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i¾!?t?f~r~~;+~-•1t,\i¼,M$1i}f,hm+.-ti~:·.'~;{;::~1~~:':~~~7:t:f:i,,,W,t;: , 
?:>' · J,s;iiJ{stone,stontd>. • 
• •• / i1Sa(cliff,cliffl). 

i1Sa(su1"'face•sea>. 
i:s,a( sol id, sea)• 

·t isa(Point,Pointl >. 
Point_of(sea,Point1). 
isa<moment,momentl). 
isa(moment,moment2). 
consec-Rtoments<moment1,moment2>. 
isa(seParation,seParationl). 
isa(scalar,scalarl). 
ma•nitude<se~arationl,scalarl). 
isa(ansle,anslel>. 
diTection(seParationl,anslel>. 
seParation(cliff1,Point1,seParation1,moment2). 
measure(scalarl,100,meters>. 
measure(ansle1,90,desrees). 
isa(velocitY,velocitY1). 
vel(stone1,velocitY1,moment2). 
isa(scalar,scalar2). 
masnitude(velocitY1,scalar2). 

easure(scalar2,0,arbs). 
tsa(ansle,ansle2). 
direction(velocitY1,ansle2). 
unsUPPorted(stone1,moment2). 
isa(Point_of_ref,Point_of_refl). 
pathat(stone1,Point_of_ref1,moment2). 
at(stone1,cliff1,moment2). 
isa(solid,sea). 
isa(moment,moment3). 
consec_moments(moment2,moment3). 
isa(sYstem~sYsteml). 
motion(stone1,cliff1,Point1,moment2,moment3,sYstem1>. 
isa(motion,s,:,steml). 
isa(Period,Period1). 
Period_of(sYstem1,Period1), 
Period(Periodl,moment2,moment3). 
motion_of(stone1,Period1,sYstem1>. 
object_of(system1,stone1>. 
isa(path,Pathl). 

ath_of(s,:,stem1,Pathl>, 
_ tsa(Point,Point2). 

Pathsys(Pathl,Point_of_refl,Point2>. 
farend(Pathl,Point_of_refl,Point2>. 
Pathat<stonel,Point2,moment3). 
at(stone1,Pointl,moment3). 
isa(velocitY,velocitY2). 
vel(stonel,velocitY2,moment3). 
sousht<velocit,:,2). 
Siven(scalarl) • 
. siven(anslel >. 
!tiven(scalar2>, 

f'VfrJTNi·• 
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$&(stone,stone1). 
isa(11toment,moment1>. 
i sa <•oaent., moment2 > • 
con15ec_moments<moment1,moment2). 
isi(velocitY,velocitY1). 
vel<stone1,velocitY1,moment2). 
isa(scalar,scalarl). 
masnitude(velocitY1,scalar1). 
isa(ansle,ansle1). 
direction(velocitsl,anslel). 
measure(anslel,90,desrees>. 
isa(Point_of_ref,Point_of_refl). 
Pathat(stone1,Point_of_ref1,moment2). 
unsuPPorted(stone1,moment2). 
isa(ssstem,sYstem1). 
maximal_motion(stone1,sYstem1). 
isa(motion,ssstem1). 
isa(period,Period1). 
Period_of(system1,Period1). 
isa(moment,moment3). 
Period(Period1,moment2,moment3). 

~a(Point_of_ref,Point_of_ref2). 
Pathat(stone1,Point_of_ref2,moment3). 
isa(line,line1). 
farend(line1,Point_of_ref1,Point_of_ref2). 
Path_of(system1,line1). 
Pathsys(line1,Point_of_ref1,Point_of_ref2). 
isa(Path,linel). 
motion_of(stone1,Period1,sYstem1). 
object_of(system1,stone1). 
isa(moment,moment4). 
isa(Period,Period2). 
Period(Period2,moment2,moment4>. 
measure(Period2,3,s). 
isa(system,sYstem2). 
motion_ofCstone1,Period2,sYstem2). 
isa(motion,sYstem2>. 
Period_of(system2,Period2). 
object_of(system2,stone1). 
isa(Path,Path1). 

ath_of(system2,Path1). 
isa(Point,Pointl). 
isa(Point,Point2). 
pathsYs(Path1,Point1,Point2). 
farend(Path1,Point1,Point2>. 
Pathat(stone1,Point2,~oment4). 
Pathat(stone1,Point1,moment2>. 
isa(lensth,lensthl). 
distance(stone1,lensth1,Period2). 
sousht< ler,sthl >. 

·siven(ansle1>. 
Siven(Period2). h...._-- \ \ 
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isa(stone,stone1) • 
. isa(cliff,cliff1). 
isa(surface,sea). 
isa(soU.d,sea). 
1sa(Point,Point1). 
Point_of(sea,Point1). 
isa(moment,moment1>. 
isa(moment,moment2). 
consec_moments(moment1,moment2). 
isa(seParation,seParation1). 
isa(scalar,scalar1). 
maanitude(seParation1,scalar1). 
isa(anale,anSle1>. 

MOTNI. PtB 

direction(separation1,ansle1>. 
~eParation(cliff1,Point1,seParation1,moment2>. 
measure(scalari,100,meters). 
measure(anslel,90,desrees). 
isa(velocitw,velocitw1>. 
vel(stone1,velocitw1,moment2). 
isa(scalar,scalar2>. 
maSnitude(velocitw1,scalar2). 
measure(scalar2,0,arb•>• 
isa(ansle,ansle2>. 
direction(velocitY1,snsle2). 
unsuPPorted(stone1,moment2). 
isa(Point_of_ref,Point_of_ref1). 
Pathat(stone1,Point_of_ref1,moment2). 
at(stone1,cliff1,moment2). 
isa(soU.d,sea>. 
isa(moment,moment3). 
consec_moments(moment2,moment3). 
isa<swstem,swstem1). 
motion(stonel,cliff1,Point1,moment2,moment3,swstem1). 
isa(motion,swsteml). 
isa(Period,Period1). 
Period_of(swstem1,Period1). 
Period(Period1,moment2,moment3). 
obJect_of(swsteml,stonel). 
isa(Path,Pathl). 
Path_of(swstem1,Path1) • 

. isa(Point,Point2). 
Pathsws(Path1,Point_of_ref1,Point2). 
farend(Path1,Point_of_ref1,Point2). 
Pathat(stone1,Point2,moment3). 
at(stone1,Point1,moment3). 
isa(velocitw,velocitw2). 
vel(stone1,velocitw2,moment3). 
souaht(velocitw2). 
siven(scalar1). 
aiven(anslel.). 
aiven(scalar2> • 
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/* Here is what m~ Pros ram set!:> ·r,>r• 1.he fi r·st mot.ior, Prob] c~m. 
If wou have anw specific obJections to llow it looksr Plea!:>& 
let me know. 
I have introduced most of the new notation for motionr ~tc 
that we discussed. As wet, the !:,.tuff that dealu with v~ctors 
is not worl<.ins, and so the r•rosram thir,ks ail c~u,mtiti"H" arc;_. 
scalars. 
Some of the output is a bit strBnne, because I found it t1a~d 
to ambush the risht F·l~ce-s in LOGIC. For ir1!:,."i:.;.n,cer before I 
edited this file, there were 2 coPies of each ✓ isa~ assertion 
< because 'i sa' soes through both ot' 'cibent r~ •• and •• ccreate •• r 
each of which in seneral needs tc, be ambushed if on& 1,rnnts u 
record of everw assertion Produced) Basic~llur what uou uee 
here is a lot of thinds to be 'dbentr~'ed 

- Chris 

i sa < moment~ir,01111 > 
i sa <stone fftone 1 > 
isa(cliff,cliff1) 
isa(Point,Point1) 
point_of(surface,sea,Pointl) 
ProPertw(Point1,internal,0,moving) 
twPical-Point(sea,Point1) 
isa(motion_start,motion_startl) 
j_ sa (moment, mom2) 
consec_moments<mom1,mom2> 
isa(lensth,lensth1) 
:i. sa ( ans le, 90) 
seParation(cliff1,Point1,len~th1,90rmom2) 
measure(lensthi,100,meters> 
vel(stone1,vel1,mom2) 
measure(vell,O,arbs) 
motion_start(stone1,cliff1,mom2) 
at(stone1,cliff1,mom2) 
isa(motion_point,motion_pointl) 
isa(moment,mom3) 
consec_moments(mom2,mom3) 
motion_Point(stone1,Point1,mom3) 
farend(farend1,mom2,mom3) 
isa(motion,motion1) 
obJect_of(motion1,stone1) 
Period_of(motion1,farend1) 
Path_of(motion1,Path_of1) 
isa(Path~Path_of1) 
farend(Path_of1,farend2,farend3) 

'Pathsws(Path_of1,farend2,farend3) 
Pathat(stone1,farerid2,mom2> 
pathat(stone1,farend3,mom3> 
at(stone1,Point1,mom3> 
vel(stone1,vel2,mom3) 
so•JSht ( vel2) 



'='eS 
: 1- inPut(forci>. 

wes 
1- soi(s-1). 

Interpret.ins sentence s-1 
Invoking semantics for verb 'rest' 
InterPretins noun Phrase nP-1 (obJect> 
InterPretins AdJectival Phrase <small) 
InterPretins PP (of) 
Interpret.ins indefinite measure nP-2 (weisht) 
InterPretins measure Pair [[10,nJJ 
Interpret.ins PP (in) 
InterPretins PP (on) 
InterPretins noun Phrase nP-4 (plane) 
InterPretins AdJectival Phrase (roush) 

so that coeff(Plane1,constant1) 

Interpretins sentence s-2 
Invokins semantics for verb 'incline' 
InterPretins r,oun Phrase np-6 <<trace>> 
InterPretins noun Phrase nP-8 (horizontal) 

so that twPical_Point(x_axis,Pointl) 
so that tansent(Planei,anslei) 
so that twPical_Point(Plane1,Point2> 

Interpret.ins measure Pair [[30,desreeJJ 

Finalisins decisions for sentence s-1 

wes 

so that mass(obJect1,mass1,moment1) 
so that masnitude(velocitw1,scalar1) 
so that vel(obJect1,velocitY1,moment1) 
so that masnitude(acceleration1,scalar2) 
so that direction(acceleration1,ansle2) 
so that accel(obJect1,acceleration1,moment1) 

, -: 1- disPlaY. 
twPe(obJect,obJectl). 
isa(Particle,obJectl>• 
mass(obJectl,$3,$2). 
measure(S3,10,n). 
vel(obJectl,$4,$2). 
masnitude($4,$5). 
measure(S5,0,arbs). 
accel(obJecti,$6,$2). 
masni tude ( $6 ,,$7 >. 
direction($6,$8). 
~easure($7,0,arbs). 
isa(Plane,Planei>. 
;"sa <constant, constant 1 > • 
coeff(Plar,el,$9). 
measure(S9,mu,arbs). 
isa(line,x_axis). 
isa(Point,Pointl>. 

