


𝑉𝑖𝑡𝑒𝑠𝑠𝑒 =
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑑𝑢𝑟é𝑒
, 𝑐à𝑑,   𝒗 =

𝒔

𝒕

𝒔 = 𝒗 ⋅ 𝒕

𝑣0 𝑡

𝑣

𝑎 =
𝑣 − 𝑣0
𝑡

𝐴𝑐𝑐é𝑙é𝑟𝑎𝑡𝑖𝑜𝑛 =
𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑑𝑒 𝑙𝑎 𝑣𝑖𝑡𝑒𝑠𝑠𝑒

𝑑𝑢𝑟é𝑒

𝑣𝑖𝑡𝑒𝑠𝑠𝑒/𝑡𝑒𝑚𝑝𝑠 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒/(𝑡𝑒𝑚𝑝𝑠)2

𝑚/𝑠2



𝑎 =
𝑣−𝑣0

𝑡
𝑣 = 𝑣0 + 𝑎𝑡 

𝑣̅

𝑣̅ =
𝑣0 + 𝑣

2
𝑡 𝑠 = 𝑣̅ 𝑡,

𝑠 = (
𝑣0 + 𝑣

2
)  𝑡

𝑣 = 𝑣0 + 𝑎𝑡 𝑠 = (
𝑣0+𝑣

2
)  𝑡 ⇔  𝒔 = (

𝑣0+𝑣0+𝑎𝑡

2
) 𝑡 = 𝒗𝟎𝒕 +

𝒂𝒕𝟐

𝟐
    

𝑎 =
𝑣−𝑣0

𝑡
𝑡 =

𝑣−𝑣0

𝑎
𝑠 = (

𝑣0+𝑣

2
)  𝑡 ⇔  𝒔 = (

𝑣0+𝑣

2
) (

𝑣−𝑣0

𝑎
) =

𝒗𝟐−𝒗𝟎
𝟐

𝟐𝒂

 𝒗𝟐 = 𝒗𝟎
𝟐 + 𝟐𝒂𝒔

𝒗𝟎

𝒗 = 𝒂𝒕  ;   𝒔 =
𝟏

𝟐
𝒂𝒕𝟐  ;   𝒗𝟐 = 𝟐 𝒂 𝒔   

∫ 𝑑𝑣 = ∫𝑎 𝑑𝑡  alors 𝑣 = 𝑣0 + 𝑎𝑡.

∫ 𝑑𝑥 = ∫𝑣 𝑑𝑡 =  ∫(𝑣0 + 𝑎𝑡)𝑑𝑡 ⇒ 𝑥 = 𝑥0 + 𝑣0𝑡 +
𝑎𝑡2

2

𝑔 =  9,8 𝑚/𝑠2

𝑎  𝑔



8 𝑚/𝑠2.

36 𝑘𝑚/ℎ 108 𝑘𝑚/ℎ

𝑣̅

𝑎

24 𝑚/𝑠

15 𝑚/𝑠 2 𝑚/𝑠2



2 𝑚/𝑠2

72 𝑘𝑚/ℎ

18 𝑘𝑚/ℎ

10 𝑚/𝑠 5 𝑚/𝑠

5 𝑚/𝑠

𝑣 𝑠

10 𝑚/𝑠 2 𝑠



30 𝑚/𝑠

490 𝑚/𝑠



9,8 𝑚/𝑠

30°

𝑣

30°

40 𝑚/𝑠

350 𝑚/𝑠

𝑡

𝑥

𝑦



à 720 𝑘𝑚/ℎ

𝑣 =  300 𝑚/𝑠

𝑥 𝑣

𝛼

400 𝑚/𝑠

360 𝑘𝑚 𝑘𝑚/ℎ 𝑚/𝑠

60 𝑘𝑚/ℎ 75 𝑘𝑚/ℎ

30 𝑘𝑚/ℎ



𝑘𝑚/ℎ 𝑚/𝑠

3 𝑚/𝑠

1 𝑚/𝑠2

8 𝑚/𝑠

640 𝑚 40 𝑠

40 𝑠

18
𝑘𝑚

ℎ
54

𝑘𝑚

ℎ
5 𝑠

𝑚

𝑠2



5 𝑚/𝑠2

4 𝑠

3 𝑠 12 𝑚/𝑠

6 𝑠

25 𝑚/𝑠

75 𝑚

600 𝑚/𝑠

150 𝑐𝑚 

20 𝑚/𝑠 60 𝑚/𝑠 200 𝑚



720 𝑚 12 𝑠

108 𝑘𝑚/ℎ

50 𝑠

40 𝑚/𝑠

5 𝑚/𝑠2

6 𝑠

6 𝑠

6 𝑠

3 𝑠

1 𝑘𝑚



49 𝑚/𝑠

300 𝑚

5 𝑠

14 𝑚/𝑠

30 𝑚

7 𝑚/𝑠

30 𝑚/𝑠.

20 𝑚/𝑠



20 𝑠

100 𝑚

14 𝑚/𝑠

3 𝑚/𝑠

1/4 𝑠

22°

15 𝑚



30 𝑚

49 𝑚/𝑠

30°

150 𝑚 40 𝑚/𝑠

30°

50°

360 𝑚/𝑠

950 𝑚



40 𝑚/𝑠 26°

2,2 𝑚 120 𝑚

1,8 𝑚

1,1 𝑚

 



 



𝑣0 = 0
𝑚

𝑠
  ; 𝑎 = 8𝑚/𝑠2

 𝑣 = 𝑣0 + 𝑎 ⋅ 𝑡 = 8
𝑚

𝑠2  
⋅ 5 𝑠 = 40 𝑚/𝑠 

 𝑣̅ =
𝑣0+𝑣

2
=
0
𝑚

𝑠
+40

𝑚

𝑠

2
= 20

𝑚

𝑠

 𝑠 = 𝑠0 + 𝑣0𝑡 +
𝑎𝑡2

2
=
𝑖𝑐𝑖
 0 𝑚 + 0

𝑚

𝑠
⋅ 5 +

8 
𝑚

𝑠2
⋅(5 𝑠)2

2
= 100 𝑚

𝑠 = 𝒗̅𝑡 =  20
𝑚

𝑠
 ⋅ 5 𝑠 = 100 𝑚

𝑣0 = 36
𝑘𝑚

ℎ
(= 10

𝑚

𝑠
)  ;   𝑣 =  108

𝑘𝑚

ℎ
(= 30

𝑚

𝑠
) 𝑡 = 20 𝑠

 𝑣̅ =
𝑣0+𝑣

2
=
36 

𝑘𝑚

ℎ
+108

𝑘𝑚

ℎ

2
= 72 𝑘𝑚/ℎ (= 20

𝑚

𝑠
)

