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Go-Kart	Activity	Background	Information	and	Activity	Sheet	for	Students	
	

Student	Name:			 	 	 	 	 	

	
Work,	Energy	and	Power	in	Go-Kart	Racing	
Question	for	Analysis	
How	is	energy	transformed	from	one	type	to	another	in	go	kart	racing?		

Key	Concepts	
• Acceleration	–	The	rate	at	which	an	object’s	

velocity	changes.	
• Aerodynamics	 –	 The	 way	 the	 shape	 of	 an	

object	affects	the	flow	of	air	over,	under	or	
around	it.	

• Electrical	 energy	 –	 Energy	 derived	 from	
electricity.	

• Frame	 of	 reference	 –	 The	 coordinate	
system	for	specifying	the	precise	location	of	
an	 object,	 or	 the	 point	 or	 frame	 to	 which	
motion	is	compared.	

• Horsepower	 –	 A	 unit	 for	 measuring	 the	
power	of	engines	and	motors	based	on	the	
average	 rate	 at	 which	 a	 horse	 can	 do	 a	
certain	amount	of	work;	1	hp	(horsepower)	
is	equal	to	746	watts	of	power.	

• Joule	 –	 The	 unit	 of	 measurement	 for	
energy;	 1	 joule	 =	 1	 kilogram	 •	
meter2/second2.	

• Kinetic	 energy	 –	 Energy	 of	motion;	 kinetic	
energy	=	½	mass	x	velocity2,	or	𝐾𝐸 = !

!
𝑚𝑣!	

• Momentum	 –	 The	 combined	 mass	 and	
velocity	of	 an	object.	Momentum	=	mass	 x	
velocity,	or	𝜌 = 𝑚𝑣.	

• Potential	 energy	 –	 Energy	 due	 to	 position;	
stored	energy,	or	the	ability	to	do	work.		

• Power	 –	 Rate	 of	 doing	 work,	 or	 work	
divided	by	the	time.	

• Relative	 motion	 –	 The	 comparison	 of	 the	
movement	 of	 one	 object	 with	 the	
movement	of	another	object.	

• Thermal	energy	–	Heat	energy.	
• Watt	–	A	measurement	of	power.	One	watt	

is	1	joule	of	work	per	1	second.	

• Work	 –	 The	 force	 on	 an	 object	 times	 	 the	
distance	through	which	the	object	moves	as	
the	 work	 is	 converted	 to	 either	 potential	
energy	 or	 kinetic	 energy;	 work	 =	 force	 x	
distance,	or		𝑊 = 𝐹𝑑.	

Work	and	Kinetic	Energy	
In	 previous	 lessons	 we	 have	 learned	 that	 in	
order	 to	 move	 an	 object	 such	 as	 a	 race	 car,	
something	 or	 someone	 must	 apply	 a	 force	
through	 a	 distance,	 so	 that	 work	 is	
accomplished.	 The	 energy	 an	 object	 possesses	
by	 virtue	 of	 being	 in	 motion	 is	 called	 kinetic	
energy.	In	go	kart	racing	this	energy	comes	from	
the	 work	 done	 by	 the	 electric	 motor	 and	
transformed	 into	 energy	 of	 motion,	 or	 kinetic	
energy.	

Transforming	Energy	
Remember	 that	 energy	 cannot	 be	 created	 or	
destroyed.	 Energy	 can	 only	 be	 changed	 from	
one	type	into	another.	If	a	person	does	work	by	
providing	a	force	on	a	car,	such	as	a	push,	then	
the	energy	of	work	 comes	 from	 the	 calories	 in	
the	food	the	person	has	eaten.	 In	this	case	the	
food	 energy	 is	 transformed	 into	 work	 energy	
and	 then	 into	 kinetic	 energy,	 or	 energy	 of	
motion	 as	 the	 person	 pushes	 the	 car,	 and	 the	
car	gains	kinetic	energy	as	it	moves.	The	kinetic	
energy	of	the	car	will	then	be	transformed	into	
heat	 energy,	 or	 thermal	 energy,	 in	 the	 friction	
of	the	brakes	or	the	tires	against	the	road.	



