
ZCE 111

Assignment 12
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Q1: SK2 code for forced pendulum

Develop a code to implement SK2 for the case of a forced 

pendulum experiencing no drag force but a driving 

force𝐹𝐷sin 𝛺𝐷𝑡 ,   𝑔 𝑙 , 𝑙 = 1.0 m, m=1kg; 𝐹D=

1N; ΩD=0.99 ;

Boundary conditions: θ 0 = 0.0; 𝜔 𝑡 = 0 = 0;



Q2: Stability of the total energy a 
SHO in RK2.

𝜔 =
𝑑𝜃

𝑑𝑡
, angular velocity. m=1kg; l=1m. 

User your RK2 code to track the total energy for t running from t=0 till 
t=25T; T=  𝑔 𝑙. Boundary conditions:                             . Check that indeed 𝐸𝑖
should remain constant throughout all 𝑡𝑖. 
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Q3: Planetary motion in polar coordinates

The Earth (E) moves in an elliptical orbit around the Sun (S). In polar coordinate, the equation of 

motions for the radial and angular coordinate (r,) of E with respect to the Sun, are given by 
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𝑚  𝑟 − 𝑚𝑟
𝐿

𝑚𝑟2

2

= −
𝐺𝑀𝑚

𝑟2

𝑚𝑟2  𝜃 = 𝐿

where

 𝑟 =
𝑑2𝑟

𝑑𝑡2
;  𝜃 =

𝑑𝜃

𝑑𝑡

L is the angular moment of Earth about the Sun:𝐿 = 𝑚 𝐺𝑀𝑎(1 − 𝜖2); 𝑎 = 1.496 × 1011m (=1 A.U) 

(semimajor); m= 5.97 × 1024kg, mass of Earth; 𝑀 = 1.987 × 1030kg, Mass of the Sun; 

𝐺 = 6.673 × 10−11Nm2/kg2; 𝜖 = 0.017 (eccentricity). The period is 𝑇 = 2𝜋
𝑎3

𝐺𝑀



Q3: Planetary motion in polar coordinates (cont.)

(i) Solve the radial equation, 𝑚  𝑟 − 𝑚𝑟
𝐿

𝑚𝑟2

2
= −

𝐺𝑀𝑚

𝑟2
, numerically using your RK2 

code, so that you can plot the graph of r as a function of time for t from 0 to the period of the 

orbit, T (= 1 year). Boundary conditions: 𝑟 0 =
𝐿2

𝐺𝑀𝑚2

1

1+𝜖
,  𝑟 0 = 0. 

(ii) Hence, plot the angular velocity function  𝜃t as the time varies throughout the year.

(iii) Plot the normalised angular function 
𝜃 𝑡

2𝜋
as the time varies throughout the whole period. 

(*Think carefully how you are going to do this using the prior knowledge you have acquired. 

Think Euler.)

(iv) Visualise the evolution of the Earth’s location, (x(t),y(t)) on the orbit on a x-y plot using the 

Manipulate function. Your visualization should contain the origin, x- and y-axes.



Q4: Planetary motion in polar coordinates, for Halle’s comet

Repeat Q2 for Halle’s comet. The parameters of Halle’s comet are:

𝑎 = 17.8 A. U;  m= 2.2 × 1014kg; 𝜖 = 0.967.

Check that the period is indeed ≈ 75 years.



Q5: Coulomb charge scattering in 3D 

Develop a code based on velocity Verlet algorithm (see the sample 

code verlet_algorithm_2D_coulomb_scatterings.nb as a reference) 

to simulate the scattering process of a fixed charge Q = +1 unit,  

located at (r20sin2sinf2, r20cosf2, r20sin2cosf2, by a moving 

charge q=+1 unit (with mass m = 1 unit), initially located at 

(0,0,0), and is shooting towards Q with an initial speed v0=1 unit. 

In your simulation, set 𝑘 =
1

4𝜋𝜖0
= 1, r20= 1 unit, 2 = f2 = 45◦.

http://www2.fizik.usm.my/tlyoon/teaching/ZCE111/1415SEM2/notes/verlet_algorithm_2D_coulomb_scatterings.nb


Q6: Charge moving in a magnetic field 

A charge (mass m and charge q) moving with velocity v =(vx, vy, vz) 

in a magnetic field B=(Bx, By, Bz) experiences a velocity-dependent 

Lorentz force F=(Fx, Fy, Fz) = q v × B. Develop a code based on 

the Störmer-Verlet integration algorithm to simulate the dynamical 

path of the charge particle moving through the magnetic field. 

Assume: q=+1 unit, mass m = 1 unit, initially located at (0,0,0), 

initial velocity (v0x,v0y, v0z), v0x=v0y=0.1 unit, v0z =0.05 unit, B=(0,

0, Bz), Bz = 0.1 unit. You should see a helical trajectory circulating 

about the z-direction.

(my code: verlet_algorithm_3D_coulomb_helix.nb) 