 𝑎 =
𝑣−𝑣0

𝑡
=
30 

𝑚

𝑠
 − 10 

𝑚

𝑠

20 𝑠
=
20 

𝑚

𝑠
 

20 𝑠
= 1 𝑚/𝑠2    

 𝑠 = 𝑠0 + 𝑣0𝑡 +
𝑎𝑡2

2
=
𝑖𝑐𝑖
 0 𝑚 + 10

𝑚

𝑠
⋅ 20 +

1 
𝑚

𝑠2
⋅(20 𝑠)2

2
= 200 𝑚 + 200 𝑚 = 400 𝑚

𝑠 = 𝒗̅𝑡 =  20
𝑚

𝑠
 ⋅ 20 𝑠 = 400 𝑚)

𝑣0 = 0
𝑚

𝑠
𝑠 = 9 𝑚 𝑡 = 3𝑠 𝑣 = 24

𝑚

𝑠
 ?

 𝑠 = 9 𝑚 = 𝑠0 + 𝑣0𝑡 +
𝑎𝑡2

2
= 0 + 0 +

𝑎(3 𝑠)2

2
 ⇒ 𝒂 =

2⋅9 𝑚

9 𝑠2
= 𝟐 𝒎/𝒔𝟐

 𝒂 =
𝑣

𝑡
 ⇒ 𝑡 =

𝑣

𝑎
=
(24 

𝑚

𝑠
)

2 
𝑚

𝑠2

= 𝟏𝟐 𝒔 



𝑣0 = 15 𝑚/𝑠 𝑎 = 2 𝑚/𝑠2

 𝑠 = 𝑠0 + 𝑣0𝑡 +
𝑎𝑡2

2
= 0 + (15

𝑚

𝑠
⋅ 6 𝑠) +

1

2
⋅ (2

𝑚

𝑠2
) (6 𝑠)2 = 90 𝑚 + 36 𝑚 = 126 𝑚

 𝑎 = −2
𝑚

𝑠2
 ; 𝑣0 = 15 𝑚/𝑠

 𝑠 = 𝑠0 + 𝑣0𝑡 +
𝑎𝑡2

2
= 0 + (15

𝑚

𝑠
⋅ 6 𝑠) +

1

2
⋅ (−2

𝑚

𝑠2
) (6 𝑠)2 = 90 𝑚 − 36 𝑚 = 54 𝑚

 𝑣 = 0 𝑚/𝑠

𝑣 = 𝑣0 + 𝑎𝑡 ⇒ 0 = 15
𝑚

𝑠
− 2

𝑚

𝑠2
 𝑡 ⇒ 2𝑡 = 15 𝑠 ⇒ 𝒕 = 𝟕, 𝟓 𝒔

𝑣0 = 72
𝑘𝑚

ℎ
= 20

𝑚

𝑠
    ;   𝑣 = 18

𝑘𝑚

ℎ
= 5

𝑚

𝑠
   ; 𝑡 = 5 𝑠

 𝑎 =
𝑣−𝑣0

5
=
5−20

5
= −3 𝑚 /𝑠2

 

𝑠 = 𝑠0 + 𝑣0𝑡 +
𝑎𝑡2

2
= 0 + (20

𝑚

𝑠
⋅ 5 𝑠) +

1

2
⋅ (−3

𝑚

𝑠2
) (5 𝑠)2 = 100 𝑚 − 37,5 𝑚

= 62,5 𝑚

𝑠 = 𝑠0 + 𝑣0𝑡 +
𝑎𝑡2

2
= 0 + (20

𝑚

𝑠
⋅ 4 𝑠) +

1

2
⋅ (−3

𝑚

𝑠2
) (4 𝑠)2 = 80 𝑚 − 24 𝑚 = 56 𝑚

62,5 𝑚 –  56 𝑚 =  𝟔, 𝟓 𝒎

𝑣 = 5
𝑚

𝑠
 ; 𝑣0 = 10

𝑚

𝑠
 ; 𝑠 = 150 𝑚

 𝑣2 = 𝑣0
2 + 2 𝑎 𝑠 ⇒ 𝒂 =

𝑣2−𝑣0
2

2𝑠
=
52−102

2⋅150
=

−75

300
𝑚

𝑠2
= − 𝟎, 𝟐𝟓

𝒎

𝒔𝟐

 𝒗𝟎 = 𝟓 𝒎/𝒔 𝑎 =  − 0,25
𝑚

𝑠2

𝑣2 = 𝑣0
2 + 2 𝑎 𝑠 ⇒ 𝒔 =

𝑣2 − 𝑣0
2

2𝑎
=
(0 − 52)

2 ⋅ −0,25
=
−25

−0,5
= 𝟓𝟎 𝒎



 𝑔.

𝑎 =
𝑣

𝑡
𝑔 =

𝑣

𝑡
 ⇒ 𝑣 = 𝑔 𝑡 .

𝑣 = 9,8
𝑚

𝑠2
 ⋅ 3𝑠 = 29,4 𝑚/𝑠

 𝑠 =
𝑔𝑡2

2
=
9,8

𝑚

𝑠2
⋅(3 𝑠)2

2
= 44,1 𝑚

𝑣0 = 10
𝑚

𝑠
 ; 𝑡 = 2𝑠  ; 𝑔 = 9,8

𝑚

𝑠2

𝑎) 𝑣 = 𝑣0 + 𝑔𝑡 = 10
𝑚

𝑠
+ 9,8

𝑚

𝑠2
⋅ 2𝑠 = 29,6

𝑚

𝑠

𝑏) 𝑠 = 𝑣0𝑡 +
𝑔𝑡2

2
= 10

𝑚

𝑠
⋅ 2 𝑠 + [

1

2
⋅ (9,8

𝑚

𝑠2
) (2𝑠)2 ] = 20 𝑚 + 19,6 𝑚 = 𝟑𝟗, 𝟔 𝒎

𝑠6 =
𝑔𝑡6
2

2
= 𝑔

(6)2

2
= 18 𝑔 𝑚è𝑡𝑟𝑒𝑠

𝑠4 =
𝑔𝑡4
2

2
= 𝑔

(4)2

2
= 8 𝑔 𝑚è𝑡𝑟𝑒𝑠

𝑠6 − 𝑠4 = 𝑔(18 − 8)𝑚è𝑡𝑟𝑒𝑠 = 10 ⋅ 𝑔  𝑚 = 10 ⋅ 9,8 𝑚 = 𝟗𝟖 𝒎 

𝑎 = 𝑔 = 9,8 𝑚/𝑠2 𝑣𝑓 = 30 𝑚/𝑠 𝑣0 = 0
𝑚

𝑠
𝑠



𝑣2 = 𝑣0
2 + 2 𝑔 𝑠 =

𝑣0=0
2 𝑔 𝑠 ⇒ 𝑠 =

𝑣2

2𝑔
=
(30

𝑚

𝑠
)
2

2 ⋅ 9,8
𝑚

𝑠2

= 45,9 𝑚

𝑣0 = 490
𝑚

𝑠
 ; 𝑎 = 𝑔 = 9,8

𝑚

𝑠2
  ; 𝑣𝑓 = 0

𝑚

𝑠

𝑔

 

