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Regenerative braking is an energy recovery mechanism that slows down a moving vehicle or
object by converting its kinetic energy into a form that can be either used immediately or stored
until needed. In this mechanism, the electric traction motor uses the vehicle's momentum to
recover energy that would otherwise be lost to the brake discs as heat. This contrasts with
conventional braking systems, where the excess kinetic energy is converted to unwanted and
wasted heat due to friction in the brakes , or with dynamic brakes , where the energy is
recovered by using electric motors as generators but is immediately dissipated as heat in
resistors. In addition to improving the overall efficiency of the vehicle, regeneration can
significantly extend the life of the braking system as the mechanical parts will not wear out very
quickly. The most common form of regenerative brake involves an electric motor functioning as
an electric generator. In electric railways , the electricity generated is fed back into the traction
power supply. In battery electric and hybrid electric vehicles, the energy is stored chemically in
a battery , electrically in a bank of capacitors , or mechanically in a rotating flywheel. Hydraulic
hybrid vehicles use hydraulic motors to store energy in the form of compressed air. In a
hydrogen fuel cell powered vehicle, the electrical energy generated by the motor is used to
break waste water down into oxygen and hydrogen which is recycled back into the fuel cell for
later reuse. Regenerative braking is not by itself sufficient as the sole means of safely bringing
a vehicle to a standstill, or slowing it as required, so it must be used in conjunction with another
braking system such as friction -based braking. Regenerative and friction braking must both be
used, creating the need to control them to produce the required total braking. The GM EV-1 was
the first commercial car to do this. In and engineers Abraham Farag and Loren Majersik were
issued two patents for this brake-by-wire technology. Early applications commonly suffered
from a serious safety hazard: in many early electric vehicles with regenerative braking, the
same controller positions were used to apply power and to apply the regenerative brake, with
the functions being swapped by a separate manual switch. Electric motors , when used in
reverse, function as generators and will then convert mechanical energy into electrical energy.
Vehicles propelled by electric motors use them as generators when using regenerative braking,
braking by transferring mechanical energy from the wheels to an electrical load. Early examples
of this system were the front-wheel drive conversions of horse-drawn cabs by Louis Antoine
Krieger in Paris in the s. The Krieger electric landaulet had a drive motor in each front wheel
with a second set of parallel windings bifilar coil for regenerative braking. Raworth's Traction
Patents â€”, offering them economic and operational benefits [5] [6] [7] as explained in some
detail by his son Alfred Raworth. These included tramway systems at Devonport , Rawtenstall ,
Birmingham , Crystal Palace-Croydon , and many others. Slowing the speed of the cars or
keeping it in control on descending gradients, the motors worked as generators and braked the
vehicles. The tram cars also had wheel brakes and track slipper brakes which could stop the
tram should the electric braking systems fail. In several cases the tram car motors were shunt
wound instead of series wound, and the systems on the Crystal Palace line utilized
series-parallel controllers. The Baku-Tbilisi-Batumi railway Transcaucasus Railway or Georgian
railway started utilizing regenerative braking in the early s. This was especially effective on the
steep and dangerous Surami Pass. Electric cars used regenerative braking since the earliest
experiments, but this was often a complex affair where the driver had to flip switches between
various operational modes in order to use it. The Baker Electric Runabout and the Owen
Magnetic were early examples, which used many switches and modes controlled by an
expensive "black box" or "drum switch" as part of their electrical system. Improvements in
electronics allowed this process to be fully automated, starting with 's AMC Amitron
experimental electric car. Designed by Gulton Industries [14] the motor controller automatically
began battery charging when the brake pedal was applied. Many modern hybrid and electric
vehicles use this technique to extend the range of the battery pack, especially those using an
AC drive train most earlier designs used DC power. The use of a capacitor allows much more
rapid peak storage of energy, and at higher voltages. Sprague , introduced two important
inventions: a constant-speed, non-sparking motor with fixed brushes, and regenerative braking.
