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Tin hoc vat ly trong qua trinh giang day cac mon vat ly dai cwong.

Ton Tich di
Khoa Vit ly
Dai hoc khoa hoc tw nhién
Dai hoc quéc gia Ha noi.

Abstract

Computational Physics combines physics, computer science and applied mathematics in order to
provide scientific solutions to realistic and often complex problems. Areas of application include
envitronmental modeling, nuclear cleanup, the design of materials, ground water transport, the nature of
elementary particles, medical imaging, energy management and teaching physics. A computational physiccist
or student of physics understands not only the workings of computers and the relevant science and
mathematics, but also how computer algorithms and simulations connects the two.

In this article, our aim is to have the mathematical equations and connections among physical idea
become alive before every student’s eyes, and for every student to understand physical nature at a level
usually attained only in a research enviroment. In this article somme problemes of general physics are
presented with the aid of software Mathematica.

Realizing that most of our students get difficulties in understanding general physics that are full of
abstract concepts, the author of this paper begins to look at the use of software- Mathematica in process of
teaching. Author also works on introducing an alternative means of collecting, saving, and analyzing
physical data by using Mathematica. Most general physics lessons are taught in our university without
demonstrations. For overcoming the difficulties and for beginning, author tries to develop small programs in
Mathematica and then in process of teaching, demonstrates students. It is the first experience in improving
the teaching general physics at our university.

Efficient experimentation allows students to have a better grasp of theory and develop in them a
sense of appreciation of the dependability of theory on experimental data. Furthermore, it hones the student's
skill analyzing, interpreting and synthesizing.

The developed programs are a supplement to the course. Visualizations are made as interactive as
possible so that students can easily change the parameters and see their effect.

The programs are concerned with mechanics, electricity, magnetism, heat and wave.

With theses programs, students will:

-acquire a strong physics background that will provide an understanding of the principles in many
areas of science and engineering.

- learn the necessary applied mathematics

- learn about computer using,

- learn to use programming languages to solve scientific problem

- become familiar with a variety of visualization techniques.

Tin hoc vat 1y két hop cac mon khoa hoc vé vat 1y, may tinh, va todn hoc trng dung véi muc

dich dua ra duoc cac 10i giai c6 tinh khoa hoc dbi voi cac bai toan thyc té tuong ddi phirc tap. Pham



vi &p dung cua mén khoa hoc nay kha rong rai, hau nhu bao trim hau hét cac hoat dong khoa hoc k¥
thudt cua con ngudi nhu moé hinh hoé céc hoat dong moi truong, 1am sach hat nhan, thiét ké ché tao
cac loai vat li€u, nghién cuu dia vat ly, nghién ctru nudc ngém, nghién ctru cac hat co ban, nghién
ctru y hoc, phuong thic sir dung céac loai nang luong, giang day vat 1y cling nhu nhu hau hét cac linh
vuc khoa hoc k¥ thuat khac. Cac nha tin hoc vat 1y hodc sinh vién tin hoc vat 1y da nhan thirc dugc
rang trong qua trinh nghién ctru va hoc tip ctiia minh, ho khong nhitng phai hiéu vé khoa hoc may
tinh cling nhur cac moén khoa hoc lién quan, toan hoc ma con phai hiéu biét, nim viing cac thyat toan
trén may tinh ciing nhu cac bai toan vé mé phong.

Trong cong trinh ndy muyc dich cua ching toi 14 str dung cac phuong trinh toan hoc lién két
cac hién tugng vat 1y lién quan dé thé hién mot cach truc quan trudc mit cac sinh vién cac két qua
mo phong dé 1am sao cho sinh vién hiéu dugc ban chit cua hién twong cia hién tuong vat 1y trong
mdi trudng nghién ciru. Trong cong trinh nay mot sé van dé vé vat Iy dai cuong dugce dé cap dén
qua viéc sir dung phdn mém Mathematica.

