Formula Sheet — Physics 111

Vectors and math

74 _ 2 2 _
=y =r+v V=V cosb
V .
tan = — V. =Vsin@
V y
—h+~H? —
ax’ +bx+c=0 = x= bt é) dac
a

Geometry

perimeter circle: 277R area sphere: 47R’

4
area circle: 7R> volume sphere: EﬂR3

1 revolution = 2 radians = 360°

Conversion factors (for barbaric units)
1 yard =3 foot = 36 inches 1 inch =2.54 cm
1 mile = 1.609 km 11b=4.448 N
1 gallon = 3.788 liters 1 m’ =1000 liters

latm=1.013x10° Pa=760 mm Hg | cal=4.186 ]

Physical constants

femto- (f)
pico- (p)

10°°  nano- (n)
10 micro- (p)
103 milli- (m)
102 centi- (c)

10 kilo- (k)
100 mega- (M)
10° giga- (G)
1012 tera- (T)

1 Cal = 1000 cal

2=981m/s> G=6.67x10" Nm’/kg’
R i}
R=8314 0=5.67x10" W/(m? . K*) k=7-=138x107JK
mol- K A
U, g =343 m/s N, =6.022%10* mol™

General kinematics

_ x,—x, Ax _ v,=v, Av

V= = — a = = —
-t At t,—t, At
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One-dimensional motion with constant acceleration
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X=X, +voAt+—aAt2
2 0

v=v,+alt vz—v2=2a(x—x0)

x=x,+1(v, +v)At

U+UO
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Two-dimensional motion with constant acceleration

1 >
_ - _ 2 2 _ v +v
x—x0+v0xt+2axAt Vx—V0x+axAl‘ vx—vox_2ax(x—xo) Vo= x > 0x
— 1
x=x,+1(v, +v,)At
1 2 2 2
- - = _ _ _ Vv +v
y=y,+v, At+ 2ayAt v, =v,, +a Al v, =V, = 2ay(y yo) = y 5 0y
— 1
y=y,+ 5(\10}, +v, )At
Projectile motion
x=x +v At v = constant
0 X :
1 2 vV tV
= - v.=v —gAt 22 —_ _ v =2 W
Y=Y,V t 2gAt =V, 8 V=V, = Zg(y yo) v, >
Forces
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Circular motion
AO Aw
w=— o=— s=r0 V,, =10 a, =ra
At At
v? 1 2
_ _ 2 T
ac—7—ra) a=,/aé+afﬁn Constanta):T=7=—
w
1 — wtw
Constant a: @ =6, + )yt +— o’ O = o, +ot o’ -0 =20A60 ) :TO
Relative motion
rA relative to C = rA relative to B + rB relative to C rA relative to B = _rB relative to A
vA relative to C = vA relative to B + UB relative to C UA relative to B = _UB relative to A

— — —

aA relative to C ~ A relative to B + aB relative to C aA relativeto B aB relative to A
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Work and energy

2
W = Fdcos@ KE:lmv2:p— =AKE=lmv2—lmv§
2 2m net 2 f 2
1., -
PEelastic = Ekx PEgrav =mgy conservative APE
; W
E = KE + PE AE = AKE + APE = anon—conservative B T
Momentum, impulse. Systems of particles.
- ~ =~ Ap
p = muv F e
LF=
2. (mF) . (m?) 2. (ma)
CM 2 m CM 2 m CM 2 m
P - =\ _ = - Ap _ - - N
pmtal h 2 pP= Z(mv) B mtotavaM net, external = % = totalaCM (When F:"let, external 0’ ptolal,i = ptotal,f)
(elastic collision in one dimension: VTV, = —( Vg~ vzjf))

Rigid-body motion

1 1 1 _ 0 — — _ 00— _
KE:EMUéM'*'EIcMwZ KE=51(02 T=rFsin@=r F=rF, L=rpsin@=r p=r1p,
(For rotation about a fixed axis:
AL
=Y mr’ Z‘L’=E Y t=1Ic and L= [w)
2
solid sphere = g MR2 1 ) 1 5 )
o) solid cylinder — ~ MR hollow cylinder — ~ M (Rl +R, )
— _MR2 2 2
hollow sphere 3

l 1 2 % ; 1 2 2

£ || > [rod = E ML : Irectangle = E M(L +W )
L %



Fluids
m F _ I,
P= v P=PF +pghh p Av = constant P+ Epv + pgy = constant

P=y
Gravitation
F= G% PEgmv = _G@ 8= G’:l—; Uireular orbit — GTM
o g=9.80m/s>  G=6.67x10" Nm?/kg>
rGM M, =598x10% kg R, =638x10°m

Simple harmonic motion

x=Acos(wt)  v=-Awsin(wt)=-v__sin(wt) a=—Aw’ cos(wr) =—a,_cos(wt)

L
rol_ 27 w= % r=2m |~
f o m 4

Mechanical waves
v=Af w=2rxf f:l y= £ = L
T m/ L 4rr?

1
d-d,=nA n=0,123,.. dl—dzzl(n+5j n=0,1,2,3,...
\% v v
=—=pn| — =1,2,3,... =—=pn| — =1,3,5,7...
’ Py "[2Lj " /y Py ”(41:} "
Sound
)2 1 “12 2
I = £ =(10 dB)log— 1,=1.0x10"" W/m
47[7"2 I()
v Tv
fi)eat = f;l _f;’ f;)bs = M%ﬂalwe vsound = 343 m/s

sound source



Temperature and heat
T, =T.+273.15K T, = %TC +32F  AL=aL AT AV =BVAT

O =mcAT O=mL

0 T —-T AQ
7 = kA - l < E = AeG(T:Lject - ]—:mounding) o= 5~67X10_8 W/(m2 : K4)
Ideal gas
= i _ 23 -1
PV =nRT = NkT R N N, =6.022x10" mol
A
R
R=8314 — k=—=1.38x10"" J/K
mol-K N,
1l —_3 3kT
KE =—mv* = =kRT U =, U= EnRT (monatomic gas)
2 2 rms m 2
Thermodynamics
v
AU =Q0-W W = PAV W =nRT In v
w_,_2 0 0 T
=—=]1-=L ==L — ZH
¢ QH Q]-[ COPrefrigerator w COPheat pump W el, deal — 1- T—L
H



