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The correct answeris A because:

o Newton's first law states that an object remains at rest, or moves with
constant velocity, unless acted on by aresultant force
e This means that since the block has a constant velocity, it has no
resultant force
o This eliminates optionsBandD
o The force sliding the block down the plane is its weight component W
sin @
o The force resisting its motion up the planeis the friction force F
¢ Fortheresultant force to be O, these twomust be equal
o Therefore, F= Wsin @

Sin 8and cos Gare mixedup a lot for the components of the weight. The
weight (Wor mg) can be splitinto a component perpendicular to the
slope (Wcos 8 and parallel to the slope (Wsin 6). To remember the one
thatis ‘cos’, think of ‘the cos sandwich’ i.e. the ‘cos’ component that
‘'sandwiches’ the angle 8between the vector and the original Wvector.

The correct answeris Bbecause:

o Newton's third law states that whenever two bodies interact, the
forces they exert on each other are equal and opposite and of the

sametype
o |notherwords, if object Aexerts aforce onobject B, then object
B exerts anequal but opposite force onobject A
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s Therefore, the forces must:
o Thesametype
o Oppositeindirection
o Equalinmagnitude
e The only force pair that satisfies all three conditions in optionB

the weight of the book is the gravitational force from

Ais the earth on the book, and the force of the book on the
incorrect |tableis a contactforce. They areinthe same direction,
as and have the same magnitude, sotheyarenot a

Newton's third law pair

weight and normal reaction are two different types of
forces (weight is gravitational andreactionforceis a

Cis

S contact force), and they also act on the same body

P (the book). Therefore, they cannot be a Newton's third
law force pair. This is the most common misconception
of this law

Dis these are three objects in this scenario (book, Earth

incorrect andtable), instead of two whichis required for the

as Newton's third law force pair

3

The correct answeris C because:

e Consider Newton's second law for both masses separately
o Resultant force = mass x acceleration(F= ma)
o Bothmasses have the same acceleration, aandtension T
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= Formass n
o mg- = ma(Equationl)

* Formass M-
o [-f=Ma(Equation 2) where fis the frictional force from the

surface

» Rearranging for tension Tin equation 2 gives:
o [=Ma+f

» Substituting this equation for Tinto equation 1:
o mg-(Ma+fl=ma
o mg-Ma-f=ma

» Rearranging for acceleration, a:
o mg-f=ma+Ma=alm+ M)

g — A
o a= (e + )
Once you have learnt this technique forsolving simultaneous equations
by substitution masses on a pulley, you will notice exam questions require
asimilar approach each time. Thisis a very common exam guestion. Take
great care with your algebra, watch out for minus signs outside brackets -
remember to multiply all variables in the brackets by the minus sign,
otherwise, you will get an answer that looks like distractor option B!

4

The correct answeris C because:

» The two strings have a tension force that acts up towards where the
strings are fixed

» Inafree-bodydiagram, all the vectors arerepresented by arrows,
with the arrow head in the direction of that vector

» Sincethe tension Tisequalinboth strings, the tension vector arrows
must be the same length

» The diagram that satisfies all three conditionsis option C
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Ais
incorrect the arrows forthe tension forces are the wrong way around
as

Bis
incorrect the arrow is missing for the Wforce
as
Dis the strings have equal tension T, so both arrows for tension
incorrect needtobe the same size. The second one here is shorterthan
as the first, indicating ithas a smaller tension

5

The correct answeris B because:

* The maximum coefficient value of static friction u_is higher thanthe
coefficient of dynamic frictionu ,

o Dynamic friction acts when the object is moving
* The coefficient of friction has to be avalue between O and |
* The pairof values that satisfies these conditions is option B

Ais .
incorrect |k, >, whichis neverthe case

as

Bis u >1whichcannotbethe case, it canonly be between
incorrect | °

o Oand]l

Cis fy< lwhich cannot be the case, it can only be between
incorrect

5 Oand]
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These values canbe seen on a coefficient of friction graph:

FRICTIONAL
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The correct answeris C because:

+ Sincethetop of the ladderisincontact with the wall, there is a normal
reaction force from the wall on the ladder
o The normalreactionforce is always perpendicular to the surface
o Therefore, this is an arrow horizontally to the left at the point of
contact between the ladder and wall
» Sincethe ladderis uniform, its weight acts vertically downward from
its centre of mass
» Sincethe bottom of the ladderis in contact with the ground, thereis a
normal reaction force from the ground to the ladder
= Sincethe groundis rough, this means thereis a frictional force on the
bottom of the ladder
o |ftheladderslipped, the bottom of it would move to the left asit
falls into the wall
o This meansthe frictional forceisinthe opposite directioni.e. to
theright
» The diagram that satisfies all these conditions is option C
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Ais
incorrect
as

Bis
incorrect
as

Dis
incorrect
as

Always check that the friction force is inthe opposite direction to which

2=
there should only be the arrow to the right on the

bottom of the ladder showing the frictional
force, there is no arrow to the left

the normal force from the wall on the ladder is
perpendicular to the wall, there is no force going
down the wall

the normal force from the wall on the ladder is
perpendicular to the wall, there is no force going
alongthe ladder AND there should only be the
arrow to the right on the bottom of the ladder
showing the frictional force, thereis no arrow to
the left

the object willmove in.

The correct answeris D because:

» The equation fordynamic friction, fis:
o f=uR

» Sincethe frictionforce acts between the block and the trolley, the
reaction force Rupwards on mis equal to the weight of m

o R=mg
¢ Therefore the frictional forceis:
o f=yumg

» The question asks for the acceleration of the trolley. Newton's

second law states:

o F=ma, where Fis the resultant force on an object, mis the mass

of the object and ais its acceleration

» Theonly force thatis onthe trolleyis the frictional force, therefore,

this is the resultant force on the trolley
» The acceleration, aonthe trolley is:

o a

S pmg
=
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the force Fis not a force thatis on the trolley. Itis
Aisincorrect as only onmass mso does not affectits
acceleration

the gquestion asks about the acceleration of the
Bisincorrect as trolley, so itis mass Mof the trolley that should be
inNewton's second law eguation

the force Fdoes is not a force thatis on the
trolley, only on mass mso does not affectits
acceleration and the mand Mare the wrong way
around in the fraction

Cisincorrect as

The force Fhere is a big red herring. The important part of this questionis
to check which object it asks the acceleration for. Thiswould be a very
different question had it asked about the acceleration of the block of
mass minstead, so remember to read the gquestion carefully!

8

The correct answeris Abecause:

e The maximum static frictional force between the sled and surface just
beforeitmovesis:
o F___=u Rwhere Risthe normalreactionforceand u_isthe
slatic = 5

coefficient of static friction
e Since the sledis not moving vertically up or down, Ris equal to the
combined weight of the child and sled
o R=W=400N
e Therefore, the maximum static frictional force is:
o F_.=050x400=200N

e Oncethe sledisin motion, the dynamic frictional force between the
sled and surface whilst its moving is:
¢ F =p,R

dynamic
e Substituting in the values gives:

& _=0.30x400=120N
dyramic

o Therefore, the minimum resultant force on the sled and child is:
o 200-120=80N
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Bis the calculationis incorrectly 120 - 200 and ignored
incorrectas 'the minus sign

the net force has been calculated as the sum of the
forcesinstead of the force when stationary minus
the force when moving

ICis
incorrect as

since the sled moves from rest it must have
acceleratedto do so, since the question does not
mentionit travelling at constant speed thereis
therefore aresultant force onthe sled (anditis not
Q)

Dis
incorrect as

This scenario should be treated as whilst the sled is stationary, thenwhen
the sled is moving separately. This is because the dynamic and static
friction are different values.

2 )JER
Stakionany - — %1 Fis =lsR

Fs <+ — F=)lsR = 200N
=)L5R = 200N ¢
wOON
Whan F 7200N, sled stasts fo move
. TR:uOOM
ﬁamng
Fa < - F> 200N
= MR = 120N ]
Loon
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The correct answeris Bbecause:

Forceis avector, so thisis treated like vector addition
Given two coplanar forces:
o The maximum resultant forceis the sum of the forces
o The minimumresultant force is the difference between the
forces
Forthe two forces 11N and 7 N therefore:
o Maxresultantforce:1M+/7=18N
o Minresultantforce:11-7=4N
Therefore:
o 4N<=Resultantforce=18N
Since optionBof 1Nis <4 N, itis therefore not a possible resultant of
these two vectors

The values in between the maximum and minimum raesultant force come
from the fact that the forces could be at anangle to each other.
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N N accmum
N Nouwkont forte

£ - I N

N Mintmum
—3N Rowkant forte

4 — QIJH\J

Il cos (30) Reswkont fore

= J (LS8N

Forthe resultant force at angle, the vector addition is done from addition
acomponent of the vectorinstead thatis in the same direction as the
other vectoritis being added too. The last example gives a magnitude of:
7+ 11cos(30)=16.5N. The vertical component has been takenbecause
this is the same direction as the 7 N force. The direction of the resultant
force will be somewhere in the middle of both of the individual vectors.
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The correct answeris D because:

e The boxes are moving at aconstant speed
e Since accelerationis the rate of change of velocity, at constant
speed this means they have O acceleration
e Newton's firstlaw says that abody will move at a constant velocity
unless aresultant force acts onit
o Therefore, since the boxis moving at aconstant speedina
straight line, the resultant force onit must be zero

At first glance, the answer to this questioniookslikeitwill be C. This is why
it's very important to make sure to read the guestion properly. Often,

seemingly complicated questions are simplified by avery straightforward
application of Newton's laws!
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