𝑣𝑓
2 = 𝑣0

2 + 2 𝑔 𝑠
𝑣𝑓=0
⇒    0 = 𝑣0

2 + 2 𝑔 𝑠 ⇒ 𝒔 =
−𝑣0

2

2 𝑔 
=
−(490

𝑚
𝑠 )

2

2 ⋅ (−9,8
𝑚
𝑠2
)
= 𝟏𝟐 𝟐𝟓𝟎 𝒎

 𝑣 = 𝑣0 + 𝑔𝑡 ⇔ 𝒕 =
𝑣−𝑣0

𝑔
=
(0
𝑚

𝑠
−490

𝑚

𝑠
)

−9,8
𝑚

𝑠2

= 𝟓𝟎 𝒔 

 1) 𝑣 = 𝑣0 + 𝑔𝑡 ⇒ 𝑣40𝑠 = 490
𝑚

𝑠
+ (−9,8

𝑚

𝑠2
) ⋅ 40 =  98 𝑚/𝑠

𝑡 = 50 𝑠,

2) 𝑣 = 𝑣0 + 𝑔𝑡 ⇒ 𝑣60𝑠 = 490
𝑚

𝑠
+ (−9,8

𝑚

𝑠2
) ⋅ 60 =  − 98 𝑚/𝑠

𝑡 = 50 𝑠,

 𝑠 = 𝑣0𝑡 +
𝑔𝑡2

2
 ⇔ 7840 = 490 ⋅ 𝑡 +

− 9,8

2
⋅ 𝑡2 ⇔ 4,9 𝑡2 − 490 𝑡 + 7840 = 0 

⇔ 𝑡2 − 100 𝑡 + 1600 = 0 

𝑡 =
100±√10000−4⋅1⋅(1600)

2
=
100±√10000−4⋅1⋅(1600)

2
=
100±√3600

2
=
100±60

2
= 80 𝑠

𝑡 =

50 𝑠



𝑔

𝑠 = 𝑣0𝑡 +
𝑔𝑡2

2
𝑡 = 0) , 𝑠 = 0 𝑡 = 4𝑠, 𝑠 = 0

0 = 𝑣0(4 ) + (−9,8) ⋅
(4)2

2
= 4 𝑣0 − 9,8 ⋅ 8  ⇒ 𝑣0 =

9,8⋅8 

4
= 19,6

𝑚

𝑠

 

𝑔

𝑠0 = 392 𝑚…

𝑣0 = 9,8
𝑚

𝑠
   ;   𝑎 = 𝑔 = −9,8

𝑚

𝑠2

𝑣 = 0 𝑚/𝑠

𝑣2 = 𝑣0
2 + 2𝑎𝑠 

𝑖𝑐𝑖
⇔ 0 = (9,8

𝑚

𝑠
)
2

+ 2(−9,8
𝑚

𝑠2
) (𝑠) ⇒ 𝑠 =

−(9,8)2

2 ⋅ (−9,8)
= 4,9 𝑚

392 𝑚 + 4,9 𝑚 = 396,9 𝑚

   𝒔 = 𝑠0 + 𝑣0𝑡 +
𝑎𝑡2

2
=
𝑖𝑐𝑖
0 + (9,8) ⋅ 5 + (

(−9,8)(5)2

2
) = 49 − 122,5 = −𝟕𝟑, 𝟓 𝒎  

= 318,5 𝑚 

𝑣 = 𝑣0 + 𝑔𝑡 =
𝑖𝑐𝑖
9,8 + (−9,8)(5) =  −39,2

𝑚

𝑠

 −392 𝑚. 

𝑠 = 𝑠0 + 𝑣0𝑡 +
𝑎𝑡2

2

𝑖𝑐𝑖
⇔− 392 = 0 + 9,8 𝑡 − (9,8) ⋅

𝑡2

2
 ⇔ 4,9 𝑡2 − 9,8 𝑡 − 392 = 0

⇔ 𝑡2 − 2𝑡 − 80 = 0



𝑡 =
2±√4−4⋅1⋅(−80)

2
=
2±√324

2
=
2±18

2
= 10 𝑠 –  8 𝑠

−8 𝑠 𝑡 = 10 𝑠

 𝑎 = 𝑔 sin(30°)

𝑣2 = 𝑣0
2 + 2𝑎 ⋅ 𝑠

𝑣2 = 0 + 2 ⋅ 𝑔 sin(30°) ⋅ 8 = 16 ⋅ 9,8 ⋅
1

2
= 8 ⋅ 9,8 ⇒ 𝑣 = √78.4 = 8,85 𝑚/𝑠

 𝑠 =
𝑎𝑡2

2
⇒ 𝒕 = √

2𝑠

𝑎
= √

2⋅8

9,8 sin(30°)
= √

16

9,8⋅
1

2

= √
32

9,8
= √3,265 = 𝟏, 𝟖𝟏 𝒔

• 𝑡 =
𝑠

𝑣𝑚𝑜𝑦𝑒𝑛

𝑡 =
8

8,85 − 0
2

=
16

8,85
= 1,81 𝑠 !



 𝑠 = 0.

𝑠 = 𝑣0𝑡 +
𝑎𝑡2

2
 ⇔ 0 = 40 ⋅ 𝑡 + (

−9,8 sin(30°)

2
) 𝑡2  ⇔ 0 = 40𝑡 −

9,8

4
𝑡2  

⇔ 9,8 𝑡2 − 160𝑡 = 0 ⇔ 𝑡 − 16,3 = 0 ⇒ 𝒕 = 𝟏𝟔, 𝟑 𝒔

 

𝑣2 = 𝑣0
2 + 2𝑎 ⋅ 𝑠 ⇔  0 = (40)2 + 2(−9,8 ⋅ sin(30°)) ⋅ 𝑠 ⇔ 0 = 1600 − 9,8 𝑠 

⇔ 𝒔 = 𝟏𝟔𝟑 𝒎

 𝑌,

𝑔.

