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. isa(stonesstonel).

S isa(cliffscliffl).

isa{surfacersesa).
: isa(solidrsea).

r isa(rointsrointl).
roint_of(searrointl).,
isa(momentymomentl).,
isa(momentrmomentl).
consec.moments (momentlymoment2).,
isa(serarationrsserarationl).
isa(scalarsscalarl).
magnitude(serarationlrsscalarl).,
isa(andgleransglel).
direction(serarationlsandglel),
seraration(clifflsrointisrserarationlsmoment2).
measure(scalarl»100smeters).,
measure(andglel »?0rdedsrees).,
isa({velociturvelocitul).
vel(stonelsvelocitwlrmoment2).
isa(scalarsscalar2).,

C madgnitude(velocitelsscalard)., -

- pasure(scalar2s0sarbs). » ook
ts3(andlesansgle).
direction(velocitulsandglel).
unsurrorted(stonel rmoment2),
isa(roint_ of. refsroint_of_refl).
rathat(stonelsroint_of . .reflymoment2).,
at(stonelsclifflrmoment?).
isa(solidrsea).
isa{(momentmoment3).,
consec._moments(moment2ymoment3).
isa(sustemrsusteml).
motion(stonelsclifflsrointl smoment2smoment3rssusteml).
isa(motionssusteml).
isa(reriodsreriodl).
reriod._of(sustemlsreriodl). -
reriod(reriodlsmoment2ymoment3).,
motion.of(stonelsreriodlssusteml).

- obdect. of(sustemlrstonel). ’
isa(rathsrathl).

sth_.of(sustemlrathl).

. - ssa(rointsroint).,
rathsus(rathlyroint_ of_reflsrointl).,
farend(rathlrroint_of_reflsroint2).
rathat(stonelrroint2smoment3d).
‘at(stonelsrointlsmoment3).
isa(velocituysvelocitu2).,
vel(stonelsvelocite2ymoment3).,
sought(velocitu2),
given(scalarl).,
given(anslel).
given(scalar2).,




isa(stonesstonel).
isa(momentsmomentl).,
iss(momentymoment?2).

consec.moments (momentlsymoment2).
isa(velocituyrvelocitul),
vel{(stonelrvelocitulsmoment2).
isa(scalarsscalarl).

- magnitude(velocitulsscalarl).,
isa(andleranglel).
direction{(velocitulsanglel).
measure(anglel »?0rdedrees).,
isa(roint_.of_ refrsroint_of._.refl).
rathat(stonelsroint_of_ reflsmoment2),
unsurrorted(stonel rmoment?)., -
isa(sustemrssusteml).,

maximal_ _motion(stonelsusteml).,
isa(motionssusteml).
isa(reriodsreriodl).
reriod.of(sustemlsreriodl).,

isa(momentsmoment3).

reriod(reriodl rmoment2moment3).

sa(roint_of. refrsroint_of_ref).
rathat(stonelsroint_ of_ref2:moment3).
“isa(lineslinel).
farend(linelrroint_of_reflsroint_of_ref2).
rath_of(sustemlslinel).
rathsus(linelsroint_ of.refl,roint_of_ref2),
isa(rathrlinel).
motion.of(stonelsreriodlirsusteml).
ob.Ject_of(sustemlsstonel).
isa{momentrmomentd).,
isa(reriodrsreriod2). 1 (
reriod(reriod2smoment2ymomentd). l hb
measure(reriod2:3ss)., n ALl
isa(sustemssustem?).
motion.of(stonelrreriodZrssustem?).
isa{motionrsustem?).
reriod.of(sustem2yreriod2).,
obJect..of(sustem2rstonel).
isa(rathrrathl).,

sth.of(sustem2yrathl).
isa(rointsrointl).
isal(rointryroint2).,
rathsus(pathlsrointlsroint2).,
farend(rathlsrointlisroint2).
rathat(stonelsroint2smomentd).
rathat(stonelsrointlsmoment2).,
isa(lendgthslensthl).
distance(stonelslengthlsreriod2).
. soudght(lengthl).
Cdgiven(ansglel),
. i i ’)0 -
ﬁ?lven(Per1odg) e — &J*kf

o

MOTN 2
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MOTNI .PRB
isai{stonesstonel)., :
isa(cliffscliffiy.,
isa(surfacersea),
isalsolidrsea).,
tea{rointsrointl).,
roint.of(seasrointl),
isa(momentsmomentl),
iszimomentmoment?),
consec..moments{imomentlimoment2) .,
isal(serarationsserarationl).
isgi{scalarsscoalarl),
magnitude{serarationlissoalaril,
isalznglesandglel),
directioni{serarationlsanglel),

seraration(clifflerointlirsserarationlsmoment2),

meassyrelscalarl 100rmeters).,
measure{ansglel Y0 .dedrees ),
iga{velocitwsvelocitul).,
vell{stonelvelocitul rmoment2),
isal{scalarsscalard),
magnitude{velocituylrscalari).,
mezssurelscalarZ:Qrarbsl.,
isalangleranslel) .,
directioni{velocitul arnglel),
unsurrortedi{stonel rmoment2) .,
isei{roint.of.referoint_ of. . refl).
rathat{(stonelsroint_ of .reflsmoment),
gtistonelclifflrmoment2).,
isal(salidresesz),
isaimomentsmoment3s,
consec.moments (moment2ymomenti),
iszl{swstemrsysteml ).,

motion{stonelsclifflrrointlrmomentZrmomentirsusteml ),

isz(moticrnesswsteml),
isaireriodsrerioall.
reriod.of{sustemlsrariaal).,
reriodi(reriodlsmomnentsmoment3) .,
obJdect. of{sustenlsstonel),
isairathesratnhly.,
rathoof(sustemnlratnl).

cdsal{rointsroint?) .,

rathewsirathlsroint of .reflsrointi),
farendi(rathlsroint.of .reflsrointd).,
ratnatistonelsrointZsmomentd) .
ati{stonelsrointl moment3),
isg{velocitwsvelocitul),
veli{stonelsvelocitwZeymomentil.,
soughtiveloocitul).,

givern{scalarl).

siven{anglel ).

given{scalarl,
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s¥ Here is wnat mw rrosram sets Tor whe fivst motion srrobiem.
If wou nave any srecific obdections to how it looksy please
let me know.
I have introduced most of the new notstion Tor motions eio

that we discussed. As wvels the oluff thaet desls wilh vectors
is not workingy and so the rroaram thinks 21l cuantities sre

scalars,

Some of the outrut is 2 it slirangsesr becasuse I Tound 1t harg

to ambush the risht rlesces in LOGIC. For instances petftore

edited this filer» there wWwere 2 cories of each “Lee’ sssertion
(hecasuse “isz’ dgoes tnhrougn both of ‘dbentre’ and “coreate’ s

ezch of which in generzl needs to be ambusned it one wanls
record of everw assertion rroduced) EBasiceslluys what wou see
fhere is a2 lot of thinss to be ‘dbentrue’ed

- Lhris
X/

isa(momentsmoml)
isa(stonesdtonel)
isa(cliffscliffl)
isal(rointrrointl}
woint.of{surfacessearrointl’
rrorertu(rointlrinternal»Qremoving)
turical.roint(seasrointl’
isa(motion.startemotion.startl?
iss(momentsmom2)
consec.moments(moml smom2)
isa(lensthylengthl)
isal(angle,¥0)
geraration(clifflsrointlslensthnlsP0rmomsz)
measure(lengtnl100rmeters)
vel(stonelsvellsmom2)
measure(vells0rarbs)
motion.start(stonelsclifflismom2)
ati{stonelsclifflsmom2)
isa(motion.rointymotion.rointll
isalmomentsmom3)
consec.moments(momZymom)
motion.roint{(stonelsrointismom3)
farend(farendl smom2smom3
isa(motionsmotionl)
obJect.of(motionlsstonel)
roeriod.of(motionls farendli’
sathoof(motionlsrath.oofl}
isa(rathrrath_ofll

farend(rath_ oflyfarendsfarend3)
sathsus(rath.oflyfarend2yfarend3)
sathat(stonelsfarendlsmomd)
rathat(stonelsfarend3rmom3)
at(stonelsrointlsmom3)
vel{stonelsvel2ymom3)

gought (vel2)



‘wes
4+ T= input(forcl).

ves
i P~ dol(s-1).

Interrreting sentence s-1

Invoking semantics for verh ‘rest’

Interrreting moun rhrase nr-1 (obdect)

Interrreting Ad.ectival Fhrase (small)

Interrreting FF (of)

Interrreting indefinite measure nr-2 (weisht)

Interrreting measure rair [[L10sn]]
Interpreting FFP (in)

Interrreting PF (on)

Interrreting moun rhrase nr—-4 (rlane)

Interrreting Addectival FPhrase (rousgh)

s0 that coeffi(rlaznelrconstantl)

“Interrreting sentence s-2
Invoking semantics for verd ‘incline’
Interrreting rmoun shrase nr—~-6 (<tracel)
Interereting noun rhrase ne-8 (horizontal)
s0o that turicsl.roint(x_.axissrointl)
s0 that tangent(rlanelsandglel)
s0 that turicazl. .roint(rlanelsroint?)
Interrreting measure rair [[30rdedreel]

Finalising decisions for sentence s-1
s0 that mass(obldectlsmasslsymomentl)
s0 that masgnitude(velocitulsscalarl)
so that vel(obdectlirvelocitelsmomentl)
s0 that magnitude(accelerationlrscalar?)
s0 that direction(accelerationlranglel)
so that sccel(obdectlsaccelerztionlymomentl)

wes

L~ -1 T disrlau,
ture (obdectrobdectl).,
isa(rarticlesobdectl).,
mass(obdectl »$3+%2) .,
measure($3s10n) .,
vel{obJjectls$4,4$2).,
masgnitude($4-$5) .,
measure($5,0sarbs),
accel(obdectls$6+%2),
magnitude($46+$7) .
direction($&6,$8).,

-, measure($7,0rarbs).

. isa(rlanesrlanel).

< isa(constantrconstantl).

- coeff(rlanels$9).

measure($?rmirarins).
isa(linesy._axis).

dsa(rointsrointl).,

“tangent (x_axisrzero).

