PHYSICS | FORMULAS
Physics 106:

360° = 2pradians = 1 revolution. s=1q W% =Iw a=rta a=a=VIr =wr a,L=a’+a’
W=We+tat gr- Qo= Wl +hat? W - Wl = 2a(g- Qo) - 0o =YWt wot Kt = 122 1= Smyr?
lpoint = MIZ lhoop = MR? lgisk = 1/2 MR® Igpnere = 2/5 MR Ignen = 2/3 MR? liog centeny = 1/12 ML? g engy = 1/3 ML?

t =force’momentarm = Prsin(f) the=St=1a  Fnet=SF =ma t=rxF  lp=lm+ M

Wiot = DK =Ks- Ki W = theDqg K=Kt + Ken Emeen =K+ U Paverage = DW/Dt

Pinstantaneous = t W (for t constant) DEmnecn= O (isolated system) — Vcom = Wr (rolling, no slipping)

I=rxp p=mv L=SIl tpg=dL/dt L=lw Ipoint mass — mmm(f)

For isolated systems: t,.=0 Lisconstant DL=0 Ly=Slwo=L=S lw

Equilibrium: Sforces =0 and Storques =0, If net force on a system is zero, then the net torque is the
same for any chosen rotation axis. COG definition: point about which torques due to gravity alone add to zero.

2
my M, . -11 2, 2., v m
F :G_TQz 2, G=6.67x10" [Nm7/kg]; Fnet —m? ; ag =G?

2GM 2
Ug=- GmlR—>mz } Vescape = JT ; T= éLMRS (T?/ R®) = Const for all satellites of a given planet.

Angular momentum and mechanical energy are conserved for masses moving under gravitational forces.
Emech < 0 > Bound, elliptical orbit.; E.e, >0 > Free particle, hyperbolic orbit; Eqen =0 > Escape
threshold. For circular orbits: Feenyi = M1 = Fyray = GMMIP, Vo, = SAr{GMIr], Egm = 1/2Ugn = - 1/2K o
Earth: Mg =5.98x 10 kg,  Rg =6.37 x 10°m, orbital radius about Sun = 1.5x10"! m.

Mars: M, =6.4x10%kg, Rn=3.395x 10°m

Moon:  Mueon = 7.36 X 102 Kg, Rmeon = 1.74 x 10° m, orbital radius about earth = 3.82 x 10° m

1
; Emech:K+Ug K:Emvz;

Oscillators in SHM: w = angular frequency [rad/s] = 2pf = 2p/T. Period T = 2p/w

X() = XnCOSME + ) V(1) = iSin(wt + f) With Vi, = - WK, a(t) = ancos@t + ) with a, = - WX,

Oscillator equation: a(t) = dx(©)/dt? = - wWP(t)

Energy: E. = 12mv(t)* + 12k x(t¥  if no damping, then dE,./dt = 0 and E,is constant

Spring osc: F =-kx w= sqrt(k/m) Torsion pendulum.:t=-kq w=sqrt(k /1)

Pendulums: Simple w=sart(g/L) Physical w= sqgrt(mgh /1), h = dist. to COM from pivot, | = rot. inertia

Physics 105:

W=mg g=9.8m/s’ 1 m=100cm =1000 mm, 1kg = 1000 g

v =\, + at X-Xo= Vot + %5at? V- Vv =2axX - Xg) X - Xo = YA(V + gt

F...=ma SF=ma =dP/dt Fstmax= mN Fc.=mN incline: Wigx = mosin[q] ~ Wpgy = mgscos|q]
F, = ma, = mAr a=Vir f=uT T =(2priv) Impulse: Fu,Dt = my - my,

Momentum is conserved if net Impulse = 0. Then EMV)initiar = (SMV)jinal

Work: W = F>d)COS(Q)l Wgrav =- m9>(y'YO) ’ Wspring =- l/2k(X2' XOZ) ’ Wfrict =- de ’ Wtot: Kf - Ki
Uy = mgH(y-Yo), spring: F = - kx, Us = 1/2kx3, KE = 1/2mv

