- | -
Wor k. - . 4
L FoND THE woRK DoNE BY THE FoRCE,

) = 340p8 g) F SéSWN o we® o=
> 2%.07 >0/=/5‘m, \ 25m
(¥S00 T) (—/400 )

2. F Fr Fr = /Js60n B= 47.7°

Fe 4 = o Fu = RHON  Fgq =/200W
=< - > Fr = 20n A= SOm
Y Fq FoND THE :

A) work donE BY EACKH ForcE (sSP00, 0, 0, ~/000)
B) Tor AL work pene on THE BRick  ( S¥/000)

<) CHANEE IN KINETIC ENERSY oF THE BRIcK, (5%000)
D) THE IN/77AL VELOCITY 65 THS BRICK WAs /6 m/S. FIind

J7S FINAL VELOCITY. (34 m/s) |
P B ol e b =3,%59°
Ei = 3¥4N . o= S00N
&= 3687 sz = J/on
e A = /4 py
9 Lot TE :
A) WoORE DoNS By SACH FrRCE, (-12960, 0 /5920 5’3200)

B) ToTAC WofKk DoNE oN THE BEICK, [/4%00)
C) CHRANEE N KINET/C ENERGY b6F 7HE BR/Ck, / /¥4 00 )
D) THE INI7IAC VEOCIT) OF THE BRICK WAS /OM/s. Fons
/7S FINAL VECD2ITY. (26 im/s)
Y N A FORMULA FOR THE ok DNE By 7HE
FollouyNE FORCES, |
,4) F=350x* B) = 36 cos ¥Xx
[ # = éxg) /N’?S‘/NVX)
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c F=/5x% = BOk6 Vp = £.78233
-T——> Xp = 6 X = /0 oL
Aonw THE -

,-4) UipRX DONE Bz/ THE FORCE oM /é, 0) 7o //0/ 0),
B) CHANEINEG /N K NETIC ENEREY OF THE BR/Ck.

¢) Fonal VEZocC 7Y /3?20:/ 39201, /2 m/;)
6. F=/80x%~/2x?3
-
(0,0)
;=0
A) FOND THE LOCATIONS AT WHICH THE FoRCE oN THE
BRICK 1S ZERO. ( (6,0) ans (7S, 0))
B) FiND A FORMULA FDR THE WORK DoNE By THE FOoRCE
ON THE EBRICK. (W= box3-3x*%)

Nors, SINCE THE IN/T/AC KINETIC ENERSY IS BERD, TH/S
/S ALSO 4 FORMULA FOR THE X E. oF 74 BrR2/)Ck WHEN
J7S LoCATZoN /S8 X,

C) FoND THE Po/NTS AT WWCH THE BRICK SToPs 7o Tuln

AROUND. ( (20 0) amv (0,0))
D) USE DEF/N/TE INTEERAS To F/ND THE WoRkK FROM :
i) ¥X=0 7o x=/2 [ 4472)
£i) X=o 710 X =/ (50625)
[il) X=12 76 X=/S [ 9s3)
(V) X =/5 70 X =20 (- s0625)

E) TAE PACT/CLE Mril MALE DVE RO/AND TP EFeom
THE OR/&IN, BT TO (20,0), AN> BACk 70 7HE DR/S/N,
WHELE ;7 Wit SToP. FiNo THoSE SESMENTS Dile NG

THE TRIP WHERE - ANSWERS *
() dx 15 (+) O =20
{C) ax 75 (-) O <« 20
i) Foss (+) 0->/5 , © /s
(v) F /s (<) /S 20, /S<=2p

1") W Js (+) O->/5 , /S *2p
i) Woss (=) /S—>20 O <5
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7. A CHAN HAS To7AL MAss M AnD ToTac cexeTs L.
ONE = FIF7H OF THE CHAIN IS HANCING OVER THE EDEE.

