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Physics PI 2024-2025 solutions 

Time 1 

Task 1 

1.1 𝑠𝑥,𝑦 = 𝑉0𝑥,𝑦𝑡 +
𝑎𝑥,𝑦𝑡2

2
; |𝑠| = √𝑠𝑥

2 + 𝑠𝑦
2; |�⃗⃗�| = √𝟎𝟐 + 𝟒𝟐 = 𝟒 cm 

1.2 𝑉𝑥 = �̇�; 𝑉𝑥 = −2𝑡 + 4; 𝑉𝑥(𝑡 = 4) = −4 m/s; 𝑉𝑦 = 1 m/s; tg 𝛼 =
|𝑉𝑦|

|𝑉𝑥|
= 0,25; 𝜶 ≈ 𝟏𝟒° 

1.3 𝑉𝑥(𝑡 = 2,5) = −1 m/s; 𝑉𝑦 = 1 m/s; tg 𝛽 =
|𝑉𝑦|

|𝑉𝑥|
= 1; 𝛽 = 45°; 

𝒂𝝉 = |𝒂| 𝐜𝐨𝐬 𝛃 = 𝟐 𝐜𝐨𝐬 𝟒𝟓° ≈ 𝟏, 𝟒1 cm/s2 

Task 2 

2.1 The bar is motionless, 𝐹𝑥 = 0 ⇒ 𝑭𝒇 = 𝟎 

2.2 𝑚𝑎𝑥 = 𝐹𝑥 − 𝐹𝑓; 𝑎𝑥 = −
𝑡

𝑚
+

3

𝑚
− 𝜇𝑔; 𝑉𝑥 = −

𝑡2

2𝑚
+ (

3

𝑚
− 𝜇𝑔) 𝑡;  

The bar stops (𝑉𝑥 = 0), at 𝑡1 = 2 s. The block starts moving again when −𝐹𝑥 = 𝜇𝑚𝑔; 

 𝑡2 = 3 + 𝜇𝑚𝑔; 𝑡2 = 3 + 0,1 ∙ 2 ∙ 10 = 5 s ⇒ 𝒂(𝒕 = 𝟒) = 𝟎  

2.3 𝑎𝑥 = −
𝜏

𝑚
+

3

𝑚
− 𝜇𝑔 = 0, at 𝜏 = 1 c. 𝐹𝑥(𝜏) = 2 N; 𝑉𝑥(𝜏) = −

𝜏2

2𝑚
+ (

3

𝑚
− 𝜇𝑔) 𝜏;  

𝑉𝑥(𝜏) = 0,25 m/s; 𝑃𝑥(𝜏)=𝐹𝑥(𝜏) ∙ 𝑉𝑥(𝜏); 𝑷𝒙(𝝉)=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 

𝜷 = 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 

perpendicular to the segment OA. From geometric considerations we find 

𝜸 = 𝟔𝟎° 

3.3 The hoop stops when the slipping stops: 

0 = 𝑉0 + 𝑎𝜏, 𝑎 = −𝜇𝑔 ⇒ 𝜏 =
𝑉0

𝜇𝑔
; 𝑆 =

|𝑎|𝜏2

2
=

𝑉0
2

2𝜇𝑔
 ⇒ 𝝁 =

𝑽𝟎
𝟐

𝟐𝑺𝒈
; 𝝁 =

𝟏𝟐

𝟐∙𝟎,𝟓∙𝟏𝟎
= 𝟎, 𝟏 

Task 4 

4.1 
𝑇max

𝑇min
=

𝑇2

𝑇1
; 

𝑇2

𝑇1
=

𝑃2𝑉2

𝑃1,3𝑉1
; 

𝑃2

𝑃1,3
=

𝑉2

𝑉1
;  

𝑇2

𝑇1
= (

𝑉2

𝑉1
)

2

; 
𝑻𝟐

𝑻𝟏
= 𝟑𝟐=9 

4.2 𝑃2𝑉2 = 𝑃1,3𝑉3; 
𝑉3

𝑉1
= (

𝑉2

𝑉1
)