Wnc = Kf = KI + Ugf = Ugi + Usf - Usi or KI + Ugi +Usi + Wnc :Kf + Ugf + Usf

Mass center: Xeom = S(xm)/Sm;, similarly for Yeom, Zeom : (Yeom = S(yimi)/Sm; and Zem = S(zm;)/Sm;)
Vectors:

Components: a = acos(q) a = asin(q) a=aji+aj |al= sqrtfa’+a/] q=tan(aja,)

Addition: a+ b=c implies ¢,=a,+ b, c,=a,+ b,

Dot product: ah = abcos(f) = aby+ aby+ ab, unitvectors:idi=jp§=kk=1; if=ixk=jk=0
Cross product: |ax b | =adsin(f), c=]axb| =(ap, - ayby )4 + (ab,- acb, )4 + (acb, - apby )k
axb=-bxa, axa=0always;c=ax b is perpendicularto a-b plane;ifa| bthen|axb]|=0
ixi=jxj=kxk=0, ixj=k jxk=i kxi=j
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Physics 106 Final Exam Sample 05 — Physics 106 (answers on last page)

Signature

Name (Print): 4 Digit ID: Section: A

Instructlons.

There are 30 multiple choice questions on the test. There is no penalty for guessing, so you should attempt to

answer all of them. You will need to do calculations on the question papers for most of the questions and may

need to use the backs of the pages for extra room. If you need more scrap paper, ask the proctor.

Your final answers should be put on the Scantron sheet using #2 pencil.

Be sure your name and section number are on both the Scantron form and the exam booklet.

Be sure you are in the right room for your section.

You may bring and use your own 8.5 x 11 formula sheet (both sides). A default formula sheet is also provided (see

the final page of this booklet). Make sure to bring your own calculator; sharing of calculators is not permitted.

= As you know, NJIT has a zero tolerance policy for ethics code violations during and also after an exam. Students
are not to communicate with each other once the test has started. All cell phones, pagers, or similar electronic
devices should be turned off. If you have questions or need something call your proctor or instructor.

1. (FE) The dot product of two vectors A = 3i- 2j and B = 5i-6jis
A) 3 b C) -3i-9j D) 7i+ 3j E) 2i -4 -
‘D=2 2.CLo2.6 = IN+12 = 27 ~
2. (FE) The block in the sketch is initially stationary until it is released. Then it may or may not slide down the o
ramp. Which answer is closest to the actual friction force (either static or kinetic) between the 75 kg block and the ran <
The coefficient of static friction is 0.20 and the coefficient of kinetic (sliding) friction is 0.15. T
A) 180 N. «C / -
~8) 9 -— — N N
CBY a0 = N M = mg - D ; ;
C) 8ON. S e )
D) 120 N. e _ Ao ® -
E) 60 N = 75-3.8- 0.2- A8 [N [ =170N ,07 >
L = 75.88. 015 ey RS L] = G I
3. (FE) The horizontai force F is gradually increased until the 50-kg block begins moving to W The 10-kg L~
block cannot move because of the cord attaching it to the wall at left. For what force F does the lower block start to g
move? .
— _ O
A) 147 N. ‘C —
B) 176.4 N + So ‘—~J
C) 132.3N. oo
D) 147 N. ..C S
st=Myge g, 1

e F" [Mb}"ﬁt““ (Mb*MA\}"sz]o

4, (FE) An archer's bow shoots arrows at a speed of 49 m/s. If he shoots on level ground and fires an arrow at 45
degrees above the horizontal (for maximum range), how far will the arrow travel horizontally before it hits the ground.

Neglect air resistance.