𝑠 =
𝑔𝑡2

2
⇒ 𝑡 = √

2𝑠

𝑔
= √

2⋅90

9,8
= √

2⋅90

9,8
= 4,285 𝑠

 𝑋,

𝑣0.

𝑠 = 𝑣 ⋅ 𝑡 = 350 ⋅ 4,285 = 1500 𝑚 

 

𝑣0 = 350 𝑚/𝑠

𝑣 = 𝑔𝑡 = 9,8 ⋅ 4,285 ≈ 42 𝑚/𝑠

√(350
𝑚

𝑠
)
2

+ (42
𝑚

𝑠
)
2

= 352,5 𝑚/𝑠

𝛼, 𝑥 𝛼 = arctan (
𝑦

𝑥
)



720
𝑘𝑚

ℎ
=
720000

3600

𝑚

𝑠
= 200

𝑚

𝑠

• 𝑌,

𝑔.

𝑠 =
𝑔𝑡2

2
⇒ 𝑡 = √

2𝑠

𝑔
= √

2⋅1000

9,8
= √

2000

9,8
= 14,3 𝑠

• 𝑋,

𝑣0.

𝑠 = 𝑣0 ⋅ 𝑡 = 200 ⋅ 14,3 = 2860 𝑚 

tan(𝛼) =
𝑥

𝑦
=

𝑠

1000
=
2860

1000
= 2,86 ⇒ 𝛼 = arctan(2,86) = 70,7 °

𝑣𝑥 = 𝑣0 cos(30°) = 300 ⋅
√3

2
= 260 𝑚/𝑠

𝑣𝑦 = 𝑣0 sin(30°) = 300 ⋅
1

2
= 150 𝑚/𝑠

𝑠 = 𝑣0𝑡 +
𝑎𝑡2

2
𝑠 = 0

𝑎 = −𝑔 𝑣𝑦 = 150 𝑚/𝑠

⇒ 0 = 150 𝑡 −
9,8 𝑡2

2
 ⇔ 0 = 30,6 − 𝑡 ⇒ 𝒕 = 𝟑𝟎, 𝟔 𝒔

𝒔 = 𝑣𝑥 𝑡 = 260 ⋅ 30,6 = 𝟕𝟗𝟔𝟎 𝒎 𝒐𝒖 𝟕, 𝟗𝟔 𝒌𝒎 



𝑣𝑥 = 𝑣0 cos(𝛼)

𝑣𝑦 = 𝑣0 sin(𝛼)

𝑠 = 𝑣𝑦𝑡 +
𝑎𝑡2

2
𝑠 = 0

𝑎 = −𝑔 𝑣𝑦 = 𝑣0 sin(𝛼)

⇒ 0 = 𝑣0 sin(𝛼) 𝑡 −
𝑔 𝑡2

2
 ⇔ 0 = 𝑣0 sin(𝛼) −

𝑔 𝑡

2
 ⇒ 𝒕 =

𝟐 𝒗𝟎 𝒔𝒊𝒏(𝜶)

𝒈

𝒔 = 𝑣𝑥 𝑡 = 𝑣0 cos(𝛼) ⋅  
2 𝑣0 𝑠𝑖𝑛(𝛼)

𝑔
=
𝑣0
2 2 cos(𝛼) sin(𝛼)

𝑔
=
𝒗𝟎
𝟐  𝐬𝐢𝐧 (𝟐𝜶)

𝒈

2 cos(𝛼) sin(𝛼) = sin (2𝛼)

 𝑣 =
360 𝑘𝑚

5 ℎ
= 72

𝑘𝑚

ℎ

 72
𝑘𝑚

ℎ
=
72 000 𝑚

3600 𝑠
= 20 𝑚/𝑠

60
𝑘𝑚

ℎ
=
60 𝑘𝑚

60 min
=
1𝑘𝑚

𝑚𝑖𝑛
 ; 75

𝑘𝑚

ℎ
=
75 𝑘𝑚

60 min
=
1,25 𝑘𝑚

𝑚𝑖𝑛
  ;  30

𝑘𝑚

ℎ
=
30 𝑘𝑚

60 min
=
0,5 𝑘𝑚

𝑚𝑖𝑛
    

 𝑠𝑡𝑜𝑡 = 𝑣1𝑡1 + 𝑣2𝑡2 + 𝑣3𝑡3 =
1𝑘𝑚

𝑚𝑖𝑛
⋅ 4 𝑚𝑖𝑛 +

1,25𝑘𝑚

𝑚𝑖𝑛
⋅ 8 𝑚𝑖𝑛 +

0,5 𝑘𝑚

𝑚𝑖𝑛
⋅ 2 𝑚𝑖𝑛 =

(4 + 10 + 1)𝑘𝑚 = 15 𝑘𝑚

 𝑣̅ =
60
𝑘𝑚

ℎ
⋅
4

60
 ℎ+ 75

𝑘𝑚

ℎ
⋅
8

60
 ℎ+30

𝑘𝑚

ℎ
⋅
2

60
 ℎ

(
4

60
+
8

60
+
2

60
) ℎ

=
4+10+1

14

60

𝑘𝑚

ℎ
=
15⋅60

14
=  64,29

𝑘𝑚

ℎ
=
64290

3600

𝑚

𝑠
= 17,85

𝑚

𝑠



15 𝑘𝑚

14 𝑚𝑖𝑛𝑠
=
 15 𝑘𝑚
14

60
 ℎ
= 64,29

𝒌𝒎

𝒉
 

                                                       =
15 000 𝑚

14 ⋅ 60 𝑠
= 17,86

𝒎

𝒔
 

𝑣0 = 3
𝑚

𝑠
 ; 𝑎 = 1

𝑚

𝑠2
 

 𝑎 =
𝑣−𝑣0

𝑡
⇒ 𝒗− 𝒗𝟎 = 𝑎 ⋅ 𝑡 = 1

𝑚

𝑠2
⋅ 60 𝑠 = 𝟔𝟎

𝒎

𝒔

(𝑣 − 𝑣0)