	 	 	
	

Version:	11.25.19	 ©	2019	Purdue	University	All	Rights	Reserved	 Page	|	2	

	

The	same	is	true	for	go	kart	racing.	The	energy	
stored	 in	 the	 battery	 pack	 is	 transformed	 into	
work	 energy	 and	 then	 into	 kinetic	 energy,	 or	
energy	 of	 motion	 as	 electric	 current	 passes	
through	 the	motor	 causing	 the	motor	 shaft	 to	
spin.	 The	motor	 shaft	 is	 connected	 to	 the	 rear	
axle	 by	 a	 chain	 and	 sprockets.	 The	 rotation	 of	
the	 axle	 “pushes”	 the	 go	 kart,	 and	 the	 go	 kart	
gains	 kinetic	 energy	 as	 it	 moves.	 The	 kinetic	
energy	of	 the	go	kart	will	 then	be	 transformed	
into	 heat	 energy,	 or	 thermal	 energy,	 in	 the	
friction	 of	 the	 brakes	 or	 the	 tires	 against	 the	
track.	

	

Performing	Work	
One	 way	 of	 doing	 work	 to	 provide	 kinetic	
energy	is	by	simply	pushing	an	object	such	as	a	
car.	In	both	NASCAR	and	Indy-style	races,	when	
the	 cars	 are	 in	 the	 pit	 or	 the	 shop	 area,	 for	
safety	reasons	they	need	to	be	pushed	by	hand	
since	 these	 areas	 are	 crowded	 both	 with	
spectators	and	with	people	working	on	the	cars.	

	

How	much	work	does	it	take	to	push	a	race	car	
through	 the	 shop	 area?	 Look	 at	 the	 image	 of	
the	pit	crew	pushing	a	race	car	off	the	Track	at	
Indianapolis	Motor	Speedway,	in	the	1920’s.	If	a	
force	 of	 2,000	 Newtons	 is	 provided	 for	 a	
distance	of	20	meters,	how	much	work	is	done?	

𝑊 = 𝐹×𝑑 = 2,000𝑁×20𝑚 = 40,000𝐽	

This	 work	 will	 be	 transferred	 to	 the	 kinetic	
energy	 of	 motion,	 KE	 =	 ½	 mv2.	 In	 theory,	 the	
kinetic	 energy	 will	 be	 a	 measure	 of	 the	 work	
done.	 Thus,	 40,000	 joules	 of	 work	 =	 40,000	
joules	of	kinetic	energy.	

When	the	kinetic	energy	is	known,	this	formula	
can	be	rearranged	to	determine	 the	velocity	at	
which	 the	 pit	 crew	 push	 the	 race	 car.	 Let’s	
assume	that	the	mass	of	the	car	is	3,400	pounds	
=	1,545	kilograms.	

40,000𝐽 𝑤𝑜𝑟𝑘 = 40,000𝑘𝑔
∙𝑚! 𝑠!  𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦	

𝐾𝐸 =
1
2
𝑚𝑣!	

𝑣 =
𝐾𝐸
1
2𝑚

=
40,000𝑘𝑔 ∙𝑚! 𝑠!

1
2×1,545𝑘𝑔

= 7.2𝑚 𝑠	

Even	 though	 in	 theory	 the	work	 could	 provide	
as	 much	 kinetic	 energy	 as	 40,000	 joules,	 in	
reality	much	of	the	energy	from	pushing	will	be	
lost	due	to	friction.	The	real	numbers	for	kinetic	
energy	and	velocity	will	be	a	lot	lower.	

Practice	Problems	
1. You	push	your	go	kart	to	tech	inspection,	on	

a	 scissor,	 stand	a	distance	of	500	m	with	a	
force	of	200	N.	How	much	work	did	you	do?	
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2. What	 is	 the	 kinetic	 energy	 of	 a	 182kg	 go	
kart	moving	at	15.0m/s?	

	

	

	

	

3. What	is	the	velocity	of	a	182kg	elevator	that	
has	4,000J	of	energy?	

	

	

	

	

4. What	 is	 the	mass	 of	 an	 object	 traveling	 at	
30m/s	if	it	has	33,750j	of	energy?	

	

	

	

	

	

Converting	Energies	
Go	 karts	 that	 are	 actually	 racing	 go	 through	
several	energy	changes	and	are	subject	to	many	
different	 forces.	 Their	 energy	 begins	 as	
chemical	 energy	 in	 the	 battery	 pack.	 The	
battery	pack	converts	 the	chemical	energy	 into	
electrical	energy	 that	passes	 to	 the	motor.	The	
motor	 converts	 the	 electrical	 energy	 into	 the	
mechanical	energy	of	the	motor	shaft	rotating.	