Qwu: 2\/3 AInD ey B

C) 347 m g
D) 490 m 2 —
F) s80m Rews= 2: 49" = = _ 2ySm
2. \—_____, Page 1 of8
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5. A 70-kg skier starts from rest and slides down a 12-m long hill making an angle of 20° with the horizontal. The
kinetic friction coefficient between the skis and the hill is 0.2. What is his speed at the bottom of the hill? @

o o

iontul AU = vacala = Mg L\‘Am 20
(C) 85 m/s
0 s Mg w20t Mo L @ -

U mjs 113 ' : .r'.fq W E

‘/2_7*\\/1: mg.L’SW\ZO - m c.e»\lowz\f\k L V2. ¢ L[' .
6. (FE) The spring constant k of the spring shown in the ure is 5.0 newldns per 3 Sin lﬁ )'\Q")b]
millimeter (1000 milimeters = 1 meter). When it is uncompressed, the left end of the & i }
spring is opposite zero on the length scale. The work done on the spring in compressing it~ ))]))))DD}DDDD)) M KS

from x = 30 millimeters to x = 60 millimeters is:

B) 7252 K= S000 M/m
T =4 2 2 \ 2 2\ |
> k (X’f - XL ):Z ‘§OOO'(O_06-003 ):U 20 40 60 £0 x (mm)

W
M
< - S00D+ 009.0.03 = 6, 7S J

7. A 2.0 kg ball starts from rest at point A and rolls down a frictionless track with a circular loop-the-loop on it. The
loop diameter d = 0.6 m as shown in figure. Point A is 1.0 m above the bottom of the track. The speed of the ball at

point-B-is Closest to:
ngy = mgd L my?

Uncompressed

Length

B) 3.7m/s

Boims VR 2g (y-d) c C

E) 7.8m/s

fo—

V- V29 (3= = V=98, (tn-0em) = 22

8. (FE) A T-shaped piece, represented by the shaded area on the figure, is cut
from a metal plate of uniform thickness. The point that corresponds to the center of
mass of the T-shaped piece is
A) A
QoM 1 Ktwan @ ad ©
D) D
E) E

9. (FE) An 15 gram bullet with a horizontal speed of 900 meters per second collides with and becomes embedded in
an 200 gram block of wood that is initially at rest on a horizontal frictionless surface. The speed of the block with the
bullet in it after the collision is about:

A) 900 m/s
B) 34 m/s PC = ’D_Q .s p{ = In /e
680 m/s
1D
E) 68m/s m ]‘F:(‘M—PM)\\/{
M+ M ¢ = - 400 M/ = 63 M/§
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10. A soccer player is about to give a penalty kick to a 0.5 kg ball which is at rest at the penalty mark. He needs to

give the ball an initial velocity of at least 24 m/s to have a chance of scoring a goal. He can kick with a average force of

600 N. Using the impulse-momentum theorem, find how long the players' foot must be in contact with the ball during the

kick.

A) 0.2 AP= MmVe — @ = MVe

B) 0.04s
— = 3 = 0.02g
F 600 N

11. A disk starts from rest with angular speed oy = 0 and rotates with constant angular acceleration . If it takes
100 rev to reach angular speed ®, then how many (total) revolutions are required to reach angular speed 6 ®?

: Zo(-'&:wg-u‘)f' . Wy =g

>

wy o sovaLy

C) 1200 rev 20( ‘e' - (/O_(_?;

D) 1800 rev

(E) 3600 rev ) 2.0l - A00 rev = _ ~
E)_3600 e S N e _@)w) } X =100 36 %eoom,

12. Five equal 3.0-kg point masses are arranged in the x-y plane as shown. They are
connected by massless rods so that they form a rigid body The distance d is 0.5 m. The {
rotational inertia in kg-m2 of the array about the x axis is:

A) 05 T=2-md*= 2 Jx <O§m> Q/d%dgx

Q :«g*wam“ G

E) 3.0

y

-

13. A 5 kg sphere is glued to a massless stick that is tangent to it and then spun about
the axis formed by the stick. What is the sphere's rotational inertia I about this axis, if its
radius is 1/2 m ? The rotational inertia of a sphere about its mass center I, = 2/5 mR? .