𝑣 − 𝑣0 = 60
𝑚

𝑠
 ⇒ 𝑣 = 𝑣0 + 60

𝑚

𝑠
= 3

𝑚

𝑠
+ 60

𝑚

𝑠
= 63

𝑚

𝑠

𝑣̅ =
𝑣0+𝑣𝑓

2
=
(3 
𝑚

𝑠
+63 

𝑚

𝑠
)

2
= 33

𝑚

𝑠

𝑠 = 𝑣0𝑡 +
𝑎𝑡2

2
= 3

𝑚

𝑠
⋅ 60 𝑠 +

1

2
 (1

𝑚

𝑠2
) ⋅ (60 𝑠)2 = 180 𝑚 +

1

2
⋅ 3600 = 1980 𝑚

𝑣0 =
8𝑚

𝑠
 ; 𝑠 = 640 𝑚 𝑡 = 40 𝑠

𝑎) 𝑣̅ =
𝑠

𝑡
=
640 𝑚

40 𝑠
= 16

𝑚

𝑠

 𝑣̅ =
𝑣0+𝑣𝑓

2
⇒ 𝑣𝑓 = 2 𝑣̅ − 𝑣0 = 2(16

𝑚

𝑠
) − 8

𝑚

𝑠
= 24

𝑚

𝑠

  Δ𝑣 = 𝑣𝑓 − 𝑣0 = 24
𝑚

𝑠
− 8

𝑚

𝑠
= 16

𝑚

𝑠

 𝑎 =
Δ𝑉

Δ𝑡
=
(16

𝑚

𝑠
)

40 𝑠
= 0,4 𝑚/𝑠2



18
𝑘𝑚

ℎ
=
18

3,6

𝑚

𝑠
= 5

𝑚

𝑠
   ;    54

𝑘𝑚

ℎ
=
54

3,6

𝑚

𝑠
= 15

𝑚

𝑠

𝑎 =
Δ𝑣

Δ𝑡
=
15 − 5

5
= 2 𝑚/𝑠2

Δ𝑡 = 4𝑠   ;   𝑣0 =
0𝑚

𝑠
 ;   𝑎 = 5

𝑚

𝑠2

 𝑎 =
𝑣−𝑣0

Δ𝑡
 ⇒ 𝑣 − 𝑣0 = 𝑎 ⋅ Δ𝑡 ⇒ 𝑣 = 5 ⋅ 4 = 20

𝑚

𝑠

 𝑠 =
𝑎𝑡2

2
=
5

2
⋅ (4)2 = 40 𝑚

Δ𝑡 = 3 𝑠   ;   𝑣0 =
0𝑚

𝑠
 ;   𝑣 = 12 𝑚/𝑠

𝑎 =
𝑣 − 𝑣0
Δ𝑡

 ⇒ 𝑎 =
12

3
 ⇒ 𝑎 = 4 𝑚/𝑠2

𝑎 = 4
𝑚

𝑠2
𝑡 = 6 𝑠 𝑣6𝑠 = 𝑎 ⋅ 𝑡 = 4 ⋅ 6 = 24

𝑚

𝑠

𝑠 =
4 (6)2

2
= 2 ⋅ 36 = 72 𝑚 

𝑣 = 25
𝑚

𝑠
   ;   𝑠 = 75 𝑚

𝑣2 = 𝑣0
2 + 2 𝑎𝑠 =

𝑣0=0 
2 𝑎𝑠  ⇒ 𝑎 =

𝑣2

2𝑠
=
(25)2

2⋅75
=
625

150
≈ 4,2 𝑚/𝑠2



𝑣0 =
0𝑚

𝑠
  ;    𝑣𝑓 = 600

𝑚

𝑠
   ;   𝑠 = 1,5 𝑚

𝑣2 = 𝑣0
2 + 2 𝑎𝑠 =

𝑣0=0 
2 𝑎𝑠  ⇒ 𝑎 =

𝑣2

2𝑠
=
(600)2

2⋅1,5
=
360 000

3
≈ 1,2 105 𝑚/𝑠2

𝑣0 = 20
𝑚

𝑠
   ;   𝑣𝑓 = 60

𝑚

𝑠
   ; 𝑠 = 200 𝑚 

 𝑣2 = 𝑣0
2 + 2 𝑎𝑠 ⇒ 𝑎 =

𝑣2−𝑣0
2

2𝑠
=
(60)2−(20)2

2⋅200
=
3200

400
≈ 8 𝑚/𝑠2

 𝑎 =
𝑣−𝑣0

Δ𝑡
 ⇒ Δ𝑡 =

𝑣−𝑣0

a
 ⇒ Δ𝑡 =

60−20

8
=
40

8
 𝑠 = 5 𝑠 

 𝑠 =
𝑎𝑡2

2
 ⇒ 𝑎 =

2𝑠

𝑡2
=
2⋅720

(12)2
= 10

𝑚

𝑠2

 𝑣12 = 𝑎 ⋅ 𝑡 = 10 ⋅ 12 = 120
𝑚

𝑠

 𝑠 =
𝑎𝑡2

2
= 10 ⋅

(1)2

2
= 𝟓 𝒎

 

𝑠 =
𝑎𝑡2

2
= 10 ⋅

(11)2

2
= 605 𝑚

𝑠 =
𝑎𝑡2

2
= 10 ⋅

(12)2

2
= 720  𝑚

(720 − 605)𝑚 = 𝟏𝟏𝟓 𝒎

𝑣0 = 108
𝑘𝑚

ℎ
= 30

𝑚

𝑠
    ; 𝑡 = 50 𝑠

 𝑎 =
𝑣−𝑣0

Δ𝑡
=
−30

50
= −

3

5

𝑚

𝑠2
= −0,6 𝑚/𝑠2



 𝑠 =
𝑎𝑡2

2
=
0,6 (50)2

2
= 750 𝑚

𝑣0 = 40
𝑚

𝑠
  ;   𝑎 =  −5

𝑚

𝑠2

 𝑎 =
𝑣−𝑣0

Δ𝑡
 ⇒ 𝑣 = 𝑣0 + 𝑎 ⋅ Δ𝑡 = 40 − 5 ⋅ 6 = 10

𝑚

𝑠

 𝑣̅ =
(𝑣0+𝑣𝑓)

2
=
(40+10)

