi goc téi ¢. Bo qua thanh phan dién truong E,, chi tinh
dén thanh phén Ey coi la khong ddi khi e bay qua vung:

d
VCosg

Thaoi gian bay qua vang: t =

Cudng do dién truong Ey clia viing huéng theo chiéu ra xa O va:

Ee _vsing . _ mvising.cosp  mv:  yL  mv?

= ~
Ta c6: __dE_mv L(y2+L2)_yL-ZY_mv2 L(Lz—yz)~_mv2 1— ¥
: P dy ed (y2+L2)2 ed (y2+L2)2 edL 2

2) Pién truong giira hai ludi kim loai (dong vai tro 1a cac ban tu phang) 1a déu va hudng
theo truc x nén thanh phan vy cia e khi qua viing 1a khong doi.
sini vy, V'V
a. Ta co: = =
sInr Vv Vy Vv

1 1 . A pia 4 £
Ma: > mv® +eU = > mv’? (Dau cua eU phuy thudc vao chiéu cuaa hiéu dién thé)

Vay: s.|n| _ s 2eLi .
sinr mv

b. Ta di tinh cho trudng hop goc i va r déu kha nho, b qua do rong d cua ving dién truong
va do leéch Ay cua tia vao va tia 16 ra khi chuyén dong caa ving dién trudng.
sini tani y —-L' L'
sinr_tanr L y L

Vay: L'=-L /lize—g.
mv




TRUONG PAI HOC KHOA HQC TU NHIEN
TRUONG THPT CHUYEN KHOA HQC TU NHIEN
PE THI OLYMPIC CHUYEN KHOA HQC TU NHIEN 2018
Mon thi: VAT LY
Ngay thi thir nhat: 05/05/2018
Thoi gian lam bai: 180 phut, khong ké thoi gian phat dé
(Dé thi gom 04 cau in trén 02 trang)

Cau 1. Ba tAm vén dai c6 cung khéi lugng duogc dit chong

I&n nhau trén mat san nam ngang. Goi tam trén cung la tam 1
sO 1, tam & gitra 1a tam s6 2 va tam ¢ dudi cung 1a tam so 2
3. H¢ sO ma sat gitra tam | v&i tam 2, gitta tam 2 vo1 tam 3 —
em z P N . . Z , PP PP PP PP PP PP PP PP Pl i 77
3 va gilta tam 3 v&i san lan luot 1a p, 2p va 3p. Néu tac
Hinh 1

dung 1én tim 1 mot xung luc theo phuong ngang, truyén
cho né tbc do dau v, thi sau khi chuyén dong mot khoang thdi gian 13 to = 1,0 s, tim van
ding lai. Tac dyng 1én tAm 3 mot xung luc theo phuong ngang nhu trén, truyén cho né
téc do dau v (Hinh 1). M6 ta chuyén dong cua hé. Tinh cac khoang thoi gian trong timg
giai doan chuyén dong. Cac tim van du dai dé khong bi truot khoi nhau trong qua trinh

chuyén dong.

Cau 2. M6t nha du hanh vii try so ¥ lam do mét it nudc trong khong gian giita tram vii
try (méi truong khéng trong luong). Do sitc cang bé mat nén khdi nude co lai thanh hai
qua bong nude hinh cau ¢d ban kinh Ry va Rz = 5Ry.

, o o . N e , ~ ye oy J4 20 ;- \ 4
a) Suc cang mat ngoai ép vao khoi nudc bén trong vai ap suat p = R voi o 1a suat

cang mit ngoai va R 13 ban kinh mat cau. Biét tong luong nude bi ddrala V=1527,8 cm®,
sudt cing mit ngoai ctia nude 1a o = 0,073 N/m. Tinh &p suat bén trong timg quéa bong.
b) Néu ta ndi cac khéi nudc qua mot dng nho co dudng kinh trong D = 1 mm va chiéu
dai L = 5 cm, thi nudc s& chay tir qua bong nay sang qua bong kia. Xac dinh chiéu chay
cua nudc. Giai thich.
32uLv 4
D2

vrg 1a toc do chay trung binh ctia nudc trong 6ng, p 1a do nhot cua chat 1ong trong 6ng.