During braking, the traction motor connections are altered to turn them into electrical
generators. The motor fields are connected across the main traction generator MG and the
motor armatures are connected across the load. The MG now excites the motor fields. The
rolling locomotive or multiple unit wheels turn the motor armatures, and the motors act as
generators, either sending the generated current through onboard resistors dynamic braking or
back into the supply regenerative braking. Compared to electro-pneumatic friction brakes,
braking with the traction motors can be regulated faster improving the performance of wheel
slide protection. For a given direction of travel, current flow through the motor armatures during
braking will be opposite to that during motoring. Therefore, the motor exerts torque in a
direction that is opposite from the rolling direction. Braking effort is proportional to the product

of the magnetic strength of the field windings, multiplied by that of the armature windings. It
was expected that the Delhi Metro would reduce its emissions by over , tons of CO 2 per year
once its phase II was complete, through the use of regenerative braking. Electricity generated
by regenerative braking may be fed back into the traction power supply; either offset against
other electrical demand on the network at that instant, used for head end power loads, or stored
in lineside storage systems for later use. A form of what can be described as regenerative
braking is used on some parts of the London Underground , achieved by having small slopes
leading up and down from stations. The train is slowed by the climb, and then leaves down a
slope, so kinetic energy is converted to gravitational potential energy in the station. What are
described as dynamic brakes " rheostatic brakes " in British English on electric traction
systems, unlike regenerative brakes, dissipate electric energy as heat rather than using it, by
passing the current through large banks of resistors. Vehicles that use dynamic brakes include
forklift trucks , diesel-electric locomotives , and trams. This heat can be used to warm the
vehicle interior, or dissipated externally by large radiator -like cowls to house the resistor
banks. General Electric's experimental steam turbine locomotives featured true regeneration.
These two locomotives ran the steam water over the resistor packs, as opposed to air cooling
used in most dynamic brakes. This energy displaced the oil normally burned to keep the water
hot, and thereby recovered energy that could be used to accelerate again. The main
disadvantage of regenerative brakes when compared with dynamic brakes is the need to closely
match the generated current with the supply characteristics and increased maintenance cost of
the lines. With DC supplies, this requires that the voltage be closely controlled. In areas where
there is a constant need for power unrelated to moving the vehicle, such as electric train heat or
air conditioning , this load requirement can be utilized as a sink for the recovered energy via
modern AC traction systems. Using HEP loads in this way has prompted recent electric
locomotive designs such as the ALP and ACS to eliminate the use of dynamic brake resistor
grids and also eliminates any need for any external power infrastructure to accommodate power
recovery allowing self-powered vehicles to employ regenerative braking as well. A small
number of steep grade railways have used 3-phase power supplies and induction motors. This
results in a near constant speed for all trains, as the motors rotate with the supply frequency
both when driving and braking. Kinetic energy recovery systems KERS were used for the motor
sport Formula One 's season , and are under development for road vehicles. The concept of
transferring the vehicle's kinetic energy using flywheel energy storage was postulated by
physicist Richard Feynman in the s [22] and is exemplified in such systems as the Zytek ,
Flybrid, [23] Torotrak [24] [25] and Xtrac used in F1. Xtrac and Flybrid are both licensees of
Torotrak's technologies, which employ a small and sophisticated ancillary gearbox
incorporating a continuously variable transmission CVT. However, the whole mechanism
including the flywheel sits entirely in the vehicle's hub looking like a drum brake. The first of
these systems to be revealed was the Flybrid. The system occupies a volume of 13 litres. Two
minor incidents were reported during testing of KERS systems in The first occurred when the
Red Bull Racing team tested their KERS battery for the first time in July: it malfunctioned and
caused a fire scare that led to the team's factory being evacuated. During the season, Renault
and BMW stopped using the system. Their second KERS equipped car finished fifth. At the
following race, Lewis Hamilton became the first driver to take pole position with a KERS car, his
teammate, Heikki Kovalainen qualifying second. This was also the first instance of an all KERS
