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[Position of partic  𝑦le at any time= (0, 𝑦 𝑡 , 𝑧 𝑡 )

Velocity of particle at any time= 0,  𝑦,  𝑧 𝑤ℎ𝑒𝑟𝑒  𝑦 =
𝑑𝑦

𝑑𝑡

where dot represents the time derivatives

 𝑣 × 𝐵 =
 𝑥  𝑦  𝑧
0  𝑦  𝑧
𝐵 0 0

= 𝟎 𝑥 + 𝐵  𝑧  𝑦 − 𝐵  𝑦  𝑧



and hence, applying Newton’s second law  𝐹 = 𝑚  𝑎 = 𝑚(  𝑦  𝑦 +  𝑧  𝑧)

𝐹 = 𝑄(𝐸 +  𝑣 × 𝐵)

𝐸 = 𝐸  𝑧

 𝐹 = 𝑄(𝐸 +  𝑣 × 𝐵) = 𝑄(𝐸  𝑧+𝐵  𝑧  𝑦 − 𝐵  𝑦  𝑧)

 𝐹 = 𝑄𝐵  𝑧  𝑦 + 𝑄(𝐸 − 𝐵  𝑦)  𝑧

𝑚  𝑦  𝑦 +  𝑧  𝑧 = 𝑄𝐵  𝑧  𝑦 + 𝑄(𝐸 − 𝐵  𝑦)  𝑧

𝑚  𝑦 = 𝑄𝐵  𝑧 𝑚  𝑧 = 𝑄(𝐸 − 𝐵  𝑦)



• For convenience we let

𝜔 =
𝑄𝐵

𝑚

 𝑦 = 𝜔  𝑧𝑚  𝑦 = 𝑄𝐵  𝑧

𝑚  𝑧 = 𝑄(𝐸 − 𝐵  𝑦)
 𝑧 =

𝑄𝐵

𝑚
(𝐸/𝐵 −  𝑦)

 𝑧 = 𝜔(𝐸/𝐵 −  𝑦)



 𝑦 = 𝜔  𝑧
 𝑦 =

𝑑2𝑦

𝑑𝑡2
= 𝜔

 𝑑𝑦

𝑑𝑡

 𝑧 = 𝜔(𝐸/𝐵 −  𝑦)
 𝑧 =

𝑑2𝑧

𝑑𝑡2
= 𝜔(𝐸/𝐵 −

 𝑑𝑦

𝑑𝑡
)

1

2



The general solution of equation (1) and (2) is 

𝑦 𝑡 = 𝐶1𝑐𝑜𝑠𝜔𝑡 + 𝐶2𝑠𝑖𝑛𝜔𝑡 +
𝐸

𝐵
𝑡 + 𝐶3………………… . . (3)

z 𝑡 = 𝐶2𝑐𝑜𝑠𝜔𝑡 − 𝐶1𝑠𝑖𝑛𝜔𝑡 + 𝐶4………………………… . (4)

Boundary Conditions of The Problem

(i) Particle starts from rest.
 𝑦 0 =  𝑧 0 = 0

(ii) Particles starts from origin.
𝑦 0 = 𝑧 0 = 0



To apply the boundary conditions we take the derivatives of 
equation (1) and (2)

 𝑦 𝑡 = −𝐶1𝜔𝑠𝑖𝑛𝜔𝑡 + 𝐶2𝜔𝑐𝑜𝑠𝜔𝑡 +
𝐸

𝐵
………………… . . (5)

 𝑧 𝑡 = −𝐶2𝜔𝑠𝑖𝑛𝜔𝑡 − 𝐶1𝜔𝑐𝑜𝑠𝜔𝑡 ………………… . . (6)