¢) Do chénh 1éch ap suit giita hai dau éng dugc cho boi biéu thic: Ap = , Vo1

Do nhét cia nudce 1a p = 0,001002 N.s/m?. Tinh tdc d6 chay trung binh vrg clia nude trong
£ VA AA o - ) Ar D a1 f 1 re K-
ong va toc do nd ra (hodc co lai) v, = N cua hai qua bong nudce luc méi noi.

d) Udc luong thoi gian dé nudc chay hét sang mot qua bong. Coi trong sudt qua trinh,

cac qua bong co6 thé xem la dang hinh cau.



Cau 3. Mot xylanh thang dung duoc han kin hai du, chia 1am hai ngin nho pittdng tiét
dién S c6 thé trugt khong ma sat trong xylanh. Khi trong hai ngin 1a khi Iy tuong ludng
nguyén tir ban du c6 cung nhiét do To. Pat xylanh thang dung thi khi 6n dinh, thé tich
hai ngin bang nhau: Vi = V. Lat nguoc xylanh lai thi khi 6n dinh, ngin trén c6 thé tich
gp d6i ngan dudi: V'3 = 2V',.
a) Coi nhiét 6 cta hé luén khong doi. Tim ti s6 s6 mol khi trong hai ngan.
b) Dé thé tich hai ngin tré lai bang nhau, ta c6 thé lam theo hai cach:
+ Gilt nguy€n nhiét d§ ngan trén, tang tir ttr nhiét dd ngan dudi 1én.
+ Giir nguyén nhiét 46 ngan dudi, giam tir tir nhiét do ngan trén xudng.
Tinh ti s6 nhiét luong can trao doi v6i cac ngan theo hai cach trén.

Cau4. (;ho ba tim kim loai dé,t sonrg song c6 cung dién tich 0 +q +Q
S. Hai tdm bén ngoai dugc gan ¢ dinh trén cac gia cach
dién, duoc tich cho cac dién tich £Q va dat cach nhau mét
khoang 14 L. Tam thir ba ¢6 khéi lwong m, tich dién +q, nam
cach ban tich dién +Q mdt khoang 1a d (Hinh 2). Tha nhe d

cho tim nay bat dau chuyén dong. Bo qua tic dung cia trong

A 4

luc. Coi va cham 1a hoan toan dan hoi, thoi gian va cham du Hinh 2

dai dé dién tich kip phan b lai trén cac ban.
a) X4c dinh dién tich trén cac ban sau khi tAm thtr ba dap vao ban tich dién am.
b) Tim van tdc ctia ban thir ba khi tré lai vi tri ban dau.

* Thi sinh khong dwoc su dung tai liéu;

* Giam thi khong giai thich gi thém.



TRUONG PAI HOC KHOA HQC TU NHIEN
TRUONG THPT CHUYEN KHOA HQC TU NHIEN
PAP AN PE THI OLYMPIC CHUYEN KHOA HQC TU NHIEN 2018
Mén thi: VAT LY
Ngay thi thi nhat: 05/05/2018

Céau 1. * Lyc ma sat nghi cuc dai gitra van 1 va van 2, giira —
. -«— v
van 2 va van 3, gilra van 3 va san lan luot 1a F1, = umg, —
\ P —
F23 = 4umg va Fszs = 9umg. —
4—
Wl T T T T T T

* Trudng hop truyén cho van 1 tdc do v: Chiéu cia cac luc
ma sat biéu dién nhu hinh v&. Ma sat nghi cuc dai ¢ cac 16p phia dudi c6 do 16n 16n hon
& cac 16p phia trén nén cac van 2 va 3 khong chuyén dong. Vat 1 chuyén dong cham dan
e o , , X a5 (g \Y
dudi tac dung cua luc ma sat truot. Dé dang xac dinh dugc: t, =—.
19
* Trudng hop truyén cho van 3 téc do v: Chuyén dong cia hé ¢ thé chia thanh céac giai

doan chinh nhu sau:

+ Giai doan 1: Chiéu cta cac luc ma sat biéu dién nhu hinh —
v& (hinh vé& khong biéu dién theo dung ti 18 d6 16n cua cac —>
4 /: ~ ~ /‘\ 4 \ /’( V
luc). Van 3 chuyén dong cham dan, van 1 va 2 chuyén <t —o8w—— —
. , .z . i s , T TFTFFF,
dong nhanh dan cho dén khi toc do van 3 bang van 2.
Tir d6, ta xac dinh duoc cac gia toc twong Gng: a5, =—13u0; a,, =3ug;a,, = ug.
v Voot

Giai doan nay mat thoi gian t; théa man: v +a,t, =a,t, =t =

dy —dy ) 16pg 16

Lo o . , , ., A Z 3v V

Cuoi giai doan, cac van co van toc: V, =V, =—; V,; = —.
16 16
+ Giai doan 2: Chiéu cua céc lyc ma sat biéu dién nhu hinh V1
~ , A A A , A A A X —

v€. Van 3 c¢/dong cham dan, van 2 chuyén dong cham dan, -« Va2
véan 1 chuyén dong nhanh dan cho dén khi toc d6 van 2 bang < — \
Van 1' f’_/////////////// FAFS

Cac gia tdc clia cac van: a,, =-5ug; a,, =-5ug;a,, = ug.
Giai doan nay mat thoi gian t, thoa man:

3v Vv Vv Vv t,
— +a,t, =—+a,t, =t, = = =—.
16 16 8(a, —a,) 48ug 48




Ko .« . J4 J4 r A A . V
Cuoi giai doan, cac van co van toc: V,, =V,, =V, =

12°
Y 2 ~ 41
+ Giai doan 3: Chiéu cua cac luc ma sat biéu dién nhu hinh — _ Va
~ 3 7 A A A A A . \ . —>
ve€. Ca 3 van chuyén dong cham dan cho dén khi dung lai. PR—
¥3
Céc gia toc clia cac van: a,, =—5NG; 8, =—3UQi8y =—W0.  Forrmrrrrrrrrrrrrrrs

Cac vat dung lai sau nhirng khoang thoi gian twong ing:

% t, . % t, . v t,
lg=—r—=—"0 ly=c——=_ ly=—F"—=-.
60ug 60 36pug 36 12ung 12

Céc vat dung lai theo thur tu tir tam ¢ dudi 1én. Khi van dung lai, luc ma sat truot ¢ mat
dudi gidm veé can bang véi luc ma sat truot & mat trén. Do ma sat nghi cuc dai ¢ cac mat

dudi 16n hon nén sau do6 cac van dung han, khong tiép tuc chuyén dong.

t, t t t
+ Tong thoi gian hé chuyén dong: t=-% 4+ %+ & =0 — lS.
16 48 12 6 6

Cau 2. a) Dung cong thirc thé tich cua hinh cau, theo gia thiét dé bai, ta co:
V= 4“(R3 +RY)= in “X(1+5°)R? =527,8cm’
3 3

suy ra: R, =1cm; R, =5cm =P, =2R—G:14,6 Pa; P, :;—6:2,92Pa.

1 2

b) Ap suit trong qua cau nhé 16n hon qua cau to nén nudce luc dau sé chay tir qua cau
nho sang qua cau 16n. Piéu ndy lam qua cau nho cang ngay cang bé, qua cau 16n cang
ngay cang to. Cho nén, p suat trong qua cau nho thi 16n dan trong khi ap suat trong qua
cau 10n lai nhé dan. Do d6, nude sau d6 van tiép tuc chay tir qua cau bé sang qua cau 16n.

¢) Ap dung cong thiic cho trong dé bai, ta dé dang tinh dugc:
Vrg = ApD _ oD (i - i} =0,01457m/s.