Nhan thirc dugc ring da sb cac sinh vién cta chung ta thuong gip nhiéu khé khian dé hiéu
duogc ban chét cua cc van dé trong vat 1y dai cuong, vi trong d6 nhiéu luc chita day cac khai niém
triru twong vi vay tac gia cua cong trinh da xem xét viéc su dung Mathemtica trong qué trinh giang
day. Viéc lya chon cac phuong tién dé thu thap, luu trir va phan tich cac s6 liéu béng phén mém
Mathematica dd duoc khao sat. Phan 16n cic van dé trong vat 1y dai cuong trong cac truong cia
chung ta duoc cac thay gido trinh bay ma khong c6 cac thi nghiém ching minh. Dé vuot qua kho
khian d6 ciing nhu dé bat dau thir nghiém, tac gia da viét cac chuong trinh nho bang ngdn ngi
Mathematica va sau d6 thir nghiém chung trong qua trinh giang day nhim chimg minh cho sinh vién
biét dwoc ban chit cta cac vin dé vat Iy. Co thé xem déy 1a mot thir nghiém dau tién nham mot bude
cai tién phuong phap giang day vat 1y dai cuong trong truong dai hoc ciia chung ta.

Thir nghiém dwa ra voi muc dich cung cung cip cho sinh vién mot cong cu dé nim bat duoc
cac van dé vé 1y thuyét va tao cho ho kha nang danh gia mot cach c6 cin cir vé cac van dé 1y thuyét
cling nhu cac két qua thuc nghiém. Xa hon nira nhimg két qua thu dugc da tao diéu kién cho sinh
vién trau doi thém k¥ nang phan tich minh giai va tong hop.

Nhitng chuong tring trinh may tinh duoc soan thao c6 thé duge xem nhu 1a cac phu luc caa

cac giao trinh. Céc két qua duogc thé hién trén man hinh di lam cho bai giang sinh dong hon va dong
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thoi ciing cho phép sinh vién thay d6i mot cach dé& dang cac tham sb va thiy dugc bang mét minh
hiéu qua cua nhitng thay d6i do.

Budc dau cac chuong trinh may tinh dugc viét cho mot sd vin dé vé co hoc, dién, tir nhiét va
song ciing nhu mot s6 van dé vé vat 1y hat nhan, phong xa. Véi nhimng chwong trinh may tinh toan
minh hoa cac van dé vé vat 1y dai cuong nay sinh vién s€ c6 kha nang:

- hiéu duoc co s& vat Iy va dua trén kién thirc d6 c6 kha ning tim hiéu cac nguyén 1y cua

khoa hoc va k¥ thuat.

- biét dugc sy can thiét cta toan hoc img dung.

- ndm bat dugc cac phuong thire st dung may tinh.

- hoc duge mot ngdn ngit 1ap trinh nhiam giai quyét cac vin dé cta khoa hoc

- lam quen dugc cac dang khac nhau cta k¥ thuat nghe nhin.

1. Co hoc.

Trong phﬁn nay Mathematica dugc st dung dé minh hoa cac dinh nghia vé van tdc, gia tde
ctia chuyén dong, ¥ nghia cta cac dai luong trén ciing nhu sb tri ciing nhu huéng, su lién hé giita
khoang céach véi cac dai luong trén.

Vén dé bién d6i cac phuong trinh chuyén dong thanh cac phuong trinh quy dao ciing duogc
xem xét dén

DPé minh hoa ta hiy xét mot vat thé co khdi lwong bang m chuyén dong trong trudng trong
luc. Gia sir chuyén dong trong mit phang (x, z). Cac phuong trinh vi phan vé chuyén dong cua vat 1a
x""(t)=0va z"(t) = —gcung vdi cac diéu kién ban dau, trong d6 z 1a do cao con x 1a khoang cach
ctia vét thé. Tir phuong trinh chuyén dong suy ra phuong trinh quy dao ta c6 thé biéu dién duoc quy
dao cua vt thé, qua do cé thé xac dinh duge do cao cuc dai cling nhu khoang cach xa nhat ma vat
thé dat duoc. Tim goc nghiéng ban dau dé vat thé di duoc khoang cich xa nhit.