DF A SHIP  IN TERMS o= M, L anp g, MDA FORMUYLA
FOR THE WORK REQPUYIRED TD RA/SE TA/S SEEMENT ONTD

TAE DECK.

| (o, &%)

ol
H T‘ﬂ (0,0)

ANswer : Mgl /so
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CoNserva 770/ oF EnversY
L Arcanra /996 Jacor, m= 65 ke, wws A Goco Mebar
IN THE 3000 m STEEPLE CHASE , WHICH HE RUNS I~ Srx
MINYTES AND FIFTEEN SECONDS. SFoND /S AVERLALGES
KINETIC ENEREY. (2080 J')
2. TRAamNE For 7HE Woerd Cup, BoBBY, M= 60ks, Rups
UP /SO S7A/RS /N FALCON STADIUM IN NNE MINHTES,
EAcH STAE /S 3rm 7ALL AND HEm w/pE. AE STAETS
AND ENPS AT REST. Fond THE Wokx DoNE By BoS. (27000 T)
2 AicisoN THROWS 4 .6 A6 RASKETRALL AT SO m /s FeprM
ATOP 7HE GYM, WHOSE ELEVAT oN /S R/O. THE RALL’s
FARAEOL)C TRATECTORY HAS A TO7AL CURVED LENETH OF
300 m 1O THE GROUND, WHICH /7 STRIKES W/74H A SPESD
oF 70 mJs. FiND THE FDRCE oF FRICTION ACTING ON TS
BALL DURING JTS FLIGHT: C/.8n)
Y ErLeNA, M= S K&, STARTS A7 REST AT &ERoUND LEVEL,
An ErLevAaTor 7O THE ToP oF 7#& EiFrres TOWER 10) 7#E C’/ra/
oF LI6HTS SUPPLIES A TEMNS/oN OF /456 N TO YN/FPRMLY
ACCELERATE HER UPWARD DVER A D/)STANCE bF 25 m.
FIND © A) 7HE TOTAL WORK DONE BY THE FDRCE oF 7ENS/oN.
B) THE CHANEE /N ELENAS POTENTIAL ENERSY,
C) THE CHANEE IN HER KINETIC ENEREY,
D) MER F/NAL SPEED. (36400, /3000, 23400, 20)

£ /\/défd/x/aj Jaran 1998 Srarrine FRoM rREesT, KRIST/
SKIS DDWN A HitL WHOSE ELEVATION /S YPOm. Ar 7we
RASE OF THE Hitl, SHE CROSSES THE FyN/Sy LINE AT /6 m/s
70 WN A Gowp MEDAL. FIND THE PERCENT 25 HER
ORIGINAL ENEREY WHIcH WAS LOST AS FRICTronAL HeaT. (63)))

6. M SPEING CONSTANT
K.
& — 0 0 00 00—
H S _FRicT/on ) ,
(0 0) FRICTZON (;(' 0)

‘ '/U: COEFFICIENT OF FAICT/ DN



v4
THE MASS SLIDES 70 THE OR/G/N AND S7T/CkS TO THE SPRING. 7
FoAND A FORMULA FOR THE LDCATION DF THE MASS WHEN
THE SPRING /S MAX/MALLYf COMPRESSED. COwey M, 4, 4,
X AND /U ARE ALLOWED /N THE AVSKHER.,

ANSWER :
¥ = [(V/uz.ngz,a:z;cmg/-/') —/m3]/< |

7 A PENDULUM oF reENeTH L HAS A Bo8 oF MAss M.
We START THE PENDULYUM MOR/ZONTALLY AT REST. A NAL
/S HAMMERED N THE WALL DIRECTLY BENEATH THE FrXED
END OF THE PENDUYLUM. THE STRING OF THE PENDIULYM
STRIKES THIS MA/L AND BEG/N TO WRAP ARoywhA /72 Ar
THE APEX oF THE LODP, THE STRINES TENS/oN /s N
TIMES THE WE/EHT 0F THE BpB. /N TERMS oF [, M, g
AND /V} FIND A FORMUYLA FOR THE DISTANCE D From
THE FXED END pF THE PENDULYM TO THE NA/L,

