Maths Skills for A Level Physics

Forces
Resultant forces

Forces are vectors. When vectors are combined
their direction must be taken into account. This
diagram shows that walking 3 m from A to B and
then turning through 30° and walking 2m to C has
the same effect as walking directly from A to C.
AC is the resultant vector, denoted by the double
arrowhead.

resultant

To combine forces, we can draw a similar diagram 3mk
where the lengths of the sides represent the P
magnitude of the force (for example 30 N and 20 N). .." ;
The third side of the triangle shows us the magnitude
and direction of the resultant force. A careful A
drawing of a scale diagram allows us to measure these. Notice that if the
vectors are combined by drawing them in the opposite order, AD and DC,
these are the other two sides of parallelogram and give the same resultant.

" This result can be extended for many forces. Instead of a triangle we

! can draw a polygon of forces. This polygon is used to find the
resultant of the four forces at P. Notice that each force starts from
where the previous one ended, and the resultant is the direct route
from the initial start point to the final end point.

R = 53N 66° clockwise from F,

REMEMBER: If a set of
forces is in equilibrium,

. then the last force in the

polygon will join to the
first force in the polygon
and the resultant is zero.

4 There are three forces on the jib of a tower crane. The tension in the

| cable T, the weight W, and a third force P acting at X.
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Mechanics

The crane is in equilibrium. Sketch the triangle of forces.

For each of these situations draw a triangle or polygon of forces to determine the
resultant force:
Iz Two forces of 5kN towing a boat

| REMEMBER:
These three forces are in equilibrium. ‘

) i e hypotenuse |
Draw a triangle of forces to find T and a. opposite =4h !
1 I =0 h

E adjacent

: Pythagoras’s theorem:

H F=15N For a right-angled triangle !
‘ as shown: h2 = 02 + a2

ing=2 =4a
sin 6 h,c030 h

tang = g (sohcahtoa)
W=20N i il

Calculating resultants

When two forces are acting at right angles the resultant can be calculated using
>ythagoras’s theorem and trig functions, sine, cosine and tangent.

i)
"]

. A sub-atomic particle experiences two forces at right angles, one of
* 2.0 X 107" N and the other 3.0 X 10" N.

a =tan"13 = 56°
2.0 x 10-15
p =tan1%=34°

2

7= (2.0 X 1075 N)2 + (3.0 X 10715 N)>

= /(A0 ¥ 9.0) x 105N

=36 X 107N

Che resultant is represented by F.

“he angle is calculated using either tan « or tan 3, remember to state, or show on

he diagram, which angle you use. (This diagram shows both, but you only need to
alculate one.)

~ 4 Find the resultant force for these pairs of forces at right angles:
! @ 3.0Nand 4.0N I» 5,0Nand 12.0N



