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Preface

In order to make as early as possible the
lower-grade university students raise their ability of
listening to the special English, of reading the text
books and papers in English and of writing in English,
a bilingual brief course in university physics was
completed on the base of many year’s teaching

experiences.
Throughout this course the fundamental
principles  (including  superposition  principle,

symmetries, conservation laws and dynamic equations)
and their applications are emphasized.

Some of new ideas in physical developments
have been mentioned in the summaries of every
chapter. It is of benefit to learn creatively for students.

The exercises in the course were selected and
completed by Masters ZHANG Liping and LI Li.
Professor CHEN Yuanzhen and vice professor LIU
guangxuan read and corrected English and Chinese
proofs, respectively. The design and typesetting of
this course were completed by Mr. CHEN Jun and Mr.
CHEN Zhicong, index was selected by Master BAI
Cuiqin and figures were drawn by Masters BAI
Cuigin and LIU Tieju . Master CHEN Yifei designed
The cover ,Vice professor SHI Xinhua and Ms.
LIANG Jing acted as editors,

In writing this course, the authors have made
reference to the various university textbooks lately
published both at home and abroad, including:

1. ZHANG Sanhui et al.
Second ed. Beijing : Tsinghua Univeristy Press,1999.

University Physics.

2. CHENG Shouzhu et al. General Physics.

Fifth ed. Beijing : China High Education Press,1998.

First ed.
Beijing and Heidelberg : China High Education Press

3. Dexin Lu. University Physics.
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1999.
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1998.
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and Spring-Verlag, 1999.
4. D. Halliday et al. Fundamentals of Physics.
Sixth ed. New York : John Wiley & Sons, Inc,2001.

5. H.D.Young et al. Sears and Zemansky’s
University Physics. Tenth ed. Beijing: China Machine
Press,2002.

The authors have the honor to pay special sincere
thanks to the authors of the above textbooks. They
also would like to deeply express their thanks to Mr.
TIAN Guilin and Ms. LI Meirong for their assistance.
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Chapter 1 Kinematics in Classical

Mechanics

Mechanics studies on the motion of bodies. It
is divided into two parts: kinematics and dynamics.
Kinematics is of the studies on motion without regard
to the cause of the motion. In kinematics some of
physical quantities are defined and relationships
among these quantities established.

1.1 Physical quantities in kinematics

In order to describe the phenomena in kinematics
in mechanics, it is necessary to define some of
appropriate quantities:

(1) the position vector r (f) of a body,
(2) the displacement 4r (f) =r, (f)—r; (¢) of a body,

®)

(3) the velocity v (£)= d;_t of a body,

v _d’r()

4) the acceleration a(f)=
4) 0= ar i

of a body.

Now we explain these quantities in detail.

z 4

\
Ar@=r, (-

r ()

Q
<Y

Fig.1.1.1  Motion of a body in three-dimensional

Cartesian coordinates
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1. The position vector r (7) of a body

In Cartesian coordinates the position vector r (¢)

of a body should be expressed as

r(=x@i+ty®j+z@k
where x, y and z are the components of r (f) at three
coordinate axes and i, j and k the unit vectors of these

1. YKL ERE r ()
HEER/RBET, YRR E
K& () NER
r)=x@)i+y@®j+z@k(.1.1)
wmE 1.1.1 s, ¥ x, y, z 751
' r() =N RS E, |

three coordinate axes, respectively, as shown in Fig. j, k 4332 =/~ br#hf) B A7 K

1.1.1.
2. The displacement A r of a body

Fig.1.1.1 shows that when a body from its position

&,
2. MEHNIBRE Ar
1.1.1 BR, 3—EMArE

ri moves to another position r,, vector Ar (1) nfBENE i, KEAr@) #

describes the displacement of this body. In Cartesian
coordinates A r (f) = r, (f) — r; (¢) can be expressed as

n=xiityjtzik,
n=xityjtznk,
and

Ar=r,—n

=06 =x)i+0, —N)Jj+(z -2k

=Add + A+ Ak .

Using i to do scalar product with Eq.(1.1.1), we have
rei=xi-i+yj-i+zk-i=x,

ie. x=r|cos(r,i).

Similarly, we have

y = r|cos(r, j),z = r|cos(r,k)

And lrl={x*+y*+2%.

