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Dynamics
L LAURA , NECOTIATING THE FREEWA ONRAMP, STEPS
ON THE GAS WHILE TURAN /NG THE STEER/NG WHEESL 2F
HER RED BMW, wHoss mMass /s /RODk&. THE NET HoR/-
RONTAL FORCE on THE CAp 1S 3900N A7 22,67
Look /NG DOWA oN THE VEHICLE :

FoND THE ACCELERAT0A DUE To 7HE
"Q'\@z?’ lv‘-’ CHANSE IN THE -

3900u A)spsed  [3m/s?)
B) DieEcTIoN 6F MoTion (1.25 m/s?)

2. Fiee IN THE BLANKS ¢ ~
a) m= Yxg = N ¢) M=3swes /g= lbs
b) m= k6 Fgq= 800w d) m= Seqs l::] =224 /bs

3. Josamnw 1s BooMiNG AT VELDS 7Y Vo /v /S METALL)C EREEN
_Jeer Cyeeokes. Ay ik v 7vE RoAD. Jokiann ERAKES 7o
A STOP pN THE HORIZONTAL ROAD, WHOSE COEFF/C/ENT oF FR)C-
Tpa) 18 M. v A ForRMuLA FoR H/S STORPING D/STANCE,

ra
Oney Wi, ) ANS g ARS ALOWED N OUR. ANSWER, (x = Ves9)

Y TAN 1S CRUIS/NG a7 #F m/s N WS VW vien DOW/A AN
ALPINE HIGHWAY WHICH IS JNELINES AT 36.87° . aNd WHOSE
COEFFICIENT oF FRICT?oN /s 9. A moose Bouwnds onTo
THE ROAD A7 THE BOTIoM OF 7THE Ll 975 m Jo/ FROMNT DE
THE VAN, JAN MITS THE BRAKES AND ROLLS 2N THE VERSES
pF SKIDDING To A STOP, Do we yave Moose BurscrRs FOR
LUNCH OR DD WE se77¢es Fol A Bac7irmops Basee? / 5? )‘§’;,'f)
s Me. ., m =75k6, LOSES 4ys 6RIP oN 753257"5 PEAK AND
DOES FREE FALL For /.8 seconds. Mo ropeEe stAcK, THE
CLIMBING ROPE MoW STESTCHES 200 OF /7S LENETH TO
ABREST MR. HS FarL. Fond 7458 TENS/IoN /Al THE ROPE

AS /7 BRIN6S Me. H 7o ResT.  (¥So0W)

t. A HYOKe KanNeARDD EXERTS A TUMPING FORCE DURING THE
FIRST b oF VEr TuMP, AND RISES 2 m HicHEe, Witk A
T0EY /N HER POUCH, SHE RISES opey /.8 m HIEHER. Foms -
A) TuMPING ForeE (17330) B) JoEY's mAss (3.33 /<5—)
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7. GEoFE SupPLIEs 4 TENS/on 0F YOLON 70 2/r7 A4
MAERBLE STATUE WrTw YN FORM ACCELEL aT/o/ OF

4,5 /st ENb THE PASS '
OF THE SCULPTUEE. X (220ks)

S I A
g. L. ROPE 2. |
P, = Rbks = 36 ke
3 RoPE [ FOND THE
Rofe& A My A) ACCELERATIZN OF ExCH MASS
m, L) TENs o0 sV THE RoPES.

()= 2mfs% az=-Cm/s*) T; =720, Ti= /48n, 73 = 28830 )

= /700 £6 O =28,0725
Fr = 3000n @ =36.97°
=, /66877
AMSEE SUPPLIES A TENS/oN FORCE AS Sy LOWERS
THE CRATE DOLWN THE /NCLI/INE, Fowb

A) Fan  (/32000) B) #7(2200) c) ay (z.0 W)

m, .
/0. Rore - m BE g MADE o/ DIFFERLENT
R
MATERIA L, THE TWO Bricks
& HAVE PIFFEREANT COEFFIC/ENTS

G =S949° pF FRIcToN. Foe EAck C4sE,
FIND THE ACCELERATZnN OF SACH BRICK 4NN THE
TENS/oN N THE BOPE,

A) m, = 130 k& /(/, 837878 &= 5949 °
= /95 k&
(a)=6nmf2 4, =6m/: L A= 2/24)

B) »i, = /7S ks /V/=.3 .

