<1-1>(1.1.1)
¥fracidx(x)}dt}¥equiv v(t)

<1-2>(1.1.2)
s@)=|v()|

<1-3>(1.1.3)
x(t)=¥int v(x)dt+C_1

<1-4>(1.1.4)
¥beginiequation*}
¥fracidv(t)Hdt) ¥equiv a(t)
¥end{equation*}

<1-5> (1.1.5)
v(t)=¥int a(t)dt+C_2

<2-1>(2.1.1)
¥vecla)=¥frac{¥vec{F}H{m}

<2-2>(2.1.2)
¥veciF}_{121}=-¥vec{F}_{12} ¥quad¥mboxior¥quad¥veciF}_{21}+¥veciF}_{12}=0

<2-3>(2.1.3)
m¥fractd” 2x(t){dt*2}=F

<2-4>(2.2.1)
m¥frac{d*2x(t)}{dt*2}=0

<2-5> (2.2.2)
m¥fracidv(t)}{dt}=0

<2-6>
v(t)=C_2

<2-7>(2.2.3)
v(t)=v_0

<2-8>
x(t)=¥int v_2dt+C_1

<2-9> (2.2.4)
x(t)=v_0t+x_0

<2-10> (2.2.5)



m¥fractd*2x(t)Hdt*2}=-mg

<2-11> (2.2.6)
v(t)=v_0-¥int gdt=v_0-gt

<2-12> (2.2.7)

¥begintarrayHll}
x(t)&=¥displaystyleix_0+¥int v(t)dt} ¥¥
&=¥displaystyletx_0+¥int (v_0-gt)dt} ¥¥
&=¥displaystyletv_0+v_0t-¥frac{1}{2}gt*2}
¥end{array}

<2-13>(2.2.8)
¥Yleft¥{¥begintarrayil}
¥displaystylelv(t)= -gt} ¥¥ ¥¥
¥displaystyle{x(t)=h-¥frac{1{2}gt" 2}
¥endlarray}¥right.

<2-14>
m_1¥frac{d*2x_1(t)Hdt"2}=F {21}

<2-15>
m_2¥fractd*2x_2(t)Hdt"2i=F {12}

<92-16> (2.8.1)
F {12}(x)=-F _{12}(x)

<2-17> (2.4.1)
m_1¥fracid*2x_1(t)Hdt 2}+ m_2¥fractd”2x_2(t)Hdt 2}
=¥frac{d"2[m_1x_1(t)+m_2x_2(t)]}{dt"2}=0

<2-18>(2.4.2)
X(t)=¥fract m_1x_1(t)+m_2x_2(t)Hm_1+m_2}

<2-19>(2.4.3)
Q=¥fraci w_1Q_1+W_2Q 2Hw_1+w_2}

<92-20> (2.4.4)
M¥frac{ d~2X(t) HdtA2}=0

<2-21> (2.4.5)
m¥fracidv(t){dt}=F

<2-22> (2.4.6)
¥frac{d[mv(t)Hdt}=F



<2-23> (2.4.7)
mv(t)¥equiv p(t)

<2-24> (2.4.8)
¥fractdp(®Hdt}=F

<2-25>(2.4.9)

¥left¥{ ¥begintiarrayHl}
¥displaystyle{¥fractdp_1(®)Hdt}j=F_121}} ¥¥ ¥¥
¥displaystyle{¥fracldp_2t)Hdt}=F_{12}}
¥end{array} ¥right.,,

<2-26>(2.4.10)
V(t)=¥fractdX(t)}{dt}

<2-27> (2.4.11)
M¥frac{dV(t)}Hdt}=0

<2-28>(2.4.12)
¥frac{dP(t)Hdt}=0

<2-29>

¥begintarrayHll}
V(t)&=¥displaystylet¥fractd¥left(¥displaystylet¥fracim_1x_1(t)+m_2x_2(t)Hm_1+m_2}}
Yright)Hdt)} ¥¥ ¥¥

&=¥displaystyle{¥frac{1}{M}¥fractd¥left(m_1x_1¥right)H{dt}

+¥frac{1iM} ¥fractd¥left(m_2x_2¥right)H{dt}} ¥¥ ¥¥
&=¥displaystyle{¥fracip_1HM+¥fraclp_2H{M}}

<2-30> (2.4.13)
P=p_1+p_2

<2-31> (2.5.1)
m¥fracid*2xHdt* 2}=m¥fracidviidt}=F(x)

<2-32> (2.5.2)
¥fracldf(y(x)Hdxi=¥fractdf(y)}{dy} ¥fracidy(x)}dx}

<2-33> (2.5.3)
T(v)=¥fracimH2}v/2

<2-34>

¥begintarrayHll}

¥displaystyle{¥frac{dTHdt}} &=¥displaystyle{¥fractdTHdv}¥fracidvi{dt} }¥¥ ¥¥
&=¥displaystyle{¥fracimH{2} ¥fracidv* 2H{dv} ¥fracldviidt}} ¥¥ ¥¥



&=¥displaystyle{¥fracimH{2}(2v)¥fracidvi{dt}} ¥¥ ¥¥
&=v¥displaystylet¥left(m¥frac{dvi{dt} ¥right)}
¥end{array}

<2-35>
¥frac{dTHdt}=F(x)¥fracldx{dt}

<2-36>
¥int_{t_ 1} Mt 2 ¥fracldTHAt}dt=¥int_{t_ 1} {t_2}F(x)¥fracidx}{dtidt

<2-37>

¥begintarrayjirl}

¥displaystyle{¥int_{t_1}*{t_2/¥fracidTidt}}dt&=¥displaystyle{¥int_{T 1}MT 2}d} ¥¥ ¥¥
&=T 2-T 1

¥end{array}

<2-38>
¥int_{t_1}*t_2}Fx)¥frac{dxH{dt}dt=¥int_{x_1}*{x_2}F(x)dx

<2-39> (2.5.4)
T 2-T 1=¥int_{x_1}"Mx_2/F(x)dx

<2-40> (2.5.5)
¥int_{x_1}Mx 2}F(x)dx=-¥int_{x_2}*{x_1}F(x)dx

<2-41> (2.5.6)
F(x) =-¥fracidV(x)Hdx}

<2-42> (2.5.7)

¥begintarrayjirl}

¥displaystylet¥int_{x_1}"Mx_2/F(x)dx}
&=-¥displaystylet¥int_{x_1}Mx_2/¥fractdV(x)Hdx}dx} ¥¥ ¥¥
&=V(x_1)-V(x_2)

¥end{array}

<9-43> (2.5.8)
T 1+V(x_1)=T 2+V(x_2)

<2-44>
¥int_{x_ 0} Mx}F(x)dx=V(x_0)-V(x)

<2-45> (2.5.9)
Vx)=V(x_0)+¥left[-¥int_{x_0}x}F(x)dx¥right]



<2-46>

¥begintarrayil}

V(x_1)-V(x_2) ¥¥ ¥¥
¥quad=¥displaystylet¥left[V(x_0)+¥left¥{-¥int_{x_0}Mx_1}F(x)dx¥right¥}¥right]-
¥left[V(x_0)+¥left¥{-¥int_{x_0}"x_2/F(x)dx¥right¥}¥right]} ¥¥ ¥¥
¥quad=¥displaystylet-¥int_{x_0}*{x_1}F(x)dx+¥int_{x_0}Mx_2/Fx)dx }¥¥ ¥¥
¥quad=¥displaystyle{+¥int_{x_1}"x_0/F(x)dx+¥int_ix_ 0} Mx_2/F(x)dx j¥¥ ¥¥
¥quad=¥displaystyle{¥int_{x_1}"x_2/F(x)dx}

¥end{array}

<2-47> (2.5.10)
V(x)=-¥int_{x_0}*x}F(x)dx

<2-48> (2.5.11)
¥fracimH{2}v*2+V(x)=E

<92-49> (2.6.1)
vA2=¥fraci2[E-Vx)]}{m}

<92-50> (2.6.2)
E-V(x)¥ge0

<2-51>(2.6.3)
¥mbox{When}¥quad a¥ge x¥ge b,¥quad v 2=¥fraci2[E-V(x)]{im}¥ge

<2-52> (2.6.4)
v=¥fractdxHdt/=¥pm¥sqrti¥fraci2im} ¥sqrtiE-V(x)}}

<2-53> (2.6.5)

¥begintarrayjirl}
¥displaystyle{¥int¥frac{1{¥sqrt{E-V(x)}}}dx
&=¥displaystyle{¥sqrti¥fraci2H{m}}¥int dt+C} ¥¥ ¥¥
&=¥displaystyle{¥sqrti¥fraci2H{m}t+C}

¥end{array}

<2-54> (2.6.6)
¥Y]eft¥{
¥begintarrayil}
x(t)=x_0+v_0t ¥¥ ¥¥
v(t)=v_0

¥end{array}

¥right.

<2-55> (2.6.7)
¥fracim{2/vr2(t)=E



<92-56> (2.6.8)
E=¥frac{m}{2}v_072

<2-57> (2.6.9)
¥int¥fract1H{¥sqrtiE}} dx=¥pm¥sqrti¥frac{2}{m}jt+C

<2-58> (2.6.10)
¥sqrti¥fraci2Hm}} ¥fracixiv_0/=¥pm¥sqrt{¥frac{2{im}it+C

<2-59> (2.6.11)
C=¥sqrti¥frac{2}im}}¥fracix_0}iv_0}

<2-60>
¥sqrt{¥fraci2{m}¥fraclx-x_0Hv_0/=¥pm¥sqrt{¥frac{2-{m}it

<2-61>
x-X_0=¥pm¥sqrti¥fraci2im}t¥sqrt{¥fracimi2}}v_0=¥pm v_0t

<2-62>(2.6.12)
x=x_0¥pm v_0Ot

<2-63>
v(t)=¥fracldx(t)Hdt}=¥pm v_0

<2-64> (2.6.13)
v(t)=v_0

<2-65> (2.6.14)
Y]eft¥{
¥begintarrayil}
x(t)=x_0+v_0t ¥¥ ¥¥
v(t)=v_0
¥endlarray}¥right.

<2-66> (2.7.1)

m¥fractd” 2xHdt" 2}=¥left¥{

¥begintarrayil}

-R(v), ¥quad ¥mboxiwhen $v¥ge0$ travelling to the right} ¥¥ ¥¥
+R(v), ¥quad ¥mbox{when $v¥le0$ travelling to the left}
¥end{array}

¥right.

<2-67>(2.7.2)
m¥fracidvi{dti=-R(v)



<2-68> (2.7.3)

¥begintarrayjirl}
m¥displaystyle{¥int¥frac{1{R(v)}dv}&=-¥displaystyle{¥int dt+C} ¥¥ ¥¥
&=-t+C

¥endiarray*}

<2-69> (2.7.4)

R(v)=¥left¥{

¥begintarrayill}

¥alpha v&¥mbox{(for small $v$}} ¥¥ ¥¥
¥beta v 2&¥mbox{(for large $v$)}
¥endlarray}¥right.

<2-70>

Y]eft¥{

¥begintarrayill}

m¥displaystyle{¥int¥frac{1}{¥alpha vidvi=¥displaystylet¥fracim}{¥alpha¥In v}
=-t+C & ¥mbox{(for small $v$)} ¥¥ ¥¥

m¥displaystyle{¥int¥frac{1}{¥beta v 2}dvi=-¥displaystyle{¥fracim}{¥beta v}}=-t+C} &
¥mbox{(for large $v$)}

¥end{array}¥right.