The	 mechanical	 energy	 of	 the	 motor	 shaft	
rotation	 is	 converted	 to	 mechanical	 energy	 of	
the	 axle	 rotating	 and	 then	 the	 mechanical	
energy	is	transferred	to	the	wheels,	which	move	
the	go	kart,	giving	it	kinetic	energy.	

Successful	 go	 kart	 engineering	 begins	with	 the	
battery	and	motor.	The	more	efficiently	energy	
can	be	converted	from	chemical	to	electrical	to	
mechanical	to	kinetic,	the	faster	the	go	kart	can	
move.	

Analyzing	Work	and	Energy	
As	 a	 go	 kart	 comes	 out	 of	 a	 corner,	 the	 driver	
accelerates	 rapidly	 over	 a	 short	 distance,	 with	
the	go	kart’s	motor	providing	 the	 force.	As	 the	
motor	 force	 pushes	 the	 go	 kart	 through	 the	
distance,	the	go	kart	gains	kinetic	energy.	

If	 a	 go	 kart	 comes	 out	 of	 the	 corner	 and	
increases	its	speed	from	15	mph	to	45	mph	over	
a	 distance	of	 150	meters,	 how	much	work	will	
be	done	by	 the	motor	and	what	will	be	 the	go	
kart’s	gain	 in	kinetic	energy?	The	go	kart	has	a	
weight	 (or	 mass)	 of	 400	 pounds,	 and	 400	
pounds	 x	 1	 kilogram/2.2	 pounds	 =	 182	
kilograms.	Note	that	in	order	to	calculate	kinetic	
energy,	mass	must	be	in	kilograms	and	velocity	
must	be	in	meters/second.	

For	 the	 go	 kart	 exiting	 the	 corner	 at	 15	 mph,	
first	 calculate	 its	 initial	 kinetic	 energy	 then	 its	
final	kinetic	energy,	and	 then	 its	gain	 in	kinetic	
energy.	 Note	 that	 1	 mile/hour	 =	 0.447	
meters/second,	or	m/s.	

Conversions	

15𝑚𝑖𝑙𝑒𝑠 ℎ𝑜𝑢𝑟×
0.447𝑚 𝑠
1𝑚𝑖𝑙𝑒 ℎ𝑜𝑢𝑟

= 6.7𝑚 𝑠	

45𝑚𝑖𝑙𝑒𝑠 ℎ𝑜𝑢𝑟×
0.447𝑚 𝑠
1𝑚𝑖𝑙𝑒 ℎ𝑜𝑢𝑟

= 20.1𝑚 𝑠	

KE	(initial)	=	

1
2
𝑚𝑣! =

1
2
182𝑘𝑔 6.7𝑚 𝑠 ! = 4,085𝐽 

KE	(final)	=	



	 	 	
	

Version:	11.25.19	 ©	2019	Purdue	University	All	Rights	Reserved	 Page	|	4	

1
2
𝑚𝑣! =

1
2
182𝑘𝑔 20.1𝑚 𝑠 ! = 36,765𝐽 

KE	(gained)	=	

𝐾𝐸 𝑓 − 𝐾𝐸 𝑖 = 36,765𝐽 − 4,085𝐽 = 32,700𝐽	

To	calculate	the	force	of	the	engine	work		

𝑊 = 𝐹𝑑 = 𝐾𝐸(𝑔𝑎𝑖𝑛𝑒𝑑)	

𝐹 =
𝐾𝐸(𝑔𝑎𝑖𝑛𝑒𝑑)

𝑑
=
32,700𝐽
150𝑚

= 218𝑁	

Theoretical	Situations	vs.	Real	Situations	
In	 a	 real	 situation,	 there	 is	 a	 great	 amount	 of	
friction,	 so	 the	 actual	 numbers	 would	 be	
substantially	 different	 from	 the	 results	 of	
theoretical	calculations.	However,	 for	a	general	
understanding,	 we	 can	 ignore	 the	 friction	 and	
still	gain	an	understanding	of	 the	concepts	and	
necessary	calculations.	

Practice	Problems	
5. If	a	go	kart	goes	into	a	corner	and	decreases	

its	 speed	 from	 35	 mph	 to	 15	 mph	 over	 a	
distance	of	10	meters,	how	much	work	will	
be	done	by	the	breaks	and	what	will	be	the	
go	kart’s	loss	in	kinetic	energy?	