ML . | ANswer -
\ APEX D= /N#3\ L
\ D N N+tS
\ .
S / MINIMYM VALWE FoR. THE DISTANCE

— -

D. Uwpsr 7H0sE COND) 770MS, FIND
THE TENSIoN N THE BPOPE WHEN THE BoB /S A7 /7S APEX.

=.6/L , 0)
2. P " We RELEASE THE MASS AT
— 22 o — M (A, 0) FRoM REST,

wo ERscrron (0,0) (A0

N TERMS pF K, ML AND A FrND FORMULAS Fok :
A) THE POINT (X,D) AT WHICH THE MASS HAS ATTANED HALF
OF )TS MAX/MUYUM SPEED,
R) 7HE Posn /X 0) A7 WHIcH SEVE/UTy—F/VC-‘ PERCENT
DF THE SYSTEMS ENERSY /s POTENT/AL,

Answers : X= A V3 , x= AV757
z
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7 m _ THE UPWARD SLOPI/NG SECTIONS
9 m]? éo;:;/"" J OF THE TRACK HAYE NO FRICT7ON
L >, secrmon : THE MASS /S RELEASED FROM

A /U=.25 B REST a7 &ceyarrod Do,

THE HORIZONTAL ROUYSH SECTIoN, WHPSE COEFFICIENT OF
FRICTION /S 25, /s Sm coNs Fad THe -
A) TOTAL PISTANCE TRAYELED By THE BRICK OVER THE
BOYEH 2ONE UNTIL )7 COMES To REST (36 m)
B) WHICH DIRECT/ON WS THE BRICK TRAVELING MWHSAN
)7 sToPred ! (1o THE LEFT)
C) FIND THE DISTAONCE FROM POMNT A 10 THE FNAC
LOCAT 6N oF THE ER/C K 4 4/ nu)

/0. A K400 ks ELEVATOR Farls FROM REST AT AN
ELEVA770/ pF S ABOVE A SPRING WHLSE CONSTANT
Js /6000 N/m..

A) FoNn THE DISTANCE THEDUEL MWHICY THE SPRING IS
COMPRESSED WHEN THE ELEVATOR FrnALLy COMES To
RES T. (15 m,)

B) THE FRICT/OMAL FPRCE RETWEEN THE ELEVATOR AND
THE SHAFT 1s TFROON. oMb THE To7A4L D/ISTHANCE
TRAVELED BY THE ELEVATPR AS )7S OSC/LLATIONS Dsaa7

AWAY AND )T CoMES 7o REST. (/5 m)
Ve oo o We reisase twe Bok A7 PownT A
eV FRomM REST. Ar pownts A, & Ann
A $3.13 C ., Foap THE
\ ~ —
m = Sk& N A) TANEENTIAC ACCELERATION
S/ (2, 527 0 m/>)
LM B) SPEEb (0,/S,19 m/s)

¢ ¢) 7ENS/ON (30 675, 90N )



s/
/2. We rReceass 72/8 pass FROM ResT

.L/écr/\ AT ANELE B, DN 7HE FresT
W / |9;_\ ‘

\ OSCILATION, THE BOE DMLy ATTANS
Sob 2 ANéLe B, AS A4 RESUT pF FRICTION.
b /s Mcasuesd w L RADIANST.
RecALL THAT ARc ceners = L 6.
A) N TERMS DF M, G, L, B, ANy B, , F/ND A FORMULA
FOR THE FORCE pf FRICT/ION.
BY /W TE&MS 0F M, 4, L, B, AN Br, FND A FORMULA For