32uL  16ulL

2

Mit khac, thé tich nude chay qua ong bang do ting (giam) thé tich cua cac khdi cau. Xét
trong thoi gian At rat nho:

AR V.. D?
Vv,=—21t=——18"=-0110"m/s;
D’ 2 . At 16R’
Vi —— At =—47R?AR, = 47R’AR, =
4 AR, v.;D’? ,
v, =—-> 2 —=3,64.10"m/s
At 16R

d) Tir cac phuong trinh & trén, ta viét dugc phuong trinh vi phan:



4
oD’ f1 1 dt = -4nR’dR, = 47R%dR,.
64uL (R, R,

Céc cach udc luong:

* Cach ude lugng “tho thién” theo gia tri ctia vrs VA V1, Vo

. e R
+ Coi vrg khong d6i (sai so6 rat 1on): t ~ —- =1099s.

1

=550s.

+ LAy theo gia tri trung binh ctia v7g luc quéa ciu bé di nho di mot nira: t ~
-V
1TB

* Céch giai gan dung phuong trinh vi phén:
+ Coi R216n hon R; rat nhiéu (lac dau gip 5 1an, cang vé sau ti s6 cang 16m), ta co thé

viét gon lai thanh:
oD’ 256puL

4
dt = ~4eRIR, = dt ~~ L pegr, — < SHLRL
64uLR, oD ey

=439s

+ Ta nhan thay, ban kinh cuc dai ctia qua cau nuéc R, =; /i—v ~ 5,016 cm khong
T

thay d6i nhiéu so véi gia tri ban dau R, = 5 cm, nén coi R, = 5cm = const.

4
7D Ra Ry i _gnRioR, = dt= 20U ReR1_ g
64uL R,R, ocD* R, -R,
Phan tich:
2
R,R? :Rle(Rl_R2+R2):R2Rf+ R2R?
Rl_RZ Rl_RZ Rl_RZ
3 4
:RzRf+R§Rl+ﬂ:R2Rf+R§R1+R§+ R,
Rl_RZ Rl_RZ
3 2
Vay:t:ZSGP;L(—RzR RZR ~RIR, +R3In jz524s
oD 3 2 R,—-R,

+ Chu y: Trong céac phép tinh trén, ta 1y can tich phan tir Ry vé 0. Gia tri thuc té 1a tir
R: vé r = D/2 nhung do gié tri nay rat nho so vdi Ry nén ta bo qua trong tinh toan.
Cau 3.

a) Goi 4p suét trong cac ngin ban dau 1an lugt 13 P; va P, I0c sau 1an luot 1a P’ va P’
Do nhiét do khoi khi khong doi:

P, % = P;%; P, % = PZ'% =P/ = 351 P, = 3;2 (véi V 1a tong thé tich hai ngan).
Ap suat phu do pittong nén xudng ngin dudi bang:



P, =P, —F, =P2'—Pl’:3%—37|:f)1:>P2 =0,7P; P, =0,3P,.

&:PZVZIRleiZOYI
n, RT, PV, P

Ap dung phuong trinh trang thai:
b) * Thuc hién theo cach 1:

Khi ¢ ngan trén bi nén vé trang thai nhu lac dau, c6 ap suét P.

PV 13,

P,V, 7

Ap suat cubi cia ngan dudi: Py =P, + P =13P, =T, =T,

Do thay doi ni ning: AU, = §nZR 9TO = EP2 V. 0,75P,V.
2 7 7 °2

Cong khi ngan duéi thue hién dé nén ngan trén va nang pittong 1én. Cong toan phan cia
hai khoi khi dung dé nang pittong lén: A, =P,AV =0,3P, (%V - %) =0,05P, V.
Viay: Q, =0,8P,V.

* Thuc hién theo cach 2:

Khi ¢ ngan dudi din nd vé trang thai nhu luc dau, co ap suit Py.

, , | Pu V”
Ap suét cu6i cuia ngan trén: P'=P, - P, =0,4P, = T/ =T, —+=0,4T,.

1 "1

Do thay d6i ndi nang: AU, = g n,R (—O, 6T0) = —1,5P1% =-0,75PV.

Cong toan phan cia hai khéi khi ding dé nang pittong lén: A, = P,AV =0,05P,V.
Vay: Q, =-0,7P\V.