The calculus indicates that the instantaneous velocity
v (¢) of the body’s motion should be expressed as
Ar(t) _dr(?)

o= T

which is the change rate of its position r with time .
Derivating Eq.(1.1.1) with respect to t, we obtain

v(t)

dt dr
=v.(Oi+v,()j+v,(Ok ,

_dr() _ dx(1) Fa dy(1) e dz(r) .
dr

RYERLIE . FEERRALRF,

Ar(®)=r()—r(t) FTRRK
n=xiityjtzik,
n=xityjtznk,

Fr A

Ar=r,—r,
=05, =i+, —0j+(2,—2z)k
=Ad +Nj+ Ok (1.12)

¥ i 50.10.0)R4E48, T8
r-i=xi-i+yj-i+zk-i=x,
Bl x = r|cos(r,i)
F+E, w15
y=r|cos(r, j),z=r|cos(r,k)(1.1.3)

B o(rl=yx*+y*+22.  (1.14)

AR REA, Piis B i B
v (DN
v(t)=lim—Ar(t)=m,
a0 At dr
CERMBMENEHMZILER, £
(L.1.1) XXFBfME) ¢ kS, AT
_dr@ _dx(t), &) . dz(0)
v(t)—dt—dt1+dlj+dtk
=v,i+v,0)j+v,(Ok, (1.1.5)

where v, (1), v, (f) and v. (1) are the components of 7 v, (¢), v, ()F v, (£)5 HI B F

velocity v(f), respectively.

v(t) =458



In a similar way to Eq.(1.1.3), we have

v, = v|cos(v,i),

v, = v|cos(v, j), (1.1.6)
v, = v|cos(v,k),
And |v|=,/vx2+vy2+v12 . (1.1.7)

3. The acceleration of a body a(¢)

The calculus also indicates that the instantaneous
acceleration a(f) of a body motion should be

expressed as
Av(t) _dv(z)

a(t)=lim
A—0 At dt
_4 @) ¢ro
dr dt dr*

Deducing the first derivative of v (¢) in Eq.(1.1.5)
or second derivative of r (¢) in Eq.(1.1.1) with respect
to time ¢, we have

dv(t) d%r(r)
a(t)=——==——=
@ dr dr?
dv (¢
_ dvx(t)i+ ,( )j+ dvz(t)k
dr dr dr
2 2 2
_ d xgt)i+ d ygt) - d zgt)k
dr dr dr

=a,(i+a,(1)j+a,)k (1.1.8)

where a, a, and a. are the components of acceleration
a, respectively. In a similar way to Eq.(1.1.3) and
Eq.(1.1.6), we have

a, =|a|cos(a,i),

a, = a|cos(a, j), (1.1.9)
a, =|a|cos(a,k)
and  |al=\al+a +a’ . (1.1.10)

Eqgs.(1.1.1), (1.1.5) and (1.1.8) indicate that deducing

HEE3 (1.1.3) B %A
B

v, =|v|cos(v,i),

v, = v|cos(v, j), (1.1.6)
v, = v|cos(v,k),
&]v|=,[vx2+vy2+v22. (1.1.7)

3. YMEHIIEE a(r)
WS MRYE, —WiEE3H

% B 0 B a(r) RER A%
a(t) = lim 220 - V0
a0 At dr
_Q(M)__dz’(’)
Tdr de T de

KX (1.1.5) JFEF(E] ¢ SK—K
SHEREHR (1.1.1) XtEtE K
RS, "B

_dv(t) _d’r()

)= dt  d?

_ dvx(t)i+ dvy(t)j+ dvz(t)k
dr dr dr

_ d*x(t) i+ d*y(r) i+ d*z(t) &
dr? dr? dr?

=a (Ni+a,(1)j+a,k, (1.1.8)

Kb a,, a,fla, 53R RINEE a
H=148, A583KX (1.1.3)
PLER (1.1.6) fLIK A, T8

a, =|a|cos(a,i),

X

a, = a|cos(a, j), (1.1.9)

a, =|a|cos(a,k)

% lal=Ja+a+d . (1.1.10)

2 (1.1.1), (1.1.5) LK (1.1.8)



the first and second derivatives of motion equation r= KB, —Y&MIEF T2 r=r(0),
r(f)ofabody with respect to time #, its motion state, XFBf[8] r BEAT —IKM KT, B
( ) . d’r(2) BeHf e ZP AR RZ RS, BT

including velocity —— and acceleration can ar(r) &r ()
) BEE 5 B fni B et #

be obtained. By contrast, given the instantaneous

dx(®)  dy() and dz(#) or instantaneous /X, # 45 EYIAERIBEREE ——

velocity i
dt

dx(t)

dr dr
2 2
acceleration gt) , 420 and d zgt) of a body L40] ; 0] oY & BE B
dr dr? dr dr dt
at any time with definite initial conditions, includin, d2x() d*v() d3z(t
y 8 d’:ﬁ), dyt§), djﬁ)&mﬁm

r(ty)=ry=xi+y,j+z.,k

Viga &, B o HZIK

and =V, =V, i +V,, j vk at time t, , r(t)=r,=xi+yj+tzk L K

L
dr 7"

.. de@r) dy() dz(r) d’x(r) dr
th h integratin, X 5 . s et
rough IeeTaine ~r a0’ At A

=V, =V, i+, j+ v,k , H

dr
2 2
dd); @) and ddigt) , the motion equation x = x (), y it Xt d’;(:) 3 d); (tt) s dzd(tt) , d::gt) ,
=y (t)and z =z (¢) or r = r (f) can be obtained. d*y(¢) j&d z(t) KEY, A

dtz
¥IJ4%1$B‘JL.ZJJ7ﬁ_!ix =x(0,y=y1)
Mz=z@OF r=r©.