<2-71>

C=¥left¥{

¥begintarrayill}

¥displaystyle{¥fracim}{¥alpha}}¥In v_0 & ¥mbox{(for small $v$.)} ¥¥ ¥¥
-¥displaystylet¥fracim}{¥beta v_0}} & ¥mbox{(for large $v$.)}
¥endlarray}¥right.

<2-72> (2.7.5)

v(t)=¥left¥{

¥begintarrayill}

v_0 e*-¥alpha t} & ¥mbox{(for small $v$.)} ¥¥ ¥¥
-¥displaystylet¥fractv_0H{1+(¥beta/m)v_0t}} & ¥mbox{(for large $v$.)}
¥end{array}¥right.

<2-73> (2.7.6)

x(t)=¥left¥{

¥begintarrayill}

v_0¥displaystylet¥int

e M-(¥alpha/m)tidt}+C'=-¥displaystylet¥fracimv_0}{¥alpha}le -(¥alpha/m)t}+C’

& ¥mboxi(for small $v$.)} ¥¥ ¥¥
v_0¥displaystyle{¥int¥frac{1}{1+(¥beta/m)v_0t}}+C’
=¥fraci¥beta-{m}¥In¥left(1+¥fractv_0¥betaim}t¥right)+C & ¥mboxi(for large $v$.)}



¥endlarray}¥right.

<2-74> (2.7.7)

C=¥left¥{

¥begintarrayill}

x_0+¥displaystyle{¥fracimv_0}{¥alpha}} & ¥mboxi(for small $v$.)} ¥¥ ¥¥
x_0 & ¥mbox{(for large $v$.)}

¥end{array}¥right.

<2-75> (2.7.8)

x(t)=¥left¥{

¥begintarrayill}
x_0+¥displaystylet¥fracimv_0}{¥alpha}}¥left[1-e*-(¥alpha/m)t} ¥right]

& ¥mbox{(for small $v$.)} ¥¥ ¥¥

x_0+¥displaystyle{¥frac{¥betajim}} ¥In¥left(1+¥fraclv_0¥beta}{im/t¥right)
& ¥mbox{(for large $v$.)}

¥endlarray}¥right.

<2-76>

x(t)¥rightarrow¥left¥{

¥begintarrayill}

x_0+¥displaystyle{¥fracimv_0}{¥alpha}}& ¥mbox{(for small $v$.)} ¥¥ ¥¥
¥infty & ¥mboxi{(for large $v$.)}

¥end{array}¥right.

<3-1>(3.1.1)
E=¥fracim}{12}v*2+V(x)

<3-2>(3.1.2)
F(x)=-¥frac{dV(x)}{dx}

<3-3>(3.1.3)
F(x)=-kx

<3-4>(3.1.4)
m¥frac{d*2x}{dt"2}=-kx

<3-5> (3.1.5)
¥fracld* 2xHdt"2}=-¥omega” 2x

<3-6>(3.1.6)
x(t)=A¥sin(¥omega t+B)

<3-7>(3.1.7)
¥fracidx}idt}=A¥omega¥cos(¥omega t+B)



<3-8>(3.1.8)
¥Yleft¥{
¥begintarrayjil}
a=A ¥sin B ¥¥ ¥¥
0=A¥omega¥cos B
¥end{array}
¥right.

<3-9>(3.1.9)
A=a,¥quad B=¥fraci¥pi}i2}

<3-10> (3.1.10)

¥Y]eft¥{

¥begintarrayil}

x(t)=a ¥sin¥left(¥omega t+¥displaystylet¥fraci¥pi}i2}} ¥right)=a¥cos(¥omega t) ¥¥ ¥¥
v(t)=a ¥omega¥cos¥left(¥omega

t+¥displaystylet¥frac{¥pij{2}} ¥right)=-a¥omega¥sin(¥omega t)

¥end{array}

¥right.

<3-11>(3.1.11)
V(x)=-¥int F(x)dx

<3-12>(3.1.12)
V(x)=-¥int (-kx)dx=¥frac{1}{2}kx*2

<3-13>(3.1.13)
F(x_0)=-VM(1)}(x_0)¥equiv VA ¥prime(x_0)=0

<3-14> (3.1.14)

¥begintarrayjirl}

V(x)=& V(x_0)+¥displaystyle{¥fractV (1)} (x_0)H1!}}(x-x_0)+
¥displaystyle{¥frac{VM(2)}(x_0)H2!H (xx_0)"2 ¥¥ ¥¥

& +¥displaystyle{¥frac{VM(3)Hx_0)H3!}} (x-x_0)"3+¥cdots
¥end{array}

<3-15> (3.1.15)
V(x)=V(x_0)+ ¥fractVM(2)}(x_0)H2!}(x-x_0)"2

<3-16>(3.1.16)
VM) (x_0)¥equiv k¥quad¥mbox{($k$ is aconstant.)}

<3-17> (3.1.17)
V(x)=V(0)+¥fraci1}{2/kx"2



<3-18> (3.2.1)
m¥fractd” 2x}1dt* 2}="kx-¥alpha¥fractdxHdt}

<3-19> (3.2.2)

¥Y]eft¥{

¥begintarrayil}
¥sqrt{¥displaystylet¥fractki{im}}}=¥omega ¥¥ ¥¥
¥displaystyle{¥fraci¥alphajim}}=2¥gamma
¥end{array}

¥right.

<3-20> (3.2.3)
¥fractd* 2xHdt* 2}+2¥gamma¥fracidxHdt+¥omega” 2x=0

<3-21> (3.2.4)
x(t)=C_leM¥left(-¥gamma+¥sqrt{¥gamma” 2-¥omega” 2} ¥right)t}+
C_2eMM¥left(-¥gamma-¥sqrti¥gamma”2-¥omega 2} ¥right)t}

<3-22> (3.2.5)

¥begintarrayill}

¥displaystyle{¥fracidx(t)}{dt}= & ¥left(-¥gamma+¥sqrti¥gamma”2-¥omega 2} ¥right)C_1
eM¥left(-¥gamma+¥sqrti¥gamma”2-¥omega” 2} ¥right)t} ¥¥ ¥¥

& +¥left(-¥gamma-¥sqrt{¥gamma’ 2-¥omega 2} ¥right)C_2
eM¥left(-¥gamma-¥sqrt{¥gamma” 2-¥omega 2} ¥right)t}

¥end{array}

<3-23> (3.2.6)

¥Y]eft¥{

¥begintarrayil}

C_1+C 2=a ¥¥ ¥¥
¥Yleft(-¥gamma+¥sqrt{¥gamma” 2-¥omega” 2} ¥right)C_1
+¥left(-¥gamma-¥sqrt{¥gamma” 2-¥omega 2} ¥right)C_2=0
¥endlarray}¥right.

<3-24> (3.2.7)

¥left¥{

¥begintarrayil}
C_1=¥displaystyle{¥frac{1}{2}}¥left(1-¥displaystylel
¥frac{¥gammah{¥sqrti¥gamma”2-¥omega’ 2}}} ¥right)a ¥¥ ¥¥
C_2=¥displaystyle{¥fraci1}{2}} ¥left(1+¥displaystylel
¥frac{¥gammah{¥sqrti¥gamma”2-¥omega’2}}} ¥right)a
¥end{array}¥right.

<3-25> (3.2.8)



¥beginlarrayirl}

x(t)=¥displaystyle{¥fraclaj{2}} &

¥left| ¥left(1-¥displaystyle{¥fract¥gamma}{¥sqrt{¥gamma” 2-¥omega” 2}}}
eM¥left(-¥gamma+¥sqrtt¥gammas 2-Yomega 2} ¥right)t} ¥right)¥right. ¥¥ ¥¥
& +¥left. ¥left(1+¥displaystyle{¥fraci¥gammal{¥sqrti¥gamma” 2-Yomega” 2}}}
eM¥left(-¥gamma-¥sqrti¥gamma” 2-¥omega 2} ¥right)t} ¥right)¥right]
¥end{array}

<3-26> (3.2.9)

¥begintarrayjirl}

x(t)=¥displaystyle{¥fracla}{2}} &

¥left[ ¥left(1-¥displaystyle¥frac{¥gammaj{¥sqrti¥gamma’2-¥omega " 2}}}
eM¥left(-¥gamma+¥sqrtt¥gammas 2-Yomega 2} ¥right)t) ¥right)¥right. ¥¥ ¥¥
& +¥left. ¥left(1+¥displaystyle{¥frac{¥gamma}{¥sqrti¥gamma”2-¥omega  2}}}
eM¥left(-¥gamma-¥sqrt{¥gamma” 2-¥omega 2} ¥right)t} ¥right) ¥right]
¥end{array}

<3-27> (3.2.10)

¥begintarrayjirl}

x(t)=¥displaystylei¥fractal{2}}e " -¥gamma t{&

¥left[ ¥left(1+¥displaystylet¥fracli¥gamma¥sqrt{¥omega”2-¥gamma" 2}}}
eM¥left((¥sqrti¥omega”2-¥gamma” 2} ¥right)t} ¥right)¥right ¥¥ ¥¥

& +¥left. ¥left(1-¥displaystylet¥fracli¥gammah{¥sqrt{¥omega*2-¥gamma’ 2}}}
eM¥left(-i¥sqrt{¥omega”2-¥gamma 2} ¥right)t} ¥right) ¥right]

¥end{array}

<3-28> (3.2.11)

¥begintarrayjirl}

eM¥pm i¥sqrti¥omega”2-¥gamma 2/tj= & ¥cos¥left(¥sqrt{¥omega”2-¥gamma’ 2jt¥right)
¥¥ ¥¥

& ¥quad ¥pm i¥sin¥left(¥sqrt{¥omega”2-¥gamma 2}t ¥right)

¥end{array}

<3-29> (3.2.12)

¥begintarrayjirl}

x(t)= aeM-¥gamma t}& ¥left[¥cos¥left(¥sqrt{¥omega”2-¥gamma 2}t ¥right)
Yright. ¥¥ ¥¥

& ¥quad¥left.-¥displaystylet¥fract¥gamma}{¥sqrt{¥omega”2-¥gamma” 2}}
¥sin¥left(¥sqrti¥omega” 2-¥gamma 2t¥right) ¥right]

¥end{array}

<3-30> (3.3.1)
m¥fractd*2xH{dt 2}=-kx+F¥cos(¥Omega t)

<3-31>(3.3.2)



¥fractd"2xH{dt" 2}+¥omega’ 2x=f¥cos(¥Omega t)

<3-32>(3.3.3)
x(t)=C_leMi¥omega t}+C_2 e {-i¥omega tj+
¥fracifi{¥left | ¥Omega” 2-¥omega 2¥right | } ¥cos(¥Omega t)

<3-33>(3.3.4)

¥begintarrayjirl}

¥displaystyle{¥fracidxHdt}}=i¥omega & ¥left(C_le*i¥omega t}-C_2 e”{-i¥omega t}¥right)
¥¥ ¥¥

& -¥displaystyle{¥fracif¥Omega}{¥left | ¥Omega”2-¥omega* 2¥right | } }¥sin(¥Omega t)
¥end{array}