THE TDTAL D/ISTRNCE TRAVELLSD Bz/ THE BOR As /7

COMES To REST, ANSWERS
_ mq(cosdr—coss,) - L/~ co58,)(8,+&)
Ff = (8)+62) 4 (Cos &5 —~ cop< &, )

3. NMewzoN'S LAW oF Geavirazron 1s  f5 = EmM r*
A SATELLI7E oF MASS M. ORBITS A4 PLANET
@ oF mAss M a7 DISTHNCE 1T Jy Tus FoLL ol
m ey G, m, M ans rm Ars ALLpWED, ’
A) Use DYNAMICS TO FNB A FORMULA FOR THE KINET/C
5/\/6/%&7 OF 7HE€ SATELLITE, )
R) Use THE DEF/ W/T70A £F POTENTZAL E/VEe&.y To PN A
FORMULA FoR 75 P E. oF 74 Sqreee 7 Assumes

THaT U=0 a7 r~= A. ANSWERS =
KE = &EmM PE= =6GmM
Rz <r ‘ r-
). A sarei)7s, M, ORBITS A PLANET, M,

» AT RADIUS Ry . v 7ermMs 0F & m M,
R) ans Re Fnp A FoEmULA Fok Ty
HORK REPUIRED TO Rops7 THE ROCKET
TO PRE/T OF RADIYS Fa .
ANSwer - :

= sz&z 2 e
A/ Z 'el R
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Weve Gor e FPowse .

/ HORSEPOIIER =

744 warrs = S50 F*-lhs sec
/. JoHw, m = 7R K&, CLIMBED FROM ELEVgTION 3/00 M

TOo THE SUMM)T OF Ekesyé FEAL a7 ¥300 m. T sike

RERUY/IRED . 8§ HOURS . FoND THE AVERLALE Pow R SUPPLICH
(50 warrs )

R. A wonveass RA/sSES A ROO k6 ANCHoR A7 3 m /e

A) Ao THE AVERACE FPOWER REU/RED (6000 w,qrrs)
E) a0 MoTOR 1S SO 2% EFF/ICI/IENT. FSoN) T7mE SIZE oF

THE ENEINE . (/S00p warrs)

3 N E/ENT MNUTES, A CONVEYoR BRELT, WHOSE ENEINE

S YO0Po EFFICIENT, L/FT /60 ChRATES , EACH HAUNG A

MASS oF 30k6.  THE BELT, /JNCLINED 47 ST, 49°

/
RESULTS /N AN ELEVAT 70N /NCEREASE pF /2 pr. THE

CRA7ES S7TARLT AND END A7 REST,
o |H2Z m
s9.49

FoND THE SI/IZE OF THE SENENE REPLI/RED

To RuN T#/s Bee7 (28 kw4Trs)
U Toe vmrrc Swomame Poow 19967 Dawny, m=75 ks,

/S SuiMriNG 47 X m/Ss . TreE END 1S NEAR. /—"a%e.
SEeCcon/DsS , HE ACCELERATES 7O FOURTEEN //‘1/ s 7o AN

THE Cod MEbAL. oAb : ) THE wbRX KE DID DiRING
THE FOYR SECONd SPRINT. &) THE AVERASE POLIER,
DURING THE SPRINT  €) Mis ACcEccadron B) W)
I/ELOC}W AT THREE SECONDS NTo THE SPRIANT

E) /S JNSTANTANEDYS POWSR, AT TA9T To/ME,

(1200 3, /80D w, 3 mAz; // m/s‘) 2475 w)

. a6 CRurisesS a7 A ConNsTanT 6S m/fc IN NER

/SO0 f6 BM/I/ wP Mt SBAEDAQ WHICH 7S JNCLIVED
AT 30.51° Fows pee :

V' =6E65m
- V=65
A) -
B) //V STANTRHRNEOHS POLWESLE 30. 5/

/ 33 m/s/. 47 S000 LUAm)




b. AMBER'S 2500 k6 BMW Acceesmeares FrRom
gm/s T S22 m /e IN FOUR SECONBLS AS /7 BoOMS
‘& up Fik€S Pfac wpose Ersvarron /s 12 m AND

WHOSE JNC LINE 7S 36.9° Fwd 74E

A) ToTAL WORK DoNS By THE ENEINE.

