Name

Physics 110 Quiz #4, February 7, 2020

Please show all work, thoughts and/or reasoning in order to receive partial credit. The quiz is worth 10
points total.

1 affirm that I have carried out my academic endeavors with full academic honesty.

The Earth revolves about the Sun in a nearly circular orbit with radius g = 1.5 X 10**m, due to the
gravitational interaction between the Earth and the Sun. (The sun also undergoes a small circular orbit due
to same gravitational interaction but the orbit of the Sun is within the Sun itself.) The gravitational

. L = MgM, -
interaction is given by |FG| =G rEZ £ where G = 6.67 X 10 117{7"122.
ES

a. What is the (assumed) constant speed of the Earth in orbit, if the period of Earth’s orbit about the Sun
is T = 365.25 days = 31.5 x 10°s?

27, 2m(1.5 X 1011m
v="E ( ) _ 3 x 1042
T 31.5 X 10%s s

b. What is the mass of the Sun?

2
MM v? v2r 3% 104™)" x 1.5 x 101'm
EZS=ME——>M5= ES:( 5)

Tgs TES G 6.67 X 10-11’)’(’;22

|Fe| =G =2 % 10%kg




A little closer to home suppose that you are flying a remote-controlled
airplane that has a mass of m = 1.5kg attached to a 2m long string (you’re
holding the other end) and the plane is flown in a horizontal circle at a
constant speed. The string makes a 20%angle with respect to the vertical and
the plane takes 1.5s to complete one circular orbit. The airflow over the
wings of the plane generates a lifting force F lif¢ that is always perpendicular
to the wings of the plane.

c. What is the magnitude of the lifting force |ﬁ” ft|? F
2 tension

From the geometry in the problem we can calculate the radius of the
circular motion.

. T .
sm9=z—>r=Lsm9

The speed of the constant speed of the plane is given by v = 2% = ZnL;ine

- -

Fnet = Flift + ﬁtension + ﬁweight = (0: Fliftv()) + (FT sin 6 ’ _FT cos 9: 0) + (0: —mg, 0) =md

x-direction

2

sing v mv?  4m?ml?sin®?6  4m*mlL
== = _— > = = =
rsin My =M, "~ rsing LT?sinZ 6 T2
y-direction
4m’mlL

Fiift —Frcos 8 —mg = ma, = 0 - F;5s = Frcosf + mg = T2 cos 6 +mg

4m?mlL 4m? X 1.5kg X 2m
Fliﬂ=T—2cos€+mg= (155)2

cos 20 + (1.5kg x 9.8%) = 64.1N

d.  What is the magnitude of the tension force |ﬁT| in the string?

_4n*ml  4m? X 1.5kg x 2m
TTorz 7 (1.55)2

= 52.6N

Photo: https://www.toprace.com/product/top-race-3-
channel-remote-control-airplane-built-in-6-axis-gyro-
system-super-easy-to-fly-rtf-tr-c285



Physics 120 Formula Sheet

General Definitions of Motion Geometry
dr = (dx,dy,dz) = {xf — x;, Y5 — ¥, %f — Z;) C =2nr Acircie = TT2%; Apoer = LW
V= (v, v v)=d—P= ax dy E)
Xy vz dt dt’dt’dt
av dv, dvy dv,

> _av _ _ 4.3, — 2], _1_..2
a = (ay, aypaz> STl Sl R Vsphere =Jurs; chz =nr°h; Veone =Jnr h

—1 . — 2
Atriangle - Ebhv Asphere = 4nr

Motion with constant acceleration

- - - 1> 1 1 1

if = ri + vit + Eat2 = (X, y,2¢) = (X + Vipe + Eaxtz,yi + vyt + antz,z + vt + Eaztz)
Up = U; + At = (Vpy, Uy, Vpz) = (Vg + Ayt, Uiy + Ayt v, + ayt)

Forces Constants
> - m - m?
p=mv g =983 G=6.67x%x10 1“;?
= dﬁ - m gm
Fper = i ma Usound = 343?; Viight = € = 3x10 S
b — Pi = Jdp = fﬁnetdt N, = 6.02 x 1023
S 5 o dp . dp . .
Fnet: ||+ J_=E +pa=ma"+mal
2
|Fl| =mld,| = mT
- M1 2 A - M1M2
¢ =0—3 10 > |Fg| =6 5
T2 LY
Fo=mg §=6
T T R+ )
|Fee| = ul Fn|
F, = —kA?
Vectors

C=A+B—-(C,CyC,) = Ay + By, Ay + By, Ay + B,) +(Cy, Gy, C); 1CI = /Cg +C2 + C2

A-B = |4||B|cos6 = A,B, + AyB, + A,B,
AXB = |/T||§|sm9 =4,)
Work and Energy

WT=JdWT=Jﬁ-d?=AKT=%mvf—%mvi2

W =JdWTR = J?-dé: AKy = Slw} — Slve?

Wier = —EAU = AKy + AKG

Ug =mgy
Us = %kx2



