
InteractionsInteractions

Vector forcesVector forces
Magnitude and direction, N; contact requiresMagnitude and direction, N; contact requires

touchingtouching
Normal / frictionNormal / friction

Support ⟂ surface; friction opposes relativeSupport ⟂ surface; friction opposes relative
slidingsliding

Tension / fluidTension / fluid
String pulls; drag opposes relative motion;String pulls; drag opposes relative motion;

upthrust upwardupthrust upward
Third lawThird law

Equal opposite forces on different objects;Equal opposite forces on different objects;
acceleration may differacceleration may differ

FieldsFields

Non-contactNon-contact
Region where suitable object experiences force;Region where suitable object experiences force;

not a stringnot a string
GravityGravity

Masses attract; weight is gravitational forceMasses attract; weight is gravitational force

ElectrostaticElectrostatic
Like charges repel; unlike attractLike charges repel; unlike attract

MagneticMagnetic
Like poles repel; unlike attract; not all metalsLike poles repel; unlike attract; not all metals

magneticmagnetic
Test objectTest object

Field exists without it; force needs a suitableField exists without it; force needs a suitable
objectobject

Free-body diagramsFree-body diagrams

One objectOne object
Label force arrows; length shows size, arrowLabel force arrows; length shows size, arrow
shows directionshows direction
Supported bookSupported book
Weight / normal balance on book; not aWeight / normal balance on book; not a
third-law pairthird-law pair
BalancedBalanced
Zero resultant → no acceleration;Zero resultant → no acceleration;
constant-velocity carconstant-velocity car
DirectionsDirections
Equal perpendicular forces do not cancel;Equal perpendicular forces do not cancel;
resolve angled tensionresolve angled tension

Scale vectorsScale vectors

Add accuratelyAdd accurately
Scalars lack direction; add / subtractScalars lack direction; add / subtract
collinear forcescollinear forces
DrawingDrawing
Scale lengths / angles; head-to-tail withoutScale lengths / angles; head-to-tail without
rotating arrowsrotating arrows
ParallelogramParallelogram
Common origin; diagonal gives resultant;Common origin; diagonal gives resultant;
measure directionmeasure direction
Balance / resolveBalance / resolve
Equilibrant opposes resultant; rectangle sidesEquilibrant opposes resultant; rectangle sides
are componentsare components
CheckCheck
3 N ⟂ 4 N → 5 N; equilibrium forms closed3 N ⟂ 4 N → 5 N; equilibrium forms closed
force polygonforce polygon
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1. Interactions → Free-body diagrams: Free-body diagrams include forces on one object only.1. Interactions → Free-body diagrams: Free-body diagrams include forces on one object only.
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2. Free-body diagrams → Scale vectors: Vector addition checks whether resultant force is zero.2. Free-body diagrams → Scale vectors: Vector addition checks whether resultant force is zero.
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