~isa(andlerandlel).




cisa(rointryroint2).
tangent(rlanels$11).,
eauation($13= $1i+differencel).
measure(differencel»30rsdesiree).
fixed.contact(obldectlsrlanels$2).
fixed..contact(rlanel sobdjectlss2),
surrorts(rlanelroblectl).
isa(momentrmomentl).
isa(masssrmassl).
isal(velocitusrsvelocitul),
isa(scalarsscalarl).,
isa(accelerationsaccelerationl).
isa(scalarsscalar2).
isa(andglesangle).
fixed.contact{(ob.jectlsrlanelss2),
fixed. .contact(rlanelsobjectlss2),
given($3).
given($5).
dgiven($7).
given($9).
given(differencel).,

Hes
1 P- rortravw($2).
momentl

ues

i P~ in.dbase({recordsX)s rrint(X)y rut(*,*)sy nly fail.
ture{obJectsobdectl).
isa(rarticlerobdectl).,
mass(obJectlrmassirmomentl).
measure{(massls10yn).
vel(obdectlrsvelocitulsmomentl).,
masgnitude(velocitulrscalarl).
measure(scalarls»Orsarbs).,
accel (obdectlsaccelerationlsmomentl).,
magnitude(accelerationlsscalar).,
direction(accelerationlsandgle?).,
measure(scalar2y»0rarbs).
isa(rlanesrlanel).
isa(constantrconstantl).
coeff(rlanelsconstantl).
measure(constantlimusarbs),
isa(linesx..a8xis).
isa(rointsrointl).,
tangent (. .axisszero).
isa(anglersanglel).
isa(rointsroint).
tangent(rlanelsansglel).,
eauation(zero=andlel+differencel).
measure(differencely30rdedree).,
fixed.contact(obhdectlisrlanel smomentl).,
fixed_.contact(rlanelrobdectlirmomentl).
surrorts(rlanelsobdectl).
isa(momentsmomenti).
isa(massrmassl).,

cisa(velocituyrsvelocitwl).,
isa(scalarsscalarl).,
isa(accelerationsaccelerationl).

dsa(scalarsscalard).,
isa(ansglerangle).,
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File: PULLEY

Connected motion Froblems,

TN S 18 O A
Twe sarticles of mass B oand © 2re conmected bw s lisgnt strins
FResing over & smooth rullew,
Fimd the scoelerstion of the sarticle of mzass B.

LOoPULLE2 ]

A rarticle of mass 4 kg rests om a2 smooth horizontal table.

It is commected Dw 2 light inextensible string rassing over z smooth
Frutl lew 2t the edge of the tzable to 2 rarticle of mass 2 kge whioh

ie hanging freely.

Fimd the scceleration of the sustem zaznd the tension in the string,

(from Hostook azrnd Chandler 1978

L FPULLE

# orarticle of mase 9 kg rests om & roush horizontzl tanle,
It e commected by & light inextensible strimg rassing over 3 smooth
#iillew st the edsge of the tzble to 2 rarticle of msss of & kg which
is hanging freelw,

The coefficient of friction between the 5 kg masse znd the +

teirle 1s 173,
Fimdd the zcocelerztion of the sustem zrnd the tension in the st

rims,
{from Bostock znd Chanoler 15975)
LoFuLig 1

Two szrticles of mass 3 kg 2rng 4 kg zre connected by 2
inextensible string sassing over g smootn fixed rullew,
The swstem e relessed from rest with the string tzut zng poth
rarticles 2t & heisnt of 2 m 2hove the sSround,
Firnd thne velocity of the 3 kg mases when the 4 kg mass rescnes the
SO .

(from Bostock azrnd Chendler 19759

LoPULLE

A string rassing over a smooth fixed rullew surrorts azt 1ts two ends
smootn moveable rulleus of messes 5 1lbh znd & 1o resrectivelw.
(iver the first of the movesble rullews rasses 2 string having masses
of 3 1b amd 4 1 a2t its endsy znd over the second 2 string havinsg
masses of 2 1t amd 3 1b a2t its ends.
Firmd the zocelerztion of the moveable rullews znd of each of the
MEBSEEE,

(from Humehrew 1930)

LoFULLéE ]

Two rarticles of msss 3 kg znd 5 kg z2re connected pe 2 lisht
inextensible string sassing over z smooth rullew which is fiued
to the ceiling of & lift,

Fimg the tensiorn in the string when the swstem is moving freelw

3



LOPULLY

LoFULLE

L PULLY

L FULLL1O

anc the lift nas 2 downward zeoceleration G oms-2,

(from Bostock ard Charndler 1975

Two rarticles of masses M znd 4M are connected by 2 lisht imextensible
shring which rasses over 2 rullew of radius A,

The rullew is free to turn in 8 verticsl slarme without Friction szhout
g norizontzl axis throush its centre ang the moment of imertiz about
this axis is Ma™2.

The swstem is releacsed from rest and the string does ot slis on the
iyl leow,
Findg the zecelerations of the rarticles snd the distance esch moves

i time T.
Also fing the tensions in the string,

(A-level exami AER)
]

A rarticle of mass M1 is in contzct with the smooth sloring fece of
2 wedie which is itself stending on 2 smooth horizontzl surfazoe,

It the mass of the wedsge is M2 snd tne sloring fzce of the wedse is
inclined st an ansgle 30 dedgrees to the horizomtal find the
aoeeleration of the wedsie in terms of M1 a2mg M2,

(from Bostook amd Chandler 1975)

Ferticles of mess M 2nd 2M are cormected pw 2 lignt strinmg which
FEsses over 8 Pullew st the vertex of 2 wedse shared bDlock. one
rarticle resting on esch of the fazces which are smooth,

The mass of the wedsge being Ny ang the inclinmstion of the fzoes
to the horizontzal being Alrhar: find the zcceleration of the wedse
anc the rarticles when the weddse i¢ rlzaced on 2 smooth horizontzl
tabhle.

(from Humsehrew 19307
1

A wedse of mass Ny whnoze section ARD is 2 triangle right zsnsled

at Ar is wlaced witn the fzce BLC on 2 smooth horizomtazl tzbhle.

The faces AR znd AC are roushe the coefficient of frictiom being Mu.
Two masses ML and M2y connmected bw 3 light inextensible string rzssing
aver & light frictiomless rullew 2t A: rest on the fzoes AR zno AC
resrechivels.

Ml moves down AB with zcoceleration Fl.

Fimag Fle ang tne zccoeleration F2 of the wedde,

(From Humehirew 1930)
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FULLEY sroblem - for MECHD 10.1 ¥/

rroblemi{rullew: "Simrle rulley rroblem\nZr==\p\mn s [mmmmma 4],

isai{reriodsrerionll.
isairarticlesrarticledO),
issirarticlesrarticlel).,
mass(rarticledfirmassirreriodd).,
mass(rarbticledl smassdrrariodd).,
agroelirazrticleffrazocelerationd»Y0sreriodd) .,

mezsure{masal s 10sa2rbel,
measure{mass2s 1 2rarbeld,

given{massl).
givern{maessd) .
sought{accelerationd},

cue eugllewvws stanisvassryllewdrsstringdesrarticleffsrarticlell sreriond),

* 52(, also ‘/\/Ps;ﬁ/ (“PO”""»)L) (fvf Merd
oonamé‘ (1 il gc" Mam 0}{ wb-L;%
VJ)N'*\ FMS ome ’,74,0’1/()



Ve OLD Pmum

A% FULLEY FROBLEM WITH F1 ON TARLE AND F2 HANGING OVER EDGE. */

steady §- rrotrlams

checklist( dbentrysl isa(reriodsrariondl s
isal{rarticlesrl).
isgi{rarticle®2).
massirliberreriodl .
mass{rdrcarreriogl),
secel{rlrzlsOrrerionlls
incline(tzblersdrlefttords
solid(table)s
roughi{table).
coeff(tatlesmulds

auantitwi(basbrarbsls
auazntituwicercrarns?
1 Y

checklist( assertz:[ diverni{ha).
given(cols
giverni{mu)e.
soughti{zl)
1 |

rils
cusi{ryllasve madicussryllrctrerlsOerds 270srerioal ).

cuei{rathsws{tapler lefttorsedseshorsstlineld s
cua{line.motion{slstablesreriodgl)),

rroblem §~ writef( A\nNERULLEY ON TARBLE PROBLEM.NrANtXrsnsn’ s D-»2410,
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From Bundg HrsL40054051 on Arril 2. 1981 a3t 2151 FM
Lawrence

‘ I take it wou did not manage to sort out seraration
last mighty since it still seems to blow ur.

I nhaadded 3 more rroblems! the solid cwlinder z2nd cone .
and the hollow srhere., Mecho has rroved 211 10 rrobleme =2t some times
slthoudgh it is currentlwe limited to 2. Adarting it Lo rrove
mofid4 screwed it for mofi3, I thimk the rroblem is with serazrztiond
it blows wur with rades of aldgebra to tide (and I mezn FAGES!) a2nd
it gets 2 variable in vecadd.

All the rroblems crezate non—-fatzl errors when rum.

(3) Error messades z2fter frn_odbentre of on(ssr2:54),
{(h) Error messadges on Tures zfter go.
() Unnecessarile long seraration outruts,

I shall leave wou to fix these, Fleazse do it with high rrioritw

so I can det back and finish off the mofi rroblems.
Alan

9




“MOFI1.PRE { A moment of inertis eroblem %/

‘Ttproblem(mofily'ﬁadius of Guration of 2 line\n\n‘+L1).,

line(ll).
roint(l).

- roint(r).,

line_sus(lls1lsr).,
seraration(originsl,»-a3,L0:,01),
seraration(oridinsr:a23:00501),
meets(zaxisrllsrorigin)d.,
mass(lism).

rad.of.gur(lirzaxissk).
given(a).

givern(m).
soudght(k).

R = e @
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s K

[*‘ﬂGFIZ.PRB : 2nd Moments of Inertiz rroblem %/

rroblem(mofily ‘Radius of Guration of a seuare\n\n‘+L[1).,

seuare(sa).,
line(tor).,
line(bot).
line(left).

line(right). D
euad_sus(sartorsbotsleftsright). T
rerp.dist(originstor,a3,020+01)., &ﬁgk 0

ML ot

rerr_dist(originsbots~-3,090,01).,
rerr.dist(originsleft,-as[0,01).
rerr_dist(originsrightsar»[0+01)., ‘
meets(uaxisssaeryaxis). ‘ ( |

i m e’

eaea

mass(sarm).

rad.of_ gur(sasuaxissk).

given(a).
given(m).
sought(k).

%Z radius of dsuration of 3 line

rad._of_dgur(lLnesAxsA/sart(3))

- line.sus{LnerLendsRend) &
meets(AxsLnesFt) &
seraration(FtsRendsA»LT+F1) & \
seraration(FtsLends-AsL[T+F1), /




TS |
/% MOFI3.FPRE ¢ 3rd Moments of Inertia rroblem %X/

Problem(mofi3;'ﬂadius of Guration of a8 ring\n\n’sLC1),

ring(ringl). <
centre(ringlroridgin).
radius(ringlr,a).
meets(zaxisrringlrorigin)d.,

mass{(ringlsm).

fad,of_SBr(ringl,zaxis:k).
given(a).
given(m).
sought (k).




LXK MOFI4.FRE ! 4th Moments of Inertiz problem %/
_rroblem(mofid4s 'Radius of Guration of 2 Disc\r\n’»[1).
disc(discl),

centre(disclroridgin).

radius(disclea).,

meets(zaxissdisclrsoridgin)d.

mass(disclsm).

rad_of.gur(disclszaxissk).

given(a).

giveni{m).
sousght (k).

Z The radius of duration of 2 ring sbout =
Z rerrendicular axis throush its centre is its radius

rad_of_ gur{RingsAxissR)
e rins(Rins)_S centre(Rins,C) &
meets(AxissRindg»C) & radius(Ring:R).