front row. He only took me because of KERS at the beginning". Although KERS was still legal in
Formula 1 in the season, all the teams had agreed not to use it. This was to balance the sport's
move from 2. Bosch also offers a range of electric hybrid systems for commercial and light-duty
applications. Peugeot planned to campaign the car in the Le Mans Series season , although it
was not capable of scoring championship points. McLaren began testing of their KERS in
September at the Jerez test track in preparation for the F1 season, although at that time it was
not yet known if they would be operating an electrical or mechanical system. Both parties
believed this collaboration would improve McLaren's KERS system and help the system filter
down to road car technology. This was against the rules, so they were banned from doing it
afterwards. Automobile Club de l'Ouest , the organizer behind the annual 24 Hours of Le Mans
event and the Le Mans Series is currently "studying specific rules for LMP1 that will be
equipped with a kinetic energy recovery system. Regenerative braking is also possible on a
non-electric bicycle. Many electric vehicles employ regenerative braking in conjunction with
friction braking, [51] first used in the US by the AMC Amitron electric concept car. The energy of
a flywheel can be described by this general energy equation, assuming the flywheel is the
system:. An assumption is made that during braking there is no change in the potential energy,
enthalpy of the flywheel, pressure or volume of the flywheel, so only kinetic energy will be
considered. As the car is braking, no energy is dispersed by the flywheel, and the only energy

into the flywheel is the initial kinetic energy of the car. The equation can be simplified to:. The
flywheel stores the energy as rotational kinetic energy. Because the energy is kept as kinetic
energy and not transformed into another type of energy this process is efficient. The flywheel
can only store so much energy, however, and this is limited by its maximum amount of
rotational kinetic energy. This is determined based upon the inertia of the flywheel and its
angular velocity. As the car sits idle, little rotational kinetic energy is lost over time so the initial
amount of energy in the flywheel can be assumed to equal the final amount of energy
distributed by the flywheel. The amount of kinetic energy distributed by the flywheel is
therefore:. Regenerative braking has a similar energy equation to the equation for the
mechanical flywheel. The initial kinetic energy is transformed into electrical energy by the
generator and is then converted into chemical energy by the battery. This process is less
efficient than the flywheel. The efficiency of the generator can be represented by:. The only
work into the generator is the initial kinetic energy of the car and the only work produced by the
generator is the electrical energy. Rearranging this equation to solve for the power produced by
the generator gives this equation:. The work out of the battery represents the amount of energy
produced by the regenerative brakes. This can be represented by:. The higher the efficiency
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notified when we add a new FordRanger Manual. Notify me. We cover 60 Ford vehicles, were
you looking for one of these? The Ford F-Series is a series of trucks marketed and
manufactured by Ford. In production since , the F-Series is a range of light-duty trucks
marketed as full-size pickup trucks , [1] slotted above the compact Ford Ranger in the Ford
truck model range. Since , the F-Series also includes the heavier-duty Super Duty series, which
includes pickup trucks, chassis cab trucks , and medium-duty trucks. The most popular version
of the F-Series is the F, now in its fourteenth generation. The best-selling pickup truck in the
United States since the highest-selling vehicle overall since ; [2] [3] the F-Series is also the
best-selling vehicle in Canada. The F-series platform has underpinned several sport utility
vehicles, including the Ford Bronco , Ford Expedition and Lincoln Navigator. The
first-generation F-Series pickup known as the Ford Bonus-Built was introduced in as a
replacement for the previous car-based pickup line introduced in The F-Series was sold in eight
different weight ratings, with pickup, panel truck, cab-over engine COE , conventional truck, and
school bus chassis body styles.. For the model year, Ford introduced a second generation of
the F-Series trucks. Increased dimensions, improved engines, and an updated chassis were
features of the second generation. In another change, the model nomenclature of the F-Series
was expanded to three numbers; this remains in use in the present day. Centered around a
wraparound windshield, the cab was given new doors, a redesigned dashboard, and an optional
panoramic rear window. In line with Ford cars, the F-Series offered seat belts as an option.
