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Examiners'	comments	
	
Question	1:	planar	kinematics	(four-bar	mechanism	and	slider)	

	
Part	(a)	was	answered	well	by	most	candidates.	Recurring	problems	were:	incorrect	or	
missing	direction	information;	diagrams	too	small	(recommended	scale	was	ignored);	
image	theorem	used	but	points	CDE	in	wrong	order;	sliding	velocity	and	angular	velocity	
of	BE	calculated	using	total	velocity	of	E	rather	than	parallel	and	perpendicular	
components.		
	
Part	(b)	was	also	answered	well.	Recurring	problems	were:	centripetal	acceleration	
neglected	when	calculating	radial	acceleration	of	E;	centripetal	acceleration	along	CD	
drawn	in	opposite	direction.	A	small	minority	of	solutions	involved:	assigning	unit	
vectors;	writing	a	position	vector	expression;	and	differentiating	twice	to	determine	
acceleration	components.	Unfortunately,	nearly	all	attempts	using	this	approach	were	
unsuccessful,	due	to	inappropriate	choice	of	unit	vectors,	incorrect	position	vector	
expression,	or	errors	in	differentiation.	Solutions	that	involved	tabulating	the	four	
acceleration	components	in	each	link	were	much	more	successful.	
	
Question	2:	energy	and	momentum	(rocking	beam)	
	
This	was	the	least	popular	question	in	section	A.	In	part	(a)	most	solutions	involved	
either	using	an	energy	expression	to	find	the	velocity	just	before	impact	or	Newton’s	2nd	
Law	to	find	acceleration,	then	SUVAT	to	find	time.	A	significant	number	of	solutions	
assumed	that	the	centre	of	mass	accelerated	downwards	at	9.8	m	s-2,	ignoring	any	effect	
of	the	moment	of	inertia.	Occasionally	dimension	a	was	confused	with	acceleration.	
	
In	part	(b)	most	solutions	recognised	that	moment	of	momentum	was	conserved	about	
the	point	of	impact	(at	B),	but	there	was	often	difficulty	in	writing	a	correct	expression	
for	the	moment	of	momentum	before	impact	(wrong	signs).	
	
Part	(c)	proved	to	be	quite	difficult	although	many	solutions	recognised	the	need	for	a	
geometric	progression	and	a	sum	to	infinity.	Some	fruitless	attempts	involved	summing	
energy	lost	in	impacts	and	equating	to	the	initial	potential	energy.	
	
Question	3:	planar	kinematics	and	virtual	power	(crank	and	piston)	

	
Part	(a)	involved	finding	velocities.	Although	a	velocity	diagram	was	not	specifically	
requested	(unlike	Q1)	almost	all	solutions	included	a	diagram.	A	common	error	was	to	
place	point	c	incorrectly	(midway	between	a	and	d	instead	of	b	and	d).	The	term	
‘translational	velocity’	was	sometimes	misunderstood	(‘left-right	velocity’	rather	than	
the	intended	‘not	angular	velocity’).	Some	solutions	appeared	to	disregard	the	
possibility	that	BD	could	have	zero	angular	velocity.	
	
The	acceleration	diagram	in	part	(b)	sometimes	incorrectly	included	a	non-zero	
centripetal	acceleration	term	for	BD,	even	though	the	angular	velocity	was	correctly	
found	in	part	(a)	to	be	zero.	
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Most	solutions	to	part	(c)	involved	a	virtual	power	equation,	but	a	variety	of	errors	

meant	few	completely	correct	answers.	Common	problems	were:	neglect	of	direction	

information	when	finding	the	scalar	product	of	force	and	velocity;	inclusion	of	gravity	

(plan	view);	neglect	of	subscripts	in	the	two	mass	parameters.	A	few	solutions	found	the	

answer	quickly	by	drawing	a	free	body	diagram	of	the	piston	and	rod	and	considering	

equilibrium	of	forces	in	the	AD	direction.	

	

Answers	were	often	stated	without	direction	information,	or	with	units	when	there	are	

none	given	in	the	question.	Marking	of	this	question	was	sometimes	made	difficult	by	

untidy	presentation,	especially	answers	buried	in	the	middle	of	the	page	and	almost	

indistinguishable	from	the	rest	of	the	working.	

	

Question	4:	balancing	of	rotating	shaft	
	

Generally	competently	answered.		Only	a	handful	of	candidates	gave	a	full	answer	to	

part	(a),	but	almost	all	were	able	to	answer	part	(b)	without	difficulty	(though	several	

drew	a	figure	or	applied	the	cosine	rule	before	realising	that	they	were	dealing	with	a	

3:4:5	triangle).		Most	who	solved	part	(c)	did	so	by	taking	moments	in	two	planes,	

though	a	few	spotted	how	the	central	rotor	could	be	‘split’	between	the	outer	ones,	to	

simplify	the	problem.	

	

Question	5:	angular	momentum	
	

This	question	was	not	popular,	and	proved	difficult	for	most	who	attempted	it.		Many	

candidates	tried	to	answer	part	(c)	by	equating	the	ratio	of	the	two	impulses	to	the	ratio	

of	the	two	inertias;	and	of	those	who	related	it	to	the	gear	radii	on	shaft	2,	only	two	even	

mentioned	the	(necessary,	and	provable)	assumption	that	all	the	gears	must	have	the	

same	pitch.		Only	a	handful	of	candidates	approached	part	(d)	in	a	sensible	way,	and	just	

one	was	able	to	find	the	final	angular	velocities	in	the	gearbox	correctly.	

	

Question	6:	planar	kinematics	and	bending	moments	
	

This	question	was	answered	by	the	vast	majority	of	candidates.	Nearly	all	candidates	

could	answer	parts	(a)	–	(c)	perfectly.	Almost	all	candidates	drew	the	bar	in	a	‘general’	

position	(as	in	the	figure	in	the	question)	and	a	substantial	majority	then	spent	extra	

effort	finding	general	expressions	for	angular	velocity	and	acceleration,	before	

evaluating	these	at	the	requested	position.		Several	candidates	clearly	knew	in	advance	

that	the	maximum	bending	moment	should	be	at	the	L/3	position,	and	checked/adjusted	

their	algebra	accordingly.	
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