:~•n$ent(x_axis,zero). 
-i~a<ansle,anslel>. 



isa(Point,Point2). 
tansent(plane1,$11). 
eauation($13= $11tdifference1). 
measure(differencel,30,d•sree). 
fixed_contact(obJect1,Plane1,$2). 
fixed_contact(Plane1,obJect1,$2). 
suPPorts(plane1,obJect1). 
isa(moment,moment1>+ 
isa(mass,mass1>. 
isa<velocitY,velocitY1). 
isa(scalar,scalarl). 
isa(acceleration,accelerationl). 
isa(scalar,scalar2). 
isa(ansle,anSle2). 
fixed_contact(obJect1,Plane1,$2). 
fixed_contact(Planel,obJectl,$2). 
siven($3). 
siven($5). 
Siven($7). 
siven($9). 
Siven(differencel). 

yes 
: 1- Portray($2). 
moment1 
yes 
: 1- in_dbase(record,X>, Print<X>, put(•.•>, nl, fail. 
tYPe(obJect,obJect1). 
isa(particle,obJect1>+ 
mass(obJect1,mass1,moment1). 
measure(massl,10,n). 
vel(obJect1,velocitY1,moment1>. 
masnitude(velocitY1,scalar1). 
measure(scalar1,0,arbs). 
accel(obJect1,acceleration1,moment1). 
masnitude(acceleration1,scalar2). 
direction(acceleration1,ansle2). 
measure(scalar2,0,arbs). 
isa(Plane,Plane1). 
isa(constant,constant1). 
coeff(Plane1,constant1). 
measure(constantl,mu,arbs). 
isa(line,x_axis). 
isa(Point,Pointl). 
tansent(x_axis,zero). 
isa(ansle,ansle1). 
isa(Point,Point2). 
tansent(Plane1,ansle1). 
eauation(zero=ansleltdifference1>. 
measure(difference1,30,desree). 
fixed_contact(obJect1,Plane1,moment1). 
fixed_contac~(Plane1,obJect1,moment1>. 

·~UPPOrts(Plahi1,obJect1). 
i~a(moment,moment1). 
isa(n1ass,mass1). 
isa(velocitY,velocitY1). 
isa(scalar,scalar1). 
isa(acceleration,acceleration1>. 
isa(scalar,scalar2). 
~s~(ansle,ansle2). 
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File: PULLEY 

Connected motion Problems. 

[ PULll J 

Two Particles of mass Band Care connected bs a lisht strins 
Passins over a smooth Pulles. 
Find the acceleration of the Particle of mass B. 

[ PULL2 J 

A Particle of mass 4 ks rests on a smooth horizontal table. 
It is connected bs a lisht inextensible strins Passins over a smooth 
Pulles at the edse of the table to a Particle of mass 2 ks~ which 
is hansins freels. 
Find the acceleration of the system and the tension in the strins. 

(from Bostock and Chandler 1975) 

[ PULL3 J 

A Particle of mass 5 ks rests on a roush horizontal table, 
It is connected bs a lisht inextensible strins Passins over a smooth 
Pulles at the edse of the table to a Particle of mass of 6 ks, which 
is hansins freels. 
The coefficient of friction between the 5 ks mass and the table is 1/3, 
Find the acceleration of the system and the tension in the strins, 

(from Bostock and Chandler 1975) 

[ PULL4 J 

Two Particles of mass 3 kS and 4 ks are connected bs a lisht 
inextensible strins Passins over a smooth fixed Pulles, 
The system is released from rest with the strins taut and both 
Particles at a heisht of 2 m above the Sround, 
Find the velocity of the 3 kS mass when the 4 ks mass reaches the 
sround, 

(from Bostock and Chandler 1975) 

[ PULL5 J 

A strins Passins over a smooth fixed Pulles supports at its two ends 
smooth moveable pulless of masses 5 lb and 6 lb resPectivels, 
Over the first of the moveable Pulleys Passes a strins havins masses 
of 3 lb and 4 lb at its ends, and over the second a strins havins 
masses of 2 lb and 3 lb at its ends, 
Find the acceleration of the moveable Pulless and of each of the 
masses, 

(from HumPhres 1930) 

[ PULL6 J 

Two Particles of mass 3 ks and 5 ks are connected bs a lisht 
inextensible strins Passins over a smooth Pulles which is fixed 
to the ceilins of a lift. 
Find the tension in the strins when the system is movins freely 



and the lift has a downward acceleration G ms-2. 

(from Bostock and Chandler 1975) 

[ PULL7 J 

Two Particles of masses Mand 4M are connected bw a lisht inextensible 
strins which Passes over a Pullew of radius A, 
The Pullew is free to turn in a vertical Plane without friction about 
a horizontal axis throush its centre and the moment of inertia about 
this axis is MA-2. 
The s~stem is released from rest and the strins does not sliP on the 
Pulles, 
Find the accelerations of the Particles and the distance each moves 
in time T, 
Also find the tensions in the strins. 

(A-level exam: AEB) 

[ PULLS J 

A Particle of mass Ml is in contact with the smooth sloPins face of 
a wedse which is itself standing on a smooth horizontal surface. 
If the mass of the wedse is M2 and the sloPins face of the wedse is 
inclined at an ansle 30 desrees to the horizontal find the 
acceleration of the wedse in terms of Ml and M2. 

(from Bostock and Chandler 1975) 

[ PULL9 J 

Particles of mass Mand 2M are connected bw a liSht strins which 
Passes over a Pullew at the vertex of a wedse shaPed block, one 
Particle restins on each of the faces which are smooth, 
The mass of the wedse beins N, and the inclination of the faces 
to the horizontal beins AlPha, find the acceleration of the wedse 
and the Particles when the wedse is Placed on a smooth horizontal 
table, 

(from HumPhre~ 1930) 

r PULL10 J 

A wedse of mass N, whose section ABC is a triansle risht ansled 
at A, is Placed with the face BC on a smooth horizontal table. 
The faces AB and AC are roush, the coefficient of friction beins Mu, 
Two masses Ml and M2, connected bw a lisht inextensible strins Passins 
over a lisht frictionless Pulle~ at A, rest on the faces AB and AC 
resPectivel~. 
Ml moves down AB with acceleration F1. 
Find F1, and the acceleration F2 of the wedse. 

(from HumPhrew 1930) 



I* PULLEY Problem for MECHO 10.1 *I 

Problem(Pulles,'SimPle Pulley Problem.\n%r==\n\n',[=====,4J), 

isa(period,PeriodO). 
isa(Particle,ParticleOO). 
isa(Particle,Particle01), 
mass(particleOO,rnassl,PeriodO). 
mass(particle01,mass2,Period0). 
accel(ParticleOO,acceleration0,90,PeriodO). 

measure(massl,10,arbs). 
measure(mass2,12,arbs). 

s:i.ven(mais=-1). 
s i V€'!f'I ( mai,;s2) • 
sousht(accelerationO). 

cue Pullsss_stan(sss,PullesO,strins◊,ParticleO◊,Particle01,Period0), 

~ Sa ~lso wPy/ (i,prPfl~1)L) ~r f,1or{ 

,,o&~m~. (r ~ill ~· ~~ o) ~vL~.t(_ 

·\,N t"" P f'/1 s U)Y'AVJ i u ,k ) 



Problem, 

checklist( dbentrY,[ isa(Period,Periodl), 
isa(Particle,Pl), 
isa(particle,P2), 
mass(P1,bo,Period1>, 
rnass(P2,cm,Period1), 
accel(P1,a1,0,period1>, 
incline(table,O,lefttop), 
solid(table), 
rough(table), 
coeff(tabJ.e,mu), 

ouantitY(bo,b,arbs), 
ouantits(co,c,arbs) 

] ), 

checklist( asserta,[ given(bo), 
given(co), 
given(mu>, 
s.ought Cal ) 

] ) ' 
nJ., 

cue(PulJ.sys_maJ(sss,PulJ.,str,Pl,0,P2,270,Period1)), 
cue(Pathsss(table,J.efttoP,edge,hor,stline)), 
cue(line_motion(Pl,tabJ.e,Periodl)). 

Problem - writef('\n\tPULLEY ON TABLE PROBLEM.\n\t%r\n\n',[-,24]). 
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Bundy HPs[400,405J on APril 2, 1981 at 2:51 PM 
Lawrence 

I take it Yo•J did not manage to sort out sePar·ation 
last night, since it still seems to blow up. 

I haadded 3 more Problems: the solid cYlinder and cone 
and the hollow sphere. Mecho has Proved all 10 Problems at some time, 
although it is currently limited to 9+ AdaPtin~ it to Prove 
mofi4 screwed it for mofi3. I think the problem is with separation: 
it blows UP with PaSes of alsebra to tidy (and I mean PAGES!) and 
it sets a variable in vecadd. 

All the Problems create non-fatal errors when run. 
<a> Error messases after fn_dbentrY of on< •. , ••. ). 
(b) Error messases on Types after so. 
(c) Unnecessarily lons separation outPuts. 

I shall leave You to fix these. Please do it with hiSh Priority 
so I can set back and finish off the mofi Problems. 

Alan 

• 

/ 



: A moment of inertia Problem*/ 

Problem(mofi1, 1 Radius of Gsration of a line\n\n',CJ). 

line(l1). 
Point(l). 
Point<r>. 
line_sss<l1,l,r). 
seParation(orisin,1,-a,CO,OJ>. 
seParation<orisin,r,a,CO,OJ). 
meets(zaxis,11,orisin). 
mass(l1,m>. 

siven<a>. 
siven(m). 
sousht(k). 
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t't-NOFI2+PRB: 2nd Moments of Inertia Problem*/ 

Problem(mofi2,'Radius of G~ration of a sauare\n\n',CJ). 

sauare < sa >. 
line(toP). 
line(bot>. 
1 ine( left). 
line(risht). 
auad_s~s(sa,toP,bot,left,risht). 
PerP_dist(orisin,toP,a,C90,0J). 
Perp_dist(orisin,bot,-a,C90,0J). 
Perp_dist(orisin,left,-a,CO,OJ). 
PerP_dist(orisin,risht,a,CO,OJ>. 
meets(~axis,sa,~axis). 

mass(sa,m). 

siven(a). 
siven(m). 
sousht(k). 

~ radius of s~ration of a line 

rad_of_s~r(Lne,Ax,A/sart(3)) 
<-- line_s~s(Lne,Lend,Rend) & 

meets(Ax,Lne,Pt> & 
seParation(Pt,Rend,A,CT,PJ> & 
separation(Pt,Lend,-A,CT,PJ>. 

I I\ ~,,,,,, 
_,....:_,;, 



~ 

/* MOFI3.PRB : 3rd Moments of Inertia Problem*/ 

Problem(mofi3,'Radius of G~ration of a rins\n\n',CJ). 

rins(rinsl>. 
centre(rinsl,orisin). 
radius(rinsl,a>. 
meets(zaxis,rinsl,orisin>. 

mass(rinsi,m). 

Siven(a). 
Siven(m). 
sousht(k). 



" · I* HOFI4.PRB: 4th Moments of Inertia Problem *I 

disc(disc1). 
centre(disc1,orisin). 
radius(disc1,a). 
meets<zaxis,disc1,orisin). 

mass(disc1,m>. 

rad_of_s~r(disc1,zaxis,k). 

siven<a>. 
Siver,(m). 
sousht<k>. 

rad_of_s~r(Rins,Axis,R> 

X The radius of s~ration of a rins about a 
X Perpendicular a:ds thro•Jsh its centre is its raditt1i 

<-- rins<Rins> & centre(Rins,C> & 
meets<Axis~Rins,C> & radius<Rins,R>. 