Introduced in , the third generation F-series was a significant modernization and redesign. Front
fenders became integrated into the body, and the new Styleside bed continued the smooth lines
to the rear of the pickup. The cab-over F-Series was discontinued, having been replaced by the
tilt-cab C-Series. Ford introduced a dramatically new style of pickup in with the fourth
generation F-Series. Longer and lower than its predecessors, these trucks had increased
dimensions and new engine and gearbox choices. Additionally, the â€” models offered an
optional unibody design with the cab and bed integrated. The unibody proved unpopular, and
Ford discontinued the option after the model year. In , the F-Series was given a significant

mid-cycle redesign. Additionally, the Ranger name made its first appearance in on a Ford
pickup; previously the Ranger denoted a base model of the Edsel but starting in , it would be
used to denote a high-level styling package for F-Series pickups. Introduced in , the fifth
generation F-series pickup was built on the same platform as the revision of the fourth
generation. Dimensions and greenhouse glass were increased, engine options expanded, and
plusher trim levels became available during the fifth generation's production run. The sixth
generation F-series was introduced in This version of the F-series continued to be built on the
fourth generation's revised platform, but with significant modernization and refinements,
including front disc brakes, increased cabin dimensions, full double wall bed construction and
increased use of galvanized steel. In , the F was introduced in between the F and the F in order
to avoid certain emission control restrictions. For , square headlights replaced the previous
models' round ones on higher trim package models, such as Lariat and Ranger, and in became
standard equipment. Also for , the Ford Bronco was redesigned into a variant of the F-series
pickup. The seventh-generation F-Series was introduced for , marking the first ground-up
redesign of the model line since Alongside an all-new chassis, the pickup trucks received a
completely new body. While distinguished by straighter body lines, the aerodynamics of the
exterior were optimized to improve fuel economy. Sharing their cab structure with F-Series
pickup trucks, medium-duty trucks F through F underwent their first redesign since The
powertrain line of this generation underwent multiple revisions through its production. At its
launch, the engine line was largely carried over from While the 7. For , a 3. For , to improve the
fuel efficiency of the model line, the M-Series engines the 5. In response to low demand and
poor performance, the 4. For the F and F, a 6. For , a "H. The 5. The 4. In line with the previous
generation, the SuperCab and 4-door crew cab made their return in and , respectively. For the
first time, a dual rear-wheel version of the F was offered as a pickup truck. For , Ford revised the
badging of the model line, replacing the "FORD" hood lettering with the Ford Blue Oval grille
emblem, a design that remains in use on all F-Series trucks today except the Raptor. The same
year, the Ranger trims was dropped; the name shifted to the Ford Ranger compact pickup
replacing the Ford Courier. After 30 years as the smallest F-Series truck, the F was dropped
after , eliminating model overlap with the F and payload overlap with the Ranger. This
generation would be the final version of the F-Series to offer a 3-speed column-shifted manual
transmission; it is also the second-to-last vehicle sold in the United States with this
configuration. The eighth-generation F-Series was introduced for as a major revision of the â€”
generation. While the cab was carried over, many body panels were revised, including a
completely new front fascia; the interior also underwent a redesign. The long-running Flareside
bed design was retired, with all examples produced with Styleside beds. Following the
transition of the 5. The same year, the 6. Following the discontinuation of the 3-speed manual, a
5-speed manual became standard equipment a 4-speed remained a special-order option until
For , an E4OD 4-speed automatic overdrive version of the C6 heavy-duty 3-speed was
introduced. The ninth-generation F-Series was introduced for as the second redesign of the
F-Series architecture. Adapting design elements from the newly introduced Explorer and
redesigned E-Series and Ranger, the F-Series received a slightly lower hoodline, rounding the
front fenders, bumper, and grille. Coinciding with a redesign of the interior, the F-Series
received a driver-side airbag. After a six-year hiatus, the FlareSide bed made its return,
becoming a sub-model of the F To appeal to younger buyers, the bodywork of the FlareSide bed
was modernized, adapting the fenders of a dual rear-wheel F to a single rear-wheel chassis. To
commemorate the 75th anniversary of the first Ford factory-produced truck the Ford Model TT ,
