Engineering Dynamics

Formula sheet

Rectilinear motion

das dv
— =7 —=a ads = vdv
dt dt

Constant acceleration:

v =1, + at

£2
S = So+v0t+ac?
v?2 = v§ + 2a.[s — sp]

Acceleration as a function of time:

t
v = v0+ff(t)dt
0

s =5y + jo[vo +f0f(t)dt]dt

Acceleration as a function of velocity:

v dv t
— = dt
v f(V)  Jg,
N Vvdv
S=S§ —
° vo f (V)

Acceleration as a function of position:
fS dS t
— = dt
So g(S) to

S
v2=v§+2Jf(s) ds
So
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Projectile motion

Projectile launched from y, = 0 with angle O,

vE sin?(6,)
Ymax =

y
Zg ‘,"-_lllh."‘.\ 1 g=-981m/s?
. 2V, sin(6y) \.\
g . ," Ymax N\,
Vo, .
2 S
Vo . .,
R ux = — sin(26,) fo ¥ :
g «
Rmax
é
Vox = Vg COS 6,
voy = 1})0 Sin 00
Projectile launched from height yg with-angle 04
2 i 2 y
vy sin®(6p) P Ny
Ymax = + Yo s N
Zg Vo ./ .

v, sin( 6, vy Sin Gp)? 2
0 (o)_l_(o o)+J’0 yol

total —

g g* g

v, sin( 4 Vo Sin G5)% 2
0 (o)+(o o)+)’o

Rimax = (vg cos &) 92 g

sin 90

. (gttotal Yo ) 1 (gttotal Yo )
Vo = — — csc 6,

2 ttotal 2 ttotal

Projectile launched up an inclined plane with angle BG
2V, sin(6,)
~ gcos b,




. 2vy*(cos B, + 6,)(sin )

g g cos S,
R 2v4°(cos 3, + 6p)(sin &)

g cos? 3,
y = 2v0%(cos B, + 6)(sin ) (sin )

g cos? 3,
_ (vgsin6y)?

Ymax = 24 cos IBO
Angle for maximum range: 0, = QOZBO - B,

Projectile launched down an inclined plane with angle BG

2vg sin S, + 6,

t =
g cos f,
- 2v42(cos 6)(sin B, +6,)
= g cos f,
r 2v9%(cos 6p)(sin B, + 6)
B g cos? f3,
, 2142 (cos 90)(sin By + 6’0)(sin By) ) x' g
Y= g cos? f3,
(170 sin 00 + ﬁo)z
Ymax = 29 cos IBO

90+B,
2

Angle for maximum range: 0, =



Normal — tangential co-ordinates
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Polar co-ordinates

r=ru, v=ru, +1r0uy Vv, =T vy =106

a= (f—réz)ur + (297’"+ré)u9 a, = i — 16’ ay= 207 + 10

T rdt (Tz )

v =12 + v a=.a2+ a4

Cylindircal co-ordinates
Ty =TU, + ZU,
vV =1u,+ T'éllg +zZu, V=T Vg = 0

a= (r — réz) u, + (297" + ré)ue + (Du,

.2 . .
a. =7 —10 ag= 20r +1r0 a, =7

v =12+ v+ 1,2 a=.a2+ag2+ a,>



Spherical co-ordinates

R = Rug + Rduy + ROsin duy

Ve =R vy =R® v,=ROsin®

R = (R = Rb? — RO” sin? @) ug + (2Rd + R — RO” sin ® cos & ) uy, + (2RO sin @ + 2RO cos d + R sin )y
ar = B — Rb% — R 0°sin? @

1(d . .2
=—|—(R*®) |—R in @ d
Ag (dt( )) 0 sin® cos

sind(d . ..
= — (R? 2RD d
g R (dt ( 9)) + 0 cos

Relative motion

Tg =714 + g4

Xl + Yo = (i +y1J) + (X'i +y))

Vg = V4 +Vg/a

vgl + vgj = (Vai + v4)) + (vB/Ai + vB/Aj)
g = ay + ag/a

aBi + aBj - (aAi + a[U) + (aB/Ai + aB/Aj)

Newtons second law

Zﬁxi+zﬁyj+zﬁzk:m(axi+ayj+azk)