2
=
50

2
= 25

𝑚

𝑠

 𝑠 = 𝑣0𝑡 +
𝑎𝑡2

2
= 40 ⋅ 6 +

−5 (6)2

2
= (240 − 90)𝑚 = 150 𝑚

𝑣0 = 0
𝑚

𝑠
   ;   𝑎 = 𝑔 = 9,8 𝑚/𝑠2

 𝑎 = 𝑔 = 9,8
𝑚

𝑠2

 𝑠 =
𝑔𝑡2

2
=
9,8⋅(3)2

2
= 4,9 ⋅ 9 = 44,1 𝑚

 𝑣2 = 𝑣0
2 + 2𝑎𝑠 = 0 + 2 𝑔 ⋅ 𝑠 ⇒ 𝑣 = √2𝑔𝑠 = √2 ⋅ 9,8 ⋅ 1000 = 140

𝑚

𝑠

 𝑎 =
𝑣

𝑡
 ⇒ 𝑡 =

𝑣

𝑎
=
49

9,8
= 5 𝑚/𝑠

 𝑠 =
𝑎𝑡2

2
 ⇒ 𝑡 = √

2𝑠

𝑎
= √

2 (300)

9,8
= 7,8 𝑠

𝑡 = 5 𝑠   ; 𝑎 = 𝑔 = 9,8
𝑚

𝑠2

 𝑎 =
𝑣

𝑡
 
𝑎=𝑔
⇔  𝑔 =

𝑣

𝑡
 ⇒ 𝑣 = 𝑔 ⋅ 𝑡 = 9,8

𝑚

𝑠2
⋅ 5 = 𝟒𝟗 𝒎/𝒔

 𝑠 =
𝑔𝑡2

2
 ⇒ 𝑠 =

(9,8
𝑚

𝑠2
)(5 𝑠)2

2
= 𝟏𝟐𝟐, 𝟓 𝒎



𝑣0 = 14
𝑚

𝑠
 ;   𝑎 = 𝑔 = 9,8

𝑚

𝑠2
   ; 𝑠 = 30 𝑚

 𝑣2 = 𝑣0
2 + 2𝑎𝑠 = (14)2 + 2 (9,8) ⋅ (30) = 784 ⇒ 𝑣 = √784 = 28

𝑚

𝑠

 𝑠 = 𝑣0𝑡 +
𝑔𝑡2

2
 ⇔ 30 = 14𝑡 + 4,9 𝑡2  ⇔ 4,9 𝑡2 + 14𝑡 − 30 = 0 

𝑡 =
10

7
𝑠 𝑡 = −

30

7
 𝑠

𝑡 = 1,43 𝑠

𝑣0 = 0
𝑚

𝑠
 ;   𝑣𝑓 = 7

𝑚

𝑠
 ;   𝑎 = 𝑔 = 9,8

𝑚

𝑠2

𝑣2 = 𝑣0
2 + 2𝑎𝑠 ⇒ 𝑠 =

𝑣2−𝑣0
2

2 𝑎
=
𝑣2−𝑣0

2

2 𝑔
=
72−0

2⋅9,8
=

49

19,8
≈ 2,47 𝑚/𝑠

𝑣0 = 30
𝑚

𝑠
 ; 𝑎 = 𝑔 = 9,8

𝑚

𝑠2

 𝑣 = 0
𝑚

𝑠

𝑎 =
𝑣−𝑣0

𝑡
 ⇒ 𝑡 =

𝑣−𝑣0

𝑎
=
𝑣=0

 𝑡 = −
30

−9,8
≈ 3,06 𝑠

 𝑠 =
𝑎𝑡2

2
⇒ 𝑠max =

𝑎𝑡𝑚𝑎𝑥⬚
2

2
=
9,8

2

̇
(3,06)2 ≈ 45,9 𝑠 

𝑣2 = 𝑣0
2 + 2𝑎𝑠 

𝑖𝑐𝑖
⇔0 = 302 + 2 ⋅ 9,8 ⋅ 𝑠 ⇒ 𝑠 =

900

19,6
= 45,9 𝑠 

 

𝑡𝑚𝑎𝑖𝑛 =
2 × 𝑡𝑚𝑜𝑛𝑡é𝑒 = 2 × 3,1 𝑠 = 6,2 𝑠

 𝑎 =
𝑣−𝑣0

𝑡
⇒ 𝑣 = 𝑣0 + 𝑎𝑡 = 30 − 9,8 𝑡

𝑣 = +20
𝑚

𝑠
⇒ 20 = 30 − 9,8 𝑡 ⇒ 𝑡 =

10

9,8
= 1,0 𝑠

𝑣 = −20
𝑚

𝑠
 ⇒  −20 = 30 − 9,8 𝑡 ⇒ 𝑡 =

50

9,8
= 5,1 𝑠 



𝑡 = 20 𝑠   ;   𝑎 = 𝑔 = 9,8
𝑚

𝑠2

𝑦(𝑡) = 𝑣0𝑡 +
𝑎𝑡2

2
𝑡 = 0 , 

𝑦(𝑡) = 0

𝑡 = 0 𝑠, 𝑦(0) ℎ 𝑡 = 20 𝑠, 𝑦(20) =

0, ) .

ℎ 

𝑦(𝑡) = ℎ + 𝑣0𝑡 +
𝑎𝑡2

2

𝑎) 𝑣0 = 0 ⇒  𝑦(𝑡) = ℎ + 𝑣0𝑡 +
𝑎𝑡2

2
𝑦(𝑡) = ℎ −

𝑔𝑡2

2
𝑦(20) = 0,

0 = ℎ −
𝑔𝑡2

2
 ⇒ ℎ =

𝑔𝑡2

2
=
9,8

2
 202 = 1960 𝑚

𝑏) 𝑣0 = 50 𝑚/𝑠 ⇒  𝑦(𝑡) = ℎ + 𝑣0𝑡 +
𝑎𝑡2

2
𝑦(𝑡) = ℎ + 50 𝑡 −

𝑔𝑡2

2
𝑦(20) = 0,

0 = ℎ + 50 𝑡 −
𝑔𝑡2

2
 ⇒ ℎ =

𝑔𝑡2

2
− 50 𝑡 =

9,8

2
 202 − 50 ⋅ 20 = 960 𝑚

ℎ = 100 𝑚;  𝑣0 = +14
𝑚

𝑠
 ;   𝑎 = 𝑔 = −9,8

𝑚

𝑠2
 (′−′ 𝑐𝑎𝑟 𝑣𝑒𝑟𝑠 𝑙𝑒 𝑏𝑎𝑠)

 𝑣2 = 𝑣0
2 + 2𝑎𝑠

0 = 142 − 2 (9,8) 𝑠 ⇔ 𝑠 =
196

19,6
= 10 𝑚. 