Ford offered a 75th anniversary package on its F-series, consisting of a stripe package, an
argent colored step bumper, and special 75th anniversary logos. For a turbocharger became
available on the 7. In the middle of the model year referred to as " While sharing its
predecessor's displacement, the engine was an entirely new design. For the model year, the
ninth generation was gradually phased out of production; the F was replaced by the
tenth-generation F-Series see below , with the F rebranded as the F Heavy Duty and F remaining
in production. For the model year, Ford made a substantial change to the F-Series range of
trucks, splitting its pickup line into two vehicle families. From the s to the s, pickup trucks had
transitioned in usage. Alongside vehicles designed exclusively for work use, the market
segment saw a major increase in demand for dual-purpose vehicles for both work and personal
use, effectively serving as a second car. To further expand its growing market share, Ford
sought to develop vehicles for both types of buyers, repackaging the F in a more contemporary
design as a larger version of the Ranger while retaining the heavier-duty F and F for customers
interested in a work-use vehicle. The tenth-generation F-Series was introduced in January as a
model. The model line was marketed alongside its predecessor, pared down to the FHD and F;
for , these were replaced by the Super Duty trucks. In the most extensive redesign of the

F-Series in 17 years, [ according to whom? Sharing only the transmissions with its predecessor,
the F received a range of engines new to the F-Series, including a 4. Distinguished by its
rounded exterior, the tenth generation was again offered in standard-cab and extended-cab
SuperCab configurations. To improve rear-seat access, a rear-hinged third door curbside was
introduced for the SuperCab; following its popularity, the SuperCab received a fourth door for
The SVT Lightning made its return for , powered by a supercharged version of the 5. Sharing the
front bodywork of the Lincoln Navigator SUV and the same cab and chassis as the F
SuperCrew, the Blackwood was designed with a model-exclusive bed and was sold only in
black. Due to very poor sales, the model line was discontinued after While remaining part of the
F-Series, the Super Duty trucks were designed with a different chassis, powertrain, and body
design, as they are developed for heavier-duty work use. For the model year, the F was
redesigned on an all-new platform. The new platform starts off with a fully boxed in frame and
introduced rear shocks to mount outside of the frame for decreased wheel hop and improved
ride quality. This new body style kept the fully independent front suspension introduced in the
last generation but added vacuum driven front wheel hubs for the 4 wheel drive versions. The
previous generation had full time connected front axles. The improvement saves fuel and by
default goes into a wheel locked position. Should a failure occur in the vacuum solenoid,
system, or hoses the wheel hub defaults to a 4wd position to keep from leaving a driver
stranded. Internally, a 3-valve version of the 5. Externally, the eleventh-generation model was
different from its predecessor, with sharper-edged styling; a major change was the adoption of
the stepped driver's window from the Super Duty trucks. Regardless of cab type, all Fs were
given four doors, with the rear doors on the regular cab providing access to behind-the-seat
storage. Ford also introduced additional variants of the F The FX4 Off-Road package available
since the model year became its own trim level. In late for the model year, the Super Duty trucks
were given an all-new platform. While using the same bed and cabin as before, these are
distinguished from their predecessors by an all-new interior and a much larger grille and head
lamps. Previously available only as a chassis-cab model, the F now was available as a pickup
directly from Ford. The twelfth generation F was introduced for the model year as an update of
the Ford full-size truck platform. Similar to its predecessor, these trucks are distinguished by
their Super Duty-style grilles and head lamps; standard cab models again have two-doors
instead of four. A new model for included the SVT Raptor, a dedicated off-road pickup. In Ford
shifted its electronics from a GEM General electric module based to the computerized and
programmable BCM Body Control Module , allowing for fewer parts differences and
programmable upgrade options from the dealer or factory. In Ford reintroduced the 5. As part of
a major focus on fuel economy, the entire engine lineup for the F was updated for the model
year. Along with the new V8 engine, the F gained a new 3. An automatic transmission is the only
option. A recent study conducted by iSeeCars. The thirteenth-generation Ford F-Series was
introduced for the model year. Largely previewed by the Ford Atlas concept vehicle at the