B) AVERAEE POWER FOR THE ENT/IRE 78R

¢) Uy THREE SECOMNDS INTD THE TER/F

D) JNSTANTANEOUS PoyER THREE SECONLS AFTER
BEG/AWN/NE TO ACCELERLATE,
4 5,/X/05)/,275x/of 24.& /742s500)

7. DuRJNG £)FT—0FFE, THE TO7AL WORK PSRFORMED
BY A ROCKET ENG/NE AS T/ME EOES By /s &//sN BY:
W= RQt3+ 8¢*
A) AS A FUNCTIoN oF TIME, FoNd A FORMULA FPR THE
| NS TANTANESOUS POWER oF TWE sNenve (P=E1% +/6 Z)

\ B A THE cuMyrarivE WoRK PSRFORMSE By THE ENGNE
AT T = S seconds. (¥50 71) |
) Fons THE mpx DoNE BrrweeN 72=2 am T=5. (4p27)
D) EoND THE AVERAGE POWER BETWESN T=2. amp1=S. (34 w)
E) FoND THE JNSTANTINEDHS PowWeR AT =2 and AT
4 = § seconbs. (56 w, 230 w)

6’. Accereramrne F2oM REST] A LOCOMOTIVE ENE/NE
PELIVERS )INVSTANTANEOUS POWER &/VEN By - P=/2¢2
A) As 4 Fyncrron oF 77ME FoNb A FORMULA FOR THE

CYMULATIVE WORK. PERFORMED By THE ENG/NE. (W= 4%t ?)
B) F/Nb THE JNSTANTANEOUS POWER AT T =2 amp a7 t =5.
(#8 300 w)
¢) Fwt THE CUMULATIVE WORK DonE AT E =S,  (Sop T)
D) FoND THE WoRk DONE BETWEEN T =2 amy t =S /'/ég:r)
\ D) FIND THE AVERASE PoweR ESTWEEN T=2 am t=5. ()54 w)



'00

60

F.'.‘
[w]

=80

@'R,AP///A/E- 54

/. Gwen :

2{’/]
{ . X

/0 20 [M]

-

AN pB3TECT 0F MAss § k& , N/T/ALLY AT REST AT 7#E
OR/6EIN, /S SYBTECTED TP A FORCE WHOSE ERAFPY /S

SHOWN ABOVE.
A) W7y ceLersTYy, FoND THE TOZ4r Work DONE BY THE FORCE,

B) oMb 7HE FoNMAL SPEED pF 74 PART/CLE.
C) FIND THE CHANEE IN THE KIMSTIC ENERGY pF THE MASS

BETUWEEN X=/S anNpy X= 25 m..
(700:'} /Sm/s, —225 1)

2. Foe £A4ACK CURVE ) FIND THE PARITY DF THE ACCELER~
.4770/\//. THE VE4,0517-7 QND a/%) AND THE Moex DoNeE<

DURING THIT SECT/oN oF THE TEIE ar

A) 1, , a  dx W
- /.
. . .t 2
3.
3 ¢ ¢

U
73 ax w

N/

X W N~




3. A4 MASS oscriarss BETWEEN (A 0) ans (-4, 0) on
THE ENN L5 A SPEING WHIcy FoLLow's Aooke’s Law

K
m
(-4, 0) (6,0) (x,0) (4,0)
F=-kx -
X
PE=Z kX" pe
X

¥ A parTicLE ¢s RELEASED
FEOM REST AMD FALLS 7D THE
GROUND. Sike7ck 7HE GLAFPHS
BELOW, LABEL/INE THE AXETS,

F

PE

Y

TOTAL.
ENEREY

J

KE

K&

TOoTAL
ENERSY

PE

SKETCH GRAPHS Beeow,
LABEL 7HE AXES,

TOTAL EA/Ebé-l/

70, 7) |
(0,4) ¢}

(0o)
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MULTI = DIMENS/onAe. Conservarive SYSrams

