Physics Pl 2024-2025 solutions

Time 1
Task 1

2
115,y = Voryt + 22 |3 = [T+ 53; [8] = VO + 4% = 4 cm

2 )

1.2Vx=5c;Vx=—2t+4;Vx(t=4)=—4m/s;Vy=1m/s;tga=%=0,25;az14°

13V (t=25)=—-1m/s;V, =1m/s;tgf = %z 1; B = 45°;

a, = |a| cosB = 2 cos45° ~ 1,41 cm/s?
Task 2
2.1 The bar is motionless, F, =0 = Ff =0

. _t , 3 L o t? 3 .
2.2max =Fx—Ff,ax = —E+E—,ug, Ve = —%+(Z—ug)t,
The bar stops (V, = 0), at t; = 2 s. The block starts moving again when —F, = umg;

t,=3+umg;t, =34+0,1-2-10=55s=2a(t=4)=0
3 2 3
2.3ax=—%+a—ug=0,at1'= 1c. F.(t) =2N; V(1) =—2T—m+(;—,ug)r;
V.(t) = 0,25 m/s; P, (t)=F.(t) - V,.(t); P,(1)=2-0,25 = 0,5 W.
Task 3

3.1 Point O is the intersection with the plane of the figure of the instantaneous
axis of rotation of the hoop. The direction of the velocity of point A is
perpendicular to the segment OA. From geometric considerations we find
B =30°

3.2 Point O is the intersection with the plane of the figure of the instantaneous =
axis of rotation of the hoop. The direction of the velocity of point A is Vi
perpendicular to the segment OA. From geometric considerations we find 77777777
¥ = 60°

3.3 The hoop stops when the slipping stops:

2 2
_lalz? Vg 1% 12

Vo 0
0=Vy+ar,a=— >5T7T=—S=—= S>u=—"2u= =01
o tat, Ky ug' 2 2ug K 28g’ K 2:0,5:10 !
Task 4
41M=Q.Q=%-P_Z=ﬁ.Qz(ﬁ)z-T_zzgzzg r
T Tmin Ti'Ti  Pi3Vi' Pz Vi Ty Vi) ' Tq

17 A%
4.2 P2V2 = P1'3V3; V_i = (V_j) ’V_j = 32:9 P4
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Q. _5 V. : :
437 =1-2500=2PaVi (= 1): @ = Quo + Qas;
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Py V. 2
Qi, =V 2R(T, — Ty), Q1, = 2P,V, (1 -2 1) Q12 = 2PV, (1 - (Vz) );

Q.3 = A7 = VRT, - In(n) = P,V, -In(n); Qy, = PZVZ( ( ) + ln(n))
) 2P13V1(V——1) o —(——1)
T T e @ ) | @ (-2 )
2(9-1)
_— 12
n=1 9(2(1-3)+In(3)) 23%
Task 5
5.1q) = 26o¢; 2 = 6Co ; £ =3 .K.._||“”’
52e=U,—U,; (1);from LCE: g, — q; = q1 + g5,
20,
o8 e A

6C0€ - ZCOS = COUl + ZCOUZ (2) From (1) and (2) UZ = 28, U1 = 58, =

_ . . _lAq] lAg| . _ 96 _
|ACI| - |AU2| ZCO’ CO 2|AU I ZCO (38—58)’ ZC() (3.12_;12) 6 HF
2
53 Q= Wy — W + Apyp; Wy = 22 L 206" _ 410 c20 pr = 113122 = 4752 mc;

2

Co(—zg)z ZCO(EE)Z
W =2 4 205 = 30,2 W =3+ 3122 = 1296 MCJ; Apyr = Aqe;

Agyr = —96-12 = —1152 mcJ; Q = 4752 — 1296 — 1152 = 2304 mcJ



Time 2

Task 1

2V, si ,8 o [e]
11T = g(’cf)‘:a = Thnax When B =90°, o = B —a, ¢ = 60
12V, =Vycosp + gtsina; V, = V,sinf — gt cosa; lg‘

vy (Timax)| _ 2-sing V3o, .
gy = Vi (Trmax)!’ gy = cosf+2tga’ gy = 2 P ~40,9
1.3 It can be shown that the maximum distance of flight along the \a 7 : 7
slope is for a stone flew out at an angle g,,, = 45° +% = 60°, UGN
vV

2V sin T, . T,
T, = Zosinfm Tm _ sin B, ™ ~ 0,87
gcosa  Tpmax Tmax

Task 2

21F =Mg <Li + sina (1 — f)) where L, — length of the rope, F = 30 N.
0

0

2.2a=g(LL—o+sina(1—Li)),a= 6m/52;T=ML—lo(a—gsina),

0

where | = 2 m — distance to the cross section from upper end of rope T = 2 N i%
|
|
1

N2 in ]2
2.3 Initial coordinate of the center of mass of the rope: y,; = (L"L)2+“ = 0,7 m; final

coordinate of the center of mass of the rope: y, = —2,5m, V = m =8 mis.
Task 3

31F=(M-m)g=20N

32—-ma=mg—T, (1), Ma=Mg —T, (2), nga =T, — Ty (3).

M-m
mo+m+M

From (1),(2),3)a=g

2
=2m/52;e=%=21/52;5=%R=4m.

33N=T,+T,+ myg, T, =m(a+g) =36 N, T, =mya+T, =40 N

N=36+40+20 =96 N.
Task 4

AU12 _ 3 !

4.1 AU, = E(PZV2 — P1,3V1), A, = %(Psz - P1,3V1)v g P

1 14y
V- Py, \v. V P, V- V3 V. P, Y 1+ P,
4.2_3=<_2) 2 = _2;_3=_3_2=(_2) ;_y=1’6;_2=4 P A i
V2 P13 41 Pi3 Vi Vol Py 14 P13 ; ; i
T T T el
v v V G
3 _ 416 .
—=4"°=92,;
Vi

PVa

Q(’:. ! r . . . ! 5 V:
43n=1 o’ Qc = Q31; Qn = Q12; Q12 = 2P 13 (P1,3V1 B 1)’ Q31 = EP1V1 (V_j_ )
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Task 5
_ S, ~ _ &S ~ _8&S.1_ 1 1. ._ %S C_5_
5'1C0_5d’C1_d’Cz_3d’C_Cl+CZ’C_4d’C0_4_1'25
52FE=-2"|Ul=E-3d—E-d=2Ed: |U =% ~1130 V.
2805 SOS

5.3 Eax = 5520+ Q) (1), Epy = 7524~ Q) (),
where g — charge module on capacitor plates.

04— @3+ @2 — 91 =0(3); 9 — 3 = Epy - 3d (4),
@2 — 91 = Epyx - d (5).

From (1), (2), 3). (4), (5) g =2=2,5 nC
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Time 3

Task 1
V4
1.1V, =V, —a.t;, a = R—; + (ug)? ~ 2,2 m/s?
2
12V, =V, — a,ty, a, = 1 m/s?, a, = "73 = 0,5 M/ tga = =5 & ~ 63,4°

Vi V¢ .
137=-"2q==27—-L972 = 25 radians; N = = ~ 3,98
ug R 2R 2w

Task 2

2.1 |ap| = ug % where m — puck mass, M — plank mass, . — coefficient of friction of the puck
on the plank, g — acceleration of gravity. |a,| = 1,5 m/s2.

2
2.2Ek=%—umgL=3J

2
23 L = 2Vor — 2 (1); |ayel] = |apuce] + lap| = 4,5 m/s? (2),

where |apuck| = ug = 3 m/s> — puck acceleration. We substitute the relative acceleration |a,.]|
and the initial data into (1), solve the quadratic equation and find = — the time of the puck's
movement along the plank from the moment the plank collides with the wall until the moment the
puck flies off the plank, T = 0,3 s.

2
In time 7 the right end of the plank travels the distance I = VT — laple” ~ 53 cm.
Task 3
314 =2
! LLLLLL

3.2mya; = amyg —mlg.When% =5a=0,
1

where a; and a; — loads 1 and 2 accelerations.

a, = g(a—1) = —8 m/s?. Time of movement of load 2 before
2L

slipping 7 = Pl 0,5 s. The module of the velocity of load 2 at the
2
moment of slipping from the thread |V| = |ay|t = 4 m/s 1 [
3.3 When % = 6,a, = 2 m/s>?— load 1 moves up, a, = —8 m/s?;
1
la el = |a,| — |ai] = 6 m/s?; Time of movement of load 2 before slipping 7; = laZL = \/% S;
rel

The velocity module of load 1 at the moment of slipping off the thread of load 2

|V1| = |a1|‘r1 ~ 1,2 m/s.



Task 4

41Q = gA = 5 kJ, Where A — work done by helium.

4.2 Am = % = % ~ 11,6 g, where x — molar mass of water, R — universal gas constant,
0 0
T, = 373 K.

4.3 AU = A — AAm = —24 kJ, where 1 — specific heat of evaporation of water.
Task 5

51E = g = 100 V/m, where d — distance between electrodes.

52V =,/2yU =~ 593 km/s, where y — modulus of specific charge of electron.

531 = :—s ~ 26 ns. See the trajectory of the electron in the figure.




Time 4
Task 1

2
1.1x=V0t;y=%:>V0=\/%=1m/S

12V, =V, V, =at; V = /V§+V§z2,2m/s

13tga =" ="=2a~634%a, = a sina ~ 0,89 m/s’
X 0

Task 2
_ Fo _ 2
21a=—=4m/s.
m
FotoTl'_
2 1

onto the axis OY: I}, = 22" ~ 12,6 m/s; ¥, = 10 m/s; |V| = /V,Z( +V2 ~ 16,1 mis.
2m

2.2 Projection of the puck impulse onto the axis OY: py, = projection of the puck velocity

2.3V, (to) = 2% ~ 6,28 m/s; Vi (to) = 10 mis; V = |V (t)| ~ 11,8 m/s;

2
=4 o578 a, =a-sina~34msER=L~41,1m
Vy(to) @n

Task 3

3.1a =g—— =5 m/s? where M— plank mass, m — load mass.
M+m

324 = %Ml =mgl :g = 5 = 10, where u — coefficient of friction of the plank on the rough

part of the horizontal surface.

3.3 V,qx at a = 0 = The plank rides onto the rough part of the horizontal surface by

x = — = 0,625 m. From the theorem on the change of kinetic energy:

=
STl ~

x% . (M+m)Vimax

mgx = ug%; , we find maximum velocity V., = 83 cm/s

Task 4

T3
Ty

4253 = |B=>
|41

431 =1-25 QL= 2vR(Ts — T0); Qn = JVR(To = T) + JVvR(T3 = Tp)in = 7,7 %
h

Task 5
Ey-
>1E= qu_z; Erar = kﬁ?; Er—sr = k3q?; Er=i§ =2
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_ 14 . _z q. _f a Pb—Psph __
5.2<p—kr+const,(psph—3kR,<pb—3kR =>—¢b =0,5

2, a (e, op _ 28 _
53¢, =2k1(5); =2 =1,2

e/ @ e+l



