Physics 2101, Exam #3, Fall 2009

- October 27, 2009

Name: SQLHWON’\E

ID#:

Section: (Circle one)
1 (Chastain, MWF 8:40 AM) 4 (Plummer, TTh 9:10)
2 {Chastain, MWF 10:40 AM) 5 (Adams, TTh 12:10)

3 (Rupnik, MWF 12:40 PM)

* Please be sure to write (print) your name and circle your section above.
¢ Please turn OFF your cell phone and MP3 player!

* Feel free to detach, use, and keep the formula sheet. No other reference material is
allowed during the exam.

* Youmay use either a scientific or a graphing calculator...

¢« GOOD LUCK!




L. (10 pts) A cart with mass 0.34 kg moving on a frictionless air track at an initial speed
of 1.2 m/s undergoes an elastic collision with a stationary cart on unknown mass. After
the collision the first cart continues moving in the original direction with a speed of 0.66
m/s. What is the mass of the second cart?
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2. (10 pts) Show your work on this problem.

The solid disk shown in the figure has a radius R and a mass M. One end of the block of
mass m is connected to a spring of force constant k, and the other end is fastened to a
chord wrapped around the disk. The disk is initially wound counterclockwise so that the
spring stretches a distance J from its un-stretched positton. The disk is then released.
Calculate the acceleration of the block immediately after the disk is released assuming
that the table surface is frictionless. Your answer should be in terms of M, m, &, and d.
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3. (5pts) Just before a jet shuts down its engines the rotor of one of the engines has an
initial angular velocity of 2000 rad/s. The rotor’s rotation slows at a rate of 80 rad/s”.
How long does it take for the rotor to come to rest?

(a) 2000 s, = Wg ~oh
(b) 1000 s. N? oAt
(c) 200s. Wemg 4 o 2292 85 500

4. The uniform rod in the figure below is released from the horizontal position and then
rotates in the plane of the figure about an axis through one end. It has a rotational inertia
1. As the rod swings through its lowest position, it collides with a putty wad of mass m
that sticks to the end of the rod. What is the correct answer to the following two
questions? (neglect friction)

A. (5 pts) From the instant the rod is released until the instant immediately before the rod
hits the putty, which of the following quantities are conserved?

(a) Mechanical ﬁ%

(b) Kinetic energy

L Rotakion axis

Rend
(¢) Angular Momentum 4
(d) Both (a) and (c)

(f) None of the above are conserved

B. (5 pts) From the instant immediately before the rod hits the putty to the instant just
after the putty and rod have. stuck together, which of the following quantitics are
conserved for the system? (Assume the collision occurs over a very short time.)

(a) Kinetic Energy 9\ L
~ (b) Torque Bt T = J{F
Qc) Angular Mm 80 VT %)c:' 0
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(f) None of the above are conserved




5. Show your work. In the figure below, a solid cylinder of radius R and mass M starts
from rest and rolls without slipping a distance L along the incline.

A) (5pts) What force(s) acting on the cylinder result(s) in a torque about its axis of
rotation?

(a) Fy
(b) Fy and mg

@y sl of them
(e) none of them

B) (15pts) Find translational speed of the cylinder when is reaches the bottom of the
incline. Your answer should be in terms of g, L, and 0. (g = acceleration of gravity)
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6. Show your work. A solid piaﬁ/ is only supported by a centrally placed pivot as shown
below. The plank has a length of 1 m and a mass of 5 kg and the pivot is located 0.5 m
from the end. A 10 N force is suddenly applied to one end as shown below.

A) (5 pts) What is the net torque on the plank about the pivot point?
-
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B) (5 pts) What is the angular acceleration of the plank?
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7. (5 pts) In the figure below m; = 4 kg, my = 1 kg, and m3 =2 kg. The x-positions are x
=0 (my), x=1.0 m (m3), and x = 1.5 m (my). Find the magnitude of the net force on m;
due to the gravitation attraction of the other two masses.
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8. (5pts) Which of the following statements is necessarily true for an object in sfatic
equilibrium?

(a) The net torque on the object is zero.
(b) The net force on the object is zero.
c) Both (a) and (b) ™
(d) The frictional forces cancel each other out.
{e) The object is moving in a straight line.