Example 1  Given a, (f) with initial conditions Bl1 285 a. () LAKAERT]E]
x (to) = xo and v, (o) = vo, at time 7o, write the to BY IFTEERAF x (t0) = x0» i (f0) =
expressions for v, () and x (). Vo 5 H ve (OF x (HFIFRIER.
[solution] Because% =a,(t), therefore R By ——= i (t) a (1), FrtA
["d “q J“a (1)dt, ie. Oy, = fa,(:)d:, Bp
v ()=, + [ @, (n)dr. 1) v, (0)=vo, + [ a,(dt. (1)
dx
Because d(tt) =v (1) =v, + fo a (t)dt, dz(tt) =v (1) =v,, + fo a (r)de,
therefore B LA
[dv= [ v,,de+ [f a.(t)drar, j;"’dx = [ voedr+ [ [[ a,()dr'1dt,



i.e. B

X=Xy ¥ V.1 —1,) X=Xy + Vo, (E—1,)
+ f [f a,(¢)dr']dr. @) + f [l'aa, (¢Hdr'lde. (2)
if a, =const, we have Bi&ka, =H¥ IR
v.(1)=vy, +a.(t—1t,) 3 v.()=v, +a,(t—-t) O
and AR
|
X=X, +v°x(t—to)+%ax(t—to)2. @ x=x0+vo,(t-10)+§a,(t—t0)2. ()
If a =a-t’, wehave Bika, =a-1*, 7%
1
v.()=v,, + %a(t - t0)3 ) v.()=v,, + Ea(t - to)3 )
And AR
x=x°+v0x(t—t0)+-11—za(t—to)“. (6) x=x°+v0x(t—t0)+%a(t—to)f'.(6)
Example 2 The river width is d, the flow speed Bl 2 WMEH d, KFERESH

of its water is proportional to the width and reaches & IEH:, FF BAE F Sk B &/ K
maximum v, at the middle of the river. At two banks 1H vo. ZEWIHIBREKREREA 0,
of the river the flow speed is zero. A boat moves —MFUAARZZRIEE u H-5KH T
with a constant velocity # perpendicular to the flow FEHEKF7MIE3), KAKIEINHE.
direction. Find the motion equation of the boat.

y
et
v
> ¢
Y x
Fig.1.1.2 The motion of a boat in river 1.1.2 M7EFF HIES)
[Solution] At first take the earth surface as (% W 1.1.2 Fis, BER

reference  frame and x,yas two-dimensional HERFEHEASHBER, Wx, y h 4%



coordinates, as shown in Fig.1.1.2. According to the
condition of flow speed, we have

/)y, when OSysg €))
' —5)d~-y), when isysd 2)
cy 2
And u=u, =const. 3)
. . d
Calculate the motion equationat 0<y < Py :
Because dy/dt=u, =const,
therefore Ly dy =u, L:dt, ie. y=uy.t,
or t= y/ U,. 4)
Because dx/dt=v_=(—0)y,
fdt=v, =(- /2)y
therefore
x 2
[[dx= v° [ yar. )

Differentiating Eq.(4) and substituting it in Eq.(5), we
have

2
Continue to calculate the motion equation at
% <y<d:
Under this condition we have
dy=u,dr ()
And % = (Z/—2)(d y), therefore

M kR . MRIEKTERFM
BA1BE:

(;7°)y,
=2)d -y)H
/

X u=uy="r%"ﬁo

| OSysi 1)
2
dSy<d(2)

(3)

v+ﬁ4:‘10<y<‘;BTB‘J SRR
BT dy/dt=u, =F%,

BRl it Lydy =u, J:dt, Bly=u,t,

1% t=ylu,. (4)
Hﬂ‘}:dX/dt vV, _(m)y,
5]

jo‘dx_ 2V [yd. )

’l@iﬁ‘.@)#&ﬁ#ﬁ)\‘ﬁ(ﬂ, BEE

_2vy ppydu vy?
=7k u, wud’ o
BFRIH YD) <y<d iz
BhTEE:
EREMGTH
dy=udr 4
0



x _ 2v0 y __y_ .
| dx = . Lﬂ(l d)dy, ie.
X—x =2M-X°_‘£_Ly2+ﬂ. )
0 u, u, ud 4u,

Under the condition of x =X, at y=d 5 using
Eq.(6), xo is obtained

X; _V_o(i)z.