<3-34> (3.3.5)
i¥omega¥left(C_1-C_2 ¥right)=0

<3-35> (3.3.6)
x(t)=2C_1¥cos(¥omega t)+¥fracif{¥left | ¥Omega”2-¥omega” 2¥right | } ¥cos(¥Omega t)

<3-36>
C_1=¥frac{1}{2}¥left(a-¥fracif{¥left | ¥Omega”2-¥omega* 2¥right | } ¥right)

<3-37>
¥cos A-¥cos B=-2¥cos¥left(¥fractA+B}{2} ¥right) ¥sin¥left(¥fractA-BH{2}¥right)

<3-38>(3.3.7)

¥begintarrayjirl}

x(t)= & a¥cos(¥omega t) ¥¥ ¥¥

& ¥quad-¥displaystyle{¥fraci2f}{¥left | ¥Omega”2-¥omega 2¥right |
¥sin¥left[¥left(¥displaystyle¥frac{¥Omega+¥omegaH2} ¥right)t¥right]
¥sin¥left[¥left(¥displaystyle¥fract¥Omega-¥omegaH{2} ¥right)t¥right]}
¥end{array}

<3-39> (3.4.1)
m¥fractd* 2x}{dt" 2}="kx-¥alpha¥frac{dsHdt}+F¥cos(¥Omega t)

<3-40> (3.4.2)
¥fracld 2x}{dt 2+ ¥gamma¥fractdxHdt}+¥omega” 2x=f¥cos(¥Omega t)

<3-41> (3.4.3)

¥beginlarray{rl}

x(t)= & e*-¥gamma t}¥left[C_leM¥sqrt{¥gamma’2-¥omega’ 2}tj+
C_2e M-¥sqrt{¥gamma” 2-¥omega 2t} ¥right] ¥¥ ¥¥

& ¥quad+f¥cos¥left(¥Omega t-¥phi¥right)

¥end{array}



<3-42> (3.4.4)
¥tan¥phi=¥displaystylet¥fraci2¥gamma¥Omega}{¥omega*2-¥Omega”2}}

<3-43>
¥fracim}12}v/ 2+V(x)=¥fracimH{2}a”*2¥omega " 2¥equiv E

<4-1>(4.1.1)
¥beginiequation*}
¥vecir)=¥vecli}x+¥vecljly
¥end{equation*}

<4-2>(4.1.2)
¥vecir}=¥vecli}x+¥vecijjy+¥vecik}z

<4-3> (4.1.3)
¥veciri=¥vecii}x+¥vecljly

<4-4>(4.1.4)

¥left¥!
¥beginlarray}irl}

& x=r¥cos¥theta ¥¥ ¥¥
& y=r¥sin¥theta
¥end{array}

¥right.

<4-5>(4.1.5)

¥left¥{

¥begintarray}il}

r=¥sqrtix 2+y"2} ¥¥ ¥¥
¥theta=¥tan-1}¥left(¥displaystylet¥fracly}ix}}¥right)
¥end{array}

¥right.

<4-6>(4.1.6)
¥rho=r¥cos¥left(¥fract¥pii2}-¥theta¥right)=r¥sin¥theta

<4-7>(4.1.7)

¥Yleft¥{

¥begintarrayjil}
x=¥rho¥cos¥phi ¥¥ ¥¥
y=¥rho¥sin¥phi
¥end{array}

¥right.



<4-8>(4.1.8)

¥Yleft¥{

¥begintarrayil}
x=r¥sin¥theta¥cos¥phi ¥¥ ¥¥
y=r¥sin¥theta¥sin¥phi
¥end{array}

¥right.

<4-9> (4.1.9)
z=r¥cos¥theta

<4-10> (4.1.10)

¥Y]eft¥{

¥begintarrayil}
x=r¥sin¥theta¥cos¥phi ¥¥ ¥¥
y=r¥sin¥theta¥sin¥phi ¥¥ ¥¥
z=r¥cos¥theta

¥end{array}

¥right.,¥quad

(-¥pi¥le¥theta<¥pi, 0¥le¥phi<2¥pi)

<4-11> (4.1.11)

¥left¥{

¥begintarrayjil}

r=¥sqrt{x 2+y 2+z/2} ¥¥ ¥¥

¥theta=¥tan/ -1} ¥left(¥displaystyle{¥fracix"2+y" 2z} ¥right) ¥¥ ¥¥
¥phi=¥tan -1} ¥left(¥displaystylet¥fracly}ix}} ¥right)

¥end{array}

¥right.

<4-12>
¥vec{F}=¥vecii}F_x+¥vecljiF_y+¥vecklF z

<4-13> (4.2.1)

¥left.

¥begintarrayjil}
¥displaystyleim¥fracid* 2x(t)Hdt " 2}=F_x} ¥¥ ¥¥
¥displaystyleim¥fracid* 2y(t)Hdt " 2}=F_y} ¥¥ ¥¥
¥displaystylelm¥fracid"2z(t){dt 2}=F_z}
¥endiarray ¥right¥} ¥quad ¥rightarrow¥quad
¥displaystyle{m¥fractd*2¥vecir}(t){dt* 2}=¥veciF}}

<4-14> (4.2.2)
Yleft¥{
¥beginiarrayiil}



¥veclr}(0)¥equiv¥vecir)_0=¥vecli}0+¥vecijih+¥veclk/0 ¥¥ ¥¥
¥vectvi(0)¥equiv¥vectv)_0=¥veclijv_0¥cos¥theta+¥vecijiv_0¥sin¥theta+¥vectk}0
¥end{array}¥right.

<4-15>
¥vectir}(t)=¥vecli}x(t)+¥vecljly(t)+¥vecik}z(t)

<4-16> (4.2.3)
m¥fractd*2¥vecir}(t){dt* 2}=¥veciF}

<4-17> (4.2.4)
¥veciF}=-¥vecljimg

<4-18> (4.2.5)

¥Yleft¥{

¥begintarrayjil}
m¥displaystyle{¥fracid*2x(t){dt 2}}=0 ¥¥ ¥¥
m¥displaystyle{¥fracid* 2y(t)}{dt" 2}}=-mg¥¥ ¥¥
m¥displaystyle{¥fractd*2z(t){dt*2}}=0
¥end{array}¥right.

<4-19> (4.2.6)

¥left¥{

¥begintarrayjil}
¥left¥{¥beginfarray}l}
x(t)=(v_0¥cos¥theta)t ¥¥ ¥¥
v_x(t)=v_0¥cos¥theta
¥endiarray¥right. ¥¥ ¥¥
¥left¥{¥begintarray}l}
y(t)=h+(v_0¥sin¥theta)t-¥displaystyle{¥fract1}{2}}gt"2 ¥¥ ¥¥
v_y(t)=v_0¥sins¥theta-gt
¥endiarray¥right. ¥¥ ¥¥
¥left¥{¥beginiarray}l}
z(£)=0 ¥¥ ¥¥ v_z(t)=0
¥end{array}¥right.
¥end{array}¥right.

<4-20> (4.2.7)

¥Yleft¥{

¥begintarrayjil}

x(t)=(v_0¥cos¥theta)t ¥¥ ¥¥
y(t)=h+(v_0¥sin¥theta)t-¥displaystyle{¥fract1}{2}}gt*2
¥end{array}¥right.



<4-21>
t=¥fractv_0¥sin¥theta+¥sqrt{v_0"2¥sin"2¥theta+2gh}Hg}

<4.22> (4.2.8)
y=-¥fracigh2v_072¥cos”2¥theta}(x-X)*2+¥fractv_0/2¥sin" 2¥theta}{2g}

<4-23>
X=¥frac{v_0/2¥sin(2¥theta)}{2g}

<4-24>
y=¥fraclv_0"2¥sin"2¥thetal{2g}

<4-25>
¥Yleft(¥fracidriidt}, ¥fracid¥thetajidt} ¥equiv¥omega¥right)

<4-26> (4.3.1)

¥left¥{

¥begintarrayil}
¥displaystyle{¥fracldx}{dt}=¥fracidri{dt}¥cos¥theta-r¥omega¥sin¥theta} ¥¥ ¥¥
¥displaystyle{¥fracidy}{dt}=¥fractdrjidt}¥sin¥theta+r¥omega¥cos¥theta}
¥endlarray}¥right.

<4-27>
¥fracidf(x(t)Hdti=¥fractdf(x)}{dx} ¥fracidx(t)Hdt}

<4-28>
¥fracidxHdt)¥cos¥theta+¥fracldyHdt} ¥sin¥theta=¥fracidri{dt}

<4-29>
-¥fractdxj{dt} ¥sin¥theta+¥fractdyidt} ¥cos¥theta=r¥omega

<4-30> (4.3.2)

¥Y]eft¥{

¥begintarrayil}
¥displaystyle{¥fracidri{dti=¥fracldx}{dt|¥cos¥theta+¥fracidy}{dt} ¥sin¥theta} ¥¥ ¥¥
r¥displaystyle{¥frac{d¥thetaj{dt}=-¥fracldx}{dt}¥sin¥theta+¥fracidyH{dt¥cos¥theta}
¥endlarray}¥right.

<4-31> (4.3.3)

¥left¥{

¥begintarrayiil}
¥displaystyle{¥fractd”2x{dt* 2}=¥left(¥fracid* 2r{{dt* 2}-r¥omega” 2¥right)¥cos¥theta
-¥left(r¥fracid¥omega}{dti+2¥fracidri{dti¥Yomega¥right)¥sin¥theta} ¥¥ ¥¥
¥displaystyle{¥fracid* 2yjidt " 2j=¥left(¥fractd 2riidt" 2}-r¥omega’ 2¥right)¥sin¥theta
+¥left(r¥fractd¥omega{dti+2¥fracidri{dt}¥omega¥right)¥cos¥theta}



¥endlarray}¥right.

<4-32>
¥fracid2xHdt 2} ¥cos¥theta+¥fracid* 2ydt 2} ¥sin¥theta
=¥fracid*2ri{dt*2}-r¥omega’2

<4-33>
-¥fracid*2xj{dt " 2} ¥sin¥theta+¥fractd 2yHdt* 2} ¥cos¥theta
=r¥frac{d¥omegaf{dt{+2¥fracldriidt|¥omega

<4-34>
¥fracld¥if(t)g(t) ¥ Hdti=¥fracldf(t)H{dt} g(t)+{(t) ¥fracidg(t) Hdt}

<4-35>
¥fracid(r* 2¥omega)Hdti=2r¥fractdri{dt!¥omega+r" 2¥fraci{d¥omega{dt}

<4-36>

¥Y]eft¥{

¥begintarrayil}

¥displaystyle{¥fracid* 2rjidt" 2}-r¥omega*2=¥fractd " 2x{dt* 2} ¥cos¥theta+¥fracid* 2y Hdt" 2}
¥sin¥theta} ¥¥ ¥¥

¥displaystyle{¥fraci1}{r}¥fracld(r* 2¥omega)dt}=-¥fracld* 2x}1dt" 2} ¥sin¥theta+¥fracid 2y}
dt"2}¥cos¥theta}

¥end{array}¥right.