/tiOFI5.PRB: 5th Moments of Inertia Problem*/ 

Problem(mofi5,'Radius of G~ration of a sPhere\n\n',CJ). 

sPhere(sPherel). 
centre(sPherel,orisin). 
radius(sPherel,a). 
meets(zaxis,sPherel,zaxis). 

mass(sPhere1,m). 

!=Jiven(a). 
Siven(m). 
sousht(k). 

¼ The radius of s~ration of a disc about a 
r. Perpendicular axis thro•Jsh its centre is its radit.a.$, 
¼ divided b~ root 2+ 

rad_of_s~r(Disc,Axis,R/sart(2)) 
<-- disc(Disc) & centre(Disc,C) & 

meets(Axis,Disc,C> & radius(Disc,R). 



inertia P~oblem *I 

Problem(mofil,'Radius of Gyration of a line\n\ri',CJ>. 

line(11). 
Point<l>. 
Point(r). 
line_sys(11,1,r). 
seParation(orisin,1,-a,CO,OJ). 
seParation(orisin,r,a,CO,OJ>. 
meets(waxis,11,orisin). 
mass(ll,m>. 

siven(a). 
siven(m). 
sousht(k). 



~OFI2+PRB: 2nd Moments of Inertia Problem *I 

Problem(mofi2, 1 Radius of Gwration of a rectansle\n\n',CJ). 

rectansle(rect). 
line<top). 
line(bot). 
line(left). 
line(risht>. 
auad_sys(rect,toP,bot,left,risht). 
PerP_dist(orisin,toP,b,C90,0J). 
PerP_dist(orisin,bot,-b,[90,0J). 
PerP_dist(oriSin,left,-a,CO,OJ). 
PerP_dist(oriSin,risht,a,[0,0J). 
meets(waxis,rect,waxis). 

mass(rect,m>. 

Siven(a). 
Siven(m). 
sousht(k). 

% radius of swration of a line 

rad_of_swr(Lne,waxis,A/sGrt(3)) 
<-- line_sws(Lne,Lend,Rend) & 

meets(waxis,Lne,Pt) & 
seParation(Pt,Rend,A,CO,OJ> & 
seParation(Pt,Lend,-A,CO,OJ). 



MOFl3+PRB: 3rd Moment of Inertia Problem *I 

Problem(mofi3,'Radius of Gyration of -n inclined line\n\n',CJ). 

line(ll>+ 
point(l). 
Point(r). 
line_sys(ll,1,r). 
seParation(orisin,1,-a*cos(alPha),CalPha,OJ). 
seParation(oriSin,r,a*cos<alPha),CalPha,OJ). 
meets(Yaxis,11,orisin). 
mass(ll,m). 

siven(a). 
siven(m). 
sousht(k>. 



,½f;,~~--, 

\Ii HOFI4. PRB : 4th Moments of Inertia Problem */ 

Problem(mofi4,'Radius of Gyration of·a Parallelosram\n\n',[J). 

Parallelosram(PaSrm>. 
line(top). 
J.ine(bot). 
J.ine(J.eft). 
J.ine(risht). 
Guad_sys(PaSrm,toP,bot,left,risht). 
PerP_dist(orisin,toP,b*cos(alPha),[90talPha,OJ>. 
Perp_dist(orisin,bot,-b*cos(a1Pha),[90ta1Pha,OJ). 
PerP_dist<orisin,left,-a*cos(alPha),[O,OJ>. 
PerP_dist(orisin,risht,a*cos(alPha),[0,0J>+ 
meets(yaxis,PaSrm,Yaxis). 

mass(PaSrm,m). 

siven<a>. 
siven(m). 
SOIJSht ( k) ♦ 

% radius of SYration of an inclined line 

rad_of_syr(Lne,Ax,A*sin<T2-T1)/sGrt(3)) 
<-- line_sys(Lne,Lend,Rend) & 

meets (A}<, Cr;e, F·t) • & -- ~-incl ine(Ax, [T2,PJ ,Pt) & 
seParation(Pt,Rend,A', [Tl ,PJ) & 
seParation(Pt,Lend,-~,[Tl,PJ). 



'ljiMOFI5.F'RB: 5th Moments of Inertia Problem *I 

Problem(mofi5,'Radius of Gwration of a rins\n\n',CJ). 

rins(rins1). 
centre(rins1,orisin). 
radius(rins1,a). 
meets(zaxis,rins1,orisin). 

mass ( rj.ns1, m). 

rad_of_swr<rins1,zaxis,k). 

siven(a). 
gj_ven(m). 
sousht(k). 



MOFI6.PRB: 6th Moments of Inerti• Problem*/ 

Problem(mofi6, 1 Radius of Gwration of a Disc\n\n 1 ,CJ). 

disc(discl). 
centre(discl,orisin). 
radius(discl,a). 
meets(zaxis,discl,oriSin>. 

mass(discl,m). 

siven(a). 
siven(m). 
SOIJSht ( k) ♦ 

rad_of_swr(Rins,Axis,R) 

% The radius of swration of a rins about a 
% PerPendic•Jlar a)ds thro•JSh its centre is its radiQti 

<-- rinS(RinS) & centre(Rins,C) & 
meets(Axis,Rins,C> & radiusCRinS,R). 



MOFI7.PRB I 7th Moments of Inerti~ Problem *I 

Problem(mofi7,'Radius of Gwration of a sPhere\n\n',CJ>. 

sPhere(sPherel>. 
centre(spherel,oriSin). 
radius(spherel,a). 
meets(zaxis,sPherel,zaxis). 

mass(sPhere1,m). 

rad_of_swr(sPherel,zaxis,k>. 

siven(a). 
siven<m>. 
sousht<k). 

% The radius of swration of a disc about a 
% Perpendicular a:ds thro1Jsh its centre is its ra:dius 
% divided by root 2. 

rad_of_swr(Disc,Axis,R/sGrt(2)) 
<-- disc(Disc> & centre(Disc,C) & 

meets(Axis,Disc,C) & radius(Disc,R>. 



I* PRl+PRB: First Thermo Problem 

Wouter 
UPdated: 11 December 81 

I* An ideal Sas is contained in a container. The container is closed 
by a Piston. The volume of the Sas is 2 litres and the and the 
Pressure is 120 kPa. Bs movins the Piston slowly outward, the volume 
is increased till 3 litres, while the temperature remains constant. 
What is the new Pressure of the eas? 
*I 
I* 
contain(containerl,easl). 
ideal_sas(sasl). 
closed_by(containerl,Pistonl). 
Piston(Pistonl). 
volume_eas(easl,volumel,timel). 
measureCvolumel,3,litres). 
Pressure_eas(easl,Pressurel,timel). 
-easure(Pressurel,120,kPa). 

6ve(Piston1,outward,Period). 
Period(Period,time1,time2). 
volume_eas(Sas1,volume2,time2). 
measure(volume2,3,litres). 
temPerature_sas(sasl,Period). 
constant(temP1,time1,time2). 
pressure_sas(eas1,Pressure2,time2). 
soueht(Pressure2). 
*I 

state(statel). 
state(state2>. 
ssstem(observed_substancel,sYsteml). 
ideal_sas(sasl). 
container(containerl). 

observed_substance(sssteml,sasl). 
-eversible(sssteml,st_chanse). 

losed(sssteml). 
state_chanse(system1,st_chanse,state1,state2). 
% contains(containerl,sYsteml,statel). 

volume(systeml,voll,statel). 
measure(voll,2,liter), 
Pressure(swsteml,Presl,statel). 
measure(Presl,120,kPa), 

volume(system1,vo12,state2), 
measure(vol2,3,liter). 
Pressure(system1,Pres2,state2), 
temPerature(ssstem1,temP1,state1). 
const(temPl,st_chanse,sYsteml), 

siven(voll). 
siven(vo12), 
siven(presl), 
sousht(Pres2). 



I* PRlB+PRB Version 2 of Prb1(dT instead of constant temp. 

Wouter 
UPdatedl 11 December 81 

I* An ideal Sas is contained in a container. The container 'is closed 
by a Piston. The volume of the Sas is 2 litres and the and the 
Pressure is 120 kPa. Bs movins the Piston slowly outward, the volume 
is increased till 3 litres, while the temperature remains constant. 
What is the new Pressure of the Sas? 
*I 
I* 
contain(containerl,sasl). 
ideal_sas(sasl>. 
closed_by(containerl,Pistonl). 
Piston(Pistonl). 
volume_sas(sas1,volume1,time1). 
measure(volumel,3,litres). 
~ressure_eas(Sas1,Pressure1,time1). 

easure(Pressurel,120,kPa). 
move(Piston1,outward,Period). 
Period(period,time1,time2). 
volume_sas(Sas1,volume2,time2). 
measure(volume2,3,litres). 
temPerature_sas(Sas1,Period), 
constant(temP1,tirnel,time2). 
Pressure_sas(Sas1,Pressure2,time2), 
sousht(pressure2). 
*I 

state(statel). 
state(state2), 
system(observed_substance1,sYstem1). 
ideal_sas<sas1). 
container(containerl). 

~bserved_substance(sYstem1,sas1). 
eversible(systeml,st_chanse>, 

closed(sYstem1). 
state_chanse(sYstem1,st_chanse,state1,state2), 
% contains(container1,sYstem1,state1). 

volume(s~stem1,vo11,state1). 
measure(voll,2,liter). 
Pressure(system1,Pres1,state1), 
measure(Presl,120,kPa). 

volume(sYstem1,vo12,state2), 
measure(vo12,3,liter). 
Pressure(system1,Pres2,state2). 
temPerature(system1,t1,state1). 

dT(st_chanse,dT). 
measure(dT,O,celsius). 
siven(voll). 
siven(vo12). 

% Seems superfluous, but it needs 
% to know about a temperature ! 



siven(Presl). 
sousht(Pres2). 
siven(dT). 



I* PR2.PRB: Second thermo Problem 

Wouter 
Updated: 15 December 81 

I* A cylinder is closed bY a frictionless Piston and contains 
arson. It exPands adiabatic from a Pressure of 300 kPa to 100 kPa, 
The initial temPerature is 590 kelvin. What is the final temperature?. 
*I 

I* 
closed_by(container1,Piston1), 
Piston(Pistonl). 
frictionless(pistonl). 
contain(container1,eas1). 
araon(sas:l. >. 
exPansion(adiabatic,Period). 
Period(period,time1,time2). 
Pressure_sas(Sas1,P1,time1). 
~easure(Pl,300,kPa). 

ressure_sas(sas1,P2,time2). 
measureCP2,100,kPa). 
temP_Sas(sas1,t1,time1). 
measure(tl,590,kelvin). 
temp_eas(Sas1,t2,time2). 
i;;oueht ( t2) • 
,iv 

!:;tate ( state1). 
state(statE!2). 
arson<sasl). 
:il.:if,1al.._1:1as(!i!asl). 

observed_substance(s~stem1,sas1). 
system ( ot.l!:;ervf.H.Lsubstar-.-::-E!l, sYstem1). 
reversible(systeml,st_chanse). 
closed(sYsteml). 
,diabatic(s~steml,st_chanee). 
Jtate_chanae(system1,st_chanse,state1,state2). 
Pressure<s~stem1,Pres1,state1). 
Pressure(s~stem1,Pres2,state2). 
temPerature(s~stem1,temP1,state1). 
temperature(sYstem1,temP2,state2). 
s i ven ( P ref::-1 ) • 
,.~ j_ ven ( P res2) • 
s i ven ( tf.~ITIP 1 > . 
!:,ousht ( tf:~mP2). 