Detroit Auto Show, the new design marked several extensive changes to the F-Series design. In
the interest of fuel economy, Ford designers reduced curb weight of the F by nearly pounds,
without physically altering its exterior footprint. To allow for such a massive weight reduction,
nearly every body panel was switched from steel to aluminum with the exception of the firewall ;
the frame itself remains high-strength steel. The F was the first pickup truck with adaptive
cruise control , which uses radar sensors on the front of the vehicle to maintain a set following
distance between it and the vehicle ahead of it, decreasing speed if necessary. The 3. While the
6. For , the F shifted from the long-running 3-bar design used on Ford trucks to the 2-bar design
that debuted on the Super Duty model line. The powertrain underwent several revisions, as the
3. The fourteenth-generation Ford F-Series was introduced for the model year through a live
presentation streamed over the Internet on June 25, The powertrain line is largely carried over
from the previous generation, with a 3. Along with exterior design changes to enhance
aerodynamics, many changes were made to the interior, adding fold-flat front seats and larger
touchscreens including a digital instrument panel ; [23] as an option, Active Drive Assist will be
offered as a driver-assistance system. A new F Raptor was announced in January , and features
a 3. Throughout its production, variants of the Ford F-Series has been produced to attract
buyers. While these variants primarily consist of trim packages, others are high-performance
versions while other variants were designed with various means of improving functionality. For
into part of the model year, the Ford F-Series was offered with a third body configuration,
integrating the Styleside bed with the cab. With the pickup bed stampings welded directly to the
cab before both assemblies were mounted to the frame, the design simplified the assembly and
paint process the configuration was similar to that of the Ford Ranchero. Following a poor
market reception, the unibody pickup bed design was withdrawn during the model year. From to
, Ford offered several Special option packages for the F-Series, typically designed for owners

with specific uses for their vehicles. For , the Camper Special option package was introduced;
designed for owners of slide-in truck campers , the option package featured pre-wiring for the
camper, heavy-duty transmission and engine cooling, and a larger alternator. For , Ford
introduced the Contractor's Special , and Farm and Ranch Special , which featured toolboxes
and heavier-duty suspension. The Explorer Special was introduced as a lower-priced variant of
the Ranger trim. The "Trailer Special" was offered as well with trailer brake, heavy-duty radiator,
transmission cooler, and tow hitch. In , the Special option packages were withdrawn as part of
the F-Series redesign, while a number of features continued as stand-alone options; the
Explorer continued as a variant of the Ranger trim through the model year. Sold from to on the
Ford F XLT Lariat, the Nite special edition was an monochromatic option package, featuring
black paint and trim with a multicolor accent stripe. For , it was exclusive to the regular-cab F;
for , it was available on all bodystyles of the F and introduced on the Ford Bronco. The Nite
edition was available with two-wheel drive or four-wheel drive with either the 5. For , Ford
introduced the Eddie Bauer trim level for the F Intended as a competitor for the Chevrolet SS ,
the SVT Lightning was derived from the F; to improve its handling, extensive modifications were
made to the front and rear suspension and frame. While slower in acceleration than the GMC
Syclone , the Lightning retained nearly all of the towing and payload capacity of a standard Ford
F After a three-year hiatus, Ford released a second generation of the SVT Lightning for the
model year. In line with its â€” predecessor, the second-generation Lightning was based on the
F with a number of suspension modifications; in a design change, all examples were produced
with a FlareSide bed. In place of a model-specific engine, the second-generation was powered
by a supercharged version of the 5. For the redesign of the Ford F, the SVT Lightning was not
included, leaving as the final year for the model line. From to , the Harley-Davidson Edition was
an option package available on the F Primarily an appearance package featuring
monochromatic black trim, from to , the edition included a slightly detuned version of the
supercharged 5. After , the option package adopted many of the options featured from the
Platinum trim level, featuring leather seating produced from materials reserved for
Harley-Davidson biker jackets. For , the Harley-Davidson Edition was replaced by the Limited
trim level, retaining a monochromatic exterior appearance shifting past motorcycle-themed trim.