M2 = /30 K6 /Uz, =, ¥37878
/d/ 7MM/: = 43¢ m/; "0)

c) (B, arree 77/ ] T EACY ar//Ea FAID THEIR

Accsas,e ,477%/ ANDN THE MIRMAL FRRCE Bsﬂd&t,u THEM
(a=6mrAr = 2/3N) |

H=5949°



/. AFrep. BE/NG &IVEN A PUSH, A Box oF~ KLGE‘A)GX@ 5
SLIDES AT CONSTANT VELOCITY Do SH INCLINE WHESE
ANGRE Js B. A) JN TERMS pF B FING A FORMULA
For. Nk (TANG). [« = TANS)

BYWE Now 6/VE THE Box IN/T74¢ SPEED Uy AT THE BoTTuM
OF THE JNCLINE, WE PELEASE THE Box RAND L&ET )7 Scibc
UP THE INCLNE, N TERMS oF U, O Aanb g, FrHD A FoRM-
ULA FOR THE DISTANCE TRAVSLED By THE BoX BEFORE
)T COMES Tb REST. /X = v‘f//e/gs/f\/e))

C) Mo 7we Box SPONTANEPUS L1 SLIPE RACK DOLWN ? (o s >/'<)

12, Me. Hapvie IS mMoPPING- THE FrookR oE Reor 25
FoRCE D/AGERMANA

/Us ANb/Ug

A) FoND FORMULAS FOR 7THE FoLLOWNE /N TERMS
OF, m, BJ/US /M/b/i/z. _
L) Fpusy REQUIRBED To STRRT THE MOFP MoVAE,
iL) Fpusk REQUIRED To KSEP )7 MoVUN6~ AT

CONSTANT SPEED, |

B) F/ND A FORMYLA JN TERMS pF//s FOR. THE M/N/—~
M ANsLE B RE@u/RsEd 7o ST4eT 778 MR

C) SUPPDSE THE MoP /s MouNe And T rysy /s ERCATER
THaAN ThaT N (A)(iE). FoNp A ForMULA For THE
ASCERERATION OF THE MoP /N 78eMs oF M, Fr;

ﬁ//Ux /Wbﬂ.
|

ANSERS = Ms 4 Mx mq £ = THN
/S//V

7, MINI M UM

B —/U;Jc'os :9) / /sz/B -/u: cos 9) / S

a. = Eﬁ/ﬂg—ﬂx CDSQ)"‘/VK mq )
X . L m ‘ Ld —
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13. A CHAIN CoNS/STS 0F Foilk LINES, F
EACH HAVWNE A MASS pF Sk6e. A I
FORCE F IS EXERTED pN THE TOP
LINK , LIFTING THE ENTIRE CHAIN v
W74 AN ACCELER AT70N DF & M /<% $
FoND F AND FoND THE THEeSE v
NORMAL FORCES ACT/N6 BRETWEEA e
THE LINKES OF THE CHAN, 1
(2/6n, 7627, 708N, S9N)

4. a) Derive £XPRESS /ONS FOR A | 7/'
ROPE 2. Anp To N TERMS OF M, ), ¥ Mg,
Twm Q [//VDER WHAT ConNDd /7005 [Uped
Ms
S THE ACLECERAT/ON RE BERD,
! M,
ANSWELS
a = mi"m/'/ﬂz)ﬁ 7, = _Zm/ s 4
M, THMe /M3 #1) +P2+M3
T+ = ZIW/Mg'*ZMi.MS)ﬂ }n/-f-”,,z_:mg
M)+ 2 m3