Apply these B.Cs 𝑦 0 = 𝑧 0 = 0 to the equations

𝑦 𝑡 = 𝐶1𝑐𝑜𝑠𝜔𝑡 + 𝐶2𝑠𝑖𝑛𝜔𝑡 +
𝐸

𝐵
𝑡 + 𝐶3 and 

z 𝑡 = 𝐶2𝑐𝑜𝑠𝜔𝑡 − 𝐶1𝑠𝑖𝑛𝜔𝑡 + 𝐶4

We get

𝑦 0 = 𝐶1𝑐𝑜𝑠𝜔(0) + 𝐶2𝑠𝑖𝑛𝜔(0) +
𝐸

𝐵
(0) + 𝐶3

0= 𝐶1 + 𝐶3

And     𝑧 0 = 𝐶2𝑐𝑜𝑠𝜔(0) − 𝐶1𝑠𝑖𝑛𝜔(0) + 𝐶4

0= 𝐶2 + 𝐶4



Apply these B.Cs  𝑦 0 =  𝑧 0 = 0 to the equations

 𝑦 𝑡 = −𝐶1𝜔𝑠𝑖𝑛𝜔𝑡 + 𝐶2𝜔𝑐𝑜𝑠𝜔𝑡 +
𝐸

𝐵
and 

 𝑧 𝑡 = −𝐶2𝜔𝑠𝑖𝑛𝜔𝑡 − 𝐶1𝜔𝑐𝑜𝑠𝜔𝑡

0= −𝐶1𝜔𝑠𝑖𝑛𝜔(0) + 𝐶2𝜔𝑐𝑜𝑠𝜔(0) +
𝐸

𝐵

𝐶2 = −
𝐸

𝜔𝐵

And         0= −𝐶2𝜔𝑠𝑖𝑛𝜔 0 − 𝐶1𝜔𝑐𝑜𝑠𝜔 0

𝐶1 = 0

0 = 𝜔𝐶2 +
𝐸

𝐵



The equations of constants after applying boundary conditions are 

𝐶1 + 𝐶3 = 0

𝐶2 + 𝐶4 = 0 𝐶1 = 0

𝐶2 = −
𝐸

𝜔𝐵

𝐶3 = 0

𝐶4 =
𝐸

𝜔𝐵



𝑦 𝑡 = 0 𝑐𝑜𝑠𝜔𝑡 −
𝐸

𝜔𝐵
𝑠𝑖𝑛𝜔𝑡 +

𝐸

𝐵
𝑡 + 0

𝑦 𝑡 =
𝐸

𝐵
𝑡 −

𝐸

𝜔𝐵
𝑠𝑖𝑛𝜔𝑡 + +0

𝑦 𝑡 =
𝐸

𝜔𝐵
𝜔𝑡 −

𝐸

𝜔𝐵
𝑠𝑖𝑛𝜔𝑡 𝑦 𝑡 =

𝐸

𝜔𝐵
(𝜔𝑡 − 𝑠𝑖𝑛𝜔𝑡)

z 𝑡 = −
𝐸

𝜔𝐵
𝑐𝑜𝑠𝜔𝑡 − (0)𝑠𝑖𝑛𝜔𝑡 +

𝐸

𝜔𝐵

z 𝑡 =
𝐸

𝜔𝐵
−

𝐸

𝜔𝐵
𝑐𝑜𝑠𝜔𝑡

𝑧 𝑡 =
𝐸

𝜔𝐵
(1 − 𝑐𝑜𝑠𝜔𝑡)



𝑦 𝑡 =
𝐸

𝜔𝐵
(𝜔𝑡 − 𝑠𝑖𝑛𝜔𝑡)

𝑦 𝑡 =
𝐸

𝜔𝐵
(𝜔𝑡 − 𝑠𝑖𝑛𝜔𝑡)

Let 𝑅 =
𝐸

𝜔𝐵

z 𝑡 =
𝐸

𝜔𝐵
−

𝐸

𝜔𝐵
𝑐𝑜𝑠𝜔𝑡

𝑧 𝑡 =
𝐸

𝜔𝐵
(1 − 𝑐𝑜𝑠𝜔𝑡)

𝑧 𝑡 = 𝑅 (1 − 𝑐𝑜𝑠𝜔𝑡)
𝑦 𝑡 = 𝑅 (𝜔𝑡 − 𝑠𝑖𝑛𝜔𝑡)



(𝑦 𝑡 − 𝑅 𝜔𝑡) = 𝑅𝑠𝑖𝑛𝜔𝑡

(𝑅 − 𝑧 𝑡 )2= (𝑅𝑐𝑜𝑠𝜔𝑡) 2(𝑦 𝑡 − 𝑅 𝜔𝑡)2= (𝑅𝑠𝑖𝑛𝜔𝑡)2

Adding these two

(𝑧 𝑡 − 𝑅)2+(𝑦 𝑡 − 𝑅 𝜔𝑡)2= 𝑅2

Which is the equation of a circle of radius 𝑅 with center (0, 𝑅ω𝑡, 𝑅)
whose center moves with the constant speed

𝑣 = 𝑅𝜔 =
𝐸

𝐵