While a road-legal vehicle, many design modifications of the Raptor were made to improve its
off-road capability, with the vehicle featuring a model-exclusive suspension with long-travel
springs and shocks. The Raptor shares only its cab with a standard F; to accommodate its
larger tires, the Raptor is fitted with wider front fenders, hood, and pickup bed. A six-speed
automatic is the sole transmission paired with both engines. After a two-year hiatus, the
second-generation Ford Raptor the SVT prefix was removed was introduced for the model year.
Derived from the thirteenth-generation F-Series , the Ford Raptor shifted to an aluminum body.
Again produced as a high-performance off-road vehicle, the Raptor is produced in SuperCab
and SuperCrew configurations, with long-travel suspension specific to the vehicle. As a design
theme, the second-generation Raptor does not carry a Ford Blue Oval grille badge, instead
spelling out "Ford" across the grille. To improve fuel economy and reduce weight, the 6. For ,
Ford made upgrades to enhance the off-road capability of the Raptor series truck line. The new
shocks auto adjust the suspension's compression dampening based on the terrain via a live
sensor electrically controlled solenoid valves. This new Terrain Management System works with
sensors in the body to adjust as the truck is driving. The new Trail control for also adds
adaptive cruise control for off-road use. Ford also added an optional Blue Accent Package with
Recaro front racing seats for the model year. In , Ford's marketing department leveraged a
partnership with the ,acre King Ranch in south Texas, which is the largest ranch in both Texas
and the United States and which operates a large fleet of Ford trucks. The truck was
emblazoned with the King Ranch's Running W brand and upholstered in saddle leather. It was
the industry's first full-size lightweight pickup truck with a full rear passenger compartment and
4 full-size doors, becoming the SuperCrew cab. Along with the Limited and Platinum, the King
Ranch continues to comprise the luxury end of the F spectrum. Introduced for , Platinum is a
luxury-oriented trim of the Ford F Effectively replacing the Lincoln Mark LT in the United States
and Canada [32] though its production continued through in Mexico , the Platinum adopted
many of the luxury features and content from the Mark LT with more subdued exterior styling
the Platinum was fitted with an eggcrate grille similar to early models of the Ford Expedition.
Until , the Platinum trim was an add-on package to a Super Duty that was ordered as a Lariat.
For the model year, Ford introduced the Tremor model of the F The Tremor was released as a
high-performance sport truck for street truck enthusiasts. The interior uses a console-mounted
shifter, custom bucket seats and a flow-through center console not found in any other F The
Tremor is available in both 4x2 and 4x4. Both options feature an electronic locking rear
differential and customized suspension. There were 2, Tremors built. In June , Ford announced

the unnamed fully-electric F was to begin production within two years of the introduction of the
F; i. For most of its production, the F-Series was sold in a medium-duty conventional truck
configuration alongside the traditional pickup trucks. Prior to the introduction of the Ford
C-Series tilt-cab, the medium-duty range was offered as both a conventional and in a COE
cabover configuration. Following the introduction of the fifth-generation F-Series in , the
medium-duty trucks were designed separately from the pickup truck range. Although remaining
part of the F-Series range, the medium-duty trucks shared only the cab and interior with the
F-Series pickup trucks. Since , the cab design has changed only in and in The medium-duty
F-Series served as the donor platform for the B-Series cowled bus chassis produced from to
Produced primarily for school bus bodies, the B-Series was discontinued as part of the sale of
the Ford heavy-truck line to Freightliner in Above its medium-duty truck ranges, the Ford
F-Series was used as a heavy-truck chassis during its early production. In , Ford debuted its
"Big Job" line, denoting the F-8 conventional. Although based on an all-new chassis and
separate bodywork, the cab was sourced from the F-Series. In , Ford introduced the L-Series
"Louisville" line of conventional trucks, moving all heavy truck development away from the
F-Series. For , the panel van was discontinued, largely replaced by the Econoline compact van.