9. A rod of length 2m and mass 5 kg is supported at one end by a hinge and the other end
by a table as shown below. Fy and F, represent the horizontal and vertical components of
the force of the hinge on the rod.

A) (5 pts) Which of the following forces produce a torque about the hinge?

a) mg
b)T

Fx

B (10pts) What is the magnitude of the
tension in the cable?

a) 24.5 N
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10. (10 pts) A thin solid rod of length 0.4 m and mass 6 kg is initially at rest, but is free to
rotate in a vertical plane without friction about a horizontal axis through its center. A 2 kg
wad of wet putty drops onto one end of the rod and sticks to it. The system then begins

to rotate with an angular velocity 025 rad/s \What was the speed of the putty just before it
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Formula Sheet for LSU Physics 2101 Exams, Fall *09

Units:

Im = 394in = 3.28ft 1mi=5280f 1min = 60 5, lday =24k 1lrev = 360° = 2xrad
°F

latm = 1.013x10°Pa  lcal = 4187 T = (%) T,+273.15K T, = (i—c) T, + 32°F
Constants:

g = 9.8m/s? Reat, =637x 10°m  Mpgge, = 5.98x10%4 kg

G = 6.67x10 1 m3/(ke-s%) Ratoon =174 x 10%m  Mapspon = 7.36x10%2 kg

Earth-Sun distance = 1.50x10'm Mg, = 1.99x1030 kg Earth-Moon distance = 3.82x10%m

kE=138x 107*J/K R =28.31J/(mol-K) Avogadro’s # = 6.02 x10%3 particles/mol
Properties of H20O:

Density: Pwater = 1000 kg/m®

Specific heat: Cwater = 4187 J/(kg K) Cice == 2220 J/{kg K)

Heats of transformation: Lyaporization = 2.256 % 10% J/kg  Liusion = 3-33 x 10° J kg

—b4 Vb2 — dac

2a

Quadratic formula: foraz? +br+c=0, 212 =

Magnitude of a vector: |@| = /a2 + a% +a?

Dot Product: @-b = azby + ayby + azb, = ld| ’E' cos(¢p) (¢ is smaller angle between & and b)
Cross Product: @ X b = (ayb, — a.by)t + (@zby — aghs)j + (azby — ayby)k, @ x 8| = |a] |3y sin(¢)

Equations of Constant Acceleration:

linear equation along x  missing missing rotational equation
Vg = Vog ~+ Gpt r—x, 0-—0, W= W + gyt
1
T — Ty = Vogt + —apt? Vg w 8 — 0, =wet+ Eat2
2 =02+ 2a,(z — x,) t t w? = w? 4+ 2a(6 — 8,)
T — Xo = —2—(17% + vt Ay o 8—0,= E(wo + w)t
T — Ty = Ut — antz Vox @Wo 8—8,=wt— vz—at2
. . . — — - 1, 2 . _ —
Vector Equations of Motion for Constant Acceleration: 7= 7, + Tt + Eat s Y=7",+ dt
Projectile Motion: (with + direction pointing up from Earth)
x — s = (voc088,) Y — Yo = (055 6,)F — Egt2
Vp = VoCOS8 8, vy = (vosinf,) — gt
2 2
gz w2 sin(26,)
2 : 2 3]
v: = (vo5in8,)° — 2 — = (tan )} — ——— R=*%——
y = (Wosinbo)® — 2g9(y —yo)  y = (tan8,) 2(wg c0s 0,) 7
Newton'’s Second Law: ) F=ma
. . . m? 2w
Uniform circular motion: F, = =ma., T =
T )

Force of Friction: Static: fo £ faymaz = aFy, Kinetic: fr = prF,

Elastic (Spring) Force: Hooke’s Law F = —ka (k = spring (force) constant)

Kinetic Energy (nonrelativistic}: Translational K = Em'v2

Work:
. @5 LE
W = F . d (constant force), W = ] F(z)dz (variable 1-D force), W = f F(7) - dF (variable 3-D force)
7

Ty

Work - Kinetic Energy Theorem: W = AK = Ky — K; where W is the net work




Work done by weight (gravity close to the Earth surface): W=mg-d

© 2 2
. i) :Ef a:i
Work done by a spring force (F = —kx): W = —k xdr =~k ( — —)

