
a body is projected at two complementary angles with same speed if maximum height reached by 

it are 40m and 90m find maximum range 

Solution: 

We can write the equations of motion for each of the bodies and use fact that: 

𝛼 = 90𝑜 − 𝛽 

1. 

Equations for body, thrown at angle 𝛼: (L1 - maximum range of this body) 

𝑉𝑥 = 𝑉 cos 𝛼; 𝑉𝑦 = 𝑉 sin 𝛼;  

𝑥: 𝐿1 = 𝑉𝑡 cos 𝛼 (1), 𝑡 −   time of the flight 

𝑦: 0 = 𝑉𝑡 sin 𝛼 −
𝑔𝑡2

2
 

𝑉 sin 𝛼 =
𝑔𝑡

2
 

𝑡 =
2𝑉 sin 𝛼

𝑔
 (2) 

(2)𝑖𝑛 (1): 𝑳𝟏 = 𝑉
2𝑉 sin 𝛼

𝑔
cos 𝛼 =

2𝑉2 sin 𝛼 cos 𝛼 

𝑔
  

Maximum height: the time taken to reach the maximum height is equal to half of the time of 

flight: 

𝑡1 =
𝑡

2
=
𝑉 sin 𝛼

𝑔
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𝑦: (ℎ𝑎𝑙𝑓 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑙𝑖𝑔ℎ𝑡): ℎ1 = 𝑉𝑡1 sin 𝛼 −
𝑔𝑡1

2

2
 

ℎ1 = 𝑉𝑡1 sin 𝛼 −
𝑔𝑡1

2

2
 

𝒉𝟏 = 𝑉
𝑉 sin 𝛼

𝑔
 sin 𝛼 −

𝑔 (
𝑉 sin 𝛼
𝑔 ) 2

2
=
𝑉2 sin2 𝛼

2𝑔
 

Equations for body, thrown at angle 𝛽 = 90𝑜 − 𝛼; 

We will use the properties of trigonometric: 

 sin(90𝑜 − 𝛼) = cos 𝛼; cos(90𝑜 − 𝛼) = sin 𝛼 

2. 

Equations for body, thrown at angle 𝛼: (L1 - maximum range of this body) 

𝑉𝑥 = 𝑉 cos 𝛽 = 𝑉 sin 𝛼 ; 𝑉𝑦 = 𝑉 sin𝛽 = Vcos 𝛼 ;  

𝑥: 𝐿1 = 𝑉𝑡′ sin 𝛼 (1)′, 𝑡′ −   time of the flight 

𝑦: 0 = 𝑉𝑡′ cos 𝛼 −
𝑔𝑡2

2
 

𝑉 cos 𝛼 =
𝑔𝑡′

2
 

𝑡′ =
2𝑉 cos 𝛼

𝑔
 (2)′ 

(2)𝑖𝑛 (1): 𝑳𝟐 = 𝑉
2𝑉 sin 𝛼

𝑔
cos 𝛼 =

2𝑉2 sin 𝛼 cos 𝛼 

𝑔
= 𝑳𝟏 

It means that the maximum range in both cases are equal. 

Maximum height: the time taken to reach the maximum height is equal to half of the time of 

flight: 

𝑡2 =
𝑡′

2
=
𝑉 cos 𝛼

𝑔
  

𝑦: (ℎ𝑎𝑙𝑓 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑙𝑖𝑔ℎ𝑡): ℎ2 = 𝑉𝑡2 cos 𝛼 −
𝑔𝑡2

2

2
 

ℎ2 = 𝑉𝑡2 cos 𝛼 −
𝑔𝑡2

2

2
 

𝒉𝟐 = 𝑉
𝑉 cos 𝛼

𝑔
 cos 𝛼 −

𝑔 (
𝑉 cos𝛼
𝑔 ) 2

2
=
𝑉2 cos2 𝛼

2𝑔
 

So, we have a system of equations: 
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{
  
 

  
 𝐿 =

2𝑉2 sin 𝛼 cos 𝛼 

𝑔
 (3)

ℎ1 =
𝑉2 sin2 𝛼

2𝑔
 (4) 

ℎ2 =
𝑉2 cos2 𝛼

2𝑔
 (5)

 

(4)

(5)
: 
ℎ1
ℎ2
=
𝑉2 sin2 𝛼

2𝑔
∗

2𝑔

𝑉2 cos2 𝛼
=
sin2 𝛼

cos2 𝛼
=
40𝑚

90𝑚
=
4

9
 

apply the square root of both sides of the equation: 

sin2 𝛼

cos2 𝛼
=
4

9
=>

sin 𝛼

cos 𝛼
=
2

3
= tan𝛼; 

(3)

(4)
: 
𝐿

ℎ1
=
2𝑉2 sin 𝛼 cos 𝛼 

𝑔
∗

2𝑔

𝑉2 sin2 𝛼
 

𝐿

ℎ1
=
2 cos 𝛼 

1
∗

2

sin 𝛼
=

4

tan 𝛼
; 

2

3
= tan𝛼 ; => 

𝐿 =
4ℎ1
tan 𝛼

=
3 ∗ 4 ∗ 40𝑚

2
= 240𝑚 

Answer: maximum range 𝐿 = 240𝑚 
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