* Tu do, thu duoc: 3

Q.‘ 8

Chu y: O day, ta tinh Q 1a tong nhiét luong trao d6i voi cd hai ngin.

Cau 4.
Trong bai ndy, ta str dung cong thirc dién truong do mét ban tich dién déu tao ra quanh
. c
nd: E=—-= Q. :
2g, 2g,S

a) Goi dién tich trén cic ban 3 va ban 1 (ban 4m ban dau) sau khi ban 3 dap vao ban 1
lan luot 1a ' va Q'.

Q . _Q _
2e,S  2g,S  2¢,S

Cuong do dién trudng gitta ban 3 va ban 1 phai bang 0:



Dinh luat bao toan dién tich: '+ Q'=q — Q.

Giai hé phuong trinh, ta tim duoc: q'= % -Q,Q'=

N |2

b) Ta di tinh cong cua dién truong:

Truéc va cham: A, = Fs = gEs = q—QS(L —d).
€9

! PN} q q Q
S ham: A, =q'E's'=| — — — L-d
au va cham: A, =q (2 QJ(%OS ZSOSJ( )

€

_aw -9 qg Q qQ
= A=aw,=[ Qj£4gos SOSJ(L )+ 9(L-a)

+
N
O
QO
I—IN
Q_
TN
|2
QO
—

- HET -



TRUONG DAI HQC KHOA HQC TU NHIEN
TRUONG THPT CHUYEN KHOA HQC TU NHIEN
PE THI OLYMPIC CHUYEN KHOA HQC TU NHIEN 2018
Mén thi: VAT LY
Ngay thi thur hai: 06/05/2018
Thoi gian lam bai: 180 phut, khong ké thoi gian phat dé
(Pé thi gom 04 cau in trén 02 trang)

Cau 1. Xét ban cau co6 khéi luong m va ban kinh R duoc dit trén mit san nam ngang,
phan mit phang tiép xtic v6i san. Nguoi ta dat mot vat nho cé cing khéi lugng m trén
dinh cua ban cau va déy nhe cho vat truot xuéng mit cau. Bo qua ma sat gitra vat véi mat
cau.

a) Luc ma sat gita ban cau va san du 16n dé giit cho ban cau dtng yén. Tim:

+ Téc d6 cua vat ngay trude khi cham san.
+ Vi tri vat roi khoi mat cau.

b) B6 qua ma sat giita ban cau voi san. Ban cau chi chuyén dong tinh tién theo phuong
ngang. Tim toc d6 cua vat ngay trude khi cham san.
Cau 2. Nguoi ta mubén phong mot vé tinh 1én quy dao quanh Mit Troi sao cho khoang
cach tir vé tinh t6i Mat Troi va tdi Trai Dat khong doi. Vé tinh phai nam tai vi tri dic biét
duoc goi la diém Lagrange. Goi M vam lan luot 1a khoi luong ctia Mat Troi va Trai Pit,
R va r lan luot 1a khoang cach tir tdim Mt Troi toi tAm Trai Dat va toi diém Lagrange.
Cho don gian, ta gia thiét Trai Dat chuyén dong trén quiy dao tron. Bé qua anh huong cia
cac thién thé khac 1én hé dang xét. Khoi luong cua vé tinh 1a nho nén khong anh huong
t6i chuyén dong cua Mat Troi va Trai Dat.

a) Tim biéu thire tde do gbc cua Trai Dt quanh khdi tAm ctia hé Mt Troi — Trai Dat
theo cac dai lugng M, m, R va hang s6 hap dan G.

b) Do M >>m nén ta bd qua chuyén dong caa Mit Troi, coi khéi tAm cua hé triung voéi
tAm ctia Mit Troi. Chirng minh mdi lién hé:
au’ . ro. m

ul=1+ > ; .
(1+u) R M

(Néu rd dau “+” va ddu “~” trong biéu thirc tng véi truong hop nao).

¢) Khong giai phuong trinh trén. Xac dinh s nghiém cua phuong trinh Gng voi cac vi
tri nam trén duong thang di qua tam Trai Dat va tim Mat Troi. V& phac vi tri ciia chung
trén gian dd.

d) Cho M =2.10%* kg, m = 6.10%* kg. Udc luwong cac gia tri (u — 1) tim duoc.