/* PR3,PRB: Third thermo Prbblem, 

Woutet' 
UPdated: 11 DPcember 81 

/* A cylinder is closed by a frictionless Piston. It contains 10 mol 
helium-Sas, The Pressure is 120 kPa and the temperature 40 Celsius. 
There is an adiabatic expansion till a volume of 300 dm~3. Compute 
the new temperature, 
*I 

/* 
closed_by(container1,Piston1). 
Piston(Pistonl), 
frictionless(Pistonl). 
contain(container1,sas1). 
h€-~lium(Sasl.). 
amount_of_sas<sas1,n1,time1). 
measure(nl.,l.O,mol). 
Pressure_sas(Sas1,P1,time1), 
,ea~;ur-e(Pl, 120,kPa), 
2mPerature_sas(sas1,t1,time1), 

measure(tl.,40,celsius). 
Period(Period,time1,time2). 
exPansion(adiabatic,Period). 
volume_sas(sas1,v2,time2). 
measure(v2,300,'dm-3'), 
temPerature_sas(Sasl.,t2,time2). 
sousht(t2), 

~;tate ( statel). 

f' l 

stat..€~(state2). 
system(observed_substancel,sssteml). 
state_chanse(system1,st_chanse,state1,state2). 
observed_substance(systeml,sasl.). 
reversible(system1,st_chanse>. 
~1osed(sYsteml.), 

diabatic(systeml,st_chanse>. 
h€~1 ium ( Sasl.). 
:i. dea 1 .... !.~as ( !::{as 1. ) • 
amount_of_substance(sYstem1,n1,state1), 
Pressure(system1.,Pl,statel.). 
temPerature(systeml.,t1,state1), 
volume(sYstem1,v2,state2). 
temPerature(system1,t2,state2), 
SiV€~n(n1), 
!.~j.ven(F,1). 
Eliven(tl.), 
~d.ven(v:2), 
sousht(t2). 



/* PR4.PRB: Thermo Problem 4 (Number 32 from Prosress rePort). 

Wouter 
UPdated: 14 December 81 

/* A closed container contains 1 mol ideal Sas. An increase in temperature 
with 30 Celsius results in an increase of the pressure with 100 kPa, 
What is the volume of the container. 
*/ 

/* 
container(container1). 

% different meanins of closed? closed(containerl). 
contain(container1,sas1). 
ideal_sas(sasl), 
amount_of_sasCsas1,n,time1), 
measure(n,1,mol). 
Period(Period,time1,time2). 
increase(temPerature_sas,incrl,Period). 
measure(incrl,30,celsius). 
~ncrease(Pressure_sas,incr2,Period) • 
. easure(incr2,100,kPa). 

volume_container(v_cont,containerl), 
sousht(v_cont). 
*/ 

state(statel). 
state(state2). 
sYstem(observed_substance1,ssstem1). 
state_chanse(ssstem1,st_chanse,state1,state2). 
observed_substance(ssstem1,sas1). 
reversible(systeml,st_chanse). 
closed(systeml). 
ideal_sas(Sasl). 
amount_of_substance(ssstem1,n,state1), 
dTCst_chanse,dT). 
dP(st_chanse,dP), 
volume(sYsteml,vol,statel), 

const(vol,st_chanse,sYsteml), 
Siven(n), 
siven(dT). 
siven(dP). 
sousht(vol). 

% Seems superfluous but marPle seems 
% to need a vol of a state. 
% If this statement comes AFTER the 
% next const then marPle takes the 
% wrens definition(vol,X,Y) ! ! ! 



I* PR5.PRB: Thermo Problem 5. <Number 33 from Prosress report). 

Wouter 
UPdated: 11 December 81 

I* An amount of arson is adiabatic expanded till three times 
it's orisinal volume. What will the new temperature be if 
it is Siven that the temperature decreases by 400 Kelvin. 

*I 
I* 
amount_of_sas(sas1,n1,time1). 
arson(Sasl). 
exPansion(adiabatic,Period). 
Period(Period,time1,time2). 
volume_sas(Sas1,vol,time1). 
volume_sas(Sas1,3*vol,time2). 
temPerature_sas(Sas1,temP,time2). 
decrease(temPerature_sas,decr,Period). 
measure(decr,400,kelvin). 
sousht(temp). 
-•:; 

state(statel). 
state(state2). 
observed_substance(sYstem1,sas1). 
sYstem(observed_substancel,sssteml). 
state_chanse(ssstem1,st_chanse,state1,state2). 
reversible(sYsteml,st_chanse). 
closed(sYsteml). 
arson(Sasl). 
ideal_sas(sasl). 
adiabatic(sYsteml,st_chanse). 
volume(systeml, vol,statel). 
volume(system1,3*vol,state2). 
dT(st_chanse,dT). 
temPerature(sYstem1,temP,state2). 
siven(dT). 
sousht(temP). 



I* PR6,PRB: Thermo Problem 6 CMettes & Pilot blz. 111). 

Wouter 
Updated: 16 December 81 

I* 1 mol ideal Sas is contained in a cylinder under a weishtless 
and frictionless Piston. The cYlinder and the Piston are 
thermicallY isolated. The temperature of the Sas is 27 Celsius, 
the Pressure is 1 atm. 
Suddenly one Places a weisht on the Piston; the weisht is 
eGual to a Pressure of 7/3 atm. 
What is the temperature of the Sas after the Process? 
Cv = 2,5 R; CP = 3,5 R. 

*I 
I* 
amount_of_eas(Sas1,n1,time1). 
ideal_eas(easl). 
cYlinder(cYlinderl). 
contain(cYlinder1,sas1). 
closed_by(cYlinderl,Pistonl). 
·Jeishtless(Pistord.). 

rictionless(Pistonl). 
isolated(cYlinderl). 
isolated(Pistonl). 
temPerature_sas(Sas1,temP1,time1). 
measure(temPl,27,celsius). 
Pressure_sas(sas1,P1,time1). 
measure(Pl,1,atm). 
Place(weisht,on,Pistonl,suddenlY). 
measure(Pressurel,7/2,atm). 
eGual(weisht,Pressurel). 
temperature_sas(Sas1,temP2,time2). 
Process(Process1,time1,time2). 
sousht ( te1T1P2) . 
relate(cv,r,cv=(5/2)*r>. 
relate(cP,r,cP=(7/2)*r>. 
*I 

state(stat€~1) . 

% 1~rr--r ... f?"f? 
% ... f r"~"r ??"'"f?t·r~I=--"t 

.-.;tate ( state2). 
Jbserved_substance(system1,sas1). 
sYstem(observed_substance1,sYstem1). 
environment(environment,sYsteml). 
state_chanse(sYstem1,st_chanse,state1,state2). 
closed(systeml). 
isolated(system1). 
adiabatic(swsteml,st_chanse). 

irreversible(systeml,st_chanSe). 
ideal_sas(Sasl). 
amount_of_substance(system1,n,state1). 
temPerature(system1,temP1,state1). 
Pressure(system1,P1,state1). 
Pressure(system1,P2,state2). 
const(P2,st_chanse,environment). 

dP(st_chanse,dP). 
temPerature(system1,temP2,state2). 

% Can be infered from Previous 
% statement ! 

% This one chansed with the 
% Previous one doesn't work 
% wrens definition(P2,X,Y). 



cv_sas(sasl,cP). 
cv_sasCsasl,cv). 
siven(n). 
siven(temPl). 
Siven(Pl). 
siven(dP). 
Siven(cv). 
Siven(cp). 
sousht(temP2). 
deltaQCst_chanse,dQ). 
Siven(dQ). 

% Has to be inferred 
% from 'adiabatic' 



I* PR7.PRB: Thermo Problem 7, (Number 35 from prosress report), 

Wouter 
UPdated: 15 December 81 

I* A container is closed bs a Piston and contains 1 mol ideal 
Sas, B~ heatins the Sas the temperature raises 30 Celsius 
and the Pressure 20 kPa, Durins the heatins the Piston is 
fixed. 
Next the Piston is released and is moved outwards till the 
volume is increased bs 5 dm~3. This process is adiabatic. 
Compute the new Pressure, when it is Siven that the temPerature 
decreased bs 100 Celsius. 

state(state1). 
state(state2), 
stateCstate3). 
observed_substance(ssstem1,sas1). 
ssstem(obs_subst1,ssstem1). 
~deal_sas(sasl). 

losed(ssstem1), 
state_chanse(s~steml,st_chanse1,state1,state2). 
state_chanse(ssstem1,st_chanse2,state2,state3). 
adiabatic(s~steml,st_chanse2). 
reversible(ssstem1,st_chanse2), 
amount_of_substance(s~stem1,n1,state1). 
measure(nl,1,mol). 
volume(s~stem1,vol1,state1), 
const(vo11,st_chanse1,ssstem1). 
dP(st_chanse1,dP_1). 
measure(dP_l,20,kPa). 
dT(st_chansel,dT_l), 
measure(dT_l,30,celsius>. 
dVCst_chanse2,dV_2), 
measure(dV_2,5,'dm-3'). 
dT(st_chanse2,dT_2), 
measure(dT_2,-100,celsius), 
Pressure(s~stem1,Pres3,state3). 
•iven(dP_1). 

iven(dT_l), 
Siven(dV_2), 
sivenCdT_2). 
siven(n1), 
sousht(Pres3). 
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Mecho Problem Areas 
=-================= 
1) Forces in Eauilibrium. 

Statics Problems involvins Just resolution of forces. 
Includes masses, strinss and ~ods, with frictional 
and contact forces with surfaces. 

File: FORCES 
Problems: ~ORC1-FORC10 

2> RiSid Bod~ Eouilibrium. 

Statics Problems with lever Principles involvins 
turnins moments and resolution of forces. 

File: NOVAK 
Problems: NOV~1-NOVK25 (take a selection> 

3) Connected Motion. 

Motion Problems involvins Pulle~s, wedses, and Particles 
on surfaces. 

File: PULLEY 
Problems: PULL1-PULL10 

4) Constant Acceleration. 

Distance/rate/time Problems involvins obJects in motion 
vertical!~ or horizontall~. 

File: MOTION 
Problems: MOTN1-MOTN10 

5) Relative Motion. 

6) ProJectiles. 

Problems involvinS interception (etc) of several obJects 
in motion, includins effects due to currents, winds etc. 

File: RELTIV 
Problems: RELT1-RELT10 

Particles in fliSht with both vertical and horizontal 
acceleration/velocit~ components. 

Fi let PROJCT 
Problems: PROJ1-PROJ10 

7) Motion on Complex Paths. 



The deKleer Problems. 

8) Collision and ImPact. 

Elastic and inelastic collisions involvins momentum, I 
impulses, and the Law of Restitution. 

Fi le: CRASH 
Problems: CRSH1-CRSH10 

9) SPrinss and EnerSY+ 

SPrinss and elastic strinss, usins force and 
enerSY Principles. 

File: SPRING 
Problems: SRNG1-SRNG10 

10} Mork and Power. 

ObJects in simPle motion under forces. 

Fi let WORK 
Problems: WORK~~WORK10 

11) Moments of Inertia. 

Alan's •fi~re• work. 
✓ 



File: FORCES 

Forces in Eauilibrium Problems. 
-============================== 
C: FORC1 J 

A small obJect of weisht 10 N rests in eauilibrium on a roush 
Plane inclined at 30 desrees to the horizontal. 
Calculate the masnitude of the frictional force. 

(from Bostock and Chandler 1975) 

C FORC2 J 

A Particle of weisht Wrests on a smooth Plane inclined at 30 
desrees to the horizontal and is held in eauilibrium by a strins 
inclined at 30 desrees to the Plane. 
Find, in terms of W, the tension in the strins. 

(from Bostock and Chandler 1975) 

.[ FORC3 J 

A weisht W is suspended by two ropes which make 30 desrees and 
60 desrees with the horizontal. 
If the tension in the first rope is20 N, find the tension in the 
other and the value of w. 

(from Bostock and Chandler 1975) 

C FORC4 J 

A sledse whose weisht is 4000 N is Pulled at constant sPeed alons 
level Sround by a rope held at 30 desrees to the Sround. 
If mu= 1/4~find the Pullins force reauired. 

(from Bostock and Chandler 1975) 

C FORC5 J 

A uniform rod AB of weisht Wrests in eauilibrium with the 
end A in contact with a smooth vertical wall and the end B 
in contact with a smooth Plane inclined at 45 desrees to the wall. 
Find the reactions at A and Bin terms of w. 

(from Bostock and Chandler 1975) 

C FORC6 J 

A uniform rod AB of weisht 120 N and lensth 4 m is in 
eauilibrium with the end A on a roush horizontal floor at 
an ansle of theta desrees to the horizontal. 
The rod is restins asainst a smooth fixed PeS at the Point C 
in the rod such that AC= 3 m. 
Find mu, the coefficient of friction between the rod and 
the floor. 

<A-level exam adaptation: AEB> 



C FORC7 J 

A uniform rod AB of lensth 2a and mass Mis freelw hinSed to a 
fixed Point A and is held inclined at an ansle of 30 desrees to 
the horizontal <with B above A> bw a liSht inextensible strins 
attached to the mid-Point of the rod and to a Point C vertically 
above A, where AC= a. 
Find the masnitude and direction of the reaction at A. 
Find also the tension in the strins. 

<A-level exam: U of L> 



File: NOVAK 

RiSid Body Eouilibrium Problems 
------=================--------
Levers etc. 
Taken from Novak 1976. 

C NOVK1 J 

A lever 10 ft Ions is Pinned at its left end. 
The lever is supported bY a sPrins with a constant 
of 40 lb/ft. 
The sprins is attached 6 ft from the left end of the lever. 
A weisht of 20 lb is attached at the other end of the lever. 
The weishtof the lever is 8 lb. 
How much is the sPrins stretched? 

C NOVK2 J 

Where must a weisht be huns on a pole, of neslisible weisht, 
so that the boy at or,e er,d s•JPPorts 1/3 as m•Jch as the man at 
the other end? 

(from Schaum 1961) 

C NOVK3 J 

A scaffold 10 ft Ions is supported by roPes attached at each end. 
The scaffold weishs 100 lb. 
One Painter weiShins 150 lb stands on the scaffold 4 ft from one 
end while a second Painter weiShins 175 lb stands on the scaffold 
2 ft from the other end. 
What is the tension on each of the ropes suPPortins the scaffold? 

(from Dull, Metcalfe and Williams 1964) 

C NOVK4 J 

A horizontal uniform bar 10 m lons is suPPorted bY two ropes 
attached at its ends. 
The roPe on the left end makes an ansle of 45 desrees with the 
horizontal, while the roPe on the risht end makes an ansle of 
60 desrees with the horizontal. 
A weisht of 100 nt is attached 2 m from the riSht end of the bar. 
What is the weisht of the bar? 

C NOVK5 J 

A uniform scaffold 12 ft Ions and weiShins 100 lb is supported 
horizontally by two vertical ropes huns from its ends. 
Find the tension in each rope when a 180 lb Painter stands 
4 ft from one end. 

(from Schaum 1961) 

C NOVK6 J 

A uniform bar A-Bis 100 cm Ions and weishs 50 lb. 
The bar is to be suPPorted at ends A and B. 
An upward force of 40 lb is aPPlied 80 cm from A. 



Compute the forces on the suPPorts. 

(from Schaum 1961) 

C NOVK7 J 

A uniform Pole 20 ft Ions and weiShins 30 lb is supported by 
a boy 3 ft from one end and a man 6 ft from the other end. 
At what Point must a 150 lb weisht be attached so that the man 
suPPorts twice as much as the boY? 

(from Schaum 1961) 

C NOVKB J 

The foot of a ladder rests aSainst a vertical wall and on a 
horizontal floor. 
The toP of the ladder is supported from the wall bY a horizontal 
rope 30 ft Ions. 
The ladder is 50 ft Ions, weishs 100 lb with its center of sravitY 
20 ft from the foot, and a 150 lb man is 10 ft from the toP. 
Determine the tension in the rope. 

C NOVK9 J 

The hinses of 
is 3 ft wide. 
The weisht of 
Determine the 

C NOVK10 J 

(from Schaum 1961) 

a door weishins 20 lb are 12 ft apart, and the door 

' the door fS supported by the UPPer hinse. 
forces exerted on the door at the hinses. 

(from Schaum 1961) 

... 
A steel beam of •Jnlform cross section weishs 250 mesad~:mes. 
If it is 500 cm Ions, what force is needed to lift one end 
of it? 

(from Dull, Metcalfe and Williams 1964) 

C NOVK11 J 

A taPerins wooden telesraPh Pole is 15 ft Ions and its center 
of sravitY is 6 ft from one end. 
It weishs 400 lb. 
What force is reauired to lift each end? 

(from Dull, Metcalfe and Williams 1964) 

C NOVK12 J 

A bar 4 ft Ions weishs 400 nt. 
Its center of sravitY is 1.5 m from one end. 
If a weisht of 300 nt is attached at the heavy end and a weisht 
of 500 nt is attached at the lisht end, what are the masnitude, 
direction, and Point of aPPlication of the eauilibrant? 

(from Dull, Metcalfe and Williams 1964) 



C NOVK13 J 

A bridse 60 ft Ions is supported by a Pier at each end. 
The bridse weishs 50 tons. 
If a load of 7.5 tons is located 15 ft from one end, what load 
does each Pier suPPort1 

(from Dull, Metcalfe and Williams 1964> 

C NOVK14 J 

A bar 5 m Ions has its center of sravitY 1.5 m from the heavy end. 
If it is Placed on the edse of a block 1.5 m from the liSht end 
and a weisht of 750 nt is added to the lisht end, it will be balanced. 
What is the weisht of the bar1 

(from Dull, Metcalfe and Williams 1964) 

C NOVK15 J 

A uniform bar 25 m Ions weishs 10000 nt. 
From end A a weisht of 2500 nt is huns. 
At B, the other end of the Pole, there is a weisht of 3500 nt. 
An upward force of 3000 nt is exerted 4 m from B, while an 
upward force of 4000 nt is exerted 8 m from A. 
Determine the masnitude, direction, and Point of aPPlication 
of the eauilibrant. 

(from Dull, Metcalfe and Williams 1964) 

C NOVK16 J 

A beam 4 m Ions is supported at both ends. 
A weisht of 500 nt is attached 1 m from end A, a weisht of 
800 nt is attached 1.5 m from end A, and a weisht of 300 nt 
is attached 1.25 m from end B. 
Calculate the forces exerted by the supports at each end of 
the beam. 

(from Dull, Metcalfe and Williams 1964> 

C NOVK17 J 

Paul and Henry carrY a sack weiShins 600 nt on a Pole between them. 
If the Pole is 2 m Ions and the load is .5 m from Paul, what force 
does each boy exert1 

(from Dull, Metcalfe and Williams 1964) 

C NOVK18 J 

A bridse is 80 ft Ions. 
What force must the Pier at each end of the bridSe exert to 
suPPort an automobile weiShins 2 tons which is 30 ft from one 
end of the bridse1 

(from Dull, Metcalfe and Williams 1964) 

C NOVK19 J 

A Painter weishins 900 nt stands on a Plank 3 m Ions, which is 
supported at each end by a stePladder. 
If he stands 1 m from one end of the Plank, what force is exerted 
bY each stePladder1 

(from Dull, Metcalfe and Williams 1964> 



C NOVK20 J 

Two boys, weishins 100 lb and 125 lb respectively, wish to balance 
on a seesaw. 
If the 100 lb boY sits 5 ft from the center, how far from the center 
must the 125 lb boy sit? 

(from Dull, Metcalfe and Williams 1964) 

Additional Problems considered by Novak but not solved. 

C NOVK21 J 

A uniform steel meter bar rests on two scales at its ends. 
The bar weishs 4 lb+ 
Find the readinss on the scales. 

(from Halliday and Resnick 1967) 

C NOVK22 J 

A 60 ft ladder weiShins 100 lb rests asainst a wall at a Point 
48 ft above the sround. 
The center of SravitY of the ladder is one third the way UP+ 
A 160 lb man climbs halfway UP the ladder. 
Assumins that the wall is frictionless, find the forces exerted 
bY the system on the sround and the wall. 

(from Halliday and Resnick 1967) 

C NOVK23 J 

A uniform beam is hinsed at the wall. 
A wire connected to the wall a distance D above the hinse is 
attached to the other end of the beam. 
The beam makes an ansle of 30 des with the horizontal when a 
weisht Wl is huns from a strins fastened to the end of the beam. 
If the beam has a weisht W2 and a lensth L, find the tension 
in the wire and the forces exerted bY the hinse on the beam. 

(from Halliday and Resnick 1967) 

C NOVK24 J 

A door 7 ft hiSh and 3 ft wide weishs 60 lb+ 
A hinse 1 ft from the toP and another 1 ft from the bottom 
each suPPort half the doors weisht. 
Assume that the center of sravitY is at the seometrical center 
of the door and determine the horizontal and vertical force 
comPonents exerted bY each hinse on the door. 

(from Halliday and Resnick 1967) 

C NOVK25 J 

An automobile weishins 3000 lb has a wheel base of 120 in+ 
Its center of sravitY is located 70 in behind the front axle. 



Determine the force exerted on each of the front wheels 
(assumed the same) and the force exerted on each of the back 
wheels (assumed the same> b~ the level around. 

(from Hallida~ and Resnick 1967) 



File: PULLEY 

Connected motion Problems. 
========================== 
[ PULL1 J 

Two Particles of mass Band Care connected by a liSht strins 
Passins over a smooth Pulley. 
Find the acceleration of the Particle of mass B. 

[ PULL2 J 

A Particle of mass 4 ks rests on a smooth horizontal table. 
It is connected bY a lisht inextensible strins Passins over a smooth 
Pulley at the edse of the table to a Particle of mass 2 ks, which 
is hansins freely. 
Find the acceleration of the system and the tension in the strins. 

C PULL3 J 

A Particle of mass 
It is connected by 
Pulley at the edse 
is hansins freely. 

(from Bostock and Chandler 1975) 

5 kS rests on a roush horizontal table. 
a lisht inextensible strins Passins over a smooth 
of the tabl~to a Particle of mass of 6 ks, which 

The coefficient of friction between the 5 ks mass and the table is 1/~ 
Find the acceleration of the system and the tension in the strins. 

(from Bostock and Chandler 1975) 

C PULL4 J 

Two Particles of mass 3 ks and 4 kS are connected by a lisht 
inextensible strins passins over a smooth fixed Pulley. 
The sYstem is released from rest with the strins taut and both 
Particles at a heiSht of 2 m above the Sround. 
Find the velocity of the 3 ks mass when the 4 ks mass reaches the 
sround. 

(from Bostock and Chandler 1975) 

C PULLS J 

A strins Passins over a smooth fixed Pulley supports at its two ends 
smooth moveable Pulleys of masses 5 lb and 6 lb resPectivelY+ 
Over the first of the moveable PulleYs Passes a strins havins masses 
of 3 lb and 4 lb at its ends, and over the second a strins havins 
masses of 2 lb and 3 lb at its ends. 
Find the acceleration of the moveable Pulleys and of each of the 
masses. 

(from HumPhreY 1930) 

C PULL6 J 

Two Particles of mass 3 ks and 5 ks are connected by a lisht 
inextensible strins passins over a smooth Pulley which is fixed 
to the ceilins of a lift. 
Find the tension in the strins when the system is movins freely 



and the lift has a downward acceleration G ms-2. 

(from Bostock and Chandler 1975) 

C PULL7 J 

Two Particles of masses Mand 4M are connected bw a liSht inextensible 
strins which Passes over a Pulley of radius A. 
The Pulley is free to turn in a vertical Plane without friction about 
a horizontal axis throush its centre and the moment of inertia about 
this axis is MA~2. 
The system is released from rest and the strins does not sliP on the 
P•Jl ley. 
Find the accelerations of the Particles and the distance each moves 
in time T. 
Also find the tensions in the strins. 

<A-level exam: AEB> 

C PULLS J 

A Particle of mass €:)is in contact with the smooth sloPins face of 
a wedse which is itself standins on a smooth horizontal surface. 
If the mass of the wedse is M2 and the sloPins face of the wedse is 
inclined at an ansle 30 desrees to the horizontal find the 
acceleration of the wedse in terms of M1 and M2. 

(from Bostock and Chandler 1975) 

C PULL9 J 

Particles of mass Mand 2M are connected bw a lisht strins which 
Passes over a Pulley at the vertex of a wedse shaped block, one 
Particle restins on each of the faces which are smooth. 
The mass of the wedse beins N, and the inclination of the faces 
to the horizontal beins AlPha, find the acceleration of the wedse 
and the Particles when the wedse is Placed on a smooth horizontal 
table. 

(from HumPhreY 1930) 

C f'ULL10 J 

A wedse of mass N, whose section ABC is a triansle risht an~led 
at A, is Placed with the face BC on a smooth horizontal table. 
The faces AB and AC are roush, the coefficient of friction beins Mu. 
Two masses Mi and M2, connected by a lisht inextensible strins Passin 
over a lisht frictionless pulley at A, rest on the faces AB and AC 
resPectivelY+ 
M1 moves down AB with acceleration F1. 
Find F1, and the acceleration F2 of the wedse. 

(from Humphrey 1930) 



File: MOTION 

Constant Acceleration Problems. 
=============================== 
C: MOTN1 J 

A stone is droPPed from a cliff 100 m above the sea. 
Find the speed with which it hits the sea. 

(from Bostock and Chandler 1975> 

C: MOTN2 J 

A ball is thrown vertically uPward to a heisht of 10 m. 
Find the time taken to reach this heisht and the initial speed 
of the ball. 

(from Bostock and Chandler 1975) 

C: MOTN3 J 

A stone is ProJected vertically upward with a sPeed of 21 ms-1. 
Find the distance travelled by the stone in the first 3 s of its 
motion. 

(from Bostock and Chandler 1975) 

C MOTN4 J 

A ball is thrown vertically upward with a sPeed of 15 ms-1 from 
a Point which is 0.7 m above ground level. 
Find the speed with which the ball hits the ground. 

(from Bostock and Chandler 1975) 

C MOTN5 J 

A stone is droPPed from the toP of a tower. 
In the last second of its motion it falls through a distance 
which is 1/5 of the height of the tower. 
Find the height of the tower. 

(from Bostock and Chandler 1975> 

C MOTN6 J 

A stone is droPPed from the top of a buildins 20 m high. 
A second stone is droPPed from a Point half-way UP the same buildins. 
Find the time that should elapse between the release of the two 
stones if they are to reach the sround at the same time. 

(from Bostock and Chandler 1975) 

C MOTN7 J 

A Particle which is. moving irt a straisht line with constant (){;ck~ 
acceleration takes (:3 s') arid /5 s \ to cover two s•Jccesive distances 
of 1 m. ' ... / 
Find the acceleration. 

(from Bostock and Chandler 1975) 



[ MOTN8 J 

A toy train is movins alons a straisht lensth of track. 
It accelerates uniformly from rest to a velocity of o.s ms-1 
and maintains this velocity for a time before deceleratins 
uniformly to rest asain. 
If the time taken for this Journey is 2 seconds and it moves a 
distance of 0.8 m alons the track, find the time for which the 
speed of the train is uniform. 

(from Bostock and Chandler 1975) 

C MOTN9 J 

A bus moves away from rest at a bus stop with an acceleration 
of 1 ms-2+ 
As the bus starts to move a man who is 4 m behind the stoP runs 
with a constant speed after the bus. 
If he Just manases to catch the bu~find his sPeed. 

(from Bostock and Chandler 1975) 

C MOTN10 J 

A road runs due north throush a Point A. 
A lorry travellins north at a constant speed of 54 km/h Passes A, 
and immediately a car leaves A movins from rest with a constant 
acceleration of 2 ms-2. 
Find the distance from A (in meters> where the car overtakes the 
lorry and the time (in seconds) for this to occur. 

(A-level exam: AEB> 
f 

(rw~ 



File: RELTIV 

Relative Motion Problems. 
,------------------------
C RELT1 J 

The driver of a car travellins due East on a straisht road 
at 40 kmh-1 is watchinS a train movins due North at 75 kmh-1. 
What is the aPParent sPeed and direction of motion of the train? 

(from Bostock and Chandler 1975) 

C RELT2 J 

A steamship is travellins north at the rate of 10 mPh, and there 
is a north-east wind blowins at the rate of 20 mPh. 
In what direction will the smoke from the funnel aPPear to move 
to an observer on the shiP? 

(from Humphrey 1930) 

C RELT3 J 

A man with a boat wishes to cross a stream of width A from a Point 
0 to a Point Pon the OPPosite bank at a distance B downstream. 
If the stream flows with velocity U, what is the least sPeed with 
which the man must be able to row throush still water if he is to 
reach PT 
In what direction must he row, and how lons will he take? 

(from Palmer and Snell 1935) 

C RELT4 J 

An aircraft P is 800 m due North of another aircraft G. 
Both are flYinS at the same heisht with constant velocities 150 ms-1 
due West and 200 ms-1 N 30~ w. 
After what time will the aircraft be closest tosether and how far 
apart will they then be? 

(from Bostock and Chandler 1975) 

C RELT5 J 

A speedboat travellins due East at 100 kmh-1 is 500 m due North of a 
launch when the launch sets off to trY to catch the speedboat. 
If the speed of the launch is 60 kmh-~show that the launch cannot 
set closer to the speedboat than 400 m. 

(from Bostock and Chandler 1975) 

C RELT6 J 

A and Bare two shiPs which, at 1200 hours, are at P and Q 
resPectivel~, where PQ = 26 nautical miles. 
A is steamins at 30 knots in a direction Perpendicular to PQ and 
Bis steamins on a straisht course at 20 knots in such a direction as 
to approach A as closel~ as Possible. 



Show that B steams at an angle of arcsin(2/3) with PQ. 
Find when the shiPs are closest together. 

(from Bostock and Chandler 1975) 

C RELT7 J 

A cruiser is travellins due East at 15 knots. 
At 1200 hours a destroyer which is 12 nautical miles South West of 
the cruiser sets off at 20 knots to intercept the cruiser. 
At what time will the interception occur and on what bearing should 
the der travel? 

(from Bostock and Chandler 1975> 

C RELT8 J 

A destroyer moving N 30' Eat 50 kmh-1 observes at noon a cruiser 
travelling due North at 20 kmh-1. 
If the destroyer overtakes the cruiser or.eA101Jr later find the distance 
and bearing of the cruiser from the destroYer at noon. 

(from Bostock and Chandler 1975) 

C RELT9 J 

Two aircraft are in horizontal flight at the same altitude. 
One is flying due north at 500 kmh-1 whilst the other is flYins 
due west at 600 kmh-1. 
Realisins that they are on a collision co1Jrse.) the Pilots tal'-.e action 
simultaneously when the aircraft are 10 km aPart. 
The Pilot of the first Plane chanses his course to N 15' W maintainins 
his speed of 500 kmh-1 and the Pilot of the second Plane maintains his 
course but increases his sPeed to V kmh-1+ 
Find the value of V if the aircraft are still on collision courses. 

<A-level exam: AEB> 

E RELT10 J 

A Port X is 18 nautical miles due north of another Port Y. 
Steamers A, B leave X, Y resPectivelY at the same time, A travellins 
at 12 knots due east and Bat 8 knots in a direction arcsin(l/3) 
east of north. 
Find in masnitude and direction the velocity of B relative to A. 
Prove that subse~uentlY the shortest distance between A and Bis 14 
nautical miles and find the time taken to reach this Position+ 
If when the steamers are in this Position a boat leaves A and travels 
due west so as to intercept B, find at what speed the boat must travel 

(A-level exam: JMB> 



File: PR0JCT 

ProJectile Problems. 

C PR0J1 J 

A stone is thrown from the toP of a cliff 70 m hish at an 
ansle of 30' below the horizontal and hits the sea 20 m from 
the bottom of the cliff. 
Find the initial speed of the stone and the direction in which it 
hits the sea. 

(from Bostock and Chandler 1975) 

C PR0J2 J 

A ball is thrown from sround level with a velocit~ of 15 ms-1 ~t 
an ansle of 60' to the horizontal. 
Find when the ball hits the Sround and the time at which it reaches 
its sreatest heisht above the Point of ProJection. 

(from Bostock and Chandler 1975) 

C PR0J3 J 

A sun has a maximum ranse of 200 m on the horizontal. 
Find the velocit~ of a shell as it leaves the muzzle of the sun. 

<from Bostock and Chandler 1975) 

C PR0J4 J 

The sreatest ranse of a Particle, with a Siven velocit~ of ProJection, 
on a horizontal Plane is 3000 metres. 
Find the sreatest ranse UP a Plane inclined at 30' to the horizontal. 

(adapted from HumPhre~ 1930) 

C PR0J5 J 

A ball is ProJected upwards at an ansle of 30' to the horizontal, 
with a speed of 60 m/s. 
The ball reaches a maximum heisht of H metres vertical!~ above 
the horizontal Plane containins the Point of ProJection. 
Calculate the value of H, the ranse on the horizontal Plane, 
and the direction of motion of the ball 4 s after ProJection. 

(0(A)-level exam: AEB> 

C PR0J6 J 

A ball is thrown with a speed of 10 m/s from the top of a tower 
which is 15 m hish. 
The ball strikes the sround at the same level as the base of the 
tower and at a horizontal distance of 20 m from the Point where the 
ball was thrown. 
Calculate the ansle of elevation at which the ball was thrown, the 
time of flisht of the ball, and the direction in which the ball is 
movins at the instant when it strikes the sround. 



<A-level exam (Part>: AEB> 

C PR0J7 J 

A tile slides down a roof inclined at 20~ to the horizontal startins 
3 m from the edse of the roof. 
Assumins that the roof is smoot~find the horizontal distance from the 
edse of the roof that the tile M1ts the Sround if the edse of the roof 
is 8 m above Sround level. 

(from Bostock and Chandler 1975) 

C PR0J8 J 

A sun with a muzzle velocity of 100 ms-1 is fired from the floor of 
a tunnel which is 4 m hish. 
Find the maximum ansle of ProJection Possible if the bullet is not to 
hit the roof, and the ranse of the sun with this ansle of ProJection. 

(from Bostock and Chandler 1975) 

C PR0J9 J 

Two Particles P and Qare fired simultaneously from two points A and 
Bon level sround with speeds of ProJection U and 2U respectively. 
If AB is the maximum ranse of P, and the particles collide when both 
are movins horizontally, find the ansle of ProJection of Q. 

(from Bostock and Chandler 1975) 

[ PR0J10 J 

Two Particles are ProJected with the same SPPed from the same Point. 
The ansles of ProJection are 2A and A and a time T elapses between 
the instants of ProJection. 
If the Particles collide in flisht, find the sPeed of ProJection in 
terms of T and A. 
If the collision occurs when one of the Particles is at its sreatest 
heisht, show that A is Siven bY 4cos(A)-4 - cos(A)-2 - 1 = o. 

(A-level exam: AEB> 



File: CRASH 

Collision and ImPact Problems. 
============================== 
C CRSH1 J 

A hammer of mass 1.2 ks travellins at 15 ms-1 is brousht to rest 
when it strikes a nail. 
What impulse acts on the hammer? 

(from Bostock and Chandler 1975) 

C CRSH2 J 

A truck of mass 1200 ks is movins with a speed of 7 ms-1 when it 
collides with a second truck of mass 1600 ks which is stationary. 
If the two trucks are automatically coupled tosether at imPact, 
with what sPeed do they move on tosether? 

(from Bostock and Chandler 1975) 

C CRSH3 J 

A shell of mass 12 ks is fired horizontally from a sun of mass 750 k~, 
which stands at rest on horizontal sround and is free to move. 
If the initial velocity of recoil of the sun is 3 ms-1, calculate the 
initial velocity of the shell and the masnitude of the imPulse which 
acts or, the Sur,. 

<0<A>-level exam: AEB> 

C CRSH4 J ,-,, <;~ u ('._ -

A Sun of mass G fires a shell of mass M 
The barrel of the sun is elevated at an ansle A and the sun recoils 
horizontally. 
Find the ansle at which the shell leaves the barrel. 

(adapted from Bostock and Chandler 1975) 

C CRSH5 J 

Two Particles of masses 3 oz and 5 oz are connected by an ? 
inextensible strins of lensth 14 feet which Passes over a small~ 
at a heisht of 10 feet above a table on which the heavier Particle 
rests, verticalls beneath the Pulley. 
The other Particle is raised to the Pulley and allowed to fall. 
Find the velocits of the system after the Jerk, and the time at 
which it will first come to rest. 

(from HumPhrey 1930> 

C CRSH6 J 

A Particle of mass 4 ks is attached to one end X of a lisht 
inextensible strins which Passes over a smooth lisht Pulley and 
supports Particles of masses 2 ks and 3 ks at the other end Y. 
The end X is held in contact with a horizontal table at a dePth 



6 m below the Pulley, both Portions of the •trins beins vertical 
and the Particles at Y hansins freely. 
The sYstem is released from rest. 
When Y has descended a distance of 2.5 m, the Particle of mass 2 ks 
is disconnected and besins to fall freely. 
Calculate the Sreatest heisht reached by X above the table and the 
momentum of the 4 ks particle when it strikes the table. 

<A-level exam: U of L) 

C CRSH7 J 

A smooth sphere of mass 0.5 ks movins with a horizontal speed of 3 
ms-1 strikes at risht anSles a vertical wall and bounces off the wall 
with horizontal SPeed of 2 ms-1+ 
Find the coefficient of restitution between the sphere and the wall 
and the impulse exerted on the wall at imPact. 

(from Bostock and Chandler 1975) 

C CRSH8 J 

A smooth sphere A of mass 2J1, movins on a horizontal Plar,e with 
speed U, collides directly with another smooth sphere B of eGual 
radius and of mass M, which is at rest. 
If the coefficient of restitution between the spheres is E, find 
their speeds after impact. 

(A-level exam (part>: U of L> 

C CRSH9 J 

A smooth unifrirm sphere A of mass M, slidins with speed U on a 
horizontal table, collides obliauelY with a smooth uniform sphere 
B, of mass 4 Mand of eaual radius, which is at rest on the table. 
At the moment of impact, the path of A makes an anSle AlPha with the 
line of centres of the spheres. 
If, after impact, B moves with speed (3 U cos AlPha)/10, find the 
coefficient of restitution between the spheres. 
If the kinetic enerSY of the sPheres after the impact are eaual, 
find tan AlPha, 

<A-level exam: AEB) 

C CRSH10 J 

Three small spheres A, Band C, of eaual radii and masses 2M, 3M and 
4M respectively, lie at rest on a frictionless horizontal Plane with 
their centres in a straisht line. 
The sphere A is made to move towards B with a sPeed 2U and after the 
collision B besins to move towards C with speed u. 
The sphere Bis brousht to rest by its collision with c. 
Calculate the coefficients of restitution between A and Band between 
Band c. 
Show that, in all, three collisions only take Place and find the final 
speeds of each sPhere in terms of u. 

<A-level exam: AEB) 



File: SPRING 

SPring and Energy Problems. 
=========================== 
C SRNG1 J 

A Particle of mass Ml is suspended from the end of a sPrin~ of 
lensth Ll and elasticity E. 
A second spring with length L2 and elasticity 2E is attached to the 
first Particle, and another Particle of mass M2 is susPended from 
the second sPring. 
Find the extension of each sPring. 

C SRNG2 J 

An elastic string of natural length 4L and modulus of elasticity 4Mg 
is stretched between two Points A and B which are on the same le~el, 
where AB = 4L. 
A Particle attached to the midPoint of the string hanss in eouilibrium 
with both Portions of string making 30' with AB. 
What is the mass of the Particle? 

(from Bostock and Chandler 1975) 

C SRNG3 J 

Two sPrings AB BC are Joined together end to end to form one long sPri1 
The natural lensths of the separate sPings are 1.6 m and 1.4 m and 
their moduli of elasticity are 20 N and 28 N resPectivelY. 
Find the tension in the combined sPring if it is stretched between 
two Points 4 m apart. 

(from Bostock and Chandler 1975) 

C SRNG4 J 

If the work done in halving the length of a sPrins of modulus 4 N 
is 1.2 Joule what is the natural length? 

(from Bostock and Chandler 1975) 

C SRN65 J 

An elastic string whose modulus is 4 N is stretched from 3 m to 
4 m in lensth. 
What is its increase in energy if its natural lensth was 2 m? 

(from Bostock and Chandler 1975) 

C SRNG6 J 

A lisht elastic string, of unstretched lensth A and modulus of 
elasticity W, is fixed at one end to a Point on the ceiling 
of a room. 
To the other end of the strins is attached a Particle of weight w. 
A horizontal force P is aPPlied to the Particle and in eGuilibrium 
it is found that the string is stretched to three times its natural 



lensth. 
Calculate the ansle the strins makes with the horizontal, and the 
value of Pin terms of w. 

(A-level exam (part): U of L) 

C SRNG7 J 

Two lisht elastic strinss AB and CD each have natural lensth Land 
an extension of L/2 is Produced in each strins bY tensions Ms and 
2Ms resPectivelY+ 
The strinss are Joined at their ends Band C and the end A is fastened 
to a fixed Point. 
From the end Dis huns a Particle of mass M. 
Show that, when the mass M hanss at rest vertically below A, the total 
extension in the combined strins ABCD is 3L/4. 

<A-level exam (Part>: AEB> 

C SRNG8 J 

A Particle of mass Mis suspended from a fixed Point A bY a lisht 
elastic strins of natural lensth Land modulus of elesticitY 4 Ms. 
The Particle is Pulled down from its eauilibrium Position a distance 
D and then released. 
If the Particle Just reaches the heisht of A, find D. 

(from Bostock and Chandler 1975) 

C SRNG9 J 

One end of an elastic strins is fixed to a Point A on a horizontal 
table. 
The other end is attached to a heavy Particle P of mass M+ 
The Particle is Pulled away from A until AP is of lensth 3L/2 and 
is then released. 
If the natural lensth of the strins is Land its modulus of elasticity 
is Ms find the velocity of the Particle when the strins reaches its 
natural lensth. 

(adapted from Bostock and Chandler 1975) 

C SRNG10 J 

Two particles A and Bare connected by a lisht inelastic strins 
which Passes over a smooth PUllew. 
A is of mass Mand Bis of mass 2M. 
Initially both Particles are at rest at a dePth 2L below the Pulley. 
If they are released from rest find their velocity when each has 
moved a distance L. 

(from Bostock and Chandler 1975) 



File: WORK 

Work and Power Problems. 
======================== 
C WORK1 J 

A block of mass 500 ks is raised a heisht of 10 m by a crane. 
Find the work done by the crane asainst sravitY. 

(from Bostock and Chandler 1975) 

t WORK2 J 

A block is Pulled at a constant sPeed of 5 ms-1 alons a horizontal 
surface by a horizontal strins. 
If the tension in the strins is 5 N, find the work done by the strins 
in ten seconds. 

(from Bostock and Chandler 1975) 

t WORK3 J 

A block is Pulled alons a roush horizontal surface bY a horizontal 
strins. 
If the strins Pulls the block at a steady sPeed and does work of 100 J 
in movins the block a distance of 5 m, find the tension in the strins. 

(from Bostock and Chandler 1975) 

f. WORK4 J 

A Particle of mass 5 ks is Pulled UP a roush Plane by a strins 
parallel to the Plane. 
If the Plane is inclined at 30 desrees to the horizontal, and if 
the work done by the tension in the strins in movins the block 
a distance of 3 mat a steady sPeed is 90 J, find the coefficient 
of friction between the block and the Plane. 

(from Bostock and Chandler 1975> 

C WORK5 J 

A train has a maximum speed of 80 kmh-1 on the level asainst 
resistance of 50000 N. 
Find the Power of the ensine. 

(from Bostock and Chandler 1975) 

f. WORK6 J 

A car has a maximum speed of 100 kmh-1 on the level with the 
ensine workins at 50 kW. 
Find the resistance to motion. 

(from Bostock and Chandler 1975) 

t WORK7 J 

A lorry of mass 10000 ks has a maximum speed of 24 km/h UP 



... 

a slope of 1 in 10 asainst a resistance of 1200 newtons. 
Find the effective Power of the ensine in kilowatts. 

<A-level exam (Part>: U of L> 

C WORKS J 

A car of mass 1500 kg tows another car of mass 1000 ks uP 
a hill inclined at arcsin 1/10 to the horizontal. 
The resistance to motion of the cars is o.s N perks. 
Find the tension in the tow roPe at the instant when their 
speed is 10 ms-1 and the Power outPut of the towing car 
is 150 kW. 

(from Bostock and Chandler 1975) 

C WORK9 J 

At the instant a car of mass 840 ks Passes a sisn Post on .§l,.l._evel 
road its speed is 90 km/h and its ensine is working at 70 ~ ~ 
If the total resistance is constant and eGual to 2100 N, find the 
acceleration of the car in m/s2 at the instant it Passes the sisn Post, 
Calculate the maximum speed in km/h at which this car could travel 
UP an incline of arcsin(l/10) against the same resistance with the 
ensine working at the same rate. 

<A-level exam: AEB> 

C: WORKlO J 

A car of mass 1000 ks has a maximum speed of 15 m/s UP a sloPe 
inclined at an angle theta to the horizontal where sin theta= 0.2. 
There is a constant frictional resistance eGual to one tenth of 
the weisht of the car. 
Find the maximum sPeed of the car on a level road. 
If the car descends the same slope with its ensine working at half 
its maximum Power, find the acceleration of the car at the moment 
when its speed is 30 m/s. 

(A-level exam: U of L> 



Rob's 30 Problems for the Parser 

* 
* r CRSH1 J 

A hammer of mass 2 ks travellins at 15 ms-1 is brousht to rest 
when it strikes a nail. 
What impulse acts on the hammer? 

was 1.2 ks (from Bostock and Chandler 1975) 

* [ FORCl J 

A small obJect of weisht 10 N rests in eauilibrium on a roush 
Plane inclined at 30 desrees to the horizontal. 
Calculate the masnitude of the frictional force. 

(from Bostock and Chandler 1975) 

[ MOTN1 J 

A stone is droPPed from a cliff 100 m above the sea. 
Find the speed with which it hits the sea. 

* (from Bostock and Chandler 1975) 

* [ MOTN2 J 

A ball is thrown verticall~ uPward to a heisht of 10 m. 
Find the time taken to reach this heisht and the initial sPeed 
of the ball. 

* (from Bostock and Chandler 1975) 

* r MOTN3 J 

A stone is ProJected verticall~ upward with a sPeed of 21 ms-1, 
Find the distance travelled b~ the stone in the first 3 s of its 
motion, 

(from Bostock and Chandler 1975> 

* r MOTN4 J 

A ball is thrown vertical!~ upward with a speed of 15 ms-1 from 
a Point which is 1 m above sround level, 
Find the speed with which the ball hits the sround. 

* was 0.7 meters 
* (from Bostock and Chandler 1975) 

* r MOTN5 J 

A stone is dropped from the toP of a tower, 
In the last second of its motion it falls throush a distance 
which is 1/5 of the heisht of the tower. 
Find the heisht of the tower, 

(from Bostock and Chandler 1975) 



* [ MOTN6 J 

A stone is droPPed from the toP of a buildins 20 m hiSh, 
A second stone is droPPed from a Point half-wa~ UP the same buildins. 
Find the time that should elapse between the release of the two 
stones if the~ are to reach the Sround at the same time. 

(from Bostock and Chandler 1975) 

* [ MOTN7 J 

A Particle which is movins in a straisht line with constant 
acceleration takes 3 sand 5 s to cover two succesive distances 
of 1 m. 
Find the acceleration. 

* (from Bostock and Chandler 1975) 

* [ NOVK1 J 

A lever 10 ft lons is Pinned at its left end, 
The lever is suPPorted b~ a sPrinS with a constant 
of 40 lb/ft, 
The sPrins is attached 6 ft from the left end of the lever, 
A weisht of 20 lb is attached at the other end of the lever, 
The weisht of the lever is 8 lb. 
How much is the sPrinS stretched? 

* r NOVK2 J 

Where must a weisht be huns on a Pole, of nesliSible weiSht, 
so that the bos at one end suPPorts 1/3 as much as the man at 
the ~ther end? 

* (from Schaum 1961) 

* [ NOVK3 J 

A scaffold 10 ft lens is supported b~ ropes attached at each end, 
The scaffold weishs 100 lb. 
One Painter weishins 150 lb stands on the scaffold 4 ft from one 
end, while a second Painter weiShinS 175 lb stands on the scaffold 
2 ft from the other end. 
What is the tension on each of the ropes suPPortins the scaffold? 

* (from Dull, Metcalfe and Williams 1964) 

* r NOVK4 J 

A horizontal uniform bar 10 m Ions is supported by two ropes 
attached at its ends, 
The rope on the left end makes an ansle of 45 desrees with the 
horizontal, while the rope on the risht end makes an ansle of 
60 desrees with the horizontal. 
A weisht of 100 nt is attached 2 m from the riSht end of the bar, 
What is the weisht of the bar? 

* [ NOVK5 J 

A uniform scaffold 12 ft lons and weishins 100 lb is suPPorted 
horizontall~ bs two vertical ropes huns from its ends, 



Find the tension in each roPe when a 180 lb Painter stands 
4 ft from one end. 

* (from Schaum 1961) 

* [ NOVK6 J 

A uniform bar B-C is 100 cm lons and weishs 50 lb. 
The bar is to be supported at ends Band c. 
An upward force of 40 lb is aPPlied 80 cm from B. 
Compute the forces on the suPPorts. 

* (from Schaum 1961) 

* [ NOVK7 J 

A uniform Pole 20 ft lons and weishins 30 lb is suPPorted b~ 
a boY 3 ft from one end and a man 6 ft from the other end. 
At what Point must a 150 lb weisht be attached so that the man 
supports twice as much as the boy? 

(from Schaum 1961) 
- [ NOVK9 J 

The hinses of a door weishins 20 lb are 12 ft aPart, and the door 
is 3 ft wide. 
The weisht of the door is supported by the UPPer hinse. 
Determine the forces exerted on the door at the hinses. 

* (from Schaum 1961) 

* [ NOVK18 J 

* 

A bridse is 80 ft lons. 
What force must the Pier at each end of the bridse exert to 
suPPort an automobile weishinS 2 tons which is 30 ft from one 
end of the bridse? 

(from Dull, Metcalfe and Williams 1964) 

[ PROJ3 J 

A Sun has a maximum ranee of 200 m on the horizontal. 
Find the velocity of a shell as it leaves the muzzle of the sun, 

* (from Bostock and Chandler 1975) 

* [ PROJ4 J 

The sreatest ranse of a Particle, with a Siven velocit~ 
of ProJection, on a horizontal Plane is 3000 metres. 
Find the sreatest ranse UP a Plane inclined at 30 desrees to 
the horizontal. 

* (adapted from HumPhreY 1930) 

* [ PULLl J 

Two particles of mass Band Care connected bY a lisht strins 
Passins over a smooth Pulley. 
Find the acceleration of the Particle of mass B, 



* r PULL2 J 

A Particle of mass 4 ks rests on a smooth horizontal table, 
It is connected by a lisht inextensible strins Passins over a smooth 
pulley at the edse of the table to a Particle of mass 2 ks, which 
is hansins freels, 
Find the acceleration of the system and the tension in the strins. 

* (from Bostock and Chandler 1975) 

* [ PULL3 J 

A Particle of mass 5 ks rests on a roush horizontal table, 
It is connected b~ a lisht inextensible strins Passins over a smooth 
Pulle~ at the edse of the table to a particle of mass of 6 ks, which 
is hansins freely, 
The coefficient of friction between the 5 ks mass and the table is 1/3, 
Find the acceleration of the system and the tension in the strins. 

(from Bostock and Chandler 1975) 

r PULL4 J 

Two particles of mass 3 ks and 4 ks are connected by a lisht 
inextensible strins Passins over a smooth fixed Pulley. 
The ssstem is released from rest with the strins taunt and both 
Particles at a heiSht of 2 m above the sround, 
Find the velocits of the 3 ks mass when the 4 kS mass reaches the 
sround, 

* (from Bostock and Chandler 1975) 

* [ PULL6 J 

Two Particles of mass 3 ks and 5 ks are connected bs a lisht 
inextensible strins PassinS over a smooth Pulley which is fixed 
to the ceilinS of a lift, 
Find the tension in the strins when the ssstem is rnovinS freels, 
and the lift has a downward acceleration G ms-2, 

(from Bostock and Chandler 1975) 

t r RELTl J 

The driver of a car travellins due East on a straiSht road 
at 40 kmh-1 is watchins a train movins due North at 75 kmh-1, 
What is the apparent speed and direction of motion of the train? 

(from Bostock and Chandler 1975) 

t [ SRNGl J 

A particle of mass Ml is suspended from the end of a sPrins of 
lensth Ll and elasticits E, 
A second sPrins with lensth L2 and elasticits 2E is attached to the 
first particle, and another Particle of mass M2 is suspended from 
the second sPrins. 
Find the extension of each sPrins. 

* [ SRNG6 J 



A lisht elastic strins of unstretched lensth A and modulus of 
elasticit~ W, is fixed at one end to a Point on the ceilins 
of a room. 
To the other end of the strins is attached a Particle of weisht w. 
A horizontal force P is aPPlied to the Particle and in emuilibrium 
it is found that the strins is stretched to three times its natural 
lensth. 
Calculate the ansle the strins makes with the horizontal, and the 
value of Pin terms of w. 

(A-level exam (Part>: U of L) 

* [ WORK1 J 

* 

A block of mass 500 ks is raised a heisht of 10 m b~ a crane. 
Find the work done b~ the crane asainst sravit~. 

(from Bostock and Chandler 1975) 

[ WORKS J 

A train has a maximum speed of 80 kmh-1 on the level asainst 
resistance of 50000 N. 
Find the Power of the ensine. 

* (from Bostock and Chandler 1975) 

* [ WORK6 J 

A car has a maximum speed of 100 kmh-1 on the level with the 
enSine workins at 50 kW. 
Find the resistance to motion. 

* (from Bostock and Chandler 1975) 

* r WORK? J 

* 

end, 

A lorr~ of mass 10000 ks has a maximum speed of 24 km/h UP 
a slope of 1 in 10 asainst a resistance of 1200 newtons. 
Find the effective Power of the ensine in kilowatts. 

(A-level exam (Part>: U of L> 
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