= 8
uyd 2 @)

Substituting Eq.(8) into Eq.(7), the motion equation at

% < y < d is obtained as follows:

¥ = 2vyy _ Voy2 _ vod ' )
u, ud 2u,

1.2 Projectile motion

A projectile is an object in flight after being
launched or thrown. First we assume that the distance
traveled is much smaller than the radius of the earth
so that the acceleration due to gravity remains
constant. Secondly, we assume that the air resistance
is negligible. We take the earth surface as reference
frame and x, y as two-dimensional coordinates, as
shown in Fig.1.2.1.

i ap’ T g

x—X,

_2vy vd Vo 2 ¥ g
u, u, ud 4u,

#y=a4 8, x=x, KFIERA

R 6)+F, AIE7
v, ,d.,
=L (D)% 8
X9 ud(2) ®

BRXORAXDHE B =

% <y <dHESHE:
oo 2oy vyt vod ©
u, ud 2u,
1.2 JEEs)
Mk REHEEFHREM LS

K KITH . B AERREET
[ BE Bz /T BRI 42, BTRASL
EHMEERFAE:; KK, BRR
S A0 2R BUhIRRET NS
MR, x, y g EAR, W
A 1.2.1 Fims.

Fig 1.2.1

Projectile motion

B 1.2.1 #ikiEzh



According to ddvtx ={, % = —g and integrating % d;; =0, d—:ty— =-g, ¥k
.[;’smedvy = —_{jgdt , we have abin _[_:’smadvy = —Egdt , 1R
v, =v,c0s6,, (1.2.1) v, =v,c086,, (1.2.1)
v, =V,sin6, —gt, (1.2.2) v, =V,siné, —gt, (1.2.2)
where g is the gravitational acceleration. K g HEIERE.
Because v, = % and v, = gdt}i , therefore, BAv, = % v, = j—}; , FTLL
fdx= £vxdt= £v0w590d1 and fdx= J:vxdt: gvocosﬁom &
_[)ydy = Lvydt = f)vo (sin6, — gt)dr I)ydy = Lvydt = f)vo (sin@, —gr)dr
ie x=v,co86, ¢, (123) Bl x=v,cos6, 1, (1.2.3)
and y=vosin00-t—%gt2. (1.2.4) iFﬂy=vosin00-t——;—gtz.(l.2.4)

Eliminating ¢ using Equs. (1.2.3) and (1.2.4), an AR(1.23)&R01.24)# %=, fFr]
equation for the path or trajectory without parameter t B A& 2% r KI5 TSN
can be found as follows:

&’ g’
=xtanf, - —=——. 1.2.5 =xtang, - ——=——— . (1.2.5
Y ' 2(vycos6,) (123) ¥ ° 2(v,c0s6,) th:32)
This is a parabola. XR—% MY .
1.3  Circular motion 1.3 EAEzs)

When a body travels around the circle, it is Yk — B BiEsh e, #RA
called circular motion. Rizzh.
1. The description of circular motion with angular 1.5 f & X} [& FiE5h R

magnitude
The position of a body can also be determined by YRR AL E W LA AR X T
an angle relative to a reference axis ox, as shown in % # ox KHAFERME, W

Fig.1.3.1. 1.3.1 iR
Its position change can be expressed with angle AL E RS ZE R LA ALk
displacement: RN:



Fig 1.3.1 The circular motion

AB(1) = 6(t) -6, (1.3.1)

where 6, is the initial position relative to the reference
axis at 7 =1, PutS to represent arc length passing by
the body, and then

AS=R-A6, (1.3.2)
Differentiating S with respect to ¢, we have
lﬂ—hm rsl =Rw, (1.3.3)
A0 At

where @ is angular speed.
Differentiating v in Eq.(1.3.3) with respect to 7, we
obtain
M = o =Ra ,
dt dr
where « is the angular acceleration of a body.

(1.3.4)

2. The tangent- and normal-acceleration in circular
motion

Put f’and ¢ represent the unit vectors at
tangent direction, respectively, and
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Fig 1.3.2  Circular motion

B 1.3.1 AAEs

A1) =6(1) -6,

HA G &t =10, HFTSEH
RIBINLE . H S Rk Eid
MK, WH
~ AS=R-A6,
Sﬁtﬁ% CIEE
|

(13.1)

(1.3.2)

Iv] Izm
Ar—0

At
—R%—Ra)

dt
Hf o HAEE.
AR(1.3.3)F/) v Xt ¢ %5, @

&

(1.3.3)

apl_ .

dr m
X a HYERFfINESE .
2. Y Rk ) b hnigE

@ _Ra, (134

SR M REY B/
FEAEARR, B
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