A knm? Com
_ 7 R — e
5k m’ = = MQ —
l?Skgm

1.25 kg.m? - Y- S/ OS 1_‘\7§'no\ )W\

14. A Ferris wheel with rotational inertia 5.0x10° kg m? has to accelerate from rest to an angular velocity of
0.5 rad/s in 20 sec. The minimum torque that its motor must provide to cause this acceleration is

A) 7500 Nm
m . = 7 A - LD
g 12,500'\:\Jm I O& ¢ ) 0& S:e / A't‘
, Nm <3 \
& 5000 N L= 1 ~LO_@/A_t -~ §$\0 kﬁml og_cJ
2.0 ¢

5. To increase the rotational inertia of a solid wheel about its axis without changing its radius or mass:
drill holes near the rim and put the material near the axis
* drill holes near the axis and put the material near the rim
drill holes at points on a circle near the rim and put the material at points between the holes

D) drill holes at points on a circle near the axis and put the material at points between the holes B
E) do none of the above: the rotational inertia cannot be changed without changing the mass

f*—_‘l

= 12§
M:om
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16. (FE) A long, uniform, thin rod of mass Mand length 2Dis pivoted at one end. The free end is held so that the
rod is horizontal and then the rod is released. If g is the acceleration of gravity, find the magnitude of the angular
acceleration the instant the rod is released. You may need to know that I, = M (2D)3/12.

Mg])

1s —J—MQD)
D(I’—“—CC DL:"C""‘Q‘;A({‘R L%’M‘Lg

17. A bicycle wheel whose rotational inertia is I = 0.5 kg.m? is given a constant acceleratlon of 0. 5 rad/s’> by the net
torque acting on it.  If the wheel starts from rest, the work done on it during the first 8.0 s is closest to:
A
T - (4
C_ﬂj-ﬂ L—I'D( Afe“o(-d‘t'
Cj 161 o _k“’\
- o A -
\ W = C-Aa6=T.d. oA A—{- /2 - I

= O.Q»cgm .<0,§ ‘”‘1"‘/3&> 83)2/2 = L\ J

18. At a certain time, a 2.0 kg object is located at r = 3.0i - 4.0k meters and its velocity is v= 60i- 80k m/s.
What is the angular momentum vector L for the object about the origin?
A) 960§ Mo

- ’.\ A e o
Cg_"rﬂﬂl N L = m~Y_T—?x\/] = 21<<S' [_('SL-A\J{)* D‘(>

OINEE .
D} -480j i (

E) -960j N - Qkﬁ J(% 30w 4 . 603 = ? I\ \7

19. A pair of identical flying saucers need to hook together along their common rotation
axis in order to transfer crew members to the mother ship, as shown in the sketch. Saucer
one is rotating freely counterclockwise at 30 revolutions per minute (rpm). The second
identical disc is initally rotating freely at 15 revolutions per minute in the opposite, clockwise
direction, The two are suddenly coupled together along the common rotation axis. The

final rotation rate in revolutions per minute is: Saucer 2
- 1 _

3D rpm -~
LO?_ = - 1< Y‘PY’\ |
Li= \—u@ L T LJ\'*‘J—z‘—Dz L.c O:\‘*l>‘-0@
WOp = (wH-UJz)/z = 7. r’Pm

20. A 4.0 m long, uniform beam is pinned at one end and supported at the other
end by a 3.0 m long cable attached to a vertical wall as shown. Angle ABC is a right
angle. The mass of the beam is 5000 kg. The tension in the cable is closest to:

A) 1725 N 7=
S~

C) 2450 N

D) 2940 N T. LA& - W\S . Las cAND =0

E) 3920 N

Sauce 1 -
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21. (FE) For the system of pulleys shown in the sketch, what is the smallest P TR ZT T
force F that can hold the 3000 N. load in place or lift it very slowly at constant
speed. All three of the pulleys are massless and frictionless.