Str dung Mathematica ta cing c6 thé d& dang khao sat chuyén dong trong trudong hop cé luc
can. Nhu trong phan 1y thuyét cta co hoc dai cuong ta c6 thé sir dung cac dinh luat cia Newton dé

hinh thanh cac phuong trinh vi phan:

7 d -
Céc phuong trinh d6 c6 thé thu dugc tir cac dang phuong trinh sau: & (mv) =F, hoac
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s
dt ’dtz_g

Céac phuong trinh trén c6 thé duoc st dung khi vat chuyén dong khong cé stic can. Trong
truong hop khao sat dén cac sirc can, vé mit toan hoc ta can phai khao sat phuong trinh duéi dang

tong quat:

2
md—zs:Zf
dt

Nhu vy c6 thé hinh thanh hai bai toan chinh:

Bai toan 1: Mot vat thé dugc ban 1én tir mit dat véi van toc ban dau vO tao v6i vdi phuong
nam ngang mot goc o, bo qua stc can ctia khong khi (H.1).

a. VE&do thi cua vat thé.

b. Sau khoang thoi gian bao 1au vat cham dat.

C. Do cao vat dat to1 duoc.

d. Véigoc @ bing bao nhiéu vat dat dén.

Mot doan chwong trinh dé giai bai toan trén theo ngon ngit Mathematica :

x[t_] = v0 Cos[alpha Degree] t;
z[t_] = v0 Sin[alpha Degree] t - g t*2/2;
ft = {x[t], z[t]} /. {v0 > 300, g -> 9.8};
plot[alpha_] := ParametricPlot|
ft, {t, 0, 50}, PlotStyle -> Thickness[0.01], DisplayFunction -> Identity]
graph = Table[plot[alpha], {alpha, 30, 60,5}];
texz = {
Text[FontForm|["alpha= 30",
{"Times", 10}], {4000, 1000}],
Text[FontForm|["alpha= 35",
{"Times", 10}], {4000, 1400}],
Text[FontForm|["alpha= 40",
{"Times", 10}], {4000, 1800}],
Text[FontForm|["alpha= 45",
{"Times", 10}], {4000, 2300}],
Text[FontForm|["alpha= 50",
{"Times", 10}], {4000, 2800}]} // Graphics;
Show[graph,
texz, DisplayFunction -> $DisplayFunction, Frame -> True,
FrameLabel -> {"'Distance", "Height", "", ""}];

Bai toan 2. Ciing nhu trong truong hop bai toan 1 nhung luc can ctia khong khi trong truong
hop nay luc can cta khong khi bang — mkv (H.2)

Bai toan 3. Chuyén dong roi ctia vat thé trong moi trudng phan 16p c¢6 hé sé can khac nhau.
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Bai toan 4. Van dé¢ ban chan cac vat thé la trong “ chién tranh gilra cac vi sao”.
Céc bai toan nay cling nhu nhiéu bai toan khac da dugc mo phong bang Mathematica . cac

Kkét qua thu duoc co thé phuc vu tdt cho viée giang day cac bai toan co hoc.
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H.2. Chuyén dpng trong truong hop cé luc cin
2. Vatly phan ti.

Trong phan nay ta ¢ thé sir dung Mathematica dé mo phong qué trinh truyén nhiét cua
Newton, cac dinh luat cling nhu cac qué trinh cia chét khi 1y tudng, cac dinh luat vé nhi¢t dong hoc
cling nhu cac chu trinh ctia cac may nhiét khac nhau, trong d6 c6 chu trinh Carno. Mot s6 moé phong
c6 thé duoc hinh thanh nhu sau:

Bai toanl. Phuong trinh truyén nhiét ciia Newton c6 dang:

dT(t) e e h 1 en ,\ , A A o Ar R

——> =-k(T(t)-T,) v6i diéu kién ban dau T(0) =T, trong d6 T(t) la nhiét dd cua vat thé,
T, 13 nhiét 6 cta méi trudng. Gia st c6 mot cde ca phé véi nhiét do thay doi theo thoi gian duge
cho trong bang 1. Hay x4c dinh hé s6 k trong phuong trinh truyén nhiét.