THE POTENT/AL ENERGY )S G/VEN B y |
= 3X% + 2XY + 46 Y?* —)18X +28Y

A. Fonp AN EXPRESS /0N FoR THE FORCE ASSOCIATED
WiTH THIS POTENT/74C ENEREY,

B. CALCULATE THE VALUE OF THE PoTENT/A ENERSY
AT (0,0).

¢. CArcucare THE CHANGE N THE PoTEN77AC ENERSY
AS WE MoVE FROM LocAT70N (l,z,) TO /S' 3)

D. Fond THE EQUILI BR/UM Po/NTS, THAT IS , THE
POINTS AT WHICH F (O O)

E. Is Tuis EpuiiBRIYM PosNT STABLE, UNSTABLE
PR A SADDLE Popr 7 |

F. CALCULATE THE POTENTIAL ENERSY AT THE
EQU/ILIBRIYM Po/NT,

A A FORCE 1S G/VEN BY THE FD;eMl//_A :

F = =L /12x+4y +18) — b (6x-2y-7¢)

A. F/ND A FoORMULA For THE PDTEA/T?AL ENERSY
ASSOCIATED W74 TH/S ForeE, Assyme 7HAaT
U=0 a7 7w oriE/N (0 0).

B. FoNb THE EpU/c/BR/UM PosNT, /S s~ STABLE,

UNSTAEBLE OR A sSADDLE PD/A/T?

Avswses:= F=-Clbx+2y-18)-1(2x +12y + 28)
. 2
0, 843, (4,-2)) sTas.£,-78x W =bx*+éxy +/9x-Y—/5Y

(1,-S), SADDLE : STABLE on X, UNSTABLE oN Y.



ON THE SHOULDERS OF [F1AN7S £

PHYSICS C
SECI'ION II. MECHANICS
Time—45 minutes
3 Questions.
ANSWER ALL OF THE QUESTIONS. EACH OF THE THREE QUESTIONS HAS EQUAL WEIGHT. BUT

THE PARTS WITHIN A QUESTION MAY NOT HAVE EQUAL WEIGHT. SHOW YOUR WORK. CREDIT
FOR YOUR ANSWERS DEPENDS ON THE QUALITY OF YOUR EXPLANATIONS.

AN N NNNNNNN NN\ N\ NN SOVNNNNNN NN

/' A 0.1-kilogram block 1s released from rest at point A as shown above. a vertical distance /i above the
ground. It slides down an inclined track. around a circular loop of radius 0.5 meter. then up another
incline that forms an angle of 30° with the horizontal. The block slides off the track with a speed of
4 meters per second at point C. which is a height of 0.5 meter above the ground. Assume the entire
track to be frictionless and air resistance to be negligible.

(a) Determine the height i. (/’ 3 "‘)

{b) On the figure below. draw and label all the forces acting on the block when it is at point B.
which i1s 0.5 meter above the ground.

(c) Determine the magnitude of the force cxerted by the track on the block when it is at point 8. (?.Z/J)
(d) Determine the maximum: height above the ground attained by the block after it leaves the track. (-7 r~ 3

(e) Another track that has the same configuration. but is NOT frictionless. is used. With this track it
is found that if the block is to reach point C with a speed of 4 meters per second. the height £
must be 2 meters. Determine the work done by the frictional force. (. 73)
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ng(l-Cose) |
Zj ( I~ cos #) : Z_

S/NEB

9
eos™ (%)

Z, A particle of mass m slides down a fixed. frictionless sphere of radius R. starting from rest at the top.