FR)cT/70N
/S, >

P Vd s 7 4 P
NO FRICT/6A) ma

A) /v TERMS pE M, | My, Mz AND g, F/ND FPRMULAS
For O, Fr AND THE MINIMUM VALUS FOR Ns so
TH4T ), DOES NOT S )P,

B) SuprosE THAT N /s THE ACTUAL COSFFIC/ENT AND
/U</Us So TRMGT S |PPING OCCURS, /N TERMS oF

m,) ma, my, ﬁ ANB/UJ F/ND FOEMUYLAS FoR THE

ACCELERAT/ONS AND THE TENS/oN,

m _ (mr*lﬂz,)M;ﬁ = M3 /(M) *my+m
Ansdees: a= 33 /tmyrmntme) 5 Tmy e ims) M S+t ms)

a=p8 B.=ay= (Ms-prmi)a  fro= (Whitme)mzg

(M2 +m3) [ma +mz)




Circucar Motion 7z
/A Hockey PUck OF MASS M, IS 7765 T0 A STR /NG
WHICH HoLDS 77 IN UAGFORM CIRCULAL MoTroN OF
RADIMS R oN A FRICT/ONLESS TABLE, Ti/€ STR/NG
RUNS THEOUSH A HOLE JN THE CENTEL o7 7HE THRLE
AND /S T/ED To AN APPLE OF MASS iy , WwHICH
MHANES SUSPENDED /N THE A/R.,

Look,//vj Down m, S/IDE m, l
ON THE TABLE, vew me

Frae A FORMULA FOR THE FREQUENCY 0F Tme Puck’s

MorsoN. Onviky My, My, 4 ANb R ArE AtcoweEd N ouR
ANSWEER.,

2. STEPMANIE SWINES A BUCKET pF WATER R
IN A VERTICAL LOOP OF RADIUS £. Foab T
A FORMULA FOR THE MIN/MUM SPEED SO
THAT THE WATERL DOES NOT FALL OUT OF

THE BUCKET AT THE APEX OF 7HE LOOP,
0/vw/ 4q AND R ARE ALLoWED )N OUR ANSWERL,

3 Eteen 7S SITTI/ING UPRIGHT ON A CLA/E
OF A FERRIS W/—/EEL WHOSE PER/eD DF i
MoTroN s T, A7 7—//5 AFPEX OF r//zs co0f,

SHE FEELS AS JF SHE WE/EHS onz
TIMES HEL USUAL WE/EHT | WHERE 0<N</
A)Eab A FORMULA For THE RADBINS OF THE Lo0P,
0/vu7 Tﬁ ANd N ARE ALLoWED N oUR. AN S IWER,
R) AND A FORMULA FOR THE MAX/ UM RADIUS
SUucH 747 Ewcen POES NoT FLY ouT OF THE SEATT

¥ _James Bond BooMS ARouUNS AN YANBANKED ALPINE
CURVE WHOSE RADIUS 1S R AND WHOSE COEFF/CI/ENT
OF FRICTION /S A. Fo WM A FORMULA FOR THE pAX ~

IMUM SPEED Wwir## wWwick He CAN SAFe LY NEGOTUATE THE
CYRVE, 0m7 R , M AND 9 ARE ALLOWED,

2
(ANSwses £= y’;’;m ) Y= /9R , B= 37' //—Al) ,R= 37' V-//Jgk)
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S. Jame Fries s F-r¢ Faccon, pF aiAss m, AT
SPEED V- JN A MHOEIZONTAL CIRCLE pF RADIUS I
VEW OF REAL FoiFT FIns A FoRMuULA FrE:
OF 7HE TET. @) T/LT OF THE JET, O
| Fé b) Foece oF LIFT
ﬂNL7 m, Vv, R AND O ARE ALLOWED /N DYR ANSWERS,
b A TETHERRALL O0F MASS m QOEB/ 7S THE PorE A7
ANGLE B pon A ROPE 0F LENGTH L. [7ND A FORMULA
FOR ' &) TENSON /N THE ROPE
b) SPEED o7 THE BALL,
m ey m 4, @ Ans L pes ALLowed.,