	

	

	

	

	

	

6. If	the	go	kart	then	comes	out	of	the	corner	
and	 increases	 its	 speed	 from	15	mph	to	25	
mph	 over	 a	 distance	 of	 15	 meters,	 how	
much	work	will	 be	done	by	 the	motor	 and	
what	 will	 be	 the	 go	 kart’s	 gain	 in	 kinetic	
energy?		

	

	

	

	

	

	

7. If	the	go	kart	were	to	go	into	the	corner	by	
decreasing	 its	 speed	 from	 35	 mph	 to	 20	
mph	over	a	distance	of	10	meters	and	then	
exit	the	corner	and	increase	its	speed	to	25	
over	 a	 distance	 of	 15	 meters,	 how	 much	
work	will	be	done	by	the	breaks	and	motor	
compare	to	questions	5	and	6?	How	would	
the	 change	 in	 kinetic	 energy	 compare	 to	
questions	5	and	6?	

	

	

	

	

Horsepower	and	Watts	
Work	 is	 defined	 as	 a	 force	 applied	 through	 a	
distance.	 Power,	 on	 the	other	 hand,	 is	 defined	
as	work	per	time	or	energy	per	time	and	can	be	
calculated	using	the	formula	

𝑃 =
𝑊
𝑡
	

Another	 way	 to	 think	 of	 power	 is	 how	 rapidly	
work	is	completed.	Power	is	measured	in	watts.	
One	watt	is	equal	to	1	joule/second.	

In	automobiles	in	general,	and	in	go	kart	racing,	
the	 amount	 of	 work	 a	 motor	 can	 exert	 is	
measured	 in	 horsepower	 (hp).	 The	 concept	 of	
horsepower	 was	 developed	 by	 James	 Watt	
(1736-1819).	 Watt	 was	 looking	 for	 a	 way	 to	
measure	 power,	 so	 he	 devised	 a	 method	 of	
having	 a	 horse	 lift	 a	 weight	 (of	 33,000	 lbs)	
through	 a	 height	 (1	 ft)	 in	 a	 period	 of	 time	 (1	
min).	 He	 called	 the	 rate	 of	 33,000	 foot-
pounds/minute	1	horsepower.	One	horsepower	
is	 equivalent	 to	 746	 watts,	 or	 746	 joules	
/second.	

All	of	these	terms	and	concepts	can	be	used	to	
explain	the	work	and	energy	involved	in	go	kart	
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racing.	 This	 is	 the	 principle	 behind	 the	 energy	
efficiency	 scoring	 during	 the	 Academic	
Challenge	 portion	 of	 evGrand	 Prix	 World	
Championships.	 The	 energy	 consumed	 by	 the	
go	 kart	 is	 compared	 between	 the	 competitors	
and	 the	 team	 with	 the	 best	 energy	 efficiency	
ranked	#1.	Here	power	 is	equal	 to	 the	amount	
of	energy	used	per	given	amount	of	time	(race).	
This	is	calculated	by	the	equation	

𝑃 =
∆𝐸
𝑡
	

Practice	Problems	
8. A	 motor	 does	 5,000	 joules	 of	 work	 in	 20	

seconds.	What	is	the	power	of	the	motor?	

	

	

	

	

	

9. A	go	kart	 is	pushed	 to	 tech	 inspection	at	 a	
speed	 of	 4.5	 m/s	 by	 a	 crew	 member	
exerting	 an	 1,800	 N	 force.	 What	 is	 the	
power	of	this	crew	member?	

	

	

	

	

	

	

10. A	go	kart	uses	200	watts	of	power	moves	up	
to	the	start	line,	a	distance	of	15	meters,	in	
15	seconds.	Find	 the	 force	needed	and	 the	
work	done	by	this	machine.	

	

11. A	go	kart	uses	a	force	of	200	N	to	do	20,000	
joules	 of	 work	 in	 20	 seconds.	 Find	 the	
distance	 the	go	kart	moved	and	 the	power	
of	the	required	by	the	go	kart.	(Hint:	A	joule	
is	the	same	as	a	Newton-meter.)	

	

	

	

	

	

	

Karting	Activities	

1. Energy	and	Power	Data	Analysis	in	Go	Kart	
Racing	

	

	