Bai toan 2. M6 phong qua trinh va cham dan hoi ctia cac phan tir khi véi thanh binh, tir d6

suy ra ap suat ctia chat khi (H.3)
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(*Simulation of an ideal gas*)

Clear|[" Global *"|

L=0.2;(*Definition of parameters*)

Num=10.;

Temp=300.;

mass=6.7 10~-27;

kB=1.38 10"-23;

d=2;

vth=Sqrt[2 kB Temp/mass];

tcollisInt=10 L/vth;

NumCollis=200;

Npi=N[Pi];

DeltaV=0;

T[0]=0.;

Do|x[i]=Random|[Real,{-L,L}];
yli]J=Random[Real,{-L,L}|;
RandomAngle=Random|[Real,{-Npi,Npi}];
u[i]=vth Cos[RandomAngle];
v[i]=vth Sin[RandomAngle],

{i,1,Num}];

Do|tcollis=tcollisInt;(*Find shortestcollision time*)

Do[tx[i]=Abs[(x[i]-L Sign[u[i]])/uli]];
If[tx[i]<tcollis,tcollis=tx[i];mol=i];
ty[i]=Abs|(y[il-L Sign[v[i] D/v[ill;
If[ty[i]<tcollis,tcollis=ty[i];mol=i],
{i,1,Num}];

T[n]=T|[n-1]+tcollis;

Do[x[k]=x[Kk]+u[K] tcollis;(*Molecules move in lines*)
ylk]=y[k]+v[K] tcollis,{k,1,Num}];

If[tx[mol]<=ty[mol],(*Change momentum of colliding mol*)
u[mol]=-u[mol];
DeltaV=DeltaV+2Abs[u[mol]],
v[mol]=-v[mol];
DeltaV=DeltaV+2Abs|v[mol]]];

pln]=mass DeltaV/(8 L T|[n]),

{n,1,NumCollis}];

PressureData=Table[{n,(10*19)p[n]},

{n,1,NumCollis}|;

ListPlot[PressureData,PlotRange->{{0,NumCollis},{0,6}},
AxesLabel->{"Temperature","Pressure'},AxesOrigin->{0,0}];

(* Kiem tra ket qua*)

Area=0.4 0.4;

density=Num/Area;

pp=density kB Temp 10"19;

Print["Pressure calculated : ",pp]

Két qua ta ¢ thé thu duoc nhu da duoc biéu dién trén H.3:

Pressure
6

£ = = * Temperature
25 50 75 100 125 150 175 200
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H.3. Mé phéng sw va cham ciia cdc phén tii so véi thanh binh

3. Dién tir hoc.

C6 thé noi trong phan dién tir hoc, Mathematica c6 thé mé phong dugc nhiéu hién tuong, bai
toan v&i muc dich tao cho sinh vién mot cach nhin déy dt hon vé céac hién tuong vé dién va tir. Ta c6
thé dua ra mot sb bai toan cu thé dé minh hoa cho kha ning ciia Mathematica trong giang day va
nghién ctru vat Iy dién va tur.

Bai toan 1. Ludng cuc dién. Cho ludng cuc dién, hiy tinh dién thé tai mdi diém bt ky trong
hé théng toa do cuc, tir do suy ra cuong do dién trudng tai mdi mot diém trong khong gian.

Bai toan 2. Mdt dia tron ban kinh R, tich di¢én véi mat do dién tich mat khong ddi
c=Q/nR?.

a. Xac dinh dién thé, dién truong doc theo truc cua dia

b. Xét truong hop khi R— > oo dé dia tré thanh mit phang tich dién déu.

Bai toan 3. Qua cau tich dién déu. Khao sat mot qué cau tich dién déu c6 ban kinh bang R.

a. Tim dién truong cho cac truong hop r > R va r <R va v& D6 thi két qua.

b. Tim dién thé trong cac truong hop twong tu nhu cau a

C. V& dién truong va cac mat ding thé trong trudng hop hai chiéu

d. Tuong tu nhu cdu ¢ nhung d6i véi truong hop ba chiéu.

Bai toan 4. Dao dong tat dan. Dao dong cudng birc. va dong dién xoay chiéu (H.4, H.5).

Trong bai toan ndy ta nghién ctru mach RLC khi khong c6 ngudn ( dao dong tit dan) va khi

c¢6 ngudn xoay chiéu (dao dong cudng birc hoic mach dong xoay chiéu).