2

; 
𝑽𝟑

𝑽𝟏
= 𝟑𝟐=9 

4.3 𝜂 = 1 −
𝑄c

′

𝑄h
; 𝑄c

′ =
5

2
𝑃1,3𝑉1 (

𝑉3

𝑉1
− 1); 𝑄h = 𝑄12 + 𝑄23; 
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𝑄12 = 𝜈 ∙ 2𝑅(𝑇2 − 𝑇1), 𝑄12 = 2𝑃2𝑉2 (1 −
𝑃1,3𝑉1

𝑃2𝑉2
), 𝑄12 = 2𝑃2𝑉2 (1 − (

𝑉1

𝑉2
)

2

); 

𝑄23 = 𝐴𝑇 = 𝜈𝑅𝑇2 ∙ ln(𝑛) = 𝑃2𝑉2 ∙ ln(𝑛); 𝑄h = 𝑃2𝑉2 (2 (1 − (
𝑉1

𝑉2
)

2

) + ln(𝑛)); 

𝜂 = 1 −

5

2
𝑃1,3𝑉1(

𝑉3
𝑉1

−1)

𝑃2𝑉2(2(1−(
𝑉1
𝑉2

)
2

)+ln(𝑛))
; 𝜂 = 1 −

5

2
(

𝑉3
𝑉1

−1)

(
𝑉2
𝑉1

)
2

(2(1−(
𝑉1
𝑉2

)
2

)+ln(𝑛))
 

𝜼 = 𝟏 −
𝟓

𝟐
(𝟗−𝟏)

𝟗(𝟐(𝟏−
𝟏

𝟗
)+𝐥𝐧(𝟑))

≈ 𝟐𝟑%  

Task 5 

5.1 𝑞1 = 2𝐶0𝜀; 𝑞2 = 6𝐶0𝜀 ; 
𝒒𝟐

𝒒𝟏
= 𝟑 

5.2 𝜀 = 𝑈2 − 𝑈1 (1); from LCE: 𝑞2 − 𝑞1 = 𝑞1
′ + 𝑞2

′ , 

6𝐶0𝜀 − 2𝐶0𝜀 = 𝐶0𝑈1 + 2𝐶0𝑈2 (2). From (1) and (2): 𝑈2 =
5

3
𝜀; 𝑈1 =

2

3
𝜀; 

|Δ𝑞| = |Δ𝑈2| ∙ 2𝐶0; 𝐶0 =
|Δ𝑞|

2|Δ𝑈2|
; 2𝐶0 =

|Δ𝑞|

(3𝜀−
5

3
𝜀)

; 𝟐𝑪𝟎 =
𝟗𝟔

(𝟑∙𝟏𝟐−
𝟓

𝟑
∙𝟏𝟐)

= 𝟔 µF. 

5.3 𝑄 = 𝑊0 − 𝑊 + 𝐴𝐸𝑀𝐹; 𝑊0 =
𝐶0(2𝜀)2

2
+

2𝐶0(3𝜀)2

2
= 11𝐶0𝜀2; 𝑊0 = 11 ∙ 3 ∙ 122 = 4752 mcJ; 

𝑊 =
𝐶0(−

2

3
𝜀)

2

2
+

2𝐶0(
5

3
𝜀)

2

2
= 3𝐶0𝜀2; 𝑊 = 3 ∙ 3 ∙ 122 = 1296 mcJ; 𝐴𝐸𝑀𝐹 = ∆𝑞𝜀;  

𝐴𝐸𝑀𝐹 = −96 ∙ 12 = −1152 mcJ; 𝑸 =  𝟒𝟕𝟓𝟐 − 𝟏𝟐𝟗𝟔 − 𝟏𝟏𝟓𝟐 = 𝟐𝟑𝟎𝟒 mcJ 
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Time 2 