 𝑠 =
𝑔𝑡2

2
 ⇒ 𝑡 = √

2𝑠

𝑔



𝑣 = 𝑔𝑡, 𝑣 = 𝑔 √
2𝑠

𝑔
= √

𝑔22𝑠

𝑔
= √2𝑠𝑔 = √2 (110) (9,8) = 46,4 𝑚/𝑠

𝑣2 = 𝑣0
2 + 2𝑎𝑠 𝑣0 = 0 𝑚/𝑠

𝑣0 𝑐𝑜𝑙𝑖𝑠 = +3
𝑚

𝑠
 (𝑑𝑖𝑟𝑖𝑔é 𝑣𝑒𝑟𝑠 𝑙𝑒 ℎ𝑎𝑢𝑡);   𝑎 = 𝑔 = −9,8

𝑚

𝑠2
 (𝑑𝑖𝑟𝑖𝑔é 𝑣𝑒𝑟𝑠 𝑙𝑒 𝑏𝑎𝑠); 𝑡 = 2 𝑠

 

𝑣2 = 𝑣0
2 + 2𝑎𝑠

0 = 32 − 2 (9,8) 𝑠 ⇔ 𝒔 =
9

19,6
= 𝟎, 𝟒𝟓𝟗𝟏 𝒎 

ℎ =
𝑔𝑡2

2
 ⇒ 𝒕 = √

2 ℎ

𝑔
= √

2 (0.4591)

9,8
= 𝟎, 𝟑𝟏 𝒔

𝑣 = 𝑣0 + 𝑔𝑡

𝑣 = 0

 ⇒ 0 = 3 − 9,8 𝑡  ⇒ 𝑡 =
3

9,8
= 0,31 𝑠

 

𝑦(𝑡) = 𝑦0 + 𝑣0𝑡 +
𝑎𝑡2

2
𝑡 = 0, 𝑦(0) = 𝑦0 𝑦0

𝑡 = 0 𝑠)

𝑦(2) = 0

0 = 𝑦0 + 𝑣0𝑡 +
𝑎𝑡2

2
 ⇔ 𝑦0 + 3 ⋅ 2 −

9,8

2
⋅ 22 = 0 

⇔ 𝑦0 + 6 − 19,6 = 0 ⇔ 𝒚𝟎 = 𝟏𝟑, 𝟔 𝒎

𝑦0 = 13,6 𝑚 :

𝑦(𝑡) = 𝑦0 + 𝑣0𝑡 +
𝑎𝑡2

2
𝑡 = 0,25 𝑠:



𝒚(𝟎, 𝟐𝟓) = 13,6 + (3) (0,25) −
9,8 (0,25)2

2
= 𝟏𝟒, 𝟎𝟒𝟑𝟕 𝒎

 

𝑎 = 𝑔 sin(22°) = 3,67 𝑚/𝑠2

 𝑠 =
𝑎𝑡2 

2
 ⇒ 𝑡 = √2

𝑠

𝑎
= √2

15

3,67
= 2,86 𝑠 

𝛼 :

30 sin(𝛼) = 10  ⇒ 𝛼 = 𝑎𝑟𝑐𝑠𝑖𝑛 (
10

30
) ≈ 19,5°

𝑎 = 𝑔 sin(19,5°) ≈ 3,27 𝑚/𝑠2

 𝑣2 = 𝑣0
2 + 2 𝑎 𝑠 

𝑣0=0
⇒   𝑣 = √2 𝑎𝑠 = √ (2)(3,27)(30) = 14

𝑚

𝑠

  𝑣 = √2 𝑎𝑠 = √ (2)(9,8)(10) = 𝟏𝟒
𝒎

𝒔



𝑣𝑥 = 𝑣0 cos(30°) = 49 ⋅
√3

2
= 42,44 𝑚/𝑠

𝑣𝑦 = 𝑣0 sin(30°) = 49 ⋅
1

2
= 24,5 𝑚/𝑠

 

𝑠 = 𝑣0𝑡 +
𝑎𝑡2

2
𝑠 = 0

𝑎 = −𝑔 𝑣𝑦 = 24,5 𝑚/𝑠

⇒ 0 = 24,5 𝑡 −
9,8 𝑡2

2
 ⇔ 0 = 5 − 𝑡 ⇒ 𝒕 = 𝟓 𝒔

 𝒔 = 𝑣𝑥 𝑡 = 42,44 ⋅ 5 = 𝟐𝟏𝟐 𝒎  

 

𝑋̂ 𝑣0𝑥 = 𝑣0 cos 30° =
√3

2
⋅ 40 ≈ 34.64

𝑚

𝑠

𝑌̂ 𝑣0𝑦 = −𝑣0 sin 30° = −
1

2
⋅ 40 = −20

𝑚

𝑠

𝑋̂: 𝑥(𝑡) = 𝑥0 + 𝑣0𝑥  𝑡 +
𝑎𝑥𝑡

2

2
= 0 + 𝑣0𝑥  𝑡 + 0 = 34,64  𝑡

𝑌̂: 𝑦(𝑡) = 𝑦0 + 𝑣0𝑦  𝑡 +
𝑎𝑦𝑡

2

2
= 150 − 20 𝑡 − 4,9 𝑡2

 𝑦(𝑡) = 0 150 − 20 𝑡 − 4,9 𝑡2 = 0

𝑡 = 7,94 𝑠

𝑡 𝒕 = 𝟑, 𝟖𝟔 𝒔.

𝑡 = 3,86 𝑠

𝑋 :     𝑥(3,86) = 34,64 ⋅ 3,86 = 133,6 𝑚



𝑡 = 3,86 𝑠, 

𝑣𝑦 = 𝑣0𝑦 + 𝑎𝑦𝑡 =  −20 − 9,8 ⋅ 3,86 =  −57,8
𝑚

𝑠

tan(𝜃) =
𝑣𝑦

𝑣𝑥
⇒ 𝜃 = arctan (

𝑣𝑦

𝑣𝑥
) = arctan (

𝑣𝑦

𝑣𝑥
) = −59°
 

 