Pé nghién ctru dao dong tat dan ta ding chuong trinh:

Clear[" Global *"];

eq={L q''[t]+R q'[t]+q[t]/C==0,q[0]==Q0,q'[0]==0};

sol=DSolve[eq,q[t],t]//FullSimplify//Flatten;

values={L->40. 10*-3,R->4.,Q0->480 10"-6,C->4.8 10"-6};

ft_]=sol[[1,2]];

p1=Plot|[f[t]/.values,{t,0,0.04},PlotRange->All,
PlotPoints->400,AxesLabel->{""t","dien tich"}];
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H.4. Dao dpng tiit din

Trong trudng hop nghién ctru dao dong cudng birc, roi sau d6 nghién ctiru dong xoay chiéu ta
dung doan chuong trinh sau. Khi minh giai két qua can 1am cho sinh vién cht y dén qua trinh qua do
trong cac dao dong cudng burc:

Clear[" Global *"];

eq={L q"'[t]+R q'[t]*+q[t]/C=Um Cos[omega t],
q[0]==Q0,q'[0]==0};

sol=DSolve[eq,q[t],t]//FullSimplify//Flatten;

flt_]=sol[[1,2]];

values={L->40. 10*-3,R->3,C->4.8 10"-6,Q0->480. 10"-6,
Um->220.,0mega->2.Pi 50};

Plot[f'[t]/.values,{t,0, 0.4} ,PlotStyle->Thickness[0.01],

AxesLabel->{"t","dong"}]
Um/Sqrt[R*2+(L omega-1/(C omega))”2]/.values;

Két qua ta co:

dong

H.4. Dao dpng cwong birc.

4. Két luan. Qua cac bai toan minh hoa trén ta co thé nhan xét rﬁng vOi su trg giup cia mot
phan mém phd dung va chuyén dung ta c6 thé lam cho sinh vién hiéu dugc ban chit cua van dé, co
nhitng quan sat c¢6 thé co6 dugc ma khong cin c6 cac thi nghiém ching minh. Qua cac chuong trinh
ké trén sinh vién c6 thé tu minh thay d6i dugc cac thong sd can thiét dé lam sang t6 nhitng yéu tb

quyét dinh nén ban chat cta hién tuong.
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Abstract

Computational Physics combines physics, computer science and applied mathematics in order to
provide scientific solutions to realistic and often complex problems. Areas of application include
envitronmental modeling, nuclear cleanup, the design of materials, ground water transport, the nature of
elementary particles, medical imaging, energy management and teaching physics. A computational physiccist
or student of physics understands not only the workings of computers and the relevant science and
mathematics, but also how computer algorithms and simulations connects the two.

In this article, our aim is to have the mathematical equations and connections among physical idea
become alive before every student’s eyes, and for every student to understand physical nature at a level
usually attained only in a research enviroment. In this article somme problemes of general physics are
presented with the aid of software Mathematica.

Realizing that most of our students get difficulties in understanding general physics that are full of
abstract concepts, the author of this paper begins to look at the use of software- Mathematica in process of
teaching. Author also works on introducing an alternative means of collecting, saving, and analyzing
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physical data by using Mathematica. Most general physics lessons are taught in our university without
demonstrations. For overcoming the difficulties and for beginning, author tries to develop small programs in
Mathematica and then in process of teaching, demonstrates students. It is the first experience in improving
the teaching general physics at our university.

Efficient experimentation allows students to have a better grasp of theory and develop in them a
sense of appreciation of the dependability of theory on experimental data. Furthermore, it hones the student's
skill analyzing, interpreting and synthesizing.

The developed programs are a supplement to the course. Visualizations are made as interactive as
possible so that students can easily change the parameters and see their effect.

The programs are concerned with mechanics, electricity, magnetism, heat and wave.

With theses programs, students will:

-acquire a strong physics background that will provide an understanding of the principles in many
areas of science and engineering.

- learn the necessary applied mathematics

- learn about computer using,

- learn to use programming languages to solve scientific problem

- become familiar with a variety of visualization techniques.
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