Task 1 

1.1 𝑇 =
2𝑉0 sin 𝛽

𝑔 cos 𝛼
⇒ 𝑇𝑚𝑎𝑥 when 𝛽 = 90°, 𝜑 = 𝛽 − 𝛼, 𝝋 = 𝟔𝟎° 

1.2 𝑉𝑥 = 𝑉0 cos 𝛽 + 𝑔𝑡 sin 𝛼; 𝑉𝑦 = 𝑉0 sin 𝛽 − 𝑔𝑡 cos 𝛼; 

tg 𝜓 =  
|𝑉𝑦(𝑇𝑚𝑎𝑥)|

|𝑉𝑥(𝑇𝑚𝑎𝑥)|
, tg 𝜓 =

2−sin 𝛽

cos 𝛽+2 tg 𝛼 
, tg 𝜓 =

√3

2
, 𝝍 ≈ 𝟒𝟎, 𝟗° 

1.3 It can be shown that the maximum distance of flight along the 

slope is for a stone flew out at an angle 𝛽𝑚 = 45° +
𝛼

2
= 60°; 

𝑇𝑚 =
2𝑉0 sin 𝛽𝑚

𝑔 cos 𝛼
, 

𝑻𝒎

𝑻𝒎𝒂𝒙
= 𝐬𝐢𝐧 𝜷𝒎, 

𝑻𝒎

𝑻𝒎𝒂𝒙
≈ 𝟎, 𝟖𝟕 

Task 2 

2.1 𝐹 = 𝑀𝑔 (
𝐿

𝐿0
+ sin 𝛼 (1 −

𝐿

𝐿0
)), where 𝐿0 — length of the rope, 𝑭 = 𝟑𝟎 N. 

2.2 𝑎 = 𝑔 (
𝐿

𝐿0
+ sin 𝛼 (1 −

𝐿

𝐿0
)), 𝑎 = 6 m/s2; 𝑻 = 𝑴

𝒍

𝑳𝟎
(𝒂 − 𝒈 𝐬𝐢𝐧 𝜶),  

where l = 2 m — distance to the cross section from upper end of rope 𝑻 = 𝟐 N 

 

2.3 Initial coordinate of the center of mass of the rope: 𝑦1 =
(𝐿0−𝐿)2 sin 𝛼−𝐿2

2𝐿0
= 0,7 m; final 

coordinate of the center of mass of the rope: 𝑦2 = −2,5 m, 𝑽 = √𝟐𝒈(𝒚𝟏 − 𝒚𝟐) = 𝟖 m/s. 

Task 3 

3.1 𝑭 = (𝑴 − 𝒎)𝒈 = 𝟐𝟎 N 

3.2 −𝑚𝑎 = 𝑚𝑔 − 𝑇1 (1), 𝑀𝑎 = 𝑀𝑔 − 𝑇2 (2), 𝑚0𝑎 = 𝑇2 − 𝑇1 (3).  

From (1),(2),(3) 𝑎 = 𝑔
𝑀−𝑚

𝑚0+𝑚+𝑀
= 2 m/s2; 𝜀 =

𝑎

𝑅
= 2 1/s2; 𝑺 =

𝜺𝒕𝟐

𝟐
𝑹 = 𝟒 m. 

3.3 𝑁 = 𝑇1 + 𝑇2 + 𝑚0𝑔, 𝑇1 = 𝑚(𝑎 + 𝑔) = 36 N, 𝑇2 = 𝑚0𝑎 + 𝑇1 = 40 N 

𝑵 = 𝟑𝟔 + 𝟒𝟎 + 𝟐𝟎 = 𝟗𝟔 N. 