1



e) Ngoai cac nghiém nam trén duong thang di qua tdm Trai Dat va tam Mat Troi, ta
thay con co cac nghiém khac. V& phac vi tri ciia mot diém nhu vay va biéu dién céac luc
tac dung Ién v¢ tinh.

Cau 3. Hé gbm mot xylanh c6 chiéu dai 2L, khoi

luong m va mdt pittong nhe tiét dién S c6 thé

dich chuyén khéng ma sat bén trong xylanh. Dit

SRR

pittdng trén mat phang nam ngang nham, pittong
duoc ndi véi tuong qua 10 xo nhe nam ngang do
ctng k (Hinh v&). Ban dau 10 xo khong bién dang, pittong nam chinh giita xylanh va trong
xylanh c6 chtra 1 mol khi 1y twong ludng nguyén tir c6 ap suit Po (bang ap suét khi quyén).
Nguoi ta nung nong tir tir khoi khi dén khi pittong dich chuyén tdi mép xylanh thi thay
xylanh bi dich di so v61 ban dau mot doan 1a h=L/2.

a) V& phac duong biéu dién qua trinh bién doi trang thai cta khéi khi trén gian do PV.

b) Tinh nhiét lvong di cung cdp cho khdi khi. Bé qua su trao d6i nhiét gitta khi véi
thanh xylanh va pittong trong tho1 gian dun.

¢) Bé cho khdi khi ngudi dan trd lai nhiét d6 ban dau. Tinh ap suét khi lac cudi.
Cau 4. Hai qua cau kim loai ¢6 cuing khéi lwong m va ban kinh r, trung hoa vé dién duoc
dit trong dién truong déu c6 cudng d6 dién trudng E. Lic dau, hai qua cau duoc giit yén
tai cac vi tri nam trén cung mot duong strc dién va cach nhau mdt khoang 1a |I. No6i hai
qua ciu bang mot diy dan (co dién trd rat nho) chiéu dai L r6i tha cho ching chuyén
dong. Chor << | <L, bo qua tac dung cua trong luc.

a) Tim lyc hat tinh dién gitta hai qua cau va hop lyc tic dung 1én mdi qua cau khi chung
cach nhau mot khoang 1a 2x (I <2x <L).

b) Tim toc do t61 da ma moi qua cau thu duge.

* Thi sinh khong dwoc su dung tai liéu,

* Giam thi khong gidi thich gi thém.



TRUONG PAI HOC KHOA HQOC TU NHIEN
TRUONG THPT CHUYEN KHOA HQC TU NHIEN
PAP AN PE THI OLYMPIC CHUYEN KHOA HQC TU NHIEN 2018
Mén thi: VAT LY
Ngay thi tht hai: 06/05/2018

Cau 1. a) Do ban cau khéng dich chuyén, dung dinh lut bao toan ning luong, ta thu
duoc:

+ Van tc cuia vat ngay trude khi cham san: v = J20R.

+ Van tdc ctia vat tai vi tri goc o v = \/ZQR (1-cosa)
o Vv 2
Theo dinh luat II Newton: N =mgcosa. — mE =mg(3cosa —2)=0= cosa = 3
b) Goi van tdc cia ban ciu theo phuong ngang 1a V, cac thanh phan vén tdc cua vt
theo phuong ngang va phuong thang dimg 13 vy va v.
Ap dung dinh luat bao toan dong luong theo phuong ngang: mvy = MV = v, = V.

Ap dung dinh luat bao toan nang luong:
%m(vi +v§)+%mv2 =mgR(1-cosa)=V; +V, +V* =2gR(1-cosa.)

