AP PHYSICS 1 « EXERCISE SHEET

6.5 Rolling

Name: _ Class: ___ Date: Total: 13 marks

KEY WORDS rolling without slipping

Objective
Build the skills to answer exam questions on rolling.

You must be able to:

o describe rolling without slipping using v = wr

« split the total kinetic energy of a rolling body into translational and rotational
parts

« compare how objects of different rotational inertia accelerate down an incline

1 Key knowledge and worked examples

Study these first. Each one shows the method for a question type used later.

B Rolling without slipping

The contact point is momentarily at rest, so v = wr links the linear speed of the
centre and the angular speed.

B Total kinetic energy

K = %mv2 + %[wQ.

B Down an incline

A smaller I/(mR?) ties up less energy in spin, so the object accelerates faster: sphere
> disc > hoop.

B Worked application: A rolling disc shares energy between motion and
spin

A uniform solid disc rolls down a ramp without slipping, losing height h = 0.30 m.
Use I = %mRQ, v = wR and conservation of energy: mgh = %va + %IwZ = %va.
Thus v = /4gh/3 = 1.98ms™! for ¢ = 9.8ms~2. Mass and radius cancel. The
translational share is 2/3 of the kinetic energy and the rotational share is 1/3. Static
friction supplies torque but does no work at the stationary contact point on the fixed
ramp. This model fails if slipping occurs.
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2 Practice

2.1 A wheel of radius 0.25 m rolls without slipping at v = 5.0 m s~!. Find its angular

speed. 1]
2.2 State the rolling-without-slipping condition. 1]

2.3 A hoop and a solid cylinder roll from rest down the same ramp. State which reaches
the bottom first. 1]

3 Exam-style questions

3.1 For an object rolling without slipping, 1]

D Av=wr
Buv=w/r

Cw=ur
Dv= %wr
3.2 The total kinetic energy of a rolling object is 1]

[j A translational only
B rotational only
C the sum of translational and rotational
D neither



3.3 A solid cylinder (I = $mR?) of mass 2.0 kg and radius 0.10 m rolls at v = 3.0 m s™*.
(a) Find its angular speed. [1]

(b) Find its total kinetic energy. [3]

3.4 A uniform solid disc rolls without slipping from rest through a vertical drop of 0.60 m.
Use g = 9.8ms™2. (a) Derive an expression for its final speed and calculate it. 2]

b) Explain why using mgh = 1mu? alone overestimates that speed. [
g mg 2

)




Solutions

Each answer shows the steps, then the result.

2.1
5.0
o w:gz ° =20 rad s7!
r 0.25
2.2

o v =wr (the centre’s speed equals angular speed times radius)

2.3

o the solid cylinder (smaller rotational inertia)

3.1A

o UV =uwr.

3.2C

¢ the sum of translational and rotational.

3.3

(a)

. w:%:?ﬂmdsf1

(b)

« 1 =1(2.0)(0.10)* = 0.010 kg m*; K = 3(2.0)(3.0)2+1(0.010)(30)*> = 9.0+4.5 = 13.5J
3.4

(a) With I = imR? and w = v/R, mgh = 3mv?, so v = \/4gh/3 = 2.80ms~L.

(b) Some energy becomes rotational kinetic energy; assigning all of it to translation gives
a larger value, v/2gh = 3.43ms™L.




