Rotation Day 2 — Gear Ratios ANSWER KEY

GUIDED PROBLEM: GEAR RATIOS — KEY

ANSWER KEY — NOT FOR DISTRIBUTION

GearA:r74 = 1.0m,ws = 1.0 rad/s, sovg = wara = 1.0 m/s (always).

GUIDED QUESTIONS — COMPLETED TABLE

Gear B Radius Gear A Edge Speed Gear B Edge Speed Gear B Angular Velocity
TB VA = wATA vB wp = vB/TB
0.5m

1.0 m/s 1.0 mis 2.0 rad/s
1.0m 1.0 mi/s 1.0 mi/s 1.0 rad/s
20m 1.0 m/s 1.0 mis 0.50 rad/s
3.0m 1.0 mi/s 1.0 mi/s 0.33 radis

Notice: v4 and vpg are always 1.0 m/s regardless of rg. Only wpg changes.

o Pattern Recognition
(a) As rg increased from 0.5 m to 3.0 m, Gear B's edge speed vg:

Stayed the same (always 1.0 m/s — meshed gears share the same edge speed).

(b) Gear B's angular velocity wp:

Decreased (from 2.0 to 0.33 rad/s — bigger gears spin slower).

(c) Explain why wpg changes even though vp doesn't:

Since v = wr and v is fixed by the meshing, a larger 7 requires a smaller w to keep the product
wr constant.

e Prediction
If rp = 0.25 m, predict wp:

v = v4 = 1.0 m/s (always the same)
wB = UB/TB = 1.0/0.25

wp = 4.0 radls (smaller gear = faster spin)

e The Gear Ratio
Starting from w47 4 = wprp, solve for wg/w:



wpB TA

WypT4 = WBrg = —— = —
Wy B

wWpR TA

wA B

If Gear B is 3% bigger than Gear A, it spins:

wp/wag =714/(3r4) =1/3

1/3 as fast (one-third the angular velocity).

o Real-World Connection — Bicycle
Pedal sprocket » = 8.0 cm = 0.080 m, rear sprocket 7 = 4.0 cm = 0.040 m, pedaling at 60 rpm.
(a) Chain speed (edge speed of pedal sprocket):

Wpedal = 60 X 27/60 = 27 ~ 6.28 rad/s
v =wr = 6.28 x 0.080

v~ 0.503 mis
(b) w of the rear sprocket:

UJrear = v/rrea,r = 0.503/0.040

Wrear ~ 12.6 rad/s (= 120 rpm)

(c) The rear sprocket spins:

Faster than the pedal sprocket because it is smaller.

Gear ratio: wrear/wpedal = rpedal/rrear = 8.0/4.0 = 2. The rear sprocket spins at exactly double the pedal
rate.
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