ﬁu0£ Q:?

r\l"‘k') ‘)OPN(N\\,\A, ,;ll 1N
Lk g5l



/% MOFIS.PRB ¢! Sth Moments of Inertia eproblem X/

- problem(mofiSs ‘Radius of Guration of s srhere\n\n’sC1).

sphere(srherel).
centre(srherelsoridgin).
radius(srherelsa).
meets(zaMisssrherelszaxis).,

mass{srherelsm).
rad.of_dguer(srherelszaxisshk).,
given(a).

given(m).
soudght (k).

% The radius of guration of a3 disc asbout 3 o
Z rerrendicular axis throusgh its centre is its radius
%4 divided bw root 2.

rad.of_ dgur{lliscsAxissR/sart(2))

<-- disc(Disc) & centre(DiscsC) &
meets(AxisslliscsC) & radius(liiscrR).

/““Li A



(

x* ﬁOFIleRB 1A moment of inertia rroblem X/

- mroblem(mofils, ‘Radius of Guration of 2 lime\r\n’+L1).

lime(ll).

eoint{1l).,

=ointir).

line_sws(llslsyr),
seraration(originely~a+[0,01),
seraration(originereazs[0:,01),
meets(uaxisslliroridgind,
mass(llism).,

rad.of. gur{llsuarissk),
given(a).,

givern{m).,.
aought (k) ,




H‘FﬁDFIE.PRB ¢ 2nd Moments of Inertia eproblem X/

" problem(mofi?s ‘Radius of Guration of 2 rectangle\rm\n‘s+L[1).

rectangle(rect).
line(tor),
line(bhot).,
line(left).,

"lime(risht).
auad._sys{(rectstorsbotrleftsright).
rerr.dist(originstorsr L9001,
rerr.dist{oridinsDots~b»[P0:01),
rerp.dist{oridginslefts-3,00,01).,
rorr.dist(origdinsrignt23,00+01).,
meebs(yarisrsrectruaxis).,

mass{rectsm).,
rad.of.guri{rectygaxissh), ‘t;

given(a).,
giveni{m).
sought (k).

%z radius of dguration of 2 line

rad_of. .gur{lLnerwaxissas/sart(3))

S line.sus(lLneslLendsRend) &
meets (waxisel.nesFt) &
seraration{PtsRendsAL0+01) &
geraration(FtrLend»—A:[0-,01),




/% MOFIZ.FRE { 3rd Moment of Inertis rroblem ¥/

eroblem{(mofilds ‘Radius of Guration of am inclimed limeNm\rm‘s[1),

line(ll).

roint(l).

ointi{r).,

line_sws(llslerd,
seraration(originsl—aXcos(alrha)sLalerhary01).,
seraration(originsrraXcosi(alrhal)»Lalrha01),
meets(uanissllroridgind,

mass{llsm). :

rad.of.gur{llrsuaxissbk).
given{(a).,

dgiveni{m).
sought (k).




”,%-KDFI4.PRB i 4th Moments of Imertia problem X/

Problem(mofi4;’Radius of Guration of a rarallelogram\n\n’»L1),

rarallelodgram(radgrm) .,

line(tor).,

line(bot).,

line(left).

line(right),

auad. susi{rasgrmytorsbotsleftsright).

rerr. dist(originstorsbXcos(alrha) [90+2lrha01),
rerr.dist(originsbots—-bXcos(alrha)»[90+a3lrhar01).,
rerr.dist(oridins lefts-aXcos(alrha)s L0011,
rerr.dist{oridinsrightsakcos(alrha)»L[0y01).,
mgets(saxis;Pasrm;saxis)+

mass(Fasgrmem) .

rad_of. gur(sasrmrwaxissk),

givenrn(s).
giveni{m).
soudght (k).

% radius of dguration of am inclimned line

rad_of_ .gur{lnesAxrAXsin(T2-Tl)/sart(3))
w~= line.sus(l.nerLendrRend) &
meets (AxrLnesFt) &
incline(MH LT2,FIsFPL) &
seraration(FtsRendsA»LT1sF1) &
seraration(FtrLends»-A>[T1.F1),




roblem(mofil3y "Radius of Guration

ring(ringl).
centre(ringlrorigind.,
radius(ringlsa).
meets(zaxissringlrsoridgind .,

mass(ringlsm).,
rad.of.gur{(ringlszaxissk).,
given(a).,

giverni{m).
sought (k).

*'MUFIS.PRB ! 5th Moments of Inertiz rroblem %X/

of 2 ring\n\n‘+L1),




% MOFI6.FRE ! 6th Moments of Inertia eroblem X/
eroblem(mofidsy ‘Radius of Guration of a3 Disc\m\n’+0[ 1),
disc{discl).

centre(disclrorigind.,

radius(discleal.,

meets(zaxisrsdisclrorigind.,

mass{disclsm).,

rad.of_ dgur(disclszaxissk),

given(a).
given(m).
sought (k).

%Z The radius of duration of 2 ring zbout =2 e
%z rerrendicular axis through its centre is its radiag

rad_of.der(RingsAxissR)
<= pring(Ring) & centre(Ring,C) &
meets(AxissRings» () & radius(RingsR).




ﬂ;*‘MOFI7;PRB ¢ 7th Moments of Inertia rroblem %/
rroblem{mofi7y ‘Radius of Guration of a3 srhere\n\n’+L[1).,
srhere(srherel),

centre(srherelrsorigind.,

radius{(srherelsa),

meets(zaxisrsrherelszaxis).,

mass{srherelsm).,

rad_of.gur(srherelszaxissl).,

given(a). iy

givernn{m).
sougnt (k).

% The radius of dwration of 2 disc about 3 Gl
% rerrendicular axis through its centre is its radius
% divided bw root 2. e

rad.of. _gur(lliscsAxisyR/sart(2))
S gisc(lisc) & centre(liscs() &
meets(AxissDiscsC) & radiusi{lliscsR).




A% PRILFRE ¢ First Thermo Problem

Wouter
Urdated! 11 December 81
X/

¥ An ddeazl dHas is conmtained in & container. The container is closed
b 2 ristorn,. The volume of the sas is 2 litres and the znd Lthe
rrecseure is 120 kLFz. Bw moving the riston slowly outwards the volume
is increased till 3 litress while the temrerature remazins comstant,
What is the new rressure of the gas7
X/
g
contain{contzinerlssasl).,
ideasl. dgas{gasl).
closed.pwi(caontainerlsristonll,
sigton{ristonll,
volume. .dgas(gaslsvolumelstimeld.,
measure(volumels 3 litresd.
rressure.gasi{daslrrressurelstimel) .
~gasyure(rressurel 120 kFs),
avel(ristonlsoutwardrsreriod).,
reriodireriodstimel s bimed),
volume_ sas{gaslevolumedetimald),
measurel{volumed»3slitres).,
temreragture. dgas(dgaslereriod) .
constanti{temrlstimael s Limell,
rresoure dasi{daslyrressuredstimed).,
sought (Fresgurel).,
X/

state(statel).,

astate(statel).
swatem{observed.substancelrsysteml ).
ideal . gas(dgasl),
container{containerl).

obhserved. substance(sustemldasll.,
~eversible(sustemlsst. . changel.,

losed{swsteml).
state. chande(sustemlsest changersstatelrstated),
% containsi{containerlsustenlrstatel’.,

volume(sustemlsvollrsstatel)d.
measure{voll2:1liter).,
rreosasure{sustemlsrreslrstatel).,
measure(rresl s 120 kF2).,

volume{(sustemlrvolZestatel).,
measure(vol2:3sliter).
rresaure{sustemlrrresrestatedd.
temreraturel{sustemnl rtemrlsatateld.,
const{temrlrst. . chandgersusteml).,

givern{volll.
giveni{voll).
giveni(rresl).
sought{(rresd).,



¥ FRIEBWFRE | Version 2 of srol(dT instead of constant tems,

Wouter

« Urdztedd 11 lecember 81
7/

¥ An didesl dHas is comtzined inm 2 contaimner. The contziner is closed
bhw 3 riston. The volume of the dgas is 2 litres and the and the
rressure is 120 kFaz, Bwy moving the riston slowly outwardr the volume
is increased till 3 litress while the temrerzture remazinse constant.
What is the new rressure of the HSasT
X/
X
contain{(contazinerlssgasl).,
ideal . gas(gasl),
closed. pbw(containerlsristonl),
riston{(ristonl).
volume.gas(gaslsvolumelstimeld.,
measure(volumel:3slitres),
=pressure_dasi{dgaslrsrressurelstimel).,
easurel{rressurel  120kFz).,
movel({ristonlsoutwardsrerion).
reriodi{reriodstimel s Limed),
volume..gas({gaslsvolumestimedd.,
mezsure{volumeZs3slitres).,
temrerature. das{daslsreriod) .
constant{(temrlstimelstimel).,
rressure das{gaslsrressureZ-time2) .,
sought(rressurel).,
X/

state(statel .,

state(statel).,

aswatem{observed. substancel susteml’.
idesl dasl{dgasl).,
container{contazinerl),

ahserved.substance{susteml rgasl) .

eversible(sustemlsst_ change),
closed(suwsteml .,
state.change(sustemlsst . chandgerstatelrstated),
% contains{containerlssustemlrstatel).,

volume(sustemlsvollsstatel),
measurel(vollsZsliter).
rressure(susteml srreslsstatel),
measure(rrecl,120skFa),

voalume(sustemlsvolZrstated),
mezsure{(volZ:sZsliter),
rresasure{sustemlsrresrstated),
temrerature(sustemlstisrstatel).,

ER

Seemes surerfluouse: put it needs
ta krnow zbout 2 temrerzture !
dT{st. .changesdT).

measure(dl»Orcelsius) .,

givern(voll).,

given{vola).,



sgiveni{(rresll.,
sought{rres?).
giver(dT).,



¥ PRZLFREB ! Second thermo eroblem

Wouter
Urpdatedl 13 lecember 81
X/

K A culinder is closed pw 3 frictiomless siston and contzins

argon. [t exrands adizsbatic from 2 rressure of 300 kFz to 100 kPaz,

The initizl temrerature is 590 kelvin, What is the fimzl temrerature?,
X/

Ak

closed. bw(contazinerlsristonl).,
ristoni{ristonl).
frictionless(ristonl).,
contain{containerlsgaesl).
argoni{gasl).
wransion{adisbaticereriod),
reriodi{reriodstimelstLime) .,

rressure.sas(dgaslorletimell),
weasure(rls 300 kFa) .,
ressure.gasi{gaslordetime2),
measurel(r2y 100 kFa) .,

teme das(sgaslstlotimel).

measure(tl 590 kelving.,

temp  dasl(agasl L2 Limed) .,

sought(td),

7

state(statel ),
astate(stated).
argon(dasl),
ideasl .  dgasigasl).

observed.substance{swstemnl rgasll.
sustem(observed_ substamel ssusteml).,
reversibhle(susteml st change) .,
closedi(swsteml).,
siabatici{suwstemlrsst . chanse),
statechandge(sustemlrast changerstatelrstatel),
rressurel{sustemlsrreslrstatel ).
rressurel{sustemlsrressstated).,
temrerature{(sustemlstemrlatatel).
temrerature(sustemlstenrZrstatel) .
giveni{rresll,

given(rresd).

given(temsr1l).,

sought{(temr2) .