THIS /S A CARTOON OF ~JAart€s Bsns's
CAE/ REAR i//é'aj) AS HE LRu/=EES

ARAUN D /4_ CURVE BANKRED AT ANFLE
&. THe curve’s RADIus /s R

THE CoOEFF/C/ENT OF FRICTVON BETIWEEN ROAD anNb

T7RES /S/U. /\/ TEAMS OF R, g, o /wn/)/ DervE A
FORMULA FOR - A ) 7THE MAX/MyYM SPESD AT wihircH HE
CAN SAFELY NESOTIATE THE CURVE. L) 74z myNmym

speED,

EARTH DAg ,/ 5¢s,4~az} MASS M,
STANDS AT LAT/TUDE E pN 7HE
SURFACE 0F 7HE LARTH, WHOSE

rADIUS /s K. 47‘ TAAT 4,47‘/7‘uz>z.=/
THE LEALTH'S ROTAT 2MAL SPEED

1S UT FND FORMULAS Fok -

A) Rap/us oF RoTaTieN, I .

L) FrRicT/0NAC FORCE & [y

C) NORMAL FDRCE , FN.

ﬂ/v¢7 m,q, R, U~ 4ANb & ARS Arcowsp.
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7 A HKKEY PUCK OF MmASS WL 7S ATTACHED To A SPR /NG
WHOSE JN/T/AL LENETH /S [ AND WHOSE SPR/IAG
CONSTANT )8 K. RecacL Looke’'s LAw B/VES

Fs= KX, WHERE X E@UALS 7HE DISTANCE WH/CY
THE SPRING /S STEETCHED., UIE ATTACH THE FRss
END OF THE SPRING T0 THE CENTER pF A Frrc7 pANLESS
TABLE AND PUT THE PUCK IN N/ FORM C/RCULAL
MoT7oN WAHOSE FREDUYENC 7 /S 70 SN TERMS OF

- T m, L, kK ZAann '. FoND FORMULAS FOR!
/ 2 ) @) RAD/[/S R, OF 7& ORB/T,
( _Zyz_. m lo) TEN.>/0N) F' s, N TAHE SFE/NG,
J
\
~

0. A 7S5 k6 PUMPE/~N /S T/ED T THE &ENL OF A

ROPE  J0S pp cons-, MR, K Grars 745 FREE &nb

OF THE ROPE AND PUTS THE GIRANT SPUASH /NTo CIRCULARL
MoTroN. DURING oNE FrVE SECoND JNTERVAL | THE
FRUIT ACCECERATES FROM Z8 wm/s 7o SO m/s . Foaub:
A) TANGEN T74L ACCELER AT/ON

L) 7aNGENTIAL FoRCE :
C) JNTIAL. RAMAL AccELERLT70N WHEN 1TS SPEED

d) JN T4 RAD/AL FpRcE < 2% m /s,
@) INITIAL ToTAL FORCE o

244
-) mr +m2 2
ANSWERS : &, £ = TAN {'V'Z/Kg) FL'—‘/ rz g

£ cos?o
6 F= B V= / gL Cos O
[
7. Vmax = /gR s NG + A Co5E ' Vaw = 4,& svB—pcost
Cos & — N s/n6 (os® FUs/NE

r2
54'-‘ .%’E TAN B fv = mq — ;Z'U'z

g r=R(so

9 R = KL Fs = Yrrlmbl L&
RS (&~ torrom ™)

/0. 4#”’/33 330/\!/ 7.9‘2#/5‘:' SZDNI £50nNn 47 S9, 9{70
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PRINCIPLE OF ERU/VALENCE
THE ELEYATOR ACCELERATES UPWALD

/. I
AT Em/s* m = 60k s, = 20k6
my As seEN By ALBERT, Fom
/sAAC - A) EFFECT/VE GRAVITATIONAL ALCELERATION
j ALserT B) AQCELERLATIIN bF THE MASSES,
C) TENS/ON IN THE ROPE,

(18 in /5% ~9m/s2, cCw: S¥ON)

As sesnN BY ISAAC, F/7AL -
. z
A) ACCELERAT/ON 0F THE MASSES. [a, = -/m/s Dosz)
[ T /7tw/s7' MP)

Q
Q § B) TENS/oN IN THE ROPE [sy0N)
I~
N\ X
S |  THE INCLINED PLANE 7S NAWLED
.’i‘ ‘E. ) TO THE FLOOR OF THE ELEVATOR,
i
IV jsanc  |AeEERT THE TOP SYRFACE 0F THE INCLINE
1 f
8 X _A_f 5 yAs NO FRICT/oN,
A y .

4) TUE ELEVATOR HAS ACCELERATION X ALONG THE VERTICAL
Axis. As seen B;/ ALBERT) F/ND A FORMULA FOR THE
ACCECERAT/ION OF THE BRICK ALONE THE JNC L/NE AND

A FORMULA FOR THE NOBRMAL FORCE N THE BRIk,
Onvey &, 4, M. And O pee ALiowed N oye ANSWER,

-4
B) &=531/3 m = Y0k6
FOR EACH OF THE FOLLOW/NE, FIND THE ACCELERATION

OF THE BIRICK AL pNe- THE INCLINE AND F/ND FN AS

SEEN By KLBERT,
£) 7 Zs /s [eomfs™ /200N )
() &= -2 m/s* (6.4 w/fs* /92 N)
iil) ot = ~/0m/s* (0,6 0)

e) P= §3,)3° pm=40ks oL= 65 m/s%

As seepn By TsA4C, Frab
i,) Fn COMPONENTS

1) HOR)RONTAL AND VE&T/CALADF TUNE BRICK'S ACCELER AT/ON
L) TOTAL ACCELER ATvanN OF THE BE/CK,
//XOD”/ Ax = 36 m/52, A1 = [Tm/s*, 39.3 m/s%, 25',3°/’—TWA1>.>



36

3 As 7u4E 7088 ACCEELATES TO THE £ EHT, THE P z/ms
BOB MHANEGS AT ANELE B FrOM THE l/&er/aAL

\ /sA4c [ AcBERT
s |
@)
A) Feom TsAac’s PO/NT OF 1//5/4] F/ND A FORMULA Fop,
THE ACCELERATION OF THE T/QA/A/ N TECMS PE M /g

AND O,

B) From Arrert’s VIEW POINT, F/ND A FORMULA FoR.
THE THORIZONTAL COM Po/\/EW, oF GEAV/ﬂf ACTI/NG
ON THE BRoOB, ﬂmy M, 4 sAND D AE a1, pWED,
(Answeas: a-= 47TANE | gx= gy rAAJG’)

Y AizerT /s RIDING THE CApoUSEL 4T BarBoa Plex,
SE4TED ABOARD THE S/RAFFE, ALBERT™ /S ARMEN W/TH
A PLYME BOE , WH/ICH LaNES AT ANGcE B Feor THE

VERTICAL. A) FRomM [Spac’s e,
At Beer, ~. FIND A FORMUYLA FoR
)’ Jsaac ﬁ//'t%\' m ‘ THE RADIAL A4CCELERAT/OA
: OF THE c,qkays&_ JN TELMS
1 OF M, 4 sNbd B,

B) Feors 4oBerT’s wew, F/ND A FO&MMLA FOR THE
Ve ENTRIFYSAL CoM PoneENT OF JRAvITY Y geTone
ON THE BoB, ﬂ/vu/ M, 4 ANA L Ard AriLoweDd,

/ANSWE&S‘- Qy = g‘rANB , 9. *gz‘rxw 9)
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EXFINSNTIAL AuneTriorS AND MNATWrRA L LoSAR) 7Hiss

L lor A CAccxedToe 2 Fas Z:
7 fl/ﬁz.uﬂrfi P -%
2) e L) e” ~) €=3 L)f/e =7
(/45 ) (.0%32) (. 095¢) (—71.//%)
=. ;;v.o THE DERI/IVATIVE W/ T RE. _S'Pé‘c;;' 7o Zé :
2) A (e%°) ) A(seTT)
At At

& ELvae a/rrc' THE INTESRALS

a) fe AL £) f/%e—sist );{
2 ( 5 At ‘ ”{)f 5'//-4—

S, SkesTer EACH TERM AND THEN SEETLH THE SHM:
a) x =2t +5 A)xzs-‘—se‘t
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/4//2. FRICT7OMN AND TERMINAL l/Ez_oC/Ty
L For VAR/OUS COND/T/ONS THE FLUID FR/CT/ON
/S GIVEN BY THE FOLLOW/NG FORMULAS, FoR EACY
CASE, F/ND THE METR/C UN/TS FOR THE COEFF/C/ENT
OF VISCOSITY AND FyND A FORMUYLA FoR THE TERMINAL
VELOC/TY.
/ a)§=eu3 L>)F;~=¢1r4
2. A 2 k6 k/TreEN EXPERLIENCES LAMINAL Frow AS
SHE DROPS FROM THE BAdcs CO/vy OF A I6H—RISE, Her
TERMINAL VELOCITY IS A PERFECTLY SAFE = g m /s,
FoND i @) HER COEFFICIENT OF WIS CO /7Y
L) vee VEcoc/Ty ¥ SECoMDS INTO HER FLIEHT.
c) HERL. ACCELERAT/ION AFTER .4 sEcowvhs,
a’) HER. DISPLACEMEANT AFTEL ¥ SECONDS.
&) AFTER HOW MANY SECONDBS Wice SHE REACH £o7

OF WER TERMINAL VELHEITY 7 ,
P) How AR HAS SHE FALLEN JN THAT T/IME |
3 FoR TUERULENT Feow) B = U FoNb AN EPUATION
Fok THE VELOCITY AS A FUNCT N O0F TIME Fol AN
OSTRICH FALLING /N TURBULENT COND I TroNS.
¥ A /so/b NEANDERTUHGL HAS A TERM/MNAL VELOC 17y
DE =125 MFPY IN tAMINAR Feol. EST/MATE THE
TERM/NAL VELO2ITY OF A + S /b S@UIRREL FALL /NG
UNDEL. S/M)eAR CoND/T7ONS,
S Facc/ NG UNDER TURBUHLENT COND/7T/04S, AN
E/Gtresn POUND CANNE HAS A TERM /WAL VELOC /7:7
o — YO pirH. EST/MATE 7THE TERMINAL VELoc
pF A /SO JL PRIMATE FALLI/ING IA) Soaf/eAe CONDITONS,

| Y L
ANsweres : [Ké— SEZ'./mzY) (“ ma/é_) 3) [K,G SECz/m3]} —(”’ﬁ/4’))¢
2.5 ke/S, = 3. /% m/s, - 6.07 m/sE - 682m, f29s5ec, —5.2 .

:-[ﬁfnf»@n_/? +V—g{_]

- /<.7 mPH, — S7 mPH




ENEINEER /N6 REPORT

A7 147/T7UDES OTHER THAN THE POLES AND THE
EQUATOR, PLUMB BOBS WiLi NoT PO/NT TOWARD
THE CENTER pF THE EAeTH,

DRTECTIVE © TO DETERMNE THE DEY/AT70/ O6F A
PLUMB ROB FROM VERT/CAL AT LAT/TUDE B,

CAETOON: Fr [/LT/MAT&LL// WE DES/RE 70
: F/ND THE PEVIJT/oN -
4 4 = ¢ - b6
T=PER/D

OF ROTAT’OM

AIVALYS/S

A) Fond A FORMULA FOR THE LOCAL RADIUS OF orB/7, T.
Oney R AND B Al ALLDWED IN OUR. ANSWEE,

B) FoNe A FORMUWLA FoR THE LOCAL SPEED pF ROTA 770/\/
V. omy R, 6 and T A ALLoWED,

C) Fomp A FoRMULA For $. Owy 8 R, Tans g ARE
ALLoWED,

Caccucarrons -
Dara: ZaTiruve gF 7. PHS. = 33W
R = 6.378%/0%m
7T = Xé' LOO sEceNDS
g 8 m/s?

A)CALCMLATS THE DEVIATION | IN MINHTES OF ARS, OF
MR. Laewe’s PLUME BOR FRoM VERT/CAL.

3) THE TENS/ION N THE STARING DOES MT - EQUAL THE
TRUE WERHT oF 7THs BoB, (4iCiuiare THE PESecEnNT
DIFFELENCE BETWEESH THE TENS/ON N THE ROPE ANA
THE TRUE WEEHT OF 7H#E BoB,

9 - [f7 =/ | /o0




ON 7HE SHOULDERS oF (1ANTS | Yo

/. A 300-kg box rests on a platform attached to a forklift, as shown above. Starting from rest at time ¢ = 0,
the box is lowered with a downward acceleration of 1.5 m/s?,

(a) Determine the upward force exerted by the horizontal platform on the box as it is lowered. ( 2550 ~ )

At time ¢ = 0, the forklift also begins to move forward with an acceleration of 2 m/s? while lowering the
box as described above. The box does not slip or tip over.

(b) Determine the frictional force on the box. ( &E00 NV )

(c) Given that the box does not slip, determine the minimum possible coefficient of friction between
the box and the platform. /‘ 23 é)

(d) Determine an equation for the path of the box that expresses y as a function of x (and not of 1),
assuming that, at time ¢ = 0, the box has a horizontal position x'= 0 and a vertical position

y = 2 m above the ground, with zero velocity. ( )/
==75X + Z)

(¢) On the axes below, sketch the path taken by the box.

y (m)
4
1 i [} 1 i 1 ] 1 1 | ] ] { { i
} I | 1 ! ) ! 1 ! | 1 1 1 1 |
3 L | | 1 o ' | | L A ERRNN RN SO SR §
T T T Tt T T T rITTTATT T T YT T T T T aTTTTY | T r T T | 1
| } | i | I 1 | 1 1 1 1 I | |
! ! ! 1 1 i | 1 1 1 1 I t 1 |
1 | I | 1 | I t 1 1 ! 1 | ] |
! ! | SR JPSUS PPN SONPPIPN S S (N [N N Lo 4
21---- T ITTTTrT | T }' i IL ] ¥ f 'j| | | |
t 1 1 1 1 1 1 » ) ! 1 1 t 1 !
t 1 1 1 1 1 1 | 1 | 1 1 1 1 1
| I | I | 1 1 | 1 | 1 | 1 1 1
_____ [ AN Y SN PP NP SIS PN S NI U S FIGI SRR S |
lw | 1 V i ] 1 | i 1 | ) ) | \ }
1 t 1 1 1 1 ) | ) ! | | l 1 1
1 t i 1 i 1 1 | 1 | 1 | 1 1 1
] | i 1 | ) | ] ) 1 1 1 | 1 1 (m)
+ + + + + + + t ¢ t + + + + - X (IN
0 ! 1 ! i 1 1 1 1 1 | ! 1 ! [ 1
| i ) ! 1 ! | 1 1 2 | ! i 1 3
1 1 1 1 v ! 1 t t v 1 i 1 1 l
t 1 | ) I ! 1 1 1 1 1 ! i 1 1
S I e e e BT e e e St Dbtk sttt bt
1 1 l 1 1 1 ! 1 1 1 1 1 ) 1 1
t ) 1 1 ! | t ! 1 1 1 | 1 t |
1 1 l 1 1 1 | | ) 1 1 | 1 1 l
) 1 1 | 1 1 1 1 1 ! 1 1 1 1 !
[ s ettt Rt Tl o e e B e e Sl sttty Bttt bt S
' | 1 1 1 1 | 1 1 1 1 t | 1 1
! 1 1 ! | I 1 1 1 1 ' 1 1 i l
1 1 I ! ! 1 1 I 1 ! ) 1 1 1 1
1 1 i 1 ) ! 1 i 1 ' 1 1 ' 1 1
D B i e e o B it M ekt Sk benbtesien el Renttdend miendedintis fe bl S e |
l 1 1 1 | 1 1 1 1 1 1 | 1 t 1
1 | t | i t 1 t 1 1 | ! ! ! !
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2 A small body of mass m located near the Earth's surface falls from rest in the Earth’s gravitational
* field. Acting on the body is a resistive force of magnitude krmv, where k is a constant and v is the speed
of the body.