Y E=(Y Ei)+ (D Ei)+() Rk)



il = J (i) + (,0)" + (k)

|z F| = mld

Trigonometric identities

. 0 H
sin@=— c¢cscO =—
H 0

> | =

secH =

cos O =

ol»

0
tan® =— cotO =
A

sin?(0) — cos?(0) = 1

sin O

tan 0 =
cos 0

sin(0 + B) = cos(0) cos(PB) * sin(P) sin(6)

sin(20) = 2sin(0) cos(0)



cos(20) = cos?(0) — sin?(0)

in(6) = i\/1 — cos(20)

2

cos(6) = i\/1 + C(;S(Ze)

1+ tan?(0) = sec?(0)

1+ cot?(8) = csc?(0)

Derivatives
d _
—x" =nx"1
dx
d dv du
—(uv) =u—+v—  Product rule
dx ( ) dx dx
d vdu dv
u Ty A .
— (—) = -4 _dXx Quotient rule
dx \v %
L (sinx) = cosx 2 (cscx) = —cscx cotx
dx dx
d . d
—(cosx) = —sinx — (secx) = tanx secx
dx dx
<2 (tanx) = sec? x <2 (cotx) = —csc? x
dx dx

d , . _ d L
— (sinh x) = coshx — (coshx) = sinhx



Chain rule (where u is a function of x):

o} . du
—(sinu) = cosu—
dx dx

d ; du
— (cosu) = —sinu—
dx dx
du
dx
du
dx

4 — cap?
— (tanu) = sec“u

d , . .
- (sinhu) = coshu

Intergrals

r xTL+1
J xMdx =

n+1

(1

—dx =Ilnx
)

X

sinx dx = —cosx

—
R )

J cosx dx = sinx

jcoszx dx—f+
2 4

[ p _1l 1+sinx
J e T
sin? x dx = X _sin 2x

J 2 4

sin 2x

d du
— (cscu) = —cscu cotu—
dx dx

d du
—(secu) = tanusecu—
dx dx

du

d
— (cotu) = —csc?u
dx dx

d . d
— (coshu) = sinhu—
dx dx



—
)

sin? x
2

sinxcosx dx =

(

sinhx dx = coshx

—

—

(

coshx dx = sinhx

(

—

—

—

tanhx dx = Incosh x

Inx dx =xlnx — x

x sinx dx =sinx —xcosx

—
)

xcosx dx = cosx + xsinx

—
R )

(

x?sinx dx = 2xsinx — (x? — 2) cos x

(

x?cosx dx = 2xcosx + (x? — 2)sinx

r eax
e dx = —
a
r eax

x e* dxzﬁ(ax—l)

[ e (asin bx — b cos bx)

J

] e cosbx dx =

e sinbx dx =
a? + b2

e®(acosbx + b sinbx)
a’ + b?




e X 2
f e sin? x dx = - (a sin? x — sin 2x +—)
4 4+ a a

e 2
j e cos? x dx = (a cos? x + sin 2x + —)

4 + q? a
. eax a .
e sinxcosx dx = R (E sin 2x — cos Zx)

J\/a+bx dx =%\/(a+bx)3

2
fx\/a+bx dx = 1cp? (3bx — 2a)+/(a + bx)3

2
fxz Va + bx dx = (8a? — 12abx + 15b*x?)+/(a + bx)3

105bh3
f dx _2\/a+bx
va + bx b
jxdx—1[+b In(a + bx)]
T pe —pzlatbx—aln(a+bx
xdx  (a+bx)'"ja+bx a
(a + bx)" b? 2—-n 1—-n

= tan~
a + bx? Vab a

j dx 1 " xvab

j x dx B 11 + by?
a+bx2  2b n(a x%)

j\/xziazdx =%[x xziaziazln(x+ xziaz)]
jmdx =%[x a2—x2+azsin‘1£]
a

1
fx a2 —x%2dx = —5\/(a2 — x2)3



2
sz va?z —x%?dx = —z\/(az —x2)3+%(x\/a2 — x? +azsin‘1f)

a

dx 1 b
= ——ln(\/a+bx+cx2 +x\/E+—>
Va + bx + cx? Ve 2Vc

= In (x ++/x2% + az)

J dx
Vvx2+a?

1
fx x2 + a? dx =§\/(x2ia2)3

a’ a*
fxz Jx?+a? dx =£\/(x2ia2)3igx\/(xziaz)—gln(x+ (xziaz))