While no longer produced for retail sale, the E-Series still shares its engines and transmission
with the Ford Super Duty trucks. Both are available in LHD only. There is a strong grey market
presence of Ford F-Series trucks around the world, most notably in Europe, China, South Korea,
and Australia, and usually driven by wealthy car enthusiasts, as the higher end trim models are
the most sought-after versions. F single, super cab and crew cab are available with short and
long bed. The F Raptor is available, too. In Australia, Ford F-series trucks are imported and
converted to right-hand drive by several Australian importers, mostly by the Harrison Motoring
Group, which as become the largest importer of F-Series vehicles in the Southern Hemisphere.
The addition of the 3. The truck won the San Felipe eight times between and Ford also won the
Manufacturers' Championship in and In , Ford announced its entrance into the Baja class-eight
race for moderately modified, full-size pickups. However, the pickup was unable to finish due to
a catch-up crash with another car in the middle of the road during stage seven. Mead crossed
the finish line in Buenos Aires and won the "super production" class, the first North American
class win in Dakar history. Campillay was unable to finish the 12th stage after losing time due to
mechanical failure during the 11th stage, which led to his disqualification for failing to reach the
race camp by the designated deadline. The Ford F is commonly used as a police truck. Other
common police uses include equipping the truck with cages for animal control or using them to
transport mounted units or police boats. The Ford F has won numerous awards; in alone, it
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looking to add style, function or both, we can help you upgrade your vehicle. Projector
headlights concentrate the maximum amount of light source, and focus to the light beam which
provides stronger and further lighting in the dark compare to conventional headlights. Projector
headlights have become popular in recent years, and some car manufacturers use projector
headlights as standard. The factory projector headlights usually come with a high cost, here at
TopGearAutoSport. Our aftermarket projector headlights will also provide a modern look to your
vehicle with trendy features include Halo or sometimes called Angel Eyes, and LED Daytime
Running Lights. Ford F trucks have been the best-selling trucks in U. At TopGearAutosport.
Nowaday, new truck models are bigger and taller, factory side mirrors work just fine, but towing
mirrors will provide greater visibility which maximize safety for you and others. Our high quality
towing mirrors come with features include power adjustable mirror, heating feature to eliminate
frost, manual extendable telescoping, LED lights that synchronize to your turn signals. Nerf
Bars, also as known as side steps or step bars, which are bars that run along the sides of your
vehicle. Nerf bars can help you to step up into your vehicle more easily. Another benefit of
having the nerf bars is to protect the sides of your vehicle. We carry specific cab size length
nerf bars to custom fit your trucks or SUVs. All manufacturer names, symbols, and
descriptions, used in our images and text are used solely for identification purposes only. It is
neither inferred nor implied that any item sold by TopGearAutosport. Select Year Dodge Ram.
Ford F GMC Sierra. Jeep Wrangler. Toyota Tundra. Chevy Tow Mirror Wiring Diagram. We
accept. All rights reserved. We ship to US and Canada. Select Make Select Model Finding the
year of manufacture for a Dexta is a complex process and sources of information differ. The
serial number of the Fordson Dexta is stamped on the flange between the engine and clutch
housing on the left hand side of the tractor. The castings codes clutch casting, rear axle
casting, gearbox casting, hydraulic lift casting can also give an indication of year of
manufacture. Other Dexta statistics are available here. From until , the casting codes would be
in the format of C17A for example. The first letter refers to the month i. C refers to March , the
number refers to the date i. From onwards the code consisted of a year number, letter indicating
the month and a number for the date. So 4D18 would be the 18th April It would seem that there
are some anomalies though â€” see the table below. Other sources do differ slightly from the
above numbers, so please only use these as a good guide. March 31st, at pm Could you tell me
when or if the orange wheels on the fordson dexta were red. As far as I know the wheels were
orange and not red. This Fordson tractor website gives you lots of detailed information.
December 5th, at pm To whom, I have purchased a fordson dexta,diesel 3cyl T3. The serial is
which is on the engