EMMA YU'S DP PHYSICS
fir & iR

IB Physics — Topic 0

Vectors
Study notes - K ] E 1

1. Vectors and Scalars

Every physical quantity in this course is either a scalar or a vector.

Type Definition

Scalar Completely specified by a magnitude alone
Vector Has both a magnitude and a direction

Vectors Scalars

Displacement Distance

Velocity Speed (magnitude of velocity)
Acceleration Temperature

Force and weight Mass

Momentum and impulse Energy, work and power
Electric and magnetic field strength Time, volume, density, charge
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2. Notation and Properties

Notation &/ NE
e Avector is written in bold (A) or with an arrow above it.

e Indiagrams a vector is drawn as an arrow: the arrow points in the direction, and its length represents the
magnitude.

e The magnitude is written with absolute-value bars |A| or simply A.
e Magnitude is never negative — it is zero only for the zero vector.

Properties of vectors =& IR

e Equality: two vectors are equal if they have the same magnitude AND the same direction.

e Translation: a vector may be moved parallel to itself anywhere in a diagram without changing it. Position
does not matter.

e Negative vectors: two vectors are negatives of each other if they have the same magnitude but point
180° apart.

e The zero vector: magnitude zero and no defined direction. A + (-A) = 0.

e Only vectors of the same kind can be added — a force and a velocity can never be combined.
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3. Adding and Subtracting Vectors Geometrically

e Directions must be taken into account — you cannot simply add the magnitudes.
e The units must be the same.

e Geometric method: scale drawing. Quick and intuitive, but limited by drawing accuracy.
e Algebraic method: resolve into components. More convenient and more accurate.

Triangle and polygon methods = A 5L A EN

e Triangle method (tip-to-tail): move B so its tail sits on the tip of A; the resultant runs from the tail of A to
the tip of B.

A

e Polygon method: for several vectors, draw them one after another tail-to-tip; the resultant runs from the
very first tail to the very last tip.
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e Order does not matter: A + B =B + A (commutative), and (A + B) + C= A + (B + C) (associative).

Subtracting Vectors B RE
Subtraction is a special case of addition: A —B = A+ (—B)

Rotate B by 1800 to get —B, then add it to A tail to tip in the usual way.
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A-DB
Parallelogram law “F4T DA S

e Draw the two vectors tail-to-tail as adjacent sides of a parallelogram; the diagonal from their common tail
isA+B.
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e The other diagonal represents A — B.

Closed polygon = zero resultant & %47

e If the vectors drawn tail-to-tip close up into a polygon, their resultant is zero.
e For forces this is the condition for translational equilibrium — three forces in equilibrium must form a
closed triangle.

Special cases and the cosine rule FFBE BN S RIZEHE

e Same direction (6 =0°): R = A + B — the largest possible resultant.
e Opposite directions (6 = 180°): R = |A - B| — the smallest possible resultant.

e Perpendicular (6 =90°): R = VA2 + B2, direction tan™"(B/A).
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e Any angle: use the cosine rule.

R =+A? + B2+ 2ABcos@ , [A-B|<R<A+B
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Example : Two forces of 6.0 N and 8.0 N act at a point, 60° apart. Find the resultant force.

Magnitude: R = \/6.02 + 8.0% + 2 X 6.0 X 8.0 X cos 60° = \/(36 + 64 + 48) = 148 = 122N

Direction, measured from the 8.0 N force:
tan a=6.0sin 60° /(8.0 + 6.0 cos 60°) =5.196 /11.0=0.4724 > a=25.3°

Answer: 12 N at 25° from the 8.0 N force.

e 55— EIEE |8-6]=2.0NFI8+6=140N Z[f],12.2 N 5 v
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4. Change in a vector quantity

e Av = vy — v;. Draw the two velocities tail-to-tail; Av is the arrow from the tip of v to the tip of vr.

The two velocities, tail-to-tail Av points from tip of v; to tip of v¢

Av=vi—v;
Vi Vi

V¢ V¢

5. Components of a Vector

A component is the projection of a vector onto a coordinate axis.
Rectangular components are the projections onto the x- and y-axes.
0 is measured anticlockwise from the positive x-axis. X NN ;
< A !
I 1
< |
A, = Acosf 0 d from the -x axi
{ A, = Asing (8 measured from the +x axis) 0 R
Ay =Acos6

If it is measured from the y-axis instead, sine and cosine swap over — always mark the angle on your diagram
first.

A vector can therefore be described in two equivalent ways:
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e By magnitude and direction — e.g. a displacement of 1.5 m at an angle of 25°.
e By components — e.g. 1.36 m in the +x direction and 0.634 m in the +y direction.
Check: 1.5 cos 25°=1.36 m, 1.5sin 25°=0.634 m v
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6. Adding Vectors by Components

This is the method to use whenever the vectors are not at right angles.

e Resolve every vector into its x- and y-components (watch the signs — left and down are negative).

e Add the components separately.
e Recombine into a magnitude and a direction.

7E7 A calculator's tan™ only returns angles between -90° and +90°, so check the signs of R, and R, to place the
resultant in the correct quadrant. 1152525 11 [ IE V] R 7E £90° 22 [8], BAR $E 43 & 1F 70 A7 R BR

R, = A, + B, R, = A, + B,

R = |RZ+ R

R
6 =tan?! (—y)
R,

Example: Three forces act at a point: 5.0 N at 0°, 4.0 N at 120° and 3.0 N at 230° (all measured from the +x

axis). Find the resultant.

Components:
5.0 N at 0° 4.0N at 120°
fy
F=Sow E=1~.0N
) - 1;
Fix=S0M fix =
Fiy=ON frx = = 0 630 = = 2o¥

fv) = 40 (""30. = 34V

5.000 — 2.000 — 1928 = 1.072N

0.000 + 3.464 — 2.298 = 1.166 N

J1.0722 + 1.166% = 1.58 N

=]
Il

3.0N at 230°

723

F) Y

R=lov

Fix= - 3.0 540’ = - [.928V
stz _ %0 (0540 = —2.298¢0

0 = tan™(1.166 / 1.072) = 47.4° — both components positive, so the first quadrant v/

Answer: 1.6 N at 47° from the +x axis.
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7. Resolving on an Inclined Plane

On a slope it is much easier to use axes parallel and perpendicular to the surface, because the motion happens
along the surface.

0s6

e 0Oisthe angle of the incline. The weight makes the same angle 8 with the normal to the surface, which is
why the perpendicular component takes the cosine.

® The weight needs to be decomposed .

{ along the slope : mgsiné
perpendicular to the slope : mgcos6