Task 4 

4.1 ∆𝑈12 =
3

2
(𝑃2𝑉2 − 𝑃1,3𝑉1), 𝐴12 =

1

2
(𝑃2𝑉2 − 𝑃1,3𝑉1), 

∆𝑼𝟏𝟐

𝑨𝟏𝟐
= 𝟑 

4.2 
𝑉3

𝑉2
= (

𝑃2

𝑃1,3
)

1

𝛾
; 

𝑉2

𝑉1
=  

𝑃2

𝑃1,3
; 

𝑉3

𝑉1
=

𝑉3

𝑉2

𝑉2

𝑉1
= (

𝑃2

𝑃1,3
)

1+𝛾

𝛾
; 

1+𝛾

𝛾
= 1,6; 

𝑃2

𝑃1,3
= 4 

𝑽𝟑

𝑽𝟏
= 𝟒𝟏,𝟔 ≈ 𝟗, 𝟐 ;  

4.3 𝜂 = 1 −
𝑄c

′

𝑄h
; 𝑄c

′ = 𝑄31
′ ; 𝑄h = 𝑄12; 𝑄12 = 2𝑃1𝑉1 (

𝑃2𝑉2

𝑃1,3𝑉1
− 1); 𝑄31

′ =
5

2
𝑃1𝑉1 (

𝑉3

𝑉1
− 1) 
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𝜼 = 𝟏 −
𝟓(

𝑽𝟑
𝑽𝟏

−𝟏)

𝟒((
𝑷𝟐

𝑷𝟏,𝟑
)

𝟐

−𝟏)

≈ 𝟑𝟐%  

Task 5 

5.1 𝐶0 =
𝜀0𝑆

5𝑑
; 𝐶1 =

𝜀0𝑆

𝑑
, 𝐶2 =

𝜀0𝑆

3𝑑
; 

1

𝐶
=

1

𝐶1
+

1

𝐶2
; 𝐶 =

𝜀0𝑆

4𝑑
; 

𝑪

𝑪𝟎
=

𝟓

𝟒
= 𝟏, 𝟐𝟓 

5.2 𝐸 =
𝑄

2𝜀0𝑆
; |𝑈| = 𝐸 ∙ 3𝑑 − 𝐸 ∙ 𝑑 = 2𝐸𝑑; |𝑼| =

𝑸𝒅

𝜺𝟎𝑺
≈ 𝟏𝟏𝟑𝟎 V. 

5.3 𝐸A𝑥 =
1

2𝜀0𝑆
(2𝑞 + 𝑄) (1), 𝐸B𝑥 =

1

2𝜀0𝑆
(2𝑞 − 𝑄) (2),  

where q — charge module on capacitor plates. 

 𝜑4 − 𝜑3 + 𝜑2 − 𝜑1 = 0 (3); 𝜑4 − 𝜑3 = 𝐸B𝑥 ∙ 3𝑑 (4), 

 𝜑2 − 𝜑1 = 𝐸A𝑥 ∙ 𝑑 (5).  

From (1), (2), (3), (4), (5) 𝒒 =
𝑸

𝟒
= 𝟐, 𝟓 µC  
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Time 3 

Task 1 

1.1𝑉1 = 𝑉0 − 𝑎𝜏𝑡1, 𝒂 = √𝑽𝟏
𝟒

𝑹𝟐 + (𝝁𝒈)𝟐 ≈ 𝟐, 𝟐 m/s2 

1.2 𝑉2 = 𝑉0 − 𝑎𝜏𝑡2, 𝑎𝜏 = 1 m/s2, 𝑎𝑛 =
𝑉2

2

𝑅
= 0,5 m/s2, tg 𝛼 =

𝑎𝜏

𝑎𝑛
; 𝜶 ≈ 𝟔𝟑, 𝟒° 

1.3 𝜏 =
𝑉0

𝜇𝑔
; 𝛼 =

𝑉0

𝑅
𝜏 −

𝜇𝑔

2𝑅
𝜏2 = 25 radians; 𝑵 =

𝜶

𝟐𝝅
≈ 𝟑, 𝟗𝟖  

Task 2 

2.1 |𝑎𝑃| = 𝜇𝑔
𝑚

𝑀
, where m — puck mass, M — plank mass, μ — coefficient of friction of the puck 

on the plank, 𝑔 — acceleration of gravity. |𝒂𝒑| = 𝟏, 𝟓 m/s2. 

2.2 𝑬𝒌 =
(𝒎+𝑴)𝑽𝟎

𝟐

𝟐
− 𝝁𝒎𝒈𝑳 = 𝟑 J 

2.3 𝐿 = 2𝑉0𝜏 −
|𝑎𝑟𝑒𝑙|𝜏2

2
 (1); |𝑎𝑟𝑒𝑙| = |𝑎𝑝𝑢𝑐𝑘| + |𝑎𝑃| = 4,5 m/s2 (2),  

where |𝑎𝑝𝑢𝑐𝑘| = 𝜇𝑔 = 3 m/s2 — puck acceleration. We substitute the relative acceleration |𝑎𝑟𝑒𝑙| 

and the initial data into (1), solve the quadratic equation and find τ — 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, 𝜏 ≈ 0,3 s. 

In time τ the right end of the plank travels the distance 𝒍 = 𝑽𝟎𝝉 −
|𝒂𝒑|𝝉𝟐

𝟐
≈ 𝟓𝟑 cm. 

Task 3 

3.1 
𝑵

𝑭𝒇
= 𝟐 

3.2 𝑚1𝑎1 = 𝛼𝑚2𝑔 − 𝑚1𝑔. When 
𝑚2

𝑚1
= 5, 𝑎1 = 0 , 

where a1 and a2 — loads 1 and 2 accelerations. 

𝑎2 = 𝑔(𝛼 − 1) = −8 m/s2. Time of movement of load 2 before 

slipping 𝜏 = √
2𝐿

|𝑎2|
= 0,5 s. The module of the velocity of load 2 at the 

moment of slipping from the thread |𝑽| = |𝒂𝟐|𝝉 = 𝟒 m/s 

3.3 When 
𝑚2

𝑚1
= 6, 𝑎1 = 2 m/s2 — load 1 moves up, 𝑎2 = −8 m/s2; 

|𝑎𝑟𝑒𝑙| = |𝑎2| − |𝑎1| = 6 m/s2; Time of movement of load 2 before slipping 𝜏1 = √
2𝐿

|𝑎𝑟𝑒𝑙|
=

1

√3
 s; 

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

|𝑽𝟏| = |𝒂𝟏|𝝉𝟏 ≈ 𝟏, 𝟐 m/s. 

 

 



6 
 

Task 4 

4.1 𝑸 =
𝟓

𝟐
𝑨 = 𝟓 kJ, Where A — work done by helium. 

4.2 ∆𝒎 =
𝝁𝑷∆𝑽

𝑹𝑻𝟎
=

𝝁𝑨

𝑹𝑻𝟎
≈ 𝟏𝟏, 𝟔 g, where μ — molar mass of water, R — universal gas constant, 

𝑇0 = 373  K. 

4.3 ∆𝑼 = 𝑨 − 𝝀∆𝒎 ≈ −𝟐𝟒 kJ, where λ — specific heat of evaporation of water. 

Task 5 

5.1 𝑬 =
𝑼

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

5.2 𝑽 = √𝟐𝜸𝑼 ≈ 𝟓𝟗𝟑 km/s, where γ — modulus of specific charge of electron. 

5.3 𝝉 =
𝝅𝒅

𝟐𝑽
≈ 𝟐𝟔 ns. See the trajectory of the electron in the figure. 
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Time 4 

Task 1 

1.1 𝑥 = 𝑉0𝑡; 𝑦 =
𝑎𝑡2

2
⇒ 𝑽𝟎 = √

𝒂

𝟐𝒌
= 𝟏 m/s 

1.2 𝑉x = 𝑉0, 𝑉y = 𝑎𝑡; 𝑽 = √𝑽𝐱
𝟐 + 𝑽𝐲

𝟐 ≈ 𝟐, 𝟐 m/s 

1.3 tg 𝛼 =
𝑉y

𝑉x
=

𝑎𝑡

𝑉0
= 2; 𝛼 ≈ 63,4°; 𝒂𝝉 = 𝒂 ∙ 𝐬𝐢𝐧 𝜶 ≈ 𝟎, 𝟖𝟗 m/s2 

Task 2 

2.1 𝒂 =
𝑭𝟎

𝒎
= 𝟒 m/s2. 

2.2 Projection of the puck impulse onto the axis OY: 𝑝y =
𝐹0𝑡0𝜋

2
; projection of the puck velocity 

onto the axis OY: 𝑉y =
𝐹0𝑡0𝜋

2𝑚
≈ 12,6 m/s; 𝑉x = 10 m/s; |�⃗⃗⃗�| = √𝑽𝐱

𝟐 + 𝑽𝐲
𝟐 ≈ 𝟏𝟔, 𝟏 m/s. 

2.3 𝑉y(𝑡0) =
𝐹0𝑡0𝜋

4𝑚
≈ 6,28 m/s; 𝑉x(𝑡0) = 10 m/s; 𝑉 = |�⃗⃗�(𝑡0)| ≈ 11,8 m/s; 

 tg 𝛼 =
𝑉x(𝑡0)

𝑉y(𝑡0)
 , 𝛼 ≈ 57,8°; 𝑎𝑛 = 𝑎 ∙ sin 𝛼 ≈ 3,4 m/s2; 𝑹 =

𝑽𝟐

𝒂𝒏
≈ 𝟒𝟏, 𝟏 m 

Task 3 

3.1 𝒂 = 𝒈
𝒎

𝑴+𝒎
= 𝟓 m/s2, where M — plank mass, m — load mass. 

3.2 𝐴𝑓 =
𝜇𝑔𝑀𝑙

2
= 𝑚𝑔𝑙  ⇒ 

𝑴

𝒎
=

𝟐

𝝁
= 𝟏𝟎, where μ — coefficient of friction of the plank on the rough 

part of the horizontal surface. 

3.3 𝑉𝑚𝑎𝑥 at 𝑎 = 0 ⇒ The plank rides onto the rough part of the horizontal surface by 

 𝑥 =
𝑙

𝜇
𝑀

𝑚

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

𝑚𝑔𝑥 = 𝜇𝑔
𝑀

𝑙

𝑥2

2
+

(𝑀+𝑚)𝑉𝑚𝑎𝑥

2
, we find maximum velocity 𝑽𝒎𝒂𝒙 ≈ 𝟖𝟑 cm/s 

Task 4 

4.1 
𝑸

∆𝑼
= 𝟏 

4.2 
𝑽𝟑

𝑽𝟏
= √

𝑻𝟑

𝑻𝟏
= 𝟐 

4.3 𝜂 = 1 −
𝑄c

′

𝑄h
; 𝑄c

′ = 2𝜈𝑅(𝑇3 − 𝑇1); 𝑄h =
3

2
𝜈𝑅(𝑇2 − 𝑇1) +

5

2
𝜈𝑅(𝑇3 − 𝑇2); 𝜼 ≈ 𝟕, 𝟕 % 

 

Task 5 

5.1 𝐸 = 𝑘
𝑞

𝑟2; 𝐸𝑟=2𝑅 = 𝑘
𝑞

4𝑅2; 𝐸𝑟=4𝑅 = 𝑘
𝑞

8𝑅2; 
𝑬𝒓=𝟐𝑹

𝑬𝒓=𝟒𝑹
= 𝟐 
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5.2 𝜑 = 𝑘
𝑞

𝑟
+ const; 𝜑𝑠𝑝ℎ =

2

3
𝑘

𝑞

𝑅
; 𝜑𝑏 =

4

3
𝑘

𝑞

𝑅
 ⇒ 

𝝋𝒃−𝝋𝒔𝒑𝒉

𝝋𝒃
= 𝟎, 𝟓 

5.3 𝜑𝑏
′ =

2

3
𝑘

𝑞

𝑅
(

𝜀+1

𝜀
) ; 

𝝋𝒃

𝝋𝒃
′ =

𝟐𝜺

𝜺+𝟏
= 𝟏, 𝟐 

 