<4-37> (4.3.5)

¥Yleft¥{

¥begintarrayjil}
¥displaystyleim¥fractd*2x}1dt " 2}=F_x} ¥¥ ¥¥
¥displaystyleim¥fractd*2y}idt*2}=F _y}
¥end{array}¥right.

<4-38> (4.3.6)

Y]eft¥{

¥begintarrayil}
¥displaystyleim¥left(¥fracid* 2rH{dt* 2}-r¥omega” 2¥right)
=F x¥cos¥theta+F y¥sin¥theta} ¥¥ ¥¥
¥displaystyleim¥fract1}{r/¥fractd(r*2¥omega)}{dt}
=-F_x¥sin¥theta+F_y¥cos¥theta}

¥end{array}¥right.

<4-39> (4.3.7)
¥veciFj=¥fraci¥vecirjir/f.



<4-40> (4.3.8)
¥veciFi=-¥frac{¥vecir}}ir}F

<4-41>
¥fract¥veciriri=¥vecli}¥cos¥theta+¥vecljj¥sin¥theta

<4-42>
¥veciFj=-¥vecli}F¥cos¥theta-¥veclj} F¥sin¥theta

<4-43> (4.3.9)

¥Yleft¥{

¥begintarrayjil}

F x=F¥cos¥theta ¥¥ ¥¥
F_y=-F¥sin¥theta
¥end{array}¥right.

<4-44> (4.3.10)

¥Y]eft¥{

¥begintarrayil}
¥displaystyleim¥left(¥fractd 2ri{dt* 2}-r¥omega” 2¥right)="F }¥¥ ¥¥
¥displaystyle{¥fracim}H{r}¥fractd(r*2¥omega)}{dt}=0}
¥end{array}¥right.

<4-45> (4.3.11)
m¥frac{d”2ridt* 2}=-F+¥fracimC"2H{r" 3}

<4-46> (4.3.12)
F=¥frac{mC"2}{¥ell 73}

<4-47>
r*2¥omega=¥ell *2¥omega=C

<4-48> (4.3.13)
¥Yomega=¥frac{C}{¥ell *2}=¥mbox{constant}¥equiv¥omega_0

<4-49> (4.4.1)
¥veciF}j=¥vecijjmg

<4-50> (4.4.2)
¥vectS)=-¥fraci¥veciriiriS

<4-51> (4.4.3)
m¥fracid*2¥veciri{dt* 2}=¥veci{F}+¥veciS}



<4,52> (4.4.4)

¥Y]eft¥{

¥begintarrayil}
¥displaystylelm¥frac{d " 2x{dt"2}=-¥fracix}{r}S }¥¥ ¥¥
¥displaystyle{m¥fracid" 2y} idt* 2}=mg-¥fraclyHr}S | ¥¥ ¥¥
¥displaystyleim¥fracid*2z}{dt*2}=0

¥end{array}¥right.

<4.53> (4.4.5)

¥Yleft¥{
¥begintarrayil}
x=¥ell¥sin¥phi¥¥ ¥¥
y=¥ell¥cos¥phi
¥endlarray}¥right.

<4-54> (4.4.6)
¥Y]eft¥{
¥begintarrayil}
x=¥ell ¥phi¥¥ ¥¥
y=¥ell
¥endlarray}¥right.

<4-55> (4.4.7)

¥left¥{

¥begintarray}il}
¥displaystyleim¥fractd* 2x}{dt* 2}=-¥fracix}{¥ell}S | ¥¥ ¥¥
0=mg-S

¥end{array}¥right.

<4-56>
¥fracid 2xHdt2}=-¥fracigh¥ell}x

<4-57> (4.4.8)
Yomega=¥sqrt{¥fracigi{¥ell}}

<4-58> (4.4.9)
¥fracid 2xHdt*2}=-¥omega” 2x

<4-59> (4.4.10)
x(t)=A¥sin(¥omega t+B)

<4-60> (4.4.11)
x(t)=a¥cos(¥omega t)



<4-61> (4.4.12)

¥Y]eft¥{

¥begintarrayil}
¥Yomega=¥displaystylet¥sqrti¥fracigii¥ell}}} ¥¥ ¥¥
T=2¥pi ¥displaystylet¥sqrti¥fraci¥ellig}}}
¥endlarray}¥right.

<4-62> (4.4.13)
m¥frac{d"2¥veciriHdt " 2}="k¥vecl{ri¥quad¥Rightarrow¥quad ¥left ¥{
¥begintarrayil}

¥displaystyleim¥fractd* 2x{dt 2}="kx} ¥¥ ¥¥
¥displaystyleim¥fracid” 2y}idt* 2}="ky}

¥endlarray}¥right.

<4-63> (4.4.14)

¥left¥!

¥begintarrayiil}
x(t)=a_1¥sin(¥omega t+b_1) ¥¥ ¥¥
y(t)=a_2¥sin(¥omega t+b_2)
¥end{array}¥right.

<4-64>
¥sin(A+B)=¥sin A¥cos B+¥cos A¥sin B

<4-65>
¥sin¥omega t=¥frac{11{¥sin (b_2-b_1)}¥left(¥fracixjia_1}¥sin b_2
-¥fraciyla_2}¥sin b_1¥right)

<4-66>
¥cos¥omega t=¥fraci1}{¥sin (b_2-b_1)}¥left(-¥fracixi{a_1}¥cos b_2
+¥fractyHa_2/¥cos b_1¥right)

<4-67>
¥cos(A+B)=¥cos A¥cos B-¥sin A¥sin B

<4-68> (4.4.15)
¥sin*2(b_2-b_1)=¥fracix"2Ha_1"2}+¥fracty”2Ha_2"2}
-2¥fracixia_1}¥fraclyHa_2}¥cos(b_2-b_1)

<4-69> (4.4.16)
1=¥frac{x"2Ha_1"2}+¥fracly*2H{a_2"2}

<4-70> (4.5.1)
m¥fractd*2¥vecir}(t)Hdt" 2}=¥vec{F}(x,y,z)



<4-71> (4.5.2)
m¥fractd¥veciviidti=¥veciF}(x,y,2)

<4-72> (4.5.3)
m¥left(¥veclvi¥cdot¥fracid¥veciviidt ¥right)=¥veclvi¥cdot¥vec{F} (x,y,z)

<4-73> (4.5.4)
¥vecivi¥cdot¥veclvi=v_x 2+ v_y"2+ v_z"2¥equiv v"2

<4-74> (4.5.5)

¥begintarrayjirl}

¥displaystyle{¥fractd(v~2)Hdt}}
&=¥displaystylet¥fracld(v_x"2+ v_y 2+ v_z"2)}{dt}} ¥¥ ¥¥
&=2¥displaystylet¥left(v_x¥fracidv_xHdt}+ v_y¥fracidv_yHdt+
v_z¥fracldv_zHdt} ¥right) }¥¥ ¥¥
&=2¥displaystylet¥left(¥veclvi¥cdot¥fracid¥vectviHdt¥right)}
¥endlarray}¥right.

<4-75> (4.5.6)
¥fracimH2) ¥fracidv 2Hdt}=¥fracld¥left(m¥vecivi* 2/2¥right){dt}}
=¥vectvi¥cdot¥veciF}(x,y,z)

<4-76> (4.5.7)
¥int_{t_1}Mt_2)¥fractdTHAt} dt=¥int_{t_1} Mt_2i¥left¥{¥vecivi¥cdot¥veciF}(x,y,z) ¥right¥}dt

<4-77> (4.5.8)
¥int {T 1}AMT 2}dT=T 2-T 1

<4-78> (4.5.9)

¥begintarrayjirl}

¥displaystyle{¥int_{t_1}"t_2}¥vecivi¥cdot¥veciF}(x,y,z)dt}
&=¥displaystylet¥int_{t_1}"{t_2}¥fracidxH{dt}F_xdt+¥int_{t_1}7{t_2¥fracidy{dt}F_ydt
+¥int_it_1Mt_20¥fracldzHdtiF_zdt} ¥¥ ¥¥
&=¥displaystyle{¥int_{x_1}"x_2}F_xdx+¥int_{y_1}"y_2}F_ydy
+¥int_{z_1}Mz 2}F zdz} ¥¥ ¥¥
&¥equiv¥displaystylet¥int_{P_1}"MP_2}¥left(F_xdx+F_ydy+F_zdz¥right)}

¥end{array}

<4-79> (4.5.10)
T _2-T 1=¥int_{P_1}"P_2}¥left(F_xdx+F_ydy+F _zdz¥right)

<4-80> (4.5.11)

¥left.¥begintarrayil}

F_x¥equiv¥displaystylet-¥fract¥partial V(x,y,z)}{¥partial x} ¥¥ ¥¥
F_y¥equiv¥displaystylet-¥fraci¥partial V(x,y,z)}{¥partial y} ¥¥ ¥¥



F_z¥equiv¥displaystyle{-¥frac{¥partial V(x,y,z)}{¥partial z}
¥endiarray} ¥right¥}¥quad¥rightarrow¥quad
¥veciFj=-¥mboxigradiV(x,y,z)

<4-81> (4.5.12)
¥int_{P_1}"P_2}¥veciF}¥cdot d¥vec{S}=-¥int_{P_1}"P_2}¥mboxigrad}V(x,y,z)¥cdot d¥vectS}

<4-82>
d¥veci{S|=¥vecli}dx+¥vecljidy+¥vecik}dz

<4-83> (4.5.13)
¥mboxigradfV(x,y,z)¥cdot d¥veciS}=¥frac{¥partial V}{¥partial x}dx
+¥frac{¥partial VH{¥partial y}dy+¥frac{¥partial V}{¥partial z}dz

<4-84> (4.5.14)

¥begintarrayjirl}

dV(x,y,2) &=V (x+dx,y+dy,z+dz)-V(x,y,z) ¥¥ ¥¥
&=¥displaystylet¥frac{¥partial Vi{¥partial xjdx

+¥frac{¥partial VH{¥partial y}dy+¥frac{¥partial V}{¥partial z}dz}
¥end{array}

<4-85> (4.5.15)
¥int {P 1}MP_2}¥vec{F}¥cdot d¥vec{S}
=-¥int_{P_1}A{P_2}dV=V_1-V_2

<4-86>
T 2-T 1=V_1-V_2

<4-87> (4.5.16)
T 14V _1=T 2+V 2

<4-88> (4.6.1)
¥veciLi(t)= ¥vecir}(t) ¥times¥vecip}(t)

<4-89> (4.6.2)
¥left | ¥veciLi¥right | = ¥left | ¥vecir}¥right | ¥left | ¥vecip) ¥right | ¥sin¥theta

<4-90> (4.6.3)
¥vecir}(t)= ¥veciix+ ¥vecljly+ ¥veclk)z

<4-91> (4.6.4)
¥vectiF}(r)= ¥vecle) rf(r)

<4-92> (4.6.5)
Yvecle) r= ¥frac{l}Hri¥vec{ri=¥frac{¥vecir}}r}



<4-93>
¥left(¥vecle_r¥cdot¥vecle)_r ¥right)

<4-94> (4.6.6)

¥left¥{¥beginiarray}l}

x=r¥sin¥theta¥cos¥phi ¥¥ ¥¥

y=r¥sin¥theta¥sin¥phi ¥¥ ¥¥

z=r¥cos¥theta

¥end{array}¥right., ¥quad¥left¥{¥beginiarray}l}
r=¥displaystyle{¥sqrtix"2+y”2+z/2}} ¥¥ ¥¥
¥theta=¥displaystylet¥tan”{- 1} ¥fract¥sqrtix " 2+y 2}}iz}} ¥¥ ¥¥
¥phi=¥displaystylet¥tan”{-1}¥fracty{x}}

¥endlarray}¥right.