Qo F=W/y = 3000V,
L(

C) 250 N.

D) 500 N.

E) 375N. — 730 '\/
—_—

22. (FE) Assume that the system shown in the figure is in
equilibrium and that the pulleys have negligible friction. The two
blocks have equal weights. Draw the free body diagram for the '
movable pulley and find the distance D that measures the
deflection below the horizontal. D is most nearly:

L a5
ZZD/L = ‘\'qnG wl w |

L)
(B) 0.289 D
0.500 L D= L AanS- L |

D) 0.707 L _ . ( 2T An® =W '\\h‘e
E) 0866 L T~W("p° Yoo vight weighd ) 5 )D_L- ~tl:‘;n30/2 = 0202

[arS————

23. What is the approximate orbital speed for the Earth's Moon, assuming it is in a circular orbit whose radlus is about
3.82 x 105@;5
A) 8900 mys ' 7 !
B) 3100 m/s V = OG MEO’WH _ ‘,
C) 6300 m/s Q —_ -
D) 1000 m/s ~dT 3 08 m
E) 2230 m/s 32 ™

The escape velocity at the surface of the earth is approximately 11.2 km/s. What is the escape velocity on the
surface of a very dense planet whose radius is one half that of earth and whose mass is 100 times that of earth?

w =29 R =/2emp

(C) 2240 km/s

QEW v - (ZQ 901 _ ey Ve = 12 o0 xm

= 1SR km/q
A "year" on the planet Mercury is 88 days long - about 0 241 earth years. What is the approximate ratio of the
radius of Mercury's orbit around the Sun to that of the Earth of the Earth’s orbit?

A) 0491 2 2 — - \%
T Const Th_ T2 Rm3  h)\3
D) 0.118 > Re '~ , B
E)) 2.584 R " ¢ . h

- \ ° —
26. In simple harmonic motion, thel maximum@and the maximum acceleration are directly proportional
ta the: — 2

(A) amplitude X,TJ B) frequencyf C) velocity v(t) ( D)displacement x(t}) /) E) mass

RHJ] 4/22/2004 Page 5 of8




27. A simple pendulum consists of a 3-kg mass (bob) attached to a 2.0-m string. The pendulum executes simple
harmonic motion (at an unknown altitude) according to 8(t) = (1 /6)cos(4n-t), where 6 is the displacement in radians
and t is in seconds. How much time does it take for the pendulum bob to move from one point of zero angular velocity to
the next such point?

g B -G ca (ot
Sow:  Pw WL w=AT ST

28. A 0.25-kg block is attached to a spring whose spring constant is 5000 N/m. The block is pulled out so that the
spring is stretched by 6 cm and then released so that the block oscillates. The maximum speed of the biock is:

A) 2.7m/s ' !
B) 4.3 m/s \/ - X . ¥ O O [S'OOOV/M
Q) 85ms> SolRAIY v, = 0Uem-
D 17.0m/s H { (W A
8< 0
= ™ /
.
\ SJ
29. In simple harmonic motion, the displacement is zero when the :
A) kinetic energy is zero j 2 l 2
) elocity is maximum E == —\“ \d X+ ‘i" 1% ¥
velocity is zero 2
D) acceleration is a maximum :
E) oscillations have died away I AN = g \/ = \/qu é
30. A thin rod with length L = 2.0 m is suspended at one end and started oscillating as a physical pendulum. Its

rotational inertia is (1/3) mL%, where L is the total length of the rod. What would be the length of a simple pendulum
having the same period T oscillation?

E) 26.7 m/s

8 (I T L
h SHO & 3
E) 1.5m L Com MV N J
+ Lopes =27 Wiy
W X o« ‘ 2
2w - 277 I J' -E ML
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