(a) On the diagram below, draw and identify all of the forces acting on the body as it falls.

{b) Write the differential equation that represents Newton's second law for this situation.
(c) Determine the terminal speed v of the body. (VEAOC /7Y, Uy = = 9//4)

(d) Integrate the differential equation once to obtain an expression for the speed v as a function of
time r. Use the condition that v=0 when r=0. (= -(3/x)( /- e~ ~<t))

{e) On the axes provided below, draw a graph of the speed v as a function of time ¢.

Terminal | ‘ -
Speed
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3 An object of mass m moving along the x-axis with velocity v is slowed by a force F = —kv, where k is
* aconstant. At time ¢ = 0, the object has velocity. v .at position x = 0, as shown above.
(a) What is the initial acceleration (magnitude and direction) produced by the resistance force? (—Ko / f?‘l)
{b) Derive an equation for the object’s velocity as a function of time ¢, and sketch this function on the

axes below. Let a velocity directed to the right be considered positive. ( V=v,e —Kt/m)
r

o1

= voT

X=(mvi/k)(/-e

(c) Derive an equation for the distance the object travels as a function of time ¢ and sketch this function
on the axes below. [
X

“Kt//n.))

(d) Determine the distance the object travels from

Otot=w. (X= MV%e/k)

%2



A car of mass m, initiaily at rest attime ¢ = 0, isdriven to the right, as shown above, along a straight,
horizontal road with the engine causing a constant force Fq to be applied. While moving, the car
gncounters a resistance force equal to —kv, where v is the velocity of the car and k is a positive
constant.

(3) The dot below represents the center of mass of the car. On this figure, draw and label
vectors to represent all the forces acting on the car as it moves with a velocity v to the
right.

N ‘ (a= LKV U’}
(b) Determine the horizontal acceleration of the car in terms of &, ¢, Fg, and m. =
(136 b) FIND THE TERMMNAL VELOCITY OF THE CAL /w TERMS OF K ANDF, . ( vr = "/L)

(c) Derive the equation expressing the velocity of the car as a function of time ¢ in terms
of k, Fy, and m. (-J- = (R&)(/- 2~ Ktrm))

AR TIAIE WITH VIEOR AND CELERITY oV THE DoRSAL S/bE,
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(d) On the axes below, sketch a gra;.ah of the car's velocity v as a furniction of time (. Label
important values on the vertical axis.

v

{l

(¢) On the axes below, sketch a graph of the car's acceleration a as a function of time .
Label important values on the vertical axis.
a
1