2 2 2
Power:
W = dW — — ’
Average: Pgyg = Az P = F - Uyy4 {const. force) Instantancous: P = e P = F . ¥ (const. force)
du
Potential En. Change: AU == —W (only conservative force) Potential-Force Relation: F(x) = — d(m)
T

Gravitational (near Earth) Potential Energy: U(y) = mgy (at the height y)

2

1
Flastic (Spring) Potential Energy: U = Ekm (relative to the relaxed spring)

Mechanical Energy: Epe. =K +U
Change of Mech. Energy due to non-conservative forces: Wy, = (K3 + Uy) — (K; + Uy)

Conservation of energy: Whet,ext = AK+ AU 4+ AEyy+ A Eig, where Whet ext i8 the net, ezternal work
done on the system, and AEy, = —Wp, = (fid for constant friction), or Whetext +Ki+U;—AEy, = Ky4-Uy

N 1 N 1 N 1 N
Center of mass: M —= Z My Teom = — Z MiTis Yoom = —— Z MiYis Zeom == — Z 325
— M = M = M =
i=1 =1 =1 =1
1 X 1 N 1 X 1 N
Poom = —— M7 ) = — m;v; é, = — mid; = — ;
COII: M; ' 2 com M; LY COINn Mz 3 M; K
=1 i=1 =1 i=1
N
Definition of Linear Momentum: one particle: §F = m#, system of particles: P = Z Di = MTeom
=1
. dP

Newton’s 2"¢ Law for a System of Particles: Foo = Maeom = T

Conservation of Linear Momentum of an Isolated System: Y §; =735y
- tz s
Impulse - Linear Momentum Theorem: Ap; = Ji3 = / Fia(t)dt = Foyg 124t
; o

m1 — m 2m 2m ms — m
Elastic Collision (1 Dim):* vy = ! 2'01,; + 2 v  Vgp = -—m~1—v1i + #"Uzi
11 + 1Mo mi1 + ma mi + ma my + ma

Linear and Angular Variables Related:

2
v
s=108 v=wr a=ar a =—=w?r (magnitude of the radial or centripetal acceleration)
7
Rotation: Rotational Inertia (Jeom) for Simple Shapes: see next page
N
Rotational Inertia: Descrete particles: T = Z I; Continuous object: I == / r2dm
i=1
Parallel Axis Theorem: I = I.om + MA2?
Torque: P=FxF T=rF=7rF =rFsing
Angular Momentum: rigid body, fixed axis: L = I& point-like particle: I = # x il
dL
Newton’s 2"? Law: Tnet = I& Foot = =
Conservation Law (isolated system, > 7 = O): L, =L ¥
5 1
Rotational Work: W = TdO = T AD Kinetic Energy: K = 51&:2
&;
. dW W
Rotational Power: Instantaneous: P = = Tw Average: Puyg = - = TavgWavg
Roling: Veom = WH Qeom — o

1 i
Kinetic Energy of Rolling: _K = Emvfom + EIcomwz




=> Some Rotational Inemas through COM <=

oo / Axis
_ Hoop about Annular eviinder Solid cylinder
: central axis {or ring} abour {or disk) about
central axis central axis
1 2 2
I=,M(R}+R;)
2 1 2
Axis
Solid cylinder Thin red about _ Solid sphere
(or disk) about axis through center about any
central diameter perpendicufar 1o diameter
. length r
1 2 1 2
= LMR® + . ML
Axis |
J—— Thin Hoop about any Slab aboui
’ spherical sheit diameter perpendicular
about any : . axis through
. 2R diamezer / center
| r
2 2 2
I=2MR M(a® +b?)
Static equilibrium: Foee =0 T =0
Gravity: ‘
= myma N . GM
Newton’s law: |F} = — Gravitational acceleration (planet of mass M): agz = —
T T
[ 4x? . mima
Law of periods: T% = 3 Potential Fnergy: U = —-G———=
GM r
. mi11s T msg mang
Potential Energy of a System (more than 2 masses): U = — (G + G + G + )
P12 ™13 T23
Static Fluids:
Densit, am g AR Hydrostatic P + pgh
ensity: p = —— Pressure: p = — vdrostatic Pressure: p = p, -+ pg
AV AA

Pressure Variation with Height or Depth: P2 = p1 + pglyr — y2)

Archimedes’ Principle: Fp = pVaisplacedd = m F4 weightapparent= mg — Fp