(a) Intermsof m. g. R. and 6. determine each of the following for the particle while it 1s sliding on the
sphere.

1. The kinetic energy of the particle
1i. The centripetal acceleration of the mass
i1, The tangential acceleration of the mass

(b) Determine the value of # at which the particle leaves the sphere.

3, A special spring is constructed in which the restoring force is in the opposite direction to the displacement,
but is proportional to the cube of the displacement; i.e.,

F=—kx3.
This spring is placed on a horizontal frictionless surface. One end of the spring is fixed. and the other end
is fastened to a mass M. The mass is moved so that the spring is stretched a distance 4 and then released.
Determine each of the following in terms of &, A, and M.
KA ‘7
w= <A/

(a) The potential energy in the spring at the instant the mass is released
. AY Y2
(b) The maximum speed of the mass CK /2_ m]

(c) The displacement of the mass at the point where the potential energy of the spring and the kinetic
_~ energy of the mass are equal A

=
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XX

The figure above shows an 80-kilogram person standing on a 20-kilogram platform suspended by a rope
passing over a stationary pulley that is free to rotate. The other end of the rope is held by the person. The
masses of the rope and pulley are negligible. You may use g = 10 m/s2. Assume that friction is negligible,
and the parts of the rope shown remain vertical.

(a) If the platform and the person are at rest, what is the tension in the rope? (50 o "’)
The person now pulls on the rope so that the acceleration of the person and the platform is 2 m/s2? upward.

(b) What is the tension in the rope under these new conditions? (6 oo /V)
(c) Under these conditions, what is the force exerted by the platform on the person? /36 ON)

After a short time, the person and the platform reach and sustain an upward velocity of 0.4 m/s.

(d) Determine the power output of the person required to sustain this velocity. /400 WA TTS)
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S‘, The following graph shows the potential energy U(x) of a particle as a function of its position x.

|
uex) L]
(joules)

LLL@L

0 1 2 3 4 5 6

x (meters)

~

(a) Identify all points of equilibrium for this particle.
Suppose the particle has a constant total energy of 4.0 joules, as shown by the dashed line on the graph.

(b) Determine the kinetic ehergy of the particle at the following positions
. x=20m

. x = 40m

(c) Can the particle reach the position x = 0.5 m ? Explain.
(d) Can the particle reach the position x = 5.0 m ? Explain.

(e) On the grid below, carefully draw a graph of the conservative force acting on the particle as a
function of x, for 0 < x < 7 meters.

F(x)
(newtons)

0 I 2 3 4 5 6 7
x (meters)
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6 A particle of mass m movesin a conservative force field described by the potential energy function
*  U(r)=a(r/b + b/r), where a and b are positive constants and r is the distance from the origin. The
graph of U(r) has the following shape.

(a) Interms of the constants ¢ and b, determine the following.
i. The position rq at which the potential energy is a minimum ( rc; = b)
ii. The minimum potential energy U, ( U= 2 a_)

(b) Sketch the net force on the particle as a function of r on the graph below, considering a force
directed away from the origin to be positive, and a force directed toward the origin to be negative.

| I 1 1 1 1 ] 1
F % i I ] ] | i ] I
_____ DO IS SO RIS SIS SR S [,
\ ] | I I ] } I
i ] I I I i I 1
————— BT e et S R e s b S
I I 1 I | I 1 ]
| ] ] 1 I | i ]
RaRai e R T==——= ity etk T———- === === T=——--
1 1 I I ! i I ]
| e _ Ao | I N A S S SR
| i I | I I I I
] [ | I i I ] I
(8] v ¢ + S + — ' + - I
] 1 [ |
| % | 2% | _3% ___ _f% _ .
F————=————- T - F==——=—-—= i Stk shindatat bttty fettis
1 ] I I 1 I I |
_____ S TS UG SRS RN DU FUSNpU MU S
| ] 1 ] i I ] ]
i I | | I ! I I
————— B Dbt S R ittt st ettt T LR
) i | I i ! 1 I
I R S i o 1 I (I
____ . T = ST TTTaT T T T ) T
] I | | I I | ]
i I i ] h I ] I

The particle is released from rest at r = ry/2.
(c) Interms of U, and m, determi.x'le the speed of the particle whenitisat r = ry.