A FRELFRE 3 Third thermo sroblem.,

Wouter
Urpdated! 11 December 81
¥/

¥ A culinder is closed by 2 frictionless riston. It contains 10 mol
felium—sgas. The rressure is 120 kEFz andg the temrerature 40 Celsius,
There is am adizbeatic expansion till 2 volume of 300 dm™3, Conmrute
the mew temrerature,

X/

g

closed. bw{contzinerlsristornl),

ristoni{ristonl).

frictionless{ristonl).,

contain{containerlissgasll.

feliumi{sgasl).

amount. .ol dgzsl(gaslenlistimel).,

measurel{nls»10smol). e 7.3

rreseure. Sas(dgaslsrletimel).,

waasure(rl 120kFa),

2mrerature.sas(gaslestlstimel).,

measure(tl40scelsiusg)., Ta 7

rariodi{reriodstimelLimed) . .

axransion{adiasbaticrreriod). ;’\\\\
N

volume. gas(gaslsvdetimed), .

measure(v2: 300y am™37), _ Po s o

temrerazture das{dasl L2 Lime2) ., e =

sousht (L), f\

S
X/ ‘é"; )

state(statel).

state{statel).,

sustem{observed. substancelrswsteml ).
state.changel(sustemlrst. changerstatelrstated),
observed.substance(susteml rsgzsl) .,
reversible(sustemlrst. change)l.
~losediswstemnl ).
dizbaticiswsteml st charnge),
fieliumigasi),

idesl. dsas(gasl),

amount. .of. . subhstance(sustemlrnlisstatel ).
rressurel{sustemlsrlsastatel ).,
temrerature{swstemltlrastaztel).,
volume(swstemlsv2ratate),
temrarature(suwstemnl »t2rastatel).,
givenrninl).,

given{sl),

givern{tl).

giveni{val,

sought{td) .,



¥ FPRA.FRE § Thermo sroblem 4 (Number 32 from srogress rerort),

Wouter
Uenatedl 14 lecember 81
X/

¥ A closed container contains 1 mol idezl dga2s. an increase in temnrerzture
with 30 Celsius results in an increzse of the rressure with 100 kFa.
What is the volume of the comtzimner,

¥/

Ak

contaziner{contazinerl),
closed{containerl). Z different mezning of closed 7
contazin(containerlssasl).,
ideal . das(gasl),
amount..of . ges(dHeslinetimel),
measurelnrslsmall,
rerigdireriodstimaelsLime),
increase(temrerature. dasrsincrisreriod) .,
meagsure(inerls3I0scelasiusd.,
incresse(rressyre. dasrincrdsreriond).,
wasurel{iner2: 100 F2) .,

volume. .container{v.contrcontainerl).
sought(v.cont),

X/

state(statel).

state(statel).

sustemi{obhserved._ substancel sswstemi).,
state.change(sustemlsst.chandgersstatel state).,
ohserved. substancel(sustemlrgasl),
reversiblel(sustemlrsst. change),
closed(susteml).

ideal . dgasisgasl),

amount. .of. . substance(swstemlsnsstatel) .
cdl{st. . changecT),

dqiF (st chandgesdF) .,
volumel(sustemlsvolrestatel), Seoms surerfluous put marrle seems
to need z vol of 2 state,

If this statement comes AFTER the
mext const then marrle takes the
wrong definitiond{volxX.Y) 111

EE I S

consti{volsst. . chandesswsteml),
giveninl.,

sgiven(aT),

giver(dr),

aousht{vol).,



SR FRAEPREB G Thqrmm rroblem S5, (Number 33 from srosiress report).

Wouter
Uedated! 11 lecember 81
F
I A amount of ardgom is adiabatic ewranded till three fLimes
it’e oridginal volume, What will the rnew temrerzture he if
it is g@iven that the temrersture decreasses bw 400 Kelwvin.
X/
g

amount. .of . gas{gaslsnlstimel).
ardoni{gasl).
exransion{adiabaticereriod).,
reriodireriodstimel stime2),
volume. sas{gaslevolstimell,
volume. das(dasl - 3kvolstimel) .,
temrerature dasi{gaslstenrstimel) .,
decreazse(temrerature._ dassdecrsreriod) .
messure(decrs400skelvind .,
sought(tems) .,

iy

state({statel).

state(stated).,

obhserved. substancel{sustemlsgasl),
sustem(observed. .substancel sswsteml) .,
state.change(susteml st changersstatelrstated).,
reversiblefsustemlsst. change)l .,
closed(susteml).,

argon{gasl),

ideal .das(gasl),
adizsbhatic{esustemlrst_ chandge),
volume(sustemls volestatel).,
volume{susteml3kvolrstate).,

dlf{st. .changesdT).,
temrerature(sustemlstenrsstatel),
givern{dT).,

sousght{temr).



AR PR&SFRE D Thermo sroblem & (Mettes & Filot blz. 1110,

Wouter
Urdatedl 1& lecember 81
. ¥4
7K 1 mol ideasl sges is contzined in 2 culinder urnder 2 weightless
andg frictionless riston. The cuwlinder aznd the riston zre
thermically iscolsted, The temrerazture of the dase ie 27 Celsiuss
the rressure is 1 atm,
Suddenly one rlaces 2 weight om the ristorns the weisht is
eaual to 2 rressure of 773 atm.
What is the temrerzture of the dgas after the rrocess 7
Cv = 2983 R 5 Cr = 3,5 R,
b g
X

amount..of. . .sas{daslsnlstimel),
idesl. . dasi{gasll.,
culinder(cwlinderil,
contain{cuwlinderlssasl).,
closed. bwi{celinderlisristonl).
seldghtless{(ristanl),
rictionlessi{ristonl).,
isolatediowlinderl).
isolastediristonl).,
temrerature_ dasi{dgaslstemrlstimel).,
mezsure(temrl27rcelsius),
rrecsoure. dasi{dgaslsrlstimel ),
measure(rlsleatm).
rlace(weidghtsonsristonl sesuddenle) .,
measurel(rressurel s 7/ 2ryatm) ., AR
eaual {weidghtrsrressurel ). AN
temrerazture das(gaslstemrZrstimel) .,
rrocess(rrocesslesbimelstimed),
sought(tems2) .,
relate{(oversov=(3/2)1Xr),
relate{(crsrsor=(7/2)%r).,
X/

state{statel).,

state(stated).,

sservedosubstance(sustemlrgasl),

sustem(observed.substancel rsustenl).

ernvirorment {ernvirormmentrswsteml).,

state..change(sustemlsst. chandgesstatelrstatel).,

closed{susteml).

isolatediswsteml),

adiabatic{susteml rst. change). # Cemn be infered from rrevious
% statement |

irreversible(sustemlsst. . chansge).,

ideasl . dasi{dgasl).

amount. .of..substance(susteml nestatel).

temrerature(susteml stemrlsastatel ),

rressurei{sustemlsrlsstatel),

rressurel(sustemlr2ratated,

consti{rdrst_charngesenvironment’., This one changed with the

srevious one dogsn’t owork

wrong definitioni{is2:X:7).,

™o

dF{st. .chandgesdF).,
temrerature{sustemlstemrdratated).,



v gasi{dgaslsor),

cv.gas(gaslrovd,

given(rnl.,

given(tems1),

given(sl).

given(dF) .,

giveni(ov),

given{cr),

asought{(temr2) .,

deltalist. changedld), %4 Hzs to be inferred
givern(di), % from ‘zdizbatic’



A PRZ.FRE 1 Thermo rroblem 7. (Number 3% from rrosress rerorh).

Wouter
Urdateadd 15 lecember 81
X/

g A contsiner is closed by 2 riston and contains 1 mol igdesl
gas, Bw hesting tne dHas the temperature raises 30 Celsius
zrd the rressure 20 LRz, During the hezting the ristorn is
fived,
MNext the ristorn is released zand is moved outwards till the
volume is incressed Dy 5 odn™3, This rrocess is adiazbatic,
Comrgte the new sressurer when it is givern that the temrerszture
decreased by 100 Celsius,

X/

state(statel).,
state(statel).
state(stateld),
ohserved.substance{suwstemlssasl),
sustem{obs. .substlrswsteml ).,
‘deal..sas{gasl),

losed(swstenl).,
state.change{gsusteml rst. . changelrstatelrstated).,
state.chandge(susteml st chanselrsastatelystatel),
adizthaticisvstenl st changel),
reversible{sustemlrsst. changel),
amount. . of..substance(sustemlsnlrstatel),
measure(nlsLlsmalld.
volumel{sustemlsvollestatel),
constivollsst. . changelrewsteml),
dF{st. . changel dF.13.,
measure (dF . 1 20kFa) .,
dT (st .changel T 1),
measure(dT. 1 30rcelaius),
(st changed. V. 2) .,
measure (dV_ 25, ‘cdm™37 ),
dT (st . changeldT. 2,
messure(dlT. .2 ~100rcelsiusgd.
rressurel{systemlsrresdrsstatel),
giverni{drF. 1.

ivern{dT.1).
givern (g2,
givern{(aT.2).,
stiverni(nl).
soushtirresd),
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Forces in Equilibrium.

Statics rroblems involving Just resolution of forces, ‘$
Includes massesy strindgs and rodss with frictionazl
and contact forces with surfaces.,

File? FORCES
Froblems! RORC1-FORC10
Rigid Bodw Equilibrium.

Statics rroblems with lever erincirles involvinsg
turning moments and resolution of forces. )

File: NOVAK
FProblems: NOVK1I-NOVK2S (take 2 selection)
Connected Motion.

Motiorn sroblems involving rulleuss weddess and rarticles
on surfaces, €:>

File: FULLEY
Froblems! PULL1-FULL10
Constant Acceleration.

Distance/rate/time rroblems involving obdects in motion
vertically or horizontallw.

Filet MOTION
Froblems: MOTN1-MOTN1O
Relative Motion.

Froblems involving intercertion (etc) of several ob.ects
in motions including effects due to currentss winds etc,

File? RELTIV
Froblems?! RELT1-RELT10
FroJectiles.,

Farticles in flisht with both vertical and horizontal
acceleration/velocite comronents.,

File? FROJCT
Froblems:! FROJI-FROJ10O

Motion on Comrlex Paths,



The deKleer rroblems.

8) Collision and Imeact.

Elastic and inelastic collisions involving momentums l
imrulsess and the Law of Restitution.

File? CRASH
Froblems?: CRSH1-CRSH10

?) Springs and Enerdgw,

Serrindgs and elastic strindgsy using force and l
energy rrincirles.,

File? SFRING
Froblems? SRNG1-SRNG10

10)”worgAand Fower.

ObJects in simrle motion under forces.
Files WORK | i
Froblems: WORK1-WORK10

11) Moments of Inertis.

Alan‘s *fitire" work. \/,/



File?

FORCES

Forces in Ecuilibrium FProblems,

$573 TISS TS 7050 TS Suvm 9wn Bee S0m8 evs YSES sssv G2 Sews GG G940 Sebe S5 SVES SILS 90ve VU Sred Sman TEEe Sa00 SeEe Seee one G0N acon
Sias Ciae oke oas oot Sros S0en Sece tees Sive e tiee ve See Ghee Shes ceme Sees ove e im B ML M Bm Gm SR NN SN IZ IR

FORC1

FORC2

FORC3

FORC4

FORCS

FORCé

]

A small ob.dect of weight 10 N rests in ecuilibrium on 2z rough
Frlane inclined at 30 degrees to the horizontszl,
Calculate the madgnitude of the frictional force.

(from Bostock and Chandler 19795)
]

A rparticle of weight W rests on 2 smooth rlane inclined at 30
dedrees to the horizontsl and is held in ecuilibrium by a3 string
inclined at 30 dedgrees to the rlane.

Findy in terms of Wy the tension in the strins.,

(from Bostock and Chandler 1975)
i}

A weidght W is susrended bw two rores which make 30 dedrees and

60 dedrees with the horizontal.

If the ternsion in the first rore i 20 Ny find the tension in the
other angd the value of W.

(from Bostock and Chandler 1975)

3

A sledde whose weidght is 4000 N is rulled a2t constant sreed zlonsg
level dground be 2 rore held at 30 dedgrees to the dground.,
If mu = 1/4,find the rPulling force recuired,

{from Bostock and Chandler 1975)

)

A uniform rod AR of weight W rests in ecuilibrium with the

end A in contact with 2 smooth verticazsl wall and the end R

in contact with 2 smooth rlane inclined at 45 degrees to the wall.
Find the reactions 3t A and B in terms of W.

(from Rostock and Chandler 197%5)
]

A uniform rod AR of weight 120 N znd length 4 m is in
ecuilibrium with the end A on a2 roush horizontzl floor at
an andgle of theta dedrees to the horizontal,
The rod is resting adainst a2 smooth fixed reg at the roint C
in the rod such that aC = 3 m.,
Find mus the coefficient of friction between the rod and
the floor.
(A-level exam adartation! AER)



L FORC?7 1

A uniform rod AE of length 22 and mass M is freelw hinged to =z
fixed roint A and is held inclined a3t an angle of 30 dedrees to
the horizontal (with B zbove A) bw 2 light inextermnsible string
attached to the mid-roint of the rod and to 2 roint C verticallu
above A» where AC = 3,

Find the masnitude and direction of the reazction at A,

Find also the temnsion in the string.

(A-level exam?: U of L)



File?! NOVAK

Ridgid Bodwy Ecuilibrium Froblems
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l.evers etc,
Takern from Novak 1976,

L NOUK1

£ NOVKZ

L NOVK3

L NOVK4

L NOVUKS

L NOVKé

1

A lever 10 ft long is rinned at its left end.

The lever is surrorted buw 2 sepring with 2 comstant

of 40 lbh/ft.

The sering is attached 6 ft from the left end of the lever.
A weight of 20 lb is attached at the other end of the lever,
The weightof the lever is 8 1b,

How much is the srrindg stretched?

]

Where must a weight be hung on 3 roler of neglidgible weisghts
s0 that the bow a3t one end surrorts 1/3 3s much 2s the man =t
the other end?

(from Schaum 1961)

]

A scaffold 10 ft long is surrorted by rores attached a3t each end.
The scaffold weidghs 100 1lb.

Orne rainter weighing 130 1lb stands on the scaffold 4 ft from one
end while 3 second rainter weidghing 175 lb stands on the scaffold
2 ft from the other end.

What is the tension on each of the rores surrorting the scaffold?

(from ulls Metcalfe arnd Williams 1964)
3

A horizontzl uniform bar 10 m long is surrorted bw two rores
attached at its ends.

The rore on the left end makes an andgle of 45 dedrees with the
horizontaly while the rore on the right ernd makes an angle of

60 dedrees with the horizorntal.

A weisght of 100 nt is attached 2 m from the right end of the bar.
What is the weight of the bar?

]

A uniform scaffold 12 ft londg and weighing 100 1lbh is surrorted
horizontalle by two vertical rores hung from its ends,
Find the tension in each rore when 2 180 lb rainter stands
4 ft from one end.,
(from Schaum 1961)

1
A uniform bar A-E is 100 cm lons and weishs 50 1b. L1

The bar is to be surrorted a3t ends A and R,
An urward force of 40 1lb is arrlied 80 cm from A,



[ NOVK?

L

-

NOUKE

NOUK?

Comrute the forces on the surrorts.

(from Schaum 19461)
1

A uniform role 20 ft londg arnd weighing 30 1b is surrorted hw

a2 bow 3 ft from one end and 3 man 6 ft from the other end.

At what roint must 2 150 lb weight be attached so that the man
surrorts twice as much as the bou?

{from Schaum 19461)
1

The foot of 3 ladder rests adainst 2 vertical wall a2nd on 2
horizontal floor.

The tor of the ladder is surrorted from the wall bw 2 horizontal
rore 30 ft lond.

The ladder is S50 ft longs weidghs 100 lb with its center of dravite
20 ft from the footy and 2 130 1lb man is 10 ft from the tor,
Netermine the tension in the rore.

{from Schaum 1961)
1

The hindges of a door weidghing 20 1lb are 12 ft ararts 2nd the door
is 3 ft wide.

The weight of the door is surrorted by the urrer hindge.
lDNetermine the forces exerted on the door at the hindes.,

(from Schaum 1961)

NOVK10 1

A steel beam of urform cross section weighs 250 medgadunes.
If it is 500 cm londgs what force is needed to lift omne end
of it?
(from [Iully Metczlfe 2rnd Williams 1964)

NOVK1L 1

A tarering wooden teledrash role is 15 ft long angd its center
of gravity is 6 ft from one end.

It weidghs 400 1lbh,

What force is reauired to lift each end?

{(from Dulls Metcalfe znd Williams 1964)

NOUKL2 1

A bar 4 ft londg weighs 400 nt.,

Its center of gravity is 1.5 m from one end.,

If 3 weight of 300 nt is attached a3t the heavw end and 2 weisght
of 500 nt is zttached at the lisht end, what are the magnitudes
directiony and roint of arrlication of the eauilibrant?

(from Dull, Metcalfe and Williams 1964)



L NOUK1Z 1

A bridde 60 Tt long is surrorted by 2 rier at each end.
The briddge weidghs 50 tons.,

If 3 load of 7.5 tons is located 15 ft from one end, what load
does each rier surrort?

(from [ulls Metcaslfe zand Williams 1964)
L NOVK1i4 3

A bar O m long has its center of dgravity 1.5 m from the heavye end.
If it is rlaced on the edde of a3 block 1.5 m from the light end

and 2 weight of 750 nt is added to the lisht ends it will be balanced.
What is the weight of the bar?

(from Dull, Metcalfe and Williams 1964)
L NOVK1S 1

A uniform bar 25 m long weighs 10000 nt.

From end A 38 weight of 2500 nt is hung.,

At By the other end of the roley there is a3 weight of 3500 nt.
An urward force of 3000 mt is exerted 4 m from By while an
urward force of 4000 nt is exerted 8 m from A,

Netermine the magnitudes directions 2nd roint of arrlication
of the ecuilibrant.

(from Dull, Metcazlfe and Williams 1964)
L NOVK1ié6 1

A beam 4 m long is surrorted at both ends.
A weight of 500 nt is attached 1 m from end Ar» 2 weisht of

800 nt is attached 1.5 m from end Ay and 2 weidght of 300 nt
is sttached 1.25 m from end E.

Czlculate the forces exerted by the surrorts st each end of
the beam.

(from [wlls Metcalfe z2nd Williams 1964)
£ NOVUK17 1

Faul and Henmry carrge 2 sack weighing 600 nt on 2 role betweern them.
If the role is 2 m long and the load is .5 m from Pauls what force
does each bow exert?

(from [Dulls Metczlfe and Williams 1964)
[ NOVUK1L8 1

A briddge is 80 ft long.

What force must the rier at each end of the bridde exert to
surrort an automobile weisghing 2 tons which is 30 ft from one
end of the bridge?

{(from Dullsy Metczalfe and Willizms 19464)
L NOVK1? 1

A rainter weighing 200 nt stands on 3 rlank 3 m longs which is
surrorted at each end bhw 2 sterladder.

If he stands 1 m from one end of the rlanky what force is exerted
bw each sterladder?

(from [ull, Metcalfe znd Willizms 1964)



L NOVK20 1

Two bousy weighing 100 1b and 125 1b resrectivelyw, wish to bazlance
Oon 3 Seesaw.

If the 100 lb bow sits 5 ft from the center» how far from the center
must the 125 1b bow sit?

(from Dull, Metcalfe and Williams 1944)

Additional rroblems considered by Novak but not solved,
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[ NOVUK21 3]

A uniform steel meter bar rests on two scales at its ends.
The bar weidghs 4 1lb.,
Find the readindgs on the scales.

(from Hallidaw and Resnick 1967)
[ NOVKZ2Z2 1

A 60 ft ladder weighing 100 lb rests adainst 2 wall a2t 2 roint
48 ft above the dround.

The center of gravity of the ladder is ome third the waw ur,

A 140 1b man climbs halfway ur the ladder.

Assuming that the wall is frictionlessy find the forces exerted
by the sustem on the ground and the wall.,

(from Hallidaw and Resnick 1967)
[ NOVK2Z 1

A uniform beam is hinged at the wall.

A wire connected to the wall 2 distance It zbove the hinde is
attached to the other end of the beam.

The beam makes zn andgle of 30 ded with the horizontal when =2
weight Wl is hung from 3 string fastened to the end of the beam.
If the beam has s weidght W2 and a length Ly fingd the tension

in the wire and the forces exerted bw the hinge on the beam.

(from Halliday and Resnick 1967)
[ NOVK24 1

A door 7 ft high and 3 ft wide weighs &0 1lb.

A hinge 1 ft from the tor and znother 1 ft from the bottom
sach surrort half the doors weight.

Assume that the center of dgravite is at the deometricazl center
of the door and determine the horizontzl and vertical force
comronents exerted bw esch hinge on the door.,

(from Hallidaw and Resnick 1967)
L NOVUK2S 1

An sutomobile weidghing 3000 1lb has 3 wheel base of 120 in.
Its center of gravity is located 70 in behind the fromt axle.



LIetermine the force exerted on each of the front wheels
(assumed the same) and the force exerted on each of the bhachk
wheels (assumed the same) bw the level dground.

(from Hallidaw znrnd Resnick 1947)
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L FULLL 3]

Two rarticles of mass B and C are connected by 3 light string
rassing over a smooth rullewu.
Find the acceleration of the sarticle of mass E.

L FULLZ 1]

A rarticle of mass 4 kg rests on 2 smooth horizontal table.

It is cornmected bw 2 light inextensible string rassing over z smooth
rulley at the eddge of the table to a rarticle of mass 2 kg» which

is handing freelw.

Find the acceleration of the sustem and the tension in the string.

{(from Rostock and Chandler 197%5)

L FULL3 1

A rarticle of mass 5 kg rests on a3 rough horizontzl table.

It is connected by 2 light inextensible string rassing over 2 smooth
rullew at the eddge of the tablg)to a8 rarticle of mass of &6 kdgs which
is handging freelw.,

The coefficient of friction between the S kg mass and the table is 1/7
Find the acceleration of the sustem zand the tension in the string,

(from Rostock and Chandler 1975)
L FULL4Y 3]

Two rarticles of mass 3 kg and 4 kg are conmected bw a2 light
inextensible string rassing over 3 smooth fixed rullew,
The sustem is released from rest with the string taut znd both
rarticles at 3 height of 2 m above the dround.
Find the velocitw of the 3 kg mass when the 4 kg mass reaches the
ground.

(from Bostock and Chandler 1975)

L PULLS 1

A string rassing over 3 smooth fixed rpulleu surrorts at its two ends
smooth moveable rulleus of masses S lb and 6 1b resrectivelw,
Over the first of the moveable rpulleus rasses 2 string having masses
of 3 1b and 4 1b a3t its endss and over the second 2 string havindg
masses of 2 1lb and 3 1lb a2t its ends.
Find the acceleration of the moveable rullews znd of each of the
Ma3sses.,

(from Humehrew 1930)

L FULLS 1

Two rarticles of mass 3 kg and 5 kg are connected bw 2 lisght
inextensible string rassing over 2 smooth rullew which is fixed
to the ceiling of a3 1lift.

Fing the tension in the string when the sustem is movindg freelw



L PULL7

[ FULLS

L FULL?

and the lift has 3 downward ascceleration G ms—-2.

(from Bostock and Chandler 1975)
]

Two rarticles of masses M and 4M are connected by 2 light imextensible
string which rasses over 3 rulleuy of radius A,

The rullew is free to turn in a3 vertical rlane without friction zbout
3 horizontal axis through its centre and the moment of inertiz sbout
this axMis is MA™2.

The sustem is released from rest and the string does mot slir on the
Fuulley.

Find the accelerations of the rarticles and the distance each moves

in time T,

Also find the ternsions in the string.

(A-level exam?!: AER)
]

A rarticle of mass is in contact with the smooth sloring face of
2 wedde which is itself standing on 3 smooth horizontzl surface.

If the mass of the weddge is M2 znd the sloring face of the wedde is
inclined at a2n angle 30 dedrees to the horizontal find the
acceleration of the weddge in terms of M1l ang M2,

{(from Rostock and Chandler(l??ﬁ)
1

Farticles of mass M and 2M are connected by 2 light string which
rasses over 3 rullew at the vertex of 3 wedde shared blocks one
rarticle resting on each of the faces which are smooth.

The mass of the weddge beindg N» and the inclination of the faces
to the horizontzl beindg Alrhas find the zcceleration of the wedde
and the rarticles when the weddge is rlaced on a2 smooth horizontazl
table.

(from Humrhrew 1930)

L FPULL1O ]

}
A wedde of mass N+ whose section AEC is 2 triandgle right ansled
at Ay is rlaced with the face RC on 2 smooth horizontazl tazble.
The faces AR and AC are roughy the coefficient of friction being Mu.
Two masses M1 and M2y connected by 2 light inextensible string rassin
over a3 light frictionless rulley at As rest on the faces AR and AC
resrectively,
Ml moves dowrn AR with acceleration F1.,
Firnd Fls and the acceleration F2 of the wedse.,

(from Humrhrew 1930)
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L MOTNL 1

A stone is drorred from a3 cliff 100 m shove the sea.
Find the sreed with which it hits the sea.

(from Bostock and Chandler 1975)

L MOTN2 1

A ball is thrown vertically urward to 2 height of 10 m.
Find the time taken to reach this height and the inmitizal sreed
of the ball.

(from Eostock and Chandler 1975)

L MOTN3 ]

A stone is rroJected vertically urward with 2 sreed of 21 ms-—-1,
Find the distance travelled bw the stome in the first 3 ¢ of its
motion.

{(from BRostock andgd Chandler 19735)

L MOTN4 1]

A ball is thrown verticaslly urward with 3 sreed of 135 ms-1 from
a2 roint which is 0.7 m above dground level.
Find the sreed with which the ball hits the d€round.

(from BRostock and Chandler 1975)
L MOTNS 1

A stone is drorred from the tor of 23 tower.

In the last second of its motion it falls throush a3 distance
which is 1/5 of the height of the tower.

Fingd the height of the tower.

(from Rostock and Chandler 1975)

L MOTNG 1

A stone is drorred from the tor of 2 building 20 m high,

A second stone is drosred from 2 roint half-way ur the same buildindg.
Find the time that should elarse between the release of the two
stones if thew sre to reach the dground at the same time.,

(from EBostock and Chandler 197%5)

L MOTNZ 1
A rarticle which is moving in a straight line with constant e
acceleration takes (3 sand /S s to cover two succesive distances
of 1 m. e S

Find the acceleration.
(from Rostock znd Chandler 197%5)



L MOTNS

L MOTN?

3l

A tow train is moving along 3 straight length of track.

It accelerates uniformly from rest to 2 velocity of 0.5 me-1
and maintains this velocity for 2 time before decelerating
uniformly to rest adain.

If the time taken for this Journeu is 2 seconds a2nd it moves 2
distance of 0.8 m 2long the tracks find the time for which the
sreed of the train is uniform.

(from Bostock and Chandler 197%5)
i}

A bus moves awaw from rest at a bus stor with zn acceleration
of 1 ms-2,

As the bus starts to move 3 man who is 4 m behind the stor runs
with 2 constant sreed after the bus.,

If he Just manages to catch the bu§innd his sreed.,

{(from BRBostock and Chandler 197%5)

C MOTN1O 1

A road runs due morth throusgh a roint A,

A lorry travelling north a3t 2 constant sreed of 5S4 km/h rasses Ar
and immediatelwy a3 car leaves A moving from rest with 2 constant
acceleration of 2 ms-2.

Find the distance from A (in meters) where the car overtakes the
lorre and the time (in seconds) for this to occur.,

(A-level exam! AER)

A
()
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]

The driver of 2 car travelling due East on a3 strazight road
at 40 kmh-1 is watching 3 trazin moving due North a2t 75 bkmh-1.
What is the arrarent sreed and direction of motion of the train?

(from Rostock and Chandler 19795)
i}

A steamshir is travelling north a2t the rste of 10 mrhy» 2nd there
is 8 north-east wind blowing at the rate of 20 mrh.

In what direction will the smoke from the funmel azrrear to move
to an observer on the shir?

(from Humrhrew 1930)
]

A man with a2 boat wishes to cross 2 stream of width 4 from 2 roint
0 to 3 roint F on the orrosite bank a2t 3 distance B downstream.

If the stream flows with velocity U, what is the least sreed with
which the man must be able to row through still water if he is to
reach P7?

In what direction must he rows and how long will he take?

(from FPalmer and Srmell 1935)
]

firn aircraft P is 800 m due North of another zircraft Q.

Eoth are fluing at the same heidght with constant velocities 150 ms-1
due West and 200 ms—-1 N 30 W,

after what time will the zircraft be closest together and how far
arart will thew then be?

(from Rostock and Chandler 1975)
1

A sreedboat travelling due East at 100 kmh-1 is S00 m due North of 2z
launch when the launch sets off to tre to catch the sreedboat.

If the sreed of the launch is 60 kmhnijshow that the lzunch cannot
dget closer to the sreedboat tham 400 m.

(from Bostock znd Chandler 1975)

]

A and B zre two shirs whichy at 1200 hourss 2re at F 2nd Q
resrectivelwy where PR = 26 nautical miles.,

A is stesming at 30 krnots in a3 direction rerrendicular to FQ andg

E is steaming on 2 straight course at 20 krnots in such 2 direction as
to arrroach A 8s closelw as rossible.



L RELT?Z

[ RELTS

L RELT?

Show that B steams at an andgle of arcsin(2/3) with FQ.
Find whern the shirs are closest together.

(from Bostock and Chandler 1975)
i}

A cruiser is travellindg due East a2t 15 knots.

At 1200 hours 2 destrouver which is 12 nauticzal miles South West of
the cruiser sets off at 20 krnots to intercert the cruiser,

At what time will the intercertion occur and on what bearing should

the dr travel?

1

(from Rostock and Chandler 197%5)

A destrower moving N 30 E at S50 kmh-1 observes zt noon 3 cruiser
travelling due North at 20 kmh-1.

If the destrover overtakes the cruiser or€hour later find the distance
angd bearing of the cruiser from the destrower at noon.

(from Bostock and Chandler 1975)
1

Two zircraft are in horizontal flidght at the same zltitude.

One is fluing due north at 500 kmh-1 whilst the other is fluing

due west at 4600 kmh-1.

Realising that thev are on 2 collision course the rilots take zction
simultaneocusly when the aircraft are 10 km arart.,

The rilot of the first rlane chandges his course to N 15 W mzintazining
his sreed of 500 kmh—-1 and the rilot of the second rlane maintains his
course but increases his sreed to V kmh-1.

Find the value of V if the z2ircraft are still on collision courses.

(A-level exam! AER)

£ RELT10 1

A rort X is 18 nautical miles due north of another rort Y.

Steamers Ay B leave Xy Y resrectivelw zt the same times A travellins
at 12 knots due east and B 2t 8 knots in 3 direction arcsin(i1/3)

east of north.,

Find in masgnitude and direction the velocitwy of B relative to A,

Frove that subsequently the shortest distarnce between A and R is 14
nautical miles and find the time taken to reach this rosition.

If when the steamers are in this rosition 2 boat leaves A z2nd travels
due west so as to intercest Ry find at what sreed the boazt must travel

(A-level exam?! JIMR)
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L FROJ1 1

A stone is thrown from the tor of 2 cliff 70 m high a2t an

sngle of 30" below the horizontal and hits the sea2 20 m from

the bottom of the cliff.

Find the initizl sreed of the stome znd the direction in which it
hits the sesa.

(from Bostock and Chanmdler 197%5)
L FPROJZ2 1

A ball is thrown from dround level with 3 velocitw of 15 ms-1 at

an angle of 60 to the horizontal.

Find when the ball hits the dround and the time a2t which it reaches
its dreatest height above the roint of rrodection.

{(from Bostock az2nd Chandler 1975)

L PROJ3 1]

A dun has 3 maximum randge of 200 m on the horizontal.
Fing the velocitwe of a2 shell a2s it leaves the muzzle of the gun,

(from Bostock and Chandler 19795)
L FROJ4 ]

The dreatest randge of a2 rarticley with 2 diven velocitw of rrodection:s
on 8 horizontal rlane is 3000 metres.,
Find the dreatest randge ur 3 rlane inclined a3t 30' to the horizontal.

(adarted from Humrhrew 1930)
L FROJS 3

A ball is rrodected urwards a2t an andgle of 30 to the horizontzl:»
with 3 sreed of 60 m/s.,

The ball reaches 2 maximum height of H metres verticzallw above
the horizontal rlane contzining the roint of rrodection.
Calculate the value of H» the randge on the horizontal rlanes

and the direction of motion of the ball 4 s azfter erodection.

(O(A)-level exam!: AER)
L FPROJS 1

A ball is thrown with 2 sreed of 10 m/s from the tor of 2 tower
which is 1% m hisgh.,.

The ball strikes the sround at the same level as the base of the
tower and at a3 horizontsl distance of 20 m from the roint where the
ball was thrown.

Calculate the angle of elevation at which the ball was throwns the
time of flight of the balls and the direction in which the ball is
moving at the instant when it strikes the ground.




(A-level exam (rart)! AER)

L PROJ7 1
A tile slides down 2 roof inclined at 20 to the horizontal starting
3 m from the eddge of the roof.
Assuming that the roof is smooth find the horizontzl distzrnce from the
eddge of the roof that the tile Hits the dround if the eddge of the roof
is 8 m above dround level.
(from Bostock and Chandler 197%5)
L FROJSB 3
A gun with 3 muzzle velocity of 100 ms—-1 is fired from the floor of
a turnnel which is 4 m hidgh,
Find the maximum angle of rrodection rossible if the hullet is not to
hit the roofs and the randge of the dgum with this andle of rrodection.
(from Bostock and Chandler 197%)
L PROJD 1
Two rarticles P and Q@ are fired simultaneouslwy from twe roints A and
B on level dsround with sreeds of rrodection U and 2U resrectivelw,
If AR is the maximum randge of F» and the rarticles collide when both
are moving horizontasllyy find the zndgle of rrodection of Q.
(from EBostock and Chandler 19795)
L FROJ1IO 1

Two rarticles are rFrrodected with the same srred from the same roint.
The ansgles of rrodection are 24 and A a2nd 2 time T elarses between
the imstants of srodection.

If the rarticles collide in flights find the sreed of rrodection in
terms of T and A,

If the collision occurs when one of the rarticles is a2t its dgreatest
heidghts show that A is diven bve 4cos(A)"4 - cos(A)™2 - 1 = 0,

(A-level exam! AER)



Filet

CRASH

Collision and Imract rroblems.

20ue seuw seve oeve suvs seee eeve sese
sSSSISSE=sS

[ CRSH1

L CRSH2

L CRSH3

L CRSH4

[ CRSHS

L CRSHé

S80m ames cves coon S200 Seus eus some SN4S SEvS S00e S000 Sese e Sue same seve Soms semw Same smse Swve
e R

1

A hammer of mass 1.2 kg travelling at 15 ms~1 is brousht to rest
when it strikes 2 nail.
What imrulse acts on the hammer?

(from Rostock and Chandler 197%5)
1

A truck of mass 1200 kg is moving with 2 sreed of 7 ms~1 when it
collides with a3 second truck of mass 1600 kg which is stationarw,
If the two trucks are automatically courled todether 2t imracts
with what sreed do thew move on todgether?

(from Bostock and Chandler 1975)
]

A shell of mass 12 kg is fired horizontzallw from 2 gun of mass 750 ks,
which stands at rest on horizontal dround and is free Lo move.

If the initial velocity of recoil of the gun is 3 ms—-1s calculate the
initial velocity of the shell and the masgnitude of the imrulse which
acts on the dgun.

(OCA)Y~1level exam?! AER)

] rﬂ g?‘r( -

A gun of massigzg)fires a shell of mass M

The barrel of the gun is elevated at an zandgle A and the gurn recoils
horizontallw.

Find the andgle at which the shell leaves the barrel.,

(adarted from Bostock and Chandler 19735)
1

Two rarticles of masses 3 oz and 5 oz are connected bw an 7
inextensible string of lendgth 14 feet which rasses over a2 small >
at a height of 10 feet above a2 table on which the heavier rarticle
restsy verticallw beneath the rulleu,

The other rarticle is razised to the rullew and zllowed to fzll.

Find the velocity of the sustem after the Jerk, zand the time szt
which it will first come to rest.

(from Humrhrew 1930)

1

A rarticle of mass 4 kg is sttached to one end X of a2 light
inextensible string which rasses over 2 smooth light rullew and
surrorts particles of masses 2 kg and 3 kg 3t the other end Y.
The end X is held in contact with 3 horizontal table at z derth



6 m below the rullews both rportions of the string being verticsal
and the rarticles at Y hanging freelwu,

The sustem is relezsed from rest.

When Y has descended 2 distance of 2.5 m» the rarticle of mass 2 kg
is disconnected znd bedins to f3ll freelwu,

Calculate the dreatest heisght reached bw X zbove the table and the
momentum of the 4 kg rarticle wher it strikes the table.

(A-level exami: U of L)

L CRSHZ7 1

A smooth srhere of mass 0.9 kg moving with 38 horizontzl sreed of 3
ms—-1 strikes at right andgles z vertical wzall and bounces off the wall
with horizontsl sreed of 2 ms-1. .

Find the coefficient of restitution between the srhere and the wa2ll
and the imrulse exerted om the wall st imract.

(from Bostock and Chandler 1975)
[ CRSH8 13

A smooth srhere A of mass ECﬂy moving on 2 horizontal rlane with
speed Us collides directlw with another smooth srhere B of ecual
radius angd of mass My which is at rest.

If the coefficient of restitution between the srheres is E» find
their sreeds after imract.

(A-level exam (rart)! U of L)

L CRSH? 1

A smooth uniform sehere A of mass Mr» sliding with sreed U on 2
horizontal tabley collides oblicuelw with 2 smooth uniform srhere
E» of mass 4 M and of ecual radiuss which is at rest on the table.
At the moment of imracts the rath of A makes an andle Alrha with the
line of centres of the srheres.
Ify after imracts E moves with sreed (3 U cos Alrhal)/10, find the
coefficient of restitution between the srheres,
If the kinetic enerdws of the srheres after the imract are erual:,
find tanm Alrha,

{A-level exam! AER)

[ CRSH10 1

Three small srheres A B and C» of eauazl radii and masses 2Ms 3M and
4M resrectivelus lie 3t rest om 2 frictionless horizontzal rlane with
their centres in a3 straigsht line.

The srhere A is made to move towards B with 2 sreed 2U angd after the
collision B bedins to move towards C with sreed U.

The srhere E is brought to rest bw its collisiomn with C.

Calculate the coefficients of restitution between A a2nd B and between
B and C.

Show that» im 211» three collisions onlw take rlace and fing the final
sreeds of each srhere in terms of U,

(A-level exam?! AER)



Filel

Srring

sase save suse oves cven sove mew
S ImImamEEs

L SRNG1

L SRNG3

[ SRNG4

L SRNGS

L SRNGé

SPRING

and Enerdgw sroblems.

25em $u0n 2900 sess 290s cevs sous s00p 000 200s Sous Sace Seme seve Sewe swes suee swes sevs vms
sttt

]

A rarticle of mass M1l is susrended from the end of 2 sering of
length L1 and elasticite E.

A second srring with length L2 and elasticity 2E is attached to the
first rarticlesr and another rarticle of mass M2 is susrended from
the second serind.

Fingd the extension of each serind.

]

An elastic string of natural length 4L a3nd modulus of elasticitu 4Md
is stretched between two roints A and B which are on the same level,
where AE = 4L.

A rarticle attached to the midroint of the string hangs in equilibrium
with both rortions of string making 30 with AE.

What is the mass of the rarticle?

(from Rostock azand Chandler 1975)
3

Two srrings AR BC are .Joined todether end to end to form one londg serit
The natural lensths of the serarate srindgs are 1.6 m 2and 1.4 m and
their moduli of elasticite are 20 N and 28 N resrectivelw,

Find the tension in the combined srring if it is stretched hetween

two rPoints 4 m arart.

(from EBostock and Chandler 19795)

]

If the work done in halving the length of a3 serring of modulus 4 N
is 1.2 Joule what is the naturzl length?

(from Rostock and Chandler 197%)
1

Arn elastic string whose modulus is 4 N is stretched from I m to
4 m in lendgth.,
What is its increase in enerdgy if its naturzl lendgth was 2 m?

{from Rostock and Chandler 1973)
|

A light elastic strings of unstretched length A a2nd modulus of
elasticity Wy is fixed at one end to 2 roint on the ceiling

of 2 room.

To the other end of the string is asttached 2 rarticle of weight UW.
A horizontal force F is arrlied to the rarticle a2nd in ecuilibrium
it is found that the string is stretched to three times its natural



L SRNG?7

[ SRNGS

L SRNG?

lendgth.,

Calculate the ansgle the string makes with the horizontals znd the
value of F in terms of W.

(A-level ewam (ra2rt)! U of L)

3

Two light elastic strindgs AR and CD each have naturzl length L and

an extension of L/2 is rroduced in each string by tensions Mg and

2Mg resrectivelwy,

The strindgs are Joined at their ends B and C a2nd the end A is fastened
to 8 fixed roint.

From the end I' is hundg 2 rarticle of mass M.

Show thats when the mass M hanss at rest verticallu below Ay the total
extension in the combined string ARCD is 3L/4.

(A-level exam (rart)! AER)
1

A rarticle of mass M is susrended from a2 fixed roint A by 3 light
elastic strinmg of natural lendgth L and modulus of elesticitwy 4 Mg,

The rarticle is rulled down from its equilibrium rosition 2 distence
I and then released.,

If the rarticle .ust reaches the height of A find .
(from Eostock and Chandler 1973)

3

One end of an elastic string is firved to 2 roint A on 2 horizontal
table.,

The other end is attached to 3 heavw rarticle F of mass M.

The rarticle is rulled awaw from A until AP is of lendgth 3L/2 znd

is then released.

If the naturazl length of the string is L and its modulus of elzsticity
is Mg find the velocity of the rarticle when the string reaches its
natural lensth.

(adarted from Rostock and Chandler 19735)

L SRNG10O 1

Two rarticles A and B are connected bw 2 light inelastic strindg
which rasses over 2 smooth rulleu,

A is of mass M and B is of mass 2M.

Initially both rarticles are at rest at z derth 2L below the rullew.
If they are released from rest find their velocite when each has
moved a distance L.

(from Rostock and Chandler 1975)
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A block of mass 500 kg is rzised a2 heisght of 10 m bw 2 crane,
Find the work dome bw the crane zsgzinst gravite.

(from Bostock and Chandler 1975)

3

A block is rulled 2t 2 constant sreed of S ms~1 along 2 horizontal
surface bw 2 horizontal string,
If the tension in the string is 9 N» find the work done bw the string
in ten seconds.

{(from Rostock and Chandler 1975)

1

A block is rulled 2long 2 rough horizontzl surface bw 2 horizontal
strins,

If the string rulls the block at 2 steady sreed and does work of 100
in moving the block 3 distance of § me find the tension in the strinsg,

{(from Rostock =z2nd Chandler 19795)

]

A rarticle of mass 9 kg is rulled ur 2 roush rlane by 2 string
rarallel to the rlane.

If the rlane is inclined a2t 30 dedrees to the horizomtzls and if
the work done bw the tension in the string in moving the block

g3 distance of 3 m at 2 steady sreed is 90 Jy find the coefficient
of friction between the block and the rlane,

{(from Rostock and Chandler 1975)
1
A train has a3 maximum sreed of 80 kmh—-1 on the level adainst
resistance of 50000 N.
Find the rower of the erngine.
(from Bostock and Chandler 1975)
3
A car has 2 maximum sreed of 100 kmh~1 on the level with the
engine working at 50 k.

Find the resistance to motion.

(from Rostock and Chandler 19795)
J

A lorry of mass 10000 kg has 3 maximum sreed of 24 km/h ur



2 slore of 1 in 10 adgainst 2 resistance of 1200 newtons.
Find the effective rower of the endgine in kilowatts.

{A-level exam (rart)! U of L)

L WORK8 1]

A car of mass 1500 kg tows another car of mass 1000 ks ur
2 hill inclined at arcsin 1710 to the horizontazl.

The resistance to motion of the cars is 0.5 N rer kg,

Find the tension in the tow rore at the instant when their
sreed is 10 ms—-1 and the rower outrut of the towing car

is 150 kW.

(from RBostock and Chandler 1975)

L WORK? 1

At the instant a2 car of mass 840 kg rasses 2 sign rost on 2 level
road its sreed is 90 km/h and its endgine is working at 70 4£b'l

If the total resistance is constant and ecual to 2100 Ny find the
acceleration of the car in m/s2 a2t the imstant it rzsses the sisn rost,
Calculate the maximum sreed in km/h 3t which this car could travel

ur an incline of arcsin(l/10) zdzinst the same resistance with the
endgine working at the same rate.

(A-level exam! AER)
L WORK10O 1

A car of mass 1000 kg has 2 maximum sreed of 15 m/s ur 2 slore
inclined at an ansle thetz to the horizontal where sin theta = 0.2,
There is 23 constant frictionzal resistance ecqual to one tenth of
the weight of the car.,

Find the maximum sreed of the car on 2 level road,

If the car descends the same slore with its endgine working at half
its maximum rowers find the acceleration of the car 2t the moment
when its sreed is 30 m/s.,

(A-level exam: U of L)



L

Rob‘s 30 sroblems for the razrser

CRSHL Q
A hammer of mass J kg travelling 2t 15 ms-1 i hrought to rest
when i1t strikes 2 nail.
Whzt imrulse acts or the hammer?
was 1.2 kg (from Bostocock zng Chandler 1975)
FOrRGCL 1
A small obdect of weight 10 N rests in ecuilibrium on 2 roush

rlame inclined at 30 dedsrees to the horizontal.
Calculate the magnitude of the frictiomzl force.

(from Bostocock znd Chamdler 1975)
MOTHL 1

A stomne is drorped fTrom 2 oliff 100 m zhove the sea,
Firdg tne sreed with which it hits the sea.

(from Bostoolk ang Chandler 1975
MOTNZ 3

& ball is thrown verticalle urward to 2 height of 10 m,
Firmd the time tzken to resch this height snd the initizl sreed
of the ball.

(from Bostook znd Chandler 1975)

MOTHE

A stone is erodected vertically urward with 2 speeg of 21 ms—-1.
Fing tne distance travelled bw the stone in the firet I 5 of its
motion,

{(from Bostock znd Chandler 1975
MOTHA ]
A ball is thrown vertically urwerd with 2 seeed of 15 ms-1 from

2 roint which is 1 m shove ground level.
Find the sreed with which the ball hits the dround,

was 0.7 meters
(from Bostock and Cheandler 1975)
MOTHE ]

A storne i1e drorred from the tor of a2 tower.

In the last second of its motion it f=zlls throush & distance
which is 179 of the height of the tower.

Firmgd the height of the tower.

(from Hostook and Chandler 19750



LoMOTHSs

A stomne is drorred from the tor of 2 bullding 20 m hish.

A second stone die drorred from 2 roint helf-wse us Lthe szme buildins.
Findg the time that should elazrse hetwsern the relesse of the two
stones 1if Lhew azre to reach the dground 2zt the same Lime.

¥ (from Bostock a2nd Chancdler 1975)
¥ L MOTN?

A rarticle whicn ds movinsg in 8 straight line with constant
soceleration takes 3 5 2nd 8 5 to cover two succesive distances
af 1 m.
Fimg the zccelerstion,

* (from Bostocock and Chandler 1975)

L NOVKEL ]

A lever 10 1 lomg is rinmed a2t its left end,

The lever is surrorted by & serring Wwithh 2 constant

af 40 lh/ft,

The srring is asttached & fFt from the left end of the lever,
A welsnht of 20 lb is sttached at the other end of the lever,
The weisght of the lever is 8 1b,

How mueh is the sering stretohedg?

¥oOL MNOVKZ

Where must 5 welisht be hung on 2 roles of nesligible weights
a0 thatlt Lthe bow 2t one endd suprorts 173 25 much as the man st
Lhe other end?

* Cfrom Schaum 19610

oL NOVKE ]

fiosceffold 10 4 long is surrorted by rores shizched st szch end,
The scaffold Wweisns 100 1b,

Une rainter weisninsg 1350 1o stands on the scaffold 4 1 from one
arci: while 2 second rainter welighing 173 1b starnds on the scesffold
2t from the other end.

What is thne tension om esch of the rores surrorting the scaffold?

* . (from Uull: Metczlfe znd Willizms 194640
¥ D MOVES

A torizontz]l undform bar 10 m lonmg is surrarted bhw two rores
attached a2t its ends,

The rore on the left end mabkes zn angle of 45 desrees with the
norizontals while the rore on the right ernd mzkes z2n z2ngle of

&0 desrees with the horizontal.

& weight of 100 mt is sttached 2 m from the right end of the bDar.
What is the weight of the bhar?

¥ 0 NOMVKS D

A uniform scaffold 12 ft long and weighing 100 1h is susrorted
norizontally by two vertical rores huns from its ends.



B

Fimg the temnsion in ezch rore whern & 180 lb rainter shands
4 4 from one end.
(from Schaum 1961)

NOVKRS ]

A undform ber B0 ds 100 om lomg and weishs 50 1h,
The hazr is to bDe surrorted at ends R andg O

A urward force of 40 1b is zerlied 80 com from B,
Comrute thne forcoes on the surrorts,

(From Schaum 1941)
NMOVWKT 1

A ounidform Fole 20 1 long zndg weighing 30 1b is suprorted bHw

2 bow 3 ft from ome end and 2 man & Tt from the other and.

At what roint must s 150 1b weight be azttazched so that the man
surrorts twice zs much as the bow?

(from Schaum 1941)
NOVRS

The hinges of & door welgning 20 1o zre 12 4 aravrts and the door
ie 3t wide.

The weidgnt of the door is suprorted bw the urrer hinge.,

Hetermine the forces ederted on the door at the hinges,

(from Schaum 19617
NOUKIE 1

A bridge is 80 4 long,
What force must the rier at each end of the bridse exert to
surrart an zutomobile wWwelighing 2 tons which is 320 £t from one
end of the DridseT?

(from Iyll: Metcoczlfe and Willizms 1964)

FROJE ]

A surn nas 2 maxinugm ransge of 200 m oon the horizomtzl.
Fimdg the velocity of 2 shell a2s it leaves the muzzle of the gsun.

(from Bostock zamd Chandler 19750
FRrOJG
The dsreztest renge of 2 rarticles with & divern velocity
af rrodecticone on & horizontzl slarne is 3000 metres.
Fimmg the sreatest range ur 2 rlzrne inclined a2t 30 desgress Lo
the thorizontal.
{adarted from Humehrew 19302
FULLL d
Two earticles of mass B and © are connmectend bw 2 light string

raesing aver g smooth rullew.
Fimg the accelerstion of the rarticle of mass B,



¥ oL PLLLE ]

& rarticle of mass 4 kg reste om 2 smooth horizontzl tzble.

It is commected bw 3 light inextensible string rassing over 3 emooth
Fuullew 2t the edsge of the tazhle to 2 rarticle of mzss 2 kdgs which

E

is handging freelw,

Fimg thne zccelerztion of the sustem znd the tensiorn in the string.

X {(from Bostock amd Chandler 1975)

¥ L FULL3 I

st on & rough horizontzl table.
It is conmected bw 2 11

il lew a2t the edse of the table Lo 3 rarticle of mass of & kdgs
s nanginsg Treely.

A rarticle of mass & kg r
11

inextensible string rassing over z smooth

The coefficient of friction between the % kg mass and the table is 173,
Fing the zcceleraztion of the swustem a2nd the temsion in the string,

4 {(from Bostock znd Chandler 1975)

LoPULL4 O

Two rarticles of mase 3 kg z2rnd 4 kg zre conmected by 2 light
inextensinle string rzssing over a smooth fixded rullew,
The swstem is releassed from rest with the string tzunt and bhotn

rarticles a2t & height of 2 m sbove the sSround,

Fimd the velocitwy of the I kg mass when the 4 kg mases rezches the

ST
k3 (from Bostock zand Chandler 19753

¥ 0L PULLS D

Two sarticles of mass 3 kg and 5 kg are commected bhwe 2 light
inextensible string raseing over z smootn rullew which is fided
to the ceiling of & 1ift.

Fimd the tension in the string when the suwstem is moving freelws
arg bhe Lift has z downward zcocelerztion 0 ms—-2.

{(from Bostock and Chandler 1975)
¥ L ORELTL I

The driver of s car travelling due Eszsst on 2 straight road
2t 40 kmh—~1 is watching 3 train moving due North zt 75 kmn-1.
What is the zerzrent sreed znd direction of motiomn of the tra2in®

* (from Bostock znd Chandler 1975)
¥ [ SENGL

& rarticle of mass Ml is susrended from the end of 2 sering of
length L1 z2rnd elssticitw E.

A second srrinsg with length LZ snd elastici
first rarticler 2nd znother earticle o &
the second serinsg,

Fimgd the externsion of each srrinsg.

sLE

¥ [ SENGS ]

tu 2F ig attached to the
y] 1. & aranded from



A light elastic string of umnstretched lensth A and modulus of
elasticity We is fiwed 2t ome end to 2 roint on the ceiling

of & room.

To the other end of the string is attzched 2 rarticle of weight W,
A horizontzl force F ois zrrlied to the rarticle znd in ecuilibrium
it is fournd that the string is stretched to three times its natural
lensth.

Caloeulate the ansgle the string makes with the horizontzl: znd the
value of P in terms of W.

# (A~-level ewam (rartli U of L}
¥ 0 WORKIL 1

A block of mase 300 kg dis razised a2 heidght of 10 m be 2 ocrazne,
Fimdg the work done bw the crzme adgzinst gravitue,

4 {(from Bostock zrnd Chamdler 1975)
L WORKS ]

A train nas 2 maximum sreed of 80 kmh-1 on the level zgainst
resistance of S0000 N,
Fimg the rower of the engine.

* (from RBostock and Chandler 19750

¥ L WORKs&S
A car has & maximum sreed of 100 kmh-1 on the level with the
engine working at 50 kW,
Fimg the resistance to motion,

* {from Bostock zrd Cheandler 1975)

# 0 WORK? 1
A lorry of mase 10000 kg has 2 mavimum sreed of 24 kmsh us

3 slore of 1 in 10 adgainst 2 resistance of 1200 newtons.
Fimd the effective rower of the endgine in kilowzstts.

.

* . (A~level evam (rart)l U of L}
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