
PHYS 1410 6.0: PHYSICAL SCIENCE (Fall 2012)

End-of-Term Exam Dec 11, 7 p.m. – 10 p.m. = 180 min

FORMULAE

d

dt
tn = ntn−1 ;

d

dt
sin t = cos t ;

d

dt
cos t = − sin t ;

d

dt
exp t = exp t

d

dt
(f(t) + g(t)) =

df

dt
+

dg

dt
;

d

dt
(αf(t)) = α

df

dt
for any α ∈ ℜ

product rule :
d

dt
(fg) =

df

dt
g + f

dg

dt
; chain rule :

d

dt
[f(x(t))] =

df

dx

dx

dt

d

dt
~r(t) = ~v(t); d

dt
~v(t) = ~a(t); m~a = ~Fnet

Fgrav = Gm1m2

r2
; g = GME

R2

E

= 9.8 m/s2; RE = 6370 km; G = 6.67 × 10−11 Nm2

kg2
; ME =

5.98× 1024 kg; close to Earth: Fgrav = mg
1D motion with a =const: v = v0 + at, x = x0 + v0t+

a

2
t2, v2 = v20 + 2a(x− x0)

on inclined plane with tilt angle θ: F|| = mg sin θ, F⊥ = mg cos θ
Fk = µkN ; Fs ≤ µsN ; µk < µs; Fdrag =

1
2
ρAv2

circular motion: ~r(t) = R cos θ(t)̂ı + R sin θ(t)̂; ~a(t) = ~ac(t) + ~at(t) with ~ac · ~at = 0;
ac = ω2R; at = αR; α = ω̇ = θ̈; v = ωR, ω = 2π/T ;

KE = m

2
v2, W = ~F · ~r = F∆r cos θ (for constant forces); W =

∫
xf

xi
F (x)dx (for 1D prob-

lems); W = ∆KE; conservative systems: W = −∆PE; in 1D: PE ≡ V (x) characterized
by: F (x) = −dV

dx

~p = m~v, ∆~p = ~J =
∫ tf

ti
~F (t)dt = ~Fave∆t; closed system: ∆~p1 +∆~p2 = 0; elastic collision:

∆KE = 0; ~rCM =
∑

i
mi~ri∑
i
mi

~τ = ~r × ~F ; I~α = ~τ ; I =
∑

i mir
2
i ; KErot =

1
2
Iω2; ~L = ~r × ~p; ~Ltot =

∑
i
~Li; ~Ltot = I~ω;

d

dt
~Ltot = ~τtot

1


