DYNAMICS OF A PARTICLE: Beer and Johnston 2004

Vel. & acc. in rectilinear motion: Uniform rect. motion:
v = dx/dt a = dv/dt = d*x/df = v dv/dx X = Xg + vt
Uniformly accelerated rect. motion:
vV =vy+ at
Relative motion of 2 particles: X=X+ vt + Yoat?
Chapter 11 XB = Xa+ X /A v = v + 2a(x - xy)
Kinematics VB =Va+Vp/a Position & vel. in curvilinear motion:
ap=daa+apg v =dr/dt v = ds/st
(Geometry) Rect. components of vel. & acc.: Accel in curvilinear motion: a = dv/dt
V=X W=y Vv, =2 Relative motion of 2 particles :
a,=x ay=y da;=2 Ig=TA+Tpna
Tangencial & normal components: VE=Va+Vpga
V = Ve ag = ap + apg/a
a=dv/dte, + v2/p e,
Newton’s Secon Law: XF = ma Linear Momentum: L=mv ZXZF=L
Equations of Motion for a Particle : Dynamic equilibrium:
YXFy=ma, XF,=ma, XF,=ma, Hy=r *mv
YF, = m dv/dt YF, =mv/p Ho = rmv sin ¢
Rate of change of ang momentum : XM, = H, i j k
Chapter 12 Radial & transve;rse components: H=x y z
Kinetics 2F,. =m(r - r©°) my, mvy, mv,
F = ma) ZF,, =m(rO - 2rO) Ho =H,=m(xv, - -yvx) o
( Motion under central force: H, = constant Newtons law of universal gravitation:
rmy sin ¢ = = romv, Sin Qg #O=h F =G Mm/t’ GM = gR?
Orbital motion :
(Puw/dO) + u = F/mh*®  1/r = u =(GM/h2) + C cos ©
Escape velocity: Periodic Time:
V ese = V(2GM/1p) V eire = V(GM/ry) T =2nablh
Work force: dU=F+dr dU=Fdscosa U ,= )" Fdr=,[* (Fdx + F,dy + F,dz)
Work of weight: U, =-,,["> Wdy =W, - W,,
Work of force by spring: dU=-Fdx=-kxdx U ,=- XJ"Z kxdx="2kx - Vakx
Work gravity force: U |, =- 1, (G Mmi/t®)dr = (G Mmiry) — (G Mm/ry)
Kinetic energy of particle: T = V2 mv* Principle of work & energy : T, + U |, =T,
Power & mechanical efficiency: Potential energy: U |, =V, -V,
Chapter 13 Power = dU/dt =F v . (weight) Vg =Wy Egrav%tational)Vg = -G Mm/r
Work & Energy ” 1 = power output‘/ power ?nput (elastic-spring) Ve = %2 kx Ti+Vi=T+V,
otion under gravity force:
(Ho)o = Hg: rmv sin ¢ = = romv, sin @q
To+ Vo=T + V: Yamv® - G Mm/ty = Yamv* - G Mm/r
Impulse & momentum for particle: Impulsive motion:
mvl + 4J° Fdt =mv, mv, + XF At = mv,
mvl + Impl,z =mv, Xmvy + XF At =Xmv,

mvl + XImp,, = mv,

Direct central impact:

muvs + mpgvp - mAv’A + va’B
V’B_VYA =e(va+vp)




DYNAMICS OF A RIGID BODY: Beer and Johnston 2004

Rigid Body in Rotation about a fixed axis:

v =ds/dt =r© sin @, v=dr/dt =oXxr o= ok = 6k

acceleration: a=axr+ox(®wxr) angular acc: a=0k =0k=0k

Rotation of a rep. slab: Tangencial & Normal components:
v=okxr a=oakxr a=ra

Angular vel & acc of rotating slab: a,=-0T a,=ro’
0=do/dt a=doldt= dO/dr=wdw/dO
Velocities in plane motion: vg =V, + Vs Vpa = OKXTp)y Vpa= IO

Acc. in plane motion: ag = a, + a g/

Chapter 15 Rate of change of vector with respect to rotatig frame : (Q)oxyz = (Q)oxy, + 2x Q
Kinematics of | Plane Motion of particle relative to rotating frame:
Rigid Bodies Vp=Vp1 +Vpr ap =ap +apyrta.
Motion of a Rigid Body with a fixed point: v=dr/dt =oxXxr a=axXr+ox(®xr)
General motion in space:
VE=VA+Vpa VE=VA+®OXIpga ag=ap+agny Qg =a,+0XTIpgp+ OX(OXTIg4,)
3-dimensional motion of particle rel to rotating frame:
vp — absolute vel of particle P
Vp=Vp + V pz vp; — vel of point P! of moving frame ¥ coinciding with P
v p¢ - vel of P relative to moving frame F
ap - absolute acc. of particle P
ap = ap; + a p/r +a, ap, - acc. of point P' of moving frame ¥ coinciding with P
a p¢ - acc. of P relative to moving frame ¥
aC-ZQX(r)Oxy=29XVP/¢
Chapter 16 Fundamental eqn. of motions for rigid body: XF = ma Mg =Hg
. Angular momentum in plane motion: Hs =1 ® Hs=lo=Ia
Plane Motion of Equati . - .
o . quations for the plane motion of a rigid body:
Rigid Bodies | sF =mq, 3F,=ma, IMg=la

(Forces & Acc.)

Chapter 17
Plane Motion of
Rigid Bodies
(Energy &
Momentum)

Principle of Work & Energy for arigid body: T,+U ,=T,
Work of a force or a couple:
U o= % (Fcos a)ds
Kinetic energy in plane motion:
T=%m’ + %Iw’
Kinetic energy in rotation:

= 1 Ioa)2
Power:
Power = dU/dt = M d 6/dt = Mw
Principle of impulse & momentum for rigid body:
Syst Momenta | + Syst Ext Imp |, = Syst Momenta ,
Eccentric impact:
V'8l = (V') = € [(V2), = (VB ]

Up=-ol” Mdo

Conservation of energy:
T1 + V1: T2 + V2