𝑋̂ 𝑣0𝑥 = 𝑣0 cos 50° = 0,643 ⋅ 360 ≈ 231,4
𝑚

𝑠

𝑌̂ 𝑣0𝑦 = 𝑣0 sin 50° =
1

2
⋅ 360 = 275,8

𝑚

𝑠

𝑋̂: 𝑥(𝑡) = 𝑥0 + 𝑣0𝑥  𝑡 +
𝑎𝑥𝑡

2

2
= 0 + 𝑣0𝑥  𝑡 + 0 = 231,4  𝑡

𝑌̂: 𝑦(𝑡) = 𝑦0 + 𝑣0𝑦  𝑡 +
𝑎𝑦𝑡

2

2
= 0 + 275,8 𝑡 − 4,9 𝑡2

950 = 231,4 𝑡 ⇒ 𝑡 = 4,1 𝑠

𝑦 4,1 𝑠 :
𝑦(4,1) = 275,8 ⋅ (4,1) − 4,9 (4,1)2 = 1130,8 − 82,37 = 1048 𝑚

𝑋

𝑌 𝑌 >

0

𝑋
𝑣𝑥(𝑡) = 𝑣0 cos(𝛼) = 40 cos(26)

 𝑥(𝑡) = 𝑣0𝑡 cos(𝛼) = 40 𝑡 cos(26)

𝑌



𝑣𝑦(𝑡) = 𝑣0 sin(𝛼) − 𝑔𝑡 = 40 sin(26) − 9,8 𝑡

 𝑦(𝑡) = 𝑣0𝑡 sin(𝛼) −
𝑔𝑡2

2
= 40 𝑡 sin(26) − 9,8

𝑡2

2

𝑥 = 120 𝑚

𝑥(𝑡) = 𝑣0𝑡 cos(𝛼) ⇒ 𝑡 =
𝑥(𝑡)

𝑣0 cos(𝛼)
=

120

40 ⋅ cos(26)
= 3,34 𝑠

𝑦(𝑡) 𝑡 = 3,34 𝑠 ?

𝑦(𝑡) = 𝑣0𝑡 sin(𝛼) −
𝑔𝑡2

2
= 40 ⋅ 3,34 ⋅ sin(26) −

9,8

2
 (3,34)2 = 3,9 𝑚

3,9 − 2,2)𝑚 = 𝟏, 𝟕 𝒎 

 𝑣𝑦 = 0.

𝑣2 = 𝑣0𝑦
2 + 2 𝑎𝑦 ⋅ 𝑠 𝑣 = 0 ; 𝑎𝑦 = −𝑔 ; 𝑣0𝑦 =

𝑣0 sin(60).

0 = (𝑣0 sin(60))
2 − 2𝑔 ⋅ Δℎ Δℎ = 0,7 𝑚.

𝑣0 =
√ 2⋅𝑔⋅Δℎ

sin(60)
= √ 2⋅9,8⋅7

√3

2

= 4,3
𝑚

𝑠

 

𝑦 𝑣𝑦 = 𝑣0𝑦 + 𝑎𝑦 ⋅ 𝑡 𝑣𝑦 = 𝑣0 sin(60)

𝑣𝑦 = 0 0 = 𝑣0 sin(60) − 𝑔 ⋅ 𝑡 ⇔ 𝑡 =
𝑣0 sin(60)

𝑔
=
4,3⋅√3

2⋅9,8
= 0,38 𝑠

𝑋

𝑥(𝑡) = 𝑣0𝑥 ⋅ 𝑡 = 𝑣0 ⋅ cos(60) ⋅ 𝑡 = 4,3 ⋅
1

2
⋅ 0,38 𝑠 = 0,82 𝑚



𝑣0𝑥 = 𝑣0 cos(𝛼)

𝑣0𝑦 = 𝑣0 sin(𝛼)

{
𝑣𝑥(𝑡) = 𝑣0𝑥 + 𝑎𝑥𝑡

𝑣𝑦(𝑡) = 𝑣0𝑦 + 𝑎𝑦𝑡
  
𝑎𝑥=0
⇔    {

𝑣𝑥(𝑡) = 𝑣0 cos(𝛼)                      (1)

𝑣𝑦(𝑡) = 𝑣0 sin(𝛼) − 𝑔𝑡             (2)
 

{
 

 𝑥(𝑡) = 𝑣0𝑥  𝑡 +
𝑎𝑥𝑡

2

2

𝑦(𝑡) = 𝑣0𝑦  𝑡 +
𝑎𝑦𝑡

2

2

  
𝑎𝑥=0
⇔    {

𝑥(𝑡) = 𝑣0 cos(𝛼)  ⋅ 𝑡                    (3)

𝑦(𝑡) = 𝑣0 sin(𝛼) 𝑡 −
𝑔𝑡2

2
              (4)

 

(2)

0 = 𝑣0 sin(𝛼) − 𝑔𝑡 ⇔ 𝑡 =
𝑣0
𝑔
sin 𝛼

𝑡 𝑦(𝑡)

𝐻max⬚ = 𝑣0 sin(𝛼) 
𝑣0
𝑔
sin 𝛼 −

𝑔 (
𝑣0
𝑔 sin 𝛼

)
2

2
=
𝑣0
2

𝑔
sin2 𝛼 −

𝑣0
2

2 𝑔
sin2 𝛼 =

𝑣0
2

2 𝑔
sin2 𝛼

• 𝛼 = 30° ⇒ sin 𝛼 =
1

2
 ⇒ sin2 𝛼 =

1

4
 ⇒ 𝐻max30 =

1

4
  
𝑣0
2

2 𝑔

• 𝛼 = 60° ⇒ sin 𝛼 =
√3

2
 ⇒ sin2 𝛼 =

3

4
 ⇒ 𝐻max60 =

3

4
  
𝑣0
2

2 𝑔

𝛼 = 60° 𝛼 = 30° .

𝑦(𝑡) (4)

0 = 𝑣0 sin(𝛼) 𝑡 −
𝑔𝑡2

2
 ⇔ 𝑣0 sin(𝛼) =

𝑔𝑡

2
 ⇔ 𝑡 = 2

𝑣0
𝑔
sin 𝛼 

𝑡 𝑥(𝑡) 𝑑

𝑑 = 𝑣0 cos(𝛼)  ⋅ 2
𝑣0
𝑔
sin 𝛼 = 2 𝑠𝑖𝑛𝛼 𝑐𝑜𝑠𝛼

𝑣0
2

𝑔
=
𝑣0
2

𝑔
sin(2𝛼)      

• 𝛼 = 30° ⇒ sin 2 𝛼 = sin 60° =
√3

2
 ⇒ 𝑑 =

√3

2
 
𝑣0
2

𝑔
 



• 𝛼 = 60° ⇒ sin 2 𝛼 = sin 120° =
√3

2
 ⇒ 𝑑 =

√3

2
 
𝑣0
2

𝑔
 