Trong hé quy chi€u gan voi ban cau, khi vat con chua ro1 mat cau, vat chuyén dong voi
van toc v theo phuong tiép tuyén véi ban cau:

v, +V=vcosa; v, =vsina = v, =2Vtana

gR(1-cosa) _\/gR(l—COSOL)COSZ a

Vay: V?(2+4tan®a)=2gR(1- cosa. :>V:\/
Y ( ) 9R( ) 1+ 2tan’a 2 —cos? o

gR(l—cosa)coszoc_V _\/4gR(1—cosa)sin2cx_
,=

Ta co: V:vX:\/ > > ;
2—C0S" o 2—CO0S" o

V:\/4gR(1—cosoc)_
2-cos’a
Luc vat roi ban cau, hop luc tac dung 1én ban cau bang khong, nén lac d6 hé quy chiéu
gan v6i ban cau 1a hé quy chiéu quan tinh.
Theo dinh luat II Newton:

V2 4(1—C050€)_0:>COS30L—6COSOL+4_

N=mgcoso. —m—=0=cosa — = 5 0
R 2—C0s" a cos“ o —2

1



Hay: (cosa —2)(cos’ o+ 2coso—2) =0 = cosar=+/3 1.

Béo toan nang luong:

R(1- cosa)cos? _
lmv§+£mV2:ng:>vC:\/2gR—g ( az) - :\/9 3\/§gR ~1,38,/gR.
2 2 2—C0S" o 2

Cau 2.
a) Trai Dat chuyén dong trén quy dao tron ban kinh R quanh khéi tim ctia hé Mat Troi-

Trai Dét, dudi tac dung cta luc hip dan dong vai tro cua luc hudng tam:

, M GMm G(M+m)
mw R= 0= [———.
M+m R R
VoiM >>m, tacod: o= GRI\3/|

b) Tai vi tri dang xét, vé tinh c6 cung téc do goc quanh Mit Troi voi Trai Dat. Do coi
tam quy dao cta cac thién thé tring voi tim Mat Troi, nén hop luc cua cac luc hap dan
ctia Mt Troi va Trai Dat 1én vé tinh cling phai hudng vé phia tim Mat Troi. Truong hop
nay chi xay ra khi cac lyc hdp din ciia Mt Troi va Trai D4t 1én vé tinh ciing phuong, tic
vé tinh nam trén duong thang di qua tim Mat Troi va tim Trai Dat. Khi do, ta co:

GM

GMZmO + Gmm02 =M,o’r =m,—r *)
r (R+r) R
D4u + trong biéu thirc Gmg voi:
Vé tinh nam ngoai hai thién thé vé phia Mat Troi: + o+
Vé tinh nam ngoai hai thién thé vé phia Trai Dat: + -

Vé tinh nam giira hai thién thé: S —

C .z GMm
Chia hai vé cho ——2, ta thu dugc u*=1+
r

¢) + Vé tinh nam ngoai hai thién thé vé phia Mat Troi: Khi r ting tir 0 t&i oo, VP (*) ting
tir 0 t6i oo, VT (¥) giam tir oo vé 0 = C6 1 nghiém (c6 thé xac dinh duoc r > R).

+ Vé tinh nam ngoai hai thién thé vé phia Trai Pat: Khi r ting tir R tdi oo, VP (*) tang tir
GM ,. : ; :
m, ?t('n o, VT (*) gidam tir o vé 0 = Co6 1 nghiém.
A e N .« ~ . “ A A . - \ y . - N y o G M
+ V¢ tinh nam gitra hai thién thé: Khi r tang tur 0 to1 R, VP (*) tang tir 0 t61 m,, R VT

(*) giam tir 0o vé& -c0 = C6 1 nghiém.



Vay: Tong cong c6 3 vi tri Lagrange.
d) M =2.10% kg, m = 6.10%* kg = 0. =3.10°.

D@ thay, a << 0 nénu ~ 1 hay ju— 1| << 1.

o’ a(l+ 8)2

13
Ta co: u3=1J_r( )2:>(1+8)3:1iT:>38zi6%:>8zi(%] —+102,
1-u

2

2 -6
=(1+3) =1+ a(1+3) Y SO SO

Va: u® =1+ - — .
(1+u) (2+38) 4 12 4

e) Trén thuc té, cac thién thé va vé tinh chuyén dong trén cac quy dao quanh khdi tim
cua h¢. Do d6, hop luc cua luc hép dan cua Mit Troi va Trai Dat 1én vé tinh can hudng
vé phia trong tdm ciia hé. Do d6, ngoai cac diém nam trén duong thang qua tim Mat Troi
va tam Trai Dat, con ton tai cac nghiém nam bén ngoai. Lagrange di tim dugc tong cong

5 vi tri dugc biéu dién nhu trén hinh v& bén dudi (nguon internet).

Cau 3.

a) Chat khi bién d6i theo hai giai doan:
+ Giai doan 1: Khi duoc nung néng nén dan nd ra, day pittdong dich chuyén, 1am nén 16
xo lai cho t&i khi lyc dan hoi ctia 16 xo da 16n (bang lyc ma sat nghi cuc dai giita xylanh
va mat san). Khi do:

kx k(V-LS kL) kV . z
P:Po+§:Po+%:(Po_ )+S—2 (duong thang)

S



+ Giai doan 2: Khi tiép tuc dan né nhung do ma sat da dat t&i gia tri gidi han nén sau do,
xylanh bi dich di trén mat san. Qua trinh dién ra cham nén luc dan hoi va luc ma sét tac
dung 1én xylanh ludn & trang thai can bang nén 4p suat khi trong xylanh giit nguyén khong
ddi. Luac cudi, pittong dich di mdt doan L so véi xylanh, xylanh dich di L/2 so véi san,
tire pittong bi nén tbi da 1a (L — L/2) = L/2. Ta c6:

L

klL-—
P=P +Q—P +&(kh6n doi)
=r S — T 28 g :

b) Ap dung phuong trinh trang thai, ta c6 nhiét d6 khi ldc cubi:
p KL

+7
ToT,—282LS o, KL\
P, LS 2P,S

0

D0 tang ndi nang: AU = g(PO LS+ kLZ)

3kL?

2
Cong: AkzPOL—S+k—L+ PO+& SE:POSL+
2 8 2S) 2

Vay: Q :%POSL +§kL2.

¢) Khi khéi khi bén trong xylanh ngudi di, thé tich cua khi giam dan. Pittong dan dan
lam Iyc dan hoi giam dan nén khong thang duoc Iyc ma sat. Ma sét giir khong cho xylanh
di chuyén. Gia st khi can bang, pittong dich di mot doan 1a x. Giai phuong trinh:

L
— =X
P0+k2T s(zL—x):POSL:xz+(%S+2ij—(P°EL+L2j:o

2
le PLS_i_EL +4 PO_SL+|_2 _ PLS+§L
2 k 2 k k 2
L X 2
P 212
Ap suat cudi: P=P0+k2—:3i+z&—l\/(Po+§&j JrA{F’okLJrk L]

S 2 4S5 2

212
Vay: P=3i+1&—1\/P02 + 9P°SkL +37ka|2'



Cau 4.
a) Cac qua cau ban dau trung hoa vé dién, day dan co dién trd nho nén trong qué trinh
chuyén dong, cac qua cau ludn tich dién trai ddu va qua trinh dich chuyén dién tich duoc

xem 1a rat nhanh. Khi cach nhau 2x, cic qua cau tich dién +q thoa man:

m_@:E'ZX:q:E
r r Kk

% A k \ A A A - A ’ ’ ’ A re g A ’
O day: V = X la dién thé trén mat cau ban kinh r tich di¢n véi dién tich q.
r
Luc hut tinh di¢én gitra hai qua cau coi nhu 1a lyc tuong tac gitra hai di¢n tich tria dau dat
tai cac tAm cau:

2 2.2
f = —(:q)z __ E4li (ludn khong dbi)
X

, NV E*  E*r
Hop luc tac dung 1én cac qua cau: F=Eq-—f :TX "I
b) Pinh ly dong nang:
L2 g2 22 Er(L—1)(2L+2l—r
lmv2 — J Ex_ E r d — ( )( )
2 AL 4k 8k

C6 thé str dung tinh gan dung dé bo qua thanh phan thir hai trong phép tinh.

V:\/EZr(L—I)(2L+2l = [Eren)

~
~

4mk 2mk
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