<4-95> (4.6.7)
¥vec{rt¥times¥vec{F}()=0

<4-96> (4.6.8)
m¥fracid*2¥veciriHdt" 2}=¥vec{F}

<4-97> (4.6.9)
m¥fracid¥vectviHdt}=¥veciF}

<4-98> (4.6.10)
m¥left(¥vec{r ¥times¥fracid¥vecivi}{dt} ¥right)
= ¥veci{r}¥times ¥vec{F}=0

<4-99>

¥beginlarray}{rl}

¥displaystyle{¥fracid¥left(¥vecir}¥times¥vectvi ¥right)Hdt}}
&=¥displaystyle{¥fracid¥vecirj}{dt ¥times¥vecivi+{¥vecir| ¥times¥fracid¥veciviHdt)} ¥¥ ¥¥
&= ¥displaystyle{¥veclvi¥times¥vectvi+{¥veclr¥times¥fracid¥veciviidt}} ¥¥ ¥¥
&=¥displaystyle{{¥vecir}¥times¥frac{d¥vec{viHdt}}

¥end{array}

<4-100> (4.6.11)

¥beginlarray}irl}

¥displaystyleim¥left(¥veciri¥times ¥fracid¥veciviidt} ¥right)}
&=¥displaystylet¥fracid¥left(¥veclr/¥times¥vecip/ ¥right)H{dt}} ¥¥ ¥¥
&= ¥displaystylel ¥frac{d¥veciLjidt}} ¥¥ ¥¥

&=0

¥end{array}

<4-101> (4.6.12)
m¥fractd*2¥vecir}jidt* 2}=¥veciF¥quad¥rightarrow¥quad¥left¥{



¥begintarrayiil}
¥displaystyleim¥fracid*2xH{dt*2}}=F_x ¥¥ ¥¥
¥displaystyle{m¥fracid* 2y}idt*2}}=F y
¥end{array}

<4-102> (4.6.13)

¥left¥{

¥begintarrayjil}
¥displaystyle{¥fractdxj{dti=¥fractdriidt}¥cos¥theta-r¥fracid¥thetaj{dt} ¥sin¥theta ¥¥ ¥¥
¥displaystyle{¥fracidydti=¥fracldri{dt} ¥sin¥theta+r¥fracid¥theta{dt}¥cos¥theta
¥end{array}¥right.

<4-103> (4.6.14)

¥Y]eft¥{

¥begintarrayil}
¥displaystylet¥fracid* 2xj{dt" 2j=¥left(¥fractd " 2ridt" 2}-r¥omega” 2¥right)¥cos¥theta
-Yleft(2¥fractdriidti¥omega+r¥fracid¥omegaj{dt} ¥right) ¥sin¥theta ¥¥ ¥¥
¥displaystyle{¥fractd”2yidt* 2}=¥left(¥fractd* 2ri{dt* 2}-r¥omega” 2¥right)¥sin¥theta
+¥left(2¥fracidriidt ¥omega+r¥fracid¥omegaidt} ¥right)¥cos¥theta
¥end{array}¥right.

<4-104>

¥Yleft¥{

¥begintarrayjil}

¥displaystyleim¥left(¥fractd*2ri{dt*2}-r¥omega’ 2¥right)¥cos¥theta
-m¥left(2¥fractdri{dti ¥Yomega+r¥fracid¥omega}idti ¥right)¥sin¥theta=F_x} ¥¥ ¥¥
¥displaystylelm¥left(¥fracid*2ri{dt*2}-r¥omega’ 2¥right)¥sin¥theta
+m¥left(2¥fracidriidt} ¥omega+r¥fracid¥omegai{dt} ¥right)¥cos¥theta =F_y}
¥endlarray}¥right.

<4-105> (4.6.15)

¥left¥{

¥beginiarray}il}
¥displaystyle{m¥left(¥fracid” 2rj{dt* 2}-r¥omega” 2¥right)

=F x¥cos¥theta+F y¥sin¥theta} ¥¥ ¥¥
¥displaystyleim¥left(2¥fracidriidt} ¥omega+r¥fracid¥omega{dt} ¥right)
=-F_x¥sin¥theta+F_y¥cos¥theta }

¥endlarray}¥right.

<4-106> (4.6.16)

¥left¥{

¥begintarrayil}
¥displaystyle{F_x¥cos¥theta+F_y¥sin¥theta=F_r} ¥¥ ¥¥
¥displaystylel-F_x¥sin¥theta+F_y¥cos¥theta=F_¥theta }
¥endlarray}¥right.



<4-107> (4.6.17)
m¥left(¥frac{d”2ridt"*2}-r¥omega”2¥right)=F _r

<4-108> (4.6.18)
m¥left(2¥fracidriidti¥omega+r¥fracid¥omega{dt}¥right)=F_¥theta

<4-109> (4.6.19)

¥left¥{

¥begintarrayiil}
¥displaystyle{F_x=¥fracixHrf(r)=f(r)¥cos¥theta} ¥¥ ¥¥
¥displaystyle{F_y=¥fraciy}{r}f(r)=f(r)¥sin¥theta}
¥end{array}¥right.

<4-110> (4.6.20)

¥left¥{

¥begintarrayjirl}

F r&=F x¥cos¥theta+F_ y¥sin¥theta ¥¥ ¥¥
&=f(r)¥cos"2¥theta+f(r)¥sin"2¥theta ¥¥ ¥¥

&=f(r) ¥¥ ¥¥

F_¥theta&=F x¥sin¥thetat+F y¥cos¥theta ¥¥ ¥¥
&=-f(r)¥cos¥theta¥sin¥theta+f(r)¥sin¥theta¥cos¥theta ¥¥ ¥¥
&=0

¥end{array}¥right.

<4-111> (4.6.21)
m¥left(¥fracid”2ridt"2}-r¥omega” 2¥right)=f(r)

<4-112> (4.6.22)
m¥left(2¥frac{dri{dt}¥omega+r¥fracid¥omegal{dt} ¥right)=0

<4-113>
¥frac{d¥left(f(t)g(t)¥right) Hdt}=¥frac{df(t) Hdt'gt)+H(t)Efracidg(t) Hdt}

<4-114>

¥begintarrayjirl}

¥displaystyle{¥fracid(r"2¥omega){dt}} &=¥displaystyle{2r¥fracidriidt; ¥omega+r* 2¥fractd¥o
megajidt}} ¥¥ ¥¥

&=¥displaystyle{r¥left(2¥frac{dri{dt}¥omega+r¥fracid¥omega{dt¥right)}
¥end{array}¥right.

<4-115> (4.6.23)
¥fracimHr¥fraclid(r*2¥omega)}{dt}=0

<4-116> (4.6.24)
mr”*2¥omega=h



<4-117>
¥vectaj¥times¥vectbj=¥vecli} (a_yb_z-a_zb_y)
+¥veclj} (a_zb_x-a_xb_z)+¥vecik} (a_xb_y-a_yb_x)

<4-118> (4.6.25)
L_z=xp_y-yp_x=m¥left(x¥fracidy}dt}-y¥fracidxjidt}¥right)

<4-119> (4.6.26)

¥beginlarray}irl}
L_z&=¥displaystyleimr¥cos¥theta¥left(¥fractdriidt}¥sin¥theta+r¥omega¥cos¥theta¥right)
- mr¥sin¥theta¥left(¥fracldriidt}¥cos¥theta-r¥omega¥sin¥theta¥right)} ¥¥ ¥¥
&=mr”"2¥omega

¥end{array}

<4-120>

¥begintarrayjirl}

¥displaystyle{¥fractdAHdt}}

&=¥displaystylet ¥fracld¥left(¥displaystyle{¥fracir*2¥theta}12}}¥right)}{dt}} ¥¥ ¥¥
&=¥displaystyle{¥fracir* 2}{2}¥fracid¥thetal{dt}} ¥¥ ¥¥
&=¥displaystyle{¥fracir*2}12}¥omega}

¥end{array}

<4-121> (4.6.27)
L_z=2m¥fracidAHdt}

<4-122> (4.7.1)
¥veciFi=¥frac{¥veciriHr ¥frac{KHr 2}

<4-123> (4.7.2)

¥Yleft¥{¥begintarrayil}

F_x=¥displaystyle{ K¥frac{¥cos¥theta}{r"2}} ¥¥ ¥¥
F_y=¥displaystyle! K¥fraci¥sin¥thetaj{r"2}} ¥¥ ¥¥
¥end{array}¥right.

<4-124> (4.7.3)

¥left¥{¥begintarray}irl}

F_r&=F x¥cos¥theta+F_y¥sin¥theta ¥¥ ¥¥

&=¥displaystyle! K¥frac{¥cos"2¥thetal{r"2}+ K¥frac{¥sin"2¥theta}{r"2}} ¥¥ ¥¥
&=¥displaystyle{ ¥frac{K}{r"2}} ¥¥ ¥¥

F_¥theta&=- F_x¥sin¥thetatF y¥cos¥theta ¥¥ ¥¥
&=¥displaystylet-K¥fraci¥cos¥thetaj{r"2}¥sin¥theta+ K¥frac{¥sin¥theta}ir*2}¥cos¥theta}
¥¥ ¥¥

&=0

¥endlarray}¥right.



<4-125> (4.7.4)
m¥left(¥frac{d”2rj{dt"2}-r¥omega” 2¥right)= ¥fractKHr 2}

<4-126> (4.7.5)
m¥left(2¥fracidridti¥omega+r¥fracid¥omega{dt} ¥right)=

e}

<4-127> (4.7.6)
m¥fractdvi{dt}-¥fracth”2H{mr~ 3}-¥fraciK}Hr  2}=0

<4-128> (4.7.7)
m¥fracidvidti=¥fracth” 2H{mr" 3}+¥frac{K}{r" 2}

<4-129> (4.7.8)
mv¥frac{dvi{dt}-¥fracth* 2H{mr" 3}v-¥frac{KHr 2}v=0

<4-130>
¥fracid¥left(¥displaystyle{¥fracimH{2}}v" 2¥right) {dt}=mv¥fractdvidt}

<4-131>

¥begintarrayjirl}

¥displaystyle{¥frac{d¥left(¥displaystyle{¥fracth~2H{2mr2}} ¥right)}{dt}}
&=¥displaystylet¥fractd¥left(¥displaystylet¥fracth”2H{2mr" 2}} ¥right){dr} ¥fraclidriidti ¥righ
tIYY ¥¥

&=-¥displaystylet¥fracth*2{{mr" 3}}v

¥end{array}

<4-132>

¥begintarrayjirl}
¥displaystyle{¥fracid¥left(¥displaystyle{-¥fraciKi{r} ¥right)} {dt}}
&=¥displaystyle{¥fracid¥left(¥displaystylet-¥frac{K}r} ¥right){dr}
¥fracidriH{dt) ¥right) ¥¥ ¥¥

&=¥displaystylet¥frac{KHr 2}}v

¥end{array}

<4-133> (4.7.9)
¥fractdHdt) ¥left(¥fracimH {2} v 2+¥fracth~ 2H{2mr" 2} +¥fraciKHr  ¥right)=0

<4-134> (4.7.10)
¥fracimi{2iv* 2+¥fracth* 2H2mr 2} +¥fraciKHr=E

<4-135> (4.7.11)
¥fractKHri=V(r)

<4-136>
¥nabla V(r)=¥vecli}¥frac{¥partial V(r)}{¥partial x}



+¥veciji¥fract¥partial V(r)}{¥partial y}
+¥vectk¥fraci¥partial V(r){¥partial z}

<4-137>

¥beginlarray}irl}

¥displaystyle{¥frac{¥partial V(r)}{¥partial x}}}

&=¥displaystyle{¥fractdV(r){dr}} ¥displaystyle{¥fraci¥partial r}{¥partial x}}}¥¥ ¥¥
&=¥displaystylet-¥fractKHr"2}}¥displaystylet-¥fraci2x12¥sqrt{x " 2+y " 2}}} ¥¥ ¥¥
&=¥displaystyle{-¥frac{KHr"2}}¥displaystylet¥fracix}{r}}}

¥end{array}

<4-138>
¥fract¥partial V(r)}{¥partial xj=-¥fraciKHr" 2} ¥fracixiir}

<4-139>
¥nabla V(r)= -¥left(¥vecli}¥fracix}ir}+¥veclj ¥fracly} ir ¥right) ¥frac{K} {r* 2}

<4-140>
¥veclel r=¥fraci¥veciriir}

<4-141> (4.7.12)
¥nabla V(r)= -¥vecle} r ¥fraciKHr 2}

<4-142> (4.7.13)
¥vec{F}=-¥nabla V(r)

<4-143> (4.7.14)
v=¥pm¥frac{2{{im}¥sqrt{E-¥fracth*2{2mr" 2}-¥frac{K}{r}

<4-144> (4.7.15)
E¥ge¥fracth*2H{2mr 2}+¥frac{KHr}

<4-145> (4.7.16)
Er”2-Kr-¥fracth*2H{2m}¥ge0

<4-146>
r=¥frac{K}{2E}

<4-147>
¥fracimK” " 2+h*2EH2mE}

<4-148>
D=K*2-¥frac{2h"2EH{m}



<4-149> (4.7.17)

¥Y]eft¥{

¥begintarrayil}

¥displaystylelr_1=¥frac{11{12E}¥left[K-¥sqrtiK* 2-¥fraci2h* 2E}{im}} ¥right]} ¥¥ ¥¥
¥displaystyle{r_2=¥frac{1}{2E}¥left[K+¥sqrt{K"2-¥fraci2h*2EH{m}} ¥rightl}
¥endlarray}¥right.

<4-150> (4.7.18)
¥fractdriidt}=¥pm¥fraci2Him¥sqrt{E-¥fracth*2H{2mr/ 2}-¥frac{KHr}}

<4-151> (4.7.19)
mr”2¥omega=h

<4-152> (4.7.20)
r=¥fracipi{1-e¥sin(¥theta-¥theta_0)},¥quad¥left¥{
¥begintarrayjil}

p=-¥displaystyle{¥fracth*2H{mK}} ¥¥ ¥¥
e=¥displaystyle{¥sqrti1+¥fraci2Eh* 2H{mK"2}}}
¥end{array}¥right.

<4-153> (4.8.1)

¥left¥!

¥begintarrayil}

¥veciF}_{121}=-¥displaystyle{¥fract¥vecir}_2-¥veclr}_1H{¥left | ¥veclr}_2-¥vecir,_1¥right|}
¥fraciGmM}{¥left | ¥vecir)_2-¥vecir}_1¥right | A2}/ ¥¥ ¥¥
¥veciF}_{12}=-¥displaystyle{¥fraci¥vecir}_1-¥vecir}_2}{¥left | ¥veclr}_1-¥vecir} 2¥right|}
¥fraciGmM}{¥left | ¥vecir)_1-¥vecir)_2¥right | ~2}}

¥end{array}¥right.

<4-154> (4.8.2)

¥Yleft¥{

¥begintarrayjil}

m¥displaystyle{¥fractd” 2¥vecir}_2H{dt*2}}=¥vec{F}_{21} ¥¥ ¥¥
M¥displaystyle{¥fracid*2¥vecir)_1Hdt*2}}=¥veciF}_{12}
¥end{array}¥right.

<4-155>
m¥frac{d*2¥veciriHdt*2}=-¥vecle} _r¥frac{GmM}Hr 2}

<4-156> (4.8.3)
E=¥fracim}{2}¥left(¥fracidri{dt}¥right) " 2+¥fracth* 2H{2mr" 2}-¥frac{GmM}Hr}

<4-157> (4.8.4)
r=¥fracipjil+e¥cos¥theta},¥quad¥mboxiwhere} ¥left¥{
¥beginiarrayiil}



p=¥displaystyle{¥fracth*2HGm"2M}} ¥¥ ¥¥
e=¥displaystylet¥sqrti1-¥frac{2 | E | h*2H{G*2m"3M " 2}}}
¥end{array}¥right.

<4-158> (4.8.5)

¥Y]eft¥{

¥begintarrayil}

¥displaystyle{¥fracipiil-e”2}=¥fraciGmMHN2 | E | }=a} ¥¥ ¥¥
¥displaystyle{¥fracipH¥sqrt{l-e”2} }=¥fracthH{¥sqrtim | E | }}=b} ¥¥ ¥¥
¥displaystyle{¥fraclepi{e*2-1}=x_0}

¥end{array}¥right.

<4-159> (4.8.6)
¥fraci(x-x_0)*2Ha”2}+¥fracty*21{b"2}=1

<4-160> (4.8.7)
A=¥pi ab

<4-161>
¥fractdAHdt}=¥frac{1{2}r " 2¥frac{d¥theta}{dt}

<4-162>
mr*2¥frac{d¥theta}{dt}=h

<4-163>
¥frac{dAHdt}=¥fracth}{2m}

<4-164> (4.8.8)
T=¥frac{A}{(h/2m)}=¥frac{2¥pi mabjth}

<4-165> (4.8.9)
bA2=¥fraci2h"2{Gm*2M}a

<4-166> (4.8.10)
TA2=¥frac{8¥pi*2{GM}a"3

<4-167> (4.9.1)
F=G¥frac{Mm}{R"2}

<4-168> (4.9.2)

¥Y]eft¥{

¥begintarrayil}

G=6.6T¥times107{-11}¥left[¥mbox{m}* 3¥mbox{s} *{-2}¥mboxikg} *{-1}¥right] ¥¥ ¥¥
M=5.97¥times 10" {24} ¥left[¥mboxikg}¥right] ¥¥ ¥¥

R=6.38¥times10" 6¥left[¥mbox{m|¥right]



¥endlarray}¥right.

<4-169> (4.9.3)
g=G¥fraciM}{R"2}=9.8¥left[¥mbox{m}/¥mbox{s| {2} ¥right]

<4-170> (4.9.4)
F=mg

<4-171>
¥pi¥times¥fraci51180;¥sim0.0873

<4-172>
¥pi¥times¥fraci10}1180)¥sim0.1745

<4-173>
¥sin5*¥circ¥sim0.0872

<4-174>
¥sin10"¥circ¥sim0.1736

<5-1>(5.1.1)

Y]eft¥{

¥begintarrayil}

m_1¥displaystyle{¥fracid* 2¥vecir}_1(t)Hdt"2}}
=¥vec{F}_{21} (| ¥vecir}_2-¥vecir}_1|) ¥¥ ¥¥
m_2¥displaystylet¥fractd*2¥vecir)_2(t)Hdt"2}}
=¥vec{F}_{12} (| ¥vecir}_1-¥vecir}_21)
¥end{array}¥right.

<5-2>
| ¥veclr)_1-¥vecir)_2 |=|¥vecir)_2-¥veclr)_1|¥equiv r

<5-3>(5.1.2)
¥veciF} {21} (vr) =¥veciF} {12} v)

<5-4>(5.1.3)

¥Y]eft¥{

¥begintarrayil}
¥vecip_1(t)=m_1¥displaystyle{¥fracid¥vecir)_1(t)Hdt}}
Yequiv m_1¥vectv)_1(t) ¥¥ ¥¥
¥vecip)_2(t)=m_2¥displaystyle¥fracid¥vecir}_2(t)Hdt}}
¥equiv m_2¥veciv)_2(t)

¥end{array}¥right.



<5-5> (5.1.4)

¥Y]eft¥{

¥begintarrayil}

¥displaystyle{¥fraclid¥vecip!_1(t)HdtH= ¥veclF}_{121}(r) ¥¥ ¥¥
¥displaystyle{¥frac{d¥vecip!_2(t)Hdt} = ¥veclF}_{12}(r)
¥endlarray}¥right.

<5-6> (5.1.5)
¥fractd¥vecip)_1®)}Hdt}+¥fracid¥vecip)_2(t)Hdt}=0

<5-7> (5.1.6)
¥vec{P}(t) =¥vecip)_1(t) +¥vecip}_2(t)

<5-8>(5.1.7)
¥frac{d¥veci{P}(t)H{dt}=0

<5-9> (5.1.8)
¥vec{P}(t) =¥vec{P} 0

<5-10> (5.1.9)
¥veciR}(t)=¥fracim_1¥vecir)_1(t)+ m_2¥veclr}_2(t)}{m_1+m_2}

<5-11>

¥begintarrayjirl}

¥displaystyle{¥fracid¥veciR}}dt}}
&=¥displaystylet¥fractm_1{{m_1+m_2}¥fracid¥vecir;_1Hdt}
+¥fracim_2/im_1+m_2}¥fracid¥vecir}_2Hdt}} ¥¥ ¥¥
&=¥displaystylet¥fraci1{im_1+m_2}}¥left(¥vecip)_1+¥vecip) 2¥right) ¥¥ ¥¥
&=¥displaystyle{¥fract1}{ m_1+m_2}}¥veciP}

¥end{array}

<5-12> (5.1.10)
¥vectPHt)=(m_1+m_2)¥fracid¥veciR}(t)}{dt}

<5-13> (5.1.11)

¥begintarrayjil}

¥displaystyleim_1¥frac{d"2¥vecir}_1(t)}{dt" 2}
=¥vec{F}_{21}(r_{21)+¥veciF}_{31}(r_{31})+¥cdots+¥veciF}_{N1}(r_{N1})} ¥¥ ¥¥
¥displaystyle{m_2¥frac{d*2¥vecir}_2(t)Hdt" 2}
=¥veciF}_{12}(r_{12)+¥veciF}_{32}(r_132})+¥cdots+¥veciF}_{N2}(r_{N2})} ¥¥ ¥¥
¥cdots¥cdots¥cdots¥cdots¥cdots ¥¥ ¥¥
¥displaystyleim_N¥fracld*2¥vecir} N(t)}{dt 2}

=¥veci{F} {IN}t_ {IN)+¥vec{F} {2N}(r {2N})+¥cdots+¥veciF} {N-1,N}(r {N-1,N})}
¥end{array}



<5-14> (5.1.12)

¥left¥!

¥begintarrayil}

¥vecip)_1(t) =m_1¥displaystylet¥fracid¥vecir}_{1}(t)dt}| ¥equiv m_1¥veciv)_1(t) ¥¥ ¥¥
¥vecip)_2(t) =m_2¥displaystyle{¥fractd¥vecir}_12}(t) Hdt}}¥equiv m_2¥veclv)_2(t) ¥¥ ¥¥
¥cdots¥cdots¥cdots¥cdots¥cdots ¥¥ ¥¥

¥vecip)_N(t) =m_N¥displaystyle{¥frac{d¥vecir}_{N}(t) Hdt}}¥equiv m_N¥vecivi_N(t)
¥end{array}¥right.

<5-15> (5.1.13)

¥Yleft¥{¥begintarrayl}
¥displaystyle{¥fracid¥vecip_1()Hdt}=¥veciF}_121}(r_{121)+¥veciF}_{31}(_131})+¥cdots
+¥vec{F}_{N1}(r_{N1}) ¥¥ ¥¥
¥displaystyle{¥fracid¥vecip)_2®)Hdtl=¥veciF}_{112}(r_{12)+¥veciF}_{32}(r_132})+¥cdots
+¥veclF)_{N2}(r_{N2}) ¥¥ ¥¥

¥cdots¥cdots¥cdots¥cdots¥cdots ¥¥ ¥¥
¥displaystyle{¥fracid¥vecip_Nj®)HdtH=¥veciF}_{1IN}(r_{1IN})+¥veciF}_{2N}(r_{2N})+¥cdots
+¥vec{F}_{N-1,N}(_{N-1,N})

¥end{array}¥right.

<5-16> (5.1.14)
¥vectF}_{ij}(r_{ijH)=¥vectF}_{jii¢_{ji)="¥veclF}_{ji}(r_1ij})

<5-17> (5.1.15)
¥fracid¥veciP}(t)H{dt}=0

<5-18>(5.1.16)
¥veciP}H(t)=¥vecip)_1(t)+ ¥vecip)_2(t)+¥cdots+¥vecipl _N(t)

<5-19> (5.1.17)
¥veciR}(t)=¥fracim_1¥veci{r} 1(t)+m_2¥%vec{r} 2(t)+¥cdots+m N¥veci{r} N(t)}
{m_1+ m_2+¥cdots+ m_N}

<5-20> (5.1.18)
¥veciP}(t)= (m_1+ m_2+¥cdots+ m_N)¥frac{d¥vec{R}(t) Hdt}

<5-21> (5.2.1)
¥vecir)_1(t)-¥veclr)_2(t)¥equiv¥vecir}(t)

<5-22> (5.2.2)

¥Y]eft¥{

¥begintarrayil}

m_1¥displaystyle{¥frac{d* 2¥vecir}_{1}(OHdt}}=¥veclF}_{21}(r) ¥¥ ¥¥
m_2¥displaystyle{¥fracid”2¥vecir)_{2}(t)}{dt}}=¥veciF}_{12}(x)
¥endlarray}¥right.



<5-23>
¥veciF}_121}(r) ¥equiv ¥veciF} (v)

<H-24>
m_1m_2¥fracid”2¥vecir}(®)Hdt*2}}=( m_1+m_2)¥veciF} (v)

<5-25> (5.2.3)
¥mu=¥fracim_1m_2}{m_1+m_2}

<5-26> (5.2.4)
¥mu¥fractd*2¥vecir}(t){dt* 2}}=¥veclF} (r)

<5-27> (5.2.5)
M¥frac{d*2¥vec{R}}H{dt*2}}=0

<5-28>

¥left¥{

¥begintarrayil}

m_1¥displaystyle{¥fracid” 2¥vecir}_{1}(t)}idt"2}}
=¥veciF}_121}(¥left | ¥vecir)_1-¥vecir} 2¥right|) ¥¥ ¥¥
m_2¥displaystyle{¥fracid* 2¥vecir}_{2}(t){dt"2}}
=¥veciF}_{12}(¥left | ¥vecir}_2-¥veclr}_1¥right|)
¥end{array}¥right.

<5-29>

¥Y]eft¥{

¥begintarrayil}

M¥displaystyle{¥fracid*2¥veciR} (t)}{dt*2}}=0 ¥¥ ¥¥
¥mu¥displaystyle{¥fracid* 2¥vecir}(t)Hdt" 2}}=¥veciF} (r)
¥endlarray}¥right.

<5-30> (5.2.6)

¥Y]eft¥{

¥begintarrayil}

¥vec{R}(t)=¥displaystyle{¥fracim_1¥vecir,_1(t)+ m_2¥vecir)_2(t){ m_1+ m_2}} ¥¥ ¥¥
¥veciri(t)=¥vecir} 1(t)-¥vecir} 2 (t)

¥endlarray}¥right.

<5-31>
¥veciF}(r)¥equiv¥veciF}_{21} (| ¥vecir)_1-¥veclr)_2])
=- ¥veci{F} {12} (| ¥vecir} _2-¥vecir} 1)

<5-32> (5.2.7)
¥left¥{¥beginlarrayil}
¥displaystyle{¥vecir)_1=¥vec{Ri+¥fracim_21{M}¥veclr}} ¥¥ ¥¥



¥displaystyle{¥vecir}_2=¥vec{R}-¥fracim_1H{M}¥vecir}}
¥end{array}¥right.

<5-33> (5.2.8)

¥beginlarray}irl}
¥displaystyle{¥fracim_1¥vectv)_1/2H2}}+¥displaystyle{¥fracim_2¥vectv}_2/2H2}}
&=¥displaystylet¥fracim_1H2}¥left(¥fractd¥veciRiHdt}
+¥fraci¥vecim_2}HM}¥frac{d¥vecir}}{dt} ¥right) 2}
+¥fracim_2}12}¥left(¥fracid¥veciRI}Hdt}

-¥fract¥vecim_1JHM¥fracid¥veciriHdt} ¥right) 2} ¥¥ ¥¥
&=¥displaystylet¥frac{M}12}¥left(¥fracid¥veciR}Hdt} ¥right)* 2
+¥fraci¥muii2i¥left(¥fracid¥vecirHdt} ¥right)* 2}

¥end{array}

<5-34> (5.3.1)

¥begintarrayjirl}
¥displaystyle{m¥fracid~2x_AHdt 2}}
&=F A+f A ¥¥ ¥¥

&="kx A+k(x_B-x_A) ¥¥ ¥¥

&=-2kx A+kx B

¥end{array}

<5-35> (5.3.2)

¥begintarrayjirl}
¥displaystyle{m¥fracid”~2x_BHdt 2}}
&=F B+f B ¥¥ ¥¥

&=kx B-k(x B-x_A) ¥¥ ¥¥

&=kx A-2kx_ B

¥end{array}

<5-36>
¥fraci(¥ell+x_A)+(2¥ell+x_B)H2/=¥fracix_A+x_BH2}+¥fraci3}{2}¥ell

<5-37>
(2¥ell+x_B)-(¥ell+x_A)=x_B-x A+¥ell

<5-38> (5.3.3)

Yleft¥{¥begintarrayirl}
X&=¥displaystylet¥fraci(x_A+¥ell)+(x_B+2¥elDH2}}-¥fract3¥ell 12} ¥¥ ¥¥
&=¥displaystylet¥fracix_A+x_BH2}} ¥¥ ¥¥
x&=¥displaystylei(x_B-x_A+¥ell)-¥ell} ¥¥ ¥¥

&=¥displaystyletx_B-x_A}

¥end{array}¥right.



<5-39> (5.8.4)
M¥frac{d*2XHdt"2}=-2kX

<5-40> (5.3.5)
¥mu¥fracid*2xHdt " 2}=-¥frac{3k}{2}x

<5-41> (5.3.6)
X(t)=A¥sin(¥Omega t+B)

<5-42>
¥Omega=¥sqrt¥fract2k{M}}

<5-43> (5.3.7)
x(t)=a¥sin(¥omega t+b)

<5-44>
Yomega=¥sqrt{¥frac{3k}{12¥mu}}

<5-45> (5.3.8)

¥left¥{¥beginlarrayjil}
x_A=X-¥displaystyle{¥fracix}{2}} ¥¥ ¥¥
x_B=X+¥displaystylet¥frac{x}{2}}
¥end{array}¥right.

<5-46> (5.3.9)

¥Yleft¥{¥begintarrayil}

¥displaystyle{x_A=A¥sin(¥Omega t+B)-¥fracla}{2}¥sin(¥omega t+b)} ¥¥ ¥¥
¥displaystyle{x_B= A¥sin(¥Omega t+B)+¥fracla}{2}¥sin(¥omega t+b)}
¥endlarray}¥right.

<5-47>(5.4.1)

¥left¥{¥beginlarrayjil}

Yveciri=¥vecir} 1-¥veclr} 2¥¥ ¥¥

¥displaystyle{¥vec{R}= ¥fracim_1¥veclr}_1+m_2¥vecir}_1}{im_1+m_2}}
¥end{array}¥right.

<5-48> (5.4.2)

¥Yleft¥{¥begintarrayil}

¥vecivi=¥veciv)_1-¥veclv) 2¥¥ ¥¥

¥displaystyle{¥veciV}= ¥fracim_1¥veclv)_1+m_2¥veciv_1HM}}
¥endlarray}¥right.

<5-49> (5.4.3)
¥left¥{¥beginlarrayil}
¥displaystyle{¥vectvl_1=¥vec{V}+¥fracim_2H{M}¥veciv} ¥¥ ¥¥



¥displaystyle{¥vectv}_2=¥vec{V}-¥fracim_1HM}¥veciv}}
¥end{array}¥right.

<5-50> (5.4.4)

¥beginlarray}irl}
K&=¥displaystyle{¥fracim_1}12}¥veciv)_12+¥fracim_2}{2}¥vectv}_2/2} ¥¥ ¥¥
&=¥displaystylet¥fracim_1H2}¥left(¥veciVi+¥fracim_2¥vec{vi{M}¥right)* 2+
¥fracim_2H2}¥left(¥veciVi-¥fracim_1¥vecivi M} ¥right) 2} ¥¥ ¥¥
&=¥displaystyle{¥fraciM}{2}¥vec{V}*2+¥fracim_1m_2H2(m_1+m_2)}¥vecivi 2} ¥¥ ¥¥
&=¥displaystyle{¥fraciM}{2}¥vectV}*2+¥fract¥muli2} ¥vectvi* 2}

¥end{array}

<5-51> (5.4.5)

¥Yleft¥{¥begintarrayil}

¥vecivi ¥prime=¥veclv} 1°¥prime -¥veciv}_2 "¥prime ¥¥ ¥¥
¥displaystyle{¥veciV}*¥prime =¥fracim_1¥vec{v}_1"¥prime +m_2¥veciv}_1"¥prime HM}}
¥endlarray}¥right.

<5-52> (5.4.6)

¥left¥{¥beginlarrayjil}
¥displaystyle{¥vecivl_12¥prime=¥vec{V}*¥prime+¥fracim_2{{M}¥veciv} ¥prime} ¥¥ ¥¥
¥displaystyle{¥veclv)_2"¥prime=¥veciV}*¥prime-¥fracim_1-{M}¥vectv}* ¥prime}
¥end{array}¥right.

<5-53> (5.4.7)

¥begintarrayjirl}

K" ¥prime &=¥displaystyle{¥fractm_1}H2}}¥veclv}_1"¥prime 2}+¥fracim_2}{2}
¥veclv)_2M¥prime2}} ¥¥ ¥¥
&=¥displaystyle{¥fraciM}12}}¥veciV} " ¥prime2}+¥fract¥muli2} ¥vecivi A {¥prime2}}
¥end{array}

<H-54>
Yvec{Pl=m_1¥vec{v}_1+m_2¥veciv} 2=M¥vec{V}

<5-55>
¥veciP} ¥prime =m_1¥veciv_1"¥prime +m_2¥vectv}_2"¥prime =M¥vectV}*¥prime

<5-56> (5.4.8)
K ¥prime=¥frac{MH2}} ¥veciVI M2+ ¥fraci¥muli2 ¥vecivi M ¥prime2}

<5-57> (5.4.9)

K-K*¥prime=¥frac{¥mui{2}}¥veclvi 2}
¥left[1-¥fract¥left(¥vectv)_1/¥prime-¥vecivi_2"¥prime¥right)* 211 ¥left(¥veclv)_1 -¥veciv)_2
¥right) 2} ¥right]



<5-58> (5.4.10)
e=¥fract | ¥vecivi_1"¥prime-¥veclv}_2*¥prime | {{ | ¥vectv}_1 -¥veciv}_2|}

<5-59> (5.4.11)
K-K*¥prime=¥frac{¥mu}{2}(1-e*2)

<5-60> (5.4.12)
0¥le e¥le 1

<5-61> (5.4.13)
e=-¥fraci¥veciv}_1"¥prime-¥veciv}_ 2 ¥prime{¥veciv}i_1 -¥veciv}_ 2}

<5-62> (5.4.14)

¥begintarrayil}

mv_1+mv_2=mv_1"¥prime+ mv_2"¥prime ¥¥ ¥¥
¥quad¥Rightarrow¥quad v_1+v_2=v_1"¥prime+ v_2"¥prime
¥end{array}

<5-63> (5.4.15)

¥begintarrayjil}
¥displaystyle{¥fraci11{2}mv_12+¥frac{1{2mv_2/2=¥fraci{11{2/mv_1"¥prime2}+
¥frac{1H2imv_2"M¥prime2}} ¥¥ ¥¥

¥quad¥Rightarrow¥quad v_1/2+v_222=v_1"{¥prime2j+ v_2"{¥prime2}
¥end{array}

<5-64> (5.4.16)
v_1"¥prime=v_2"¥prime

<5-65>
(v_1+v_2)72-2v_1v_2=(v_1"¥prime+v_2"¥prime)"2-2 v_1"¥prime v_2"¥prime

<5-66> (5.4.17)
v_1v_2=v_1"¥prime v_2"¥prime

<5-67>
(v_1-v_2)72=(v_1"¥prime-v_2"¥prime)"2

<5-68> (5.4.18)

¥left¥{

¥begintarray} i1}

(1) & v_1-v_2=v_1"¥prime-v_2"¥prime ¥¥ ¥¥
(2) & v_1-v_2=-(v_1"¥prime-v_2"¥prime)
¥end{array}¥right.



<5-69> (5.4.19)

¥begintarray} irl}
mv_1+mv_2&=mv_1"¥prime+mv_2"¥prime ¥¥ ¥¥
&=2mv_1"¥prime ¥¥ ¥¥

&=2mv_2"¥prime

¥end{array}

<5-70> (5.4.20)
v_1~¥prime=v_2"¥prime=¥fraclv_1+v_2}{2}

<5-71>
| ¥vecla} | =¥sqrti¥veclaj¥cdot¥vecial}

<5-72>
| ¥veclal | =¥sqrtia_x 2+ a_y"2+ a_z"2}

<6-1>(6.1.1)

¥begintarrayil}

| ¥veclr)_i-¥vecir)_j|=a ¥¥ ¥¥
¥quad(i=1,2,¥ldots,n; j=1,2,¥ldots,n;i¥ne j)
¥end{array}

<6-2> (6.1.2)
¥vecir=¥fracim(¥veclr} 1+¥veclr} 2+¥cdots+¥vecir} n)H{M}

<6-3> (6.2.1)
¥Yleft¥{¥begintarrayHl}
x_k=a_k¥cos¥theta_k ¥¥ ¥¥
y_k=a_k¥sin¥theta_k
¥endlarray}¥right.

<6-4> (6.2.2)
¥vectvl_k=¥veclijv_ikxj+¥vecljiv_tky+¥vecikjv_ikz}

<6-5> (6.2.3)

¥left¥{¥beginlarrayil}
¥displaystyletv_{kx}=¥fractdx_kHdt}=-a_k¥omega¥sin¥theta_k | ¥¥ ¥¥
¥displaystylelv_tky}=¥fracldy_kj{dt}=a_k¥omega¥cos¥theta_k} ¥¥ ¥¥
¥displaystyletv_{kz{=¥fracldz_k}{dt}=0}

¥end{array}¥right.



<6-6> (6.2.4)
v_k=¥sqrtiv_tkx}*2+ v_iky}* 2+ v_{kz}*2}=a_k¥omega

<6-7>
¥veclll_k=¥vecir}_k¥times¥vecip)_k

<6-8>(6.2.5)

¥left¥{¥beginlarrayill}
¥vecll)_k&=m¥left[¥vecli}(y_kv_tkz}-z kv _{ky)+¥vecij}(z_kv_ikx}-x_kv_{kz))¥right. ¥¥ ¥¥
&¥quad+¥left. ¥vecik}(x_kv_{ky}-y_kv_ikx})¥right]¥¥ ¥¥

&=¥vectk}(ma_k”2¥omega)

¥end{array}¥right.

<6-9> (6.2.6)
¥vecill=¥sum_{k=1}"Mnj¥vecil}_k
=¥vecikj¥left(¥sum_tk=1}"{nfma_k”2¥right)¥omega

<6-10> (6.2.7)
[=¥sum_{k=1}*{njma_k"2

<6-11> (6.2.8)
¥vecil}=¥vectk/[¥omega

<6-12> (6.2.9)
¥vecill=¥sum_{k=1}*{n}¥vecill_k=I¥veci¥omega}

<6-13>
¥vecill_k=¥veclr}_k¥times¥vecip}_k

<6-14>
¥fracid¥vecill_kHdt}=¥frac{d¥veclr} _kHdt}¥times¥vecip}_k
+¥veclr)_k¥times¥fracid¥vecip) kidt}

<6-15>
¥fractd¥vecir)_kHdti= ¥veclvl_k=¥frac{1H{m}¥vecip}_k

<6-16> (6.2.10)
¥fracid¥vecil }_kHdt}=¥veclr}_k¥times¥veciF}¥equiv¥veciN}

<6-17>
I¥fracid¥vect¥omegalHdtj=¥fracid¥vectl}_kHdt}

<6-18> (6.2.11)
I¥fractd¥vec{¥omega}{dt}=¥vec{N}



<6-19> (6.2.12)
¥veci¥omegaj=¥mboxia constant vector}

<6-20>
¥left(¥veciN}_1=¥vecir} 1¥times¥vec{F} 1, ¥veciN} 2=¥vecir} 2¥times¥vec{F} 2 ¥ldots,
¥veciN}_n=¥veclr}_n¥times¥vec{F}_n¥right)

<6-21> (6.2.13)
[¥fractd¥vect¥omegajidt}=¥sum_{k=1}"n} ¥left(¥vecir} k¥times¥veciF}_k¥right)
=¥sum_{k=1}"{n} ¥vec{N} k

<6-22> (6.3.1)
I=I_G+MdA 2

<6-23> (6.3.2)
I z=I x+l_y

<6-24> (6.4.1)
I 1= M¥ell 2

<6-25> (6.4.2)

¥begintarrayjirl}

I_2&=¥displaystyleiM¥left(¥fraci¥ell}{2}¥right)* 2+ M¥left(¥fraci¥ell{2}¥right) "2} ¥¥ ¥¥
&=¥displaystyle{¥frac{M¥ell* 2}{2}

¥end{array}

<6-26> (6.4.3)

¥begintarrayjirl}
I_2&=¥displaystyle{l_1-2M¥left(¥fract¥ell}{2}¥right)"2} ¥¥ ¥¥
&= ¥displaystyleiM¥ell*2-2M¥left(¥fraci¥ell}{2}¥right) 2} ¥¥ ¥¥
&=¥displaystyle{ ¥fraciM¥ell*2}{2}}

¥end{array}

<6-27> (6.4.4)

¥begintarrayjirl}

I_1&=¥displaystylelm¥left[¥left(¥frac{¥ell{2N}¥right) " 2+¥left(2¥fract¥ell{2N}¥right)* 2
+¥1dots+¥left2N¥frac{¥ell{2N}¥right) " 2¥right]} ¥¥ ¥¥

&= ¥displaystyle! m¥left(¥frac{¥ell{2N}¥right)* 2¥left[142+222+¥Idots+(2N)*2¥right]}
¥¥ ¥¥

&=¥displaystylet ¥fracim¥ell* 2H{4N"2}¥times¥fract(2N)2N+1)(UN+1)H6}} ¥¥ ¥¥
&=¥displaystylet ¥fraciM¥ell*2}{8N" 3}¥times¥frac{(2N)(2N+1)(4N+1)}{6}}
¥quad(¥because 2m=M)

¥end{array}



<6-28> (6.4.5)
¥sum_{k=1}"{N} k*2=¥frac{N(N+1)(2N+1)}{6}

<6-29>
I_1=¥fraciM¥ell* 2118} ¥frac{2¥{2+(1/N) ¥} ¥{4+(1/N)¥}}16}

<6-30>
I 1=¥frac{1}{3}M¥ell*2

<6-31> (6.4.7)

¥begintarrayjirl}

I_2&=¥displaystylei2¥times m¥left[¥left(¥fraci¥ell}{2N}¥right)*2
+¥left(2¥fract¥ell{2N}¥right) " 2+¥cdots+¥left(N¥fract¥elH{2N} ¥right) * 2¥right]} ¥¥ ¥¥
&=¥displaystylet 2¥times¥fraciM¥ell* 2H{8N "3} ¥times¥fract(2N)(2N+1)(4N+1)}{6}}
¥quad(¥because 2m=M)

¥end{array}

<6-32> (6.4.8)
I_2=¥frac{1}{12\M¥ell"2

<6-33> (6.4.9)
I_1=I_2+M¥left(¥frac{ ¥ell}{2}¥right)*2

<6-34> (6.4.10)
I_2=I_1-M¥left(¥fract ¥ell}{2}¥right)*2=¥fraci1}{12}M¥ell*2

<6-35>
¥frac{1}{3/M¥ell*2

<6-36>
¥frac{1}{12}M¥ell*2

<6-37>
M¥ell*2

<6-38>
¥frac{1{2)M¥ell*2

<6-39>
¥frac{118/Mb*2

<6-40>
¥fraciMH8}(a*2+b"2)

<6-41>



¥fraciM}{4ta”2

<6-42>
¥fraciM}{2}a”2

<6-43>
¥frac{2M}{5}a”2

<6-44>
¥fraciMH{4}ar2+¥frac{M}H{3th~2

<6-45>
¥frac{M}{2}a”2