(d) Write the equation or equations that could be used to determine where, if ever, the particle will
again come to rest. It is not necessary to solve for this position.

(e) Briefly and qualitatively describe the motion of the particle over a long period of time.

-
ArWSUWER S T c) U= Mo a) %—..—g"’—br:'

2 m

e) /7T OSCrecaATES BACKk AND Fpl7hl BETHWEEN ’3/9_

AN ABouT Zr;. /7 AccELerRATES And DECEL-
ERATES QUIckeEST TO THE ¢£F7 oF T,
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MMMMMIMMM'MMM_MM

v
5kg {—™ ORRE0004000000444

g
ANNNNNKARNKAN

F—0.10 m—40.05 mp—
A B C

1004— — — — ——

———— - -

80
60-
40+

Force (N)

20

!

O 005 010 015 020
Distance (m)

A 5-kilogram object initially slides with speed v, in a hollow frictionless pipe. The end of the pipe contains
two springs, one nested inside the other, as shown above. The object makes contact with the inner spring

at point 4, moves 0.1 meter to make contact with the out

er spring at point B, and then moves an

additional 0.05 meter before coming to rest at point C. The graph shows the magnitude of the force exerted
on the object by the springs as a function of the object’s distance from point 4.

(a) Calculate the spring constant for the inner spring.

(b) Calculate the decrease in kinetic energy of the object as it moves from point A to point B.

(c) Calculate the additional decrease in kinetic energy of the object as it moves from point B

to point C.
(d) Calculate the initial speed p, of the object.
(e) Calculate the spring constant of the outer spring.

200Mfm, 1, 35N Y6 WA 190 uy,



A nonlinear spring is compressed horizontally. The spring exerts a force that obeys the equation
F(x) = Ax'?, where x is the distance from equilibrium that the spring is compressed and A is a
constant. A physics student records data on the force exerted by the spring as it is compressed and
plots the two graphs below, which include the data and the student’s best-fit curves.
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(a) From one or both of the given graphs, determine A. Be sure to show your work and specify

()

©

the units.

i. Determine an expression for the work done in compressing the spring a distance x.

ii. Explain in a few sentences how you could use one or both of the graphs to estimate a
numerical answer to part (b) i for a given value of x.

The spring is mounted horizontally on a countertbp that is 1.3 m high so that its equilibrium .
position is just at the edge of the countertop. The spring is compressed so that it stores 0.2 ]
of energy and is then used to launch a ball of mass 0.10 kg horizontally from the countertop.

Neglecting friction, determine the horizontal distance d from the edge of the countertop to
the point where the ball strikes the floor.
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9. /4 SATECC/7E oF MASS . /S //J/T/A/_Ly ORB/T/NG AT RAIUS
R, FROM THE CENTEL OF THE PLANET OF MASS M.
A) FIND A FORMULA FoR THE JN/T/dc KE. oF THE

SATECCITE. UMy G om, M oand R, may
c R BE v YoHUR ANSwWER.

KE =

B) STARTING FROM THE DEF/N/TroN OF PoTENT/AL EA/E/€67/
FIND A FORMULA FOR THE IN/T/AC P E pF 7% SATELLITE,

ey G, m, M and R, Ae€ AcLpweb, Skow Arc wokk,
Assume e U 4+ r=mw /5 2&p0,

Ug = U = U, = —fF"aIZ

[étz =

C) WD A FORMULA FOR THE WorK REPUIRED 7o MOVE THE
SATELL)TE FRoM ORB/T R, o B . 0Nu1 6—, m, M, R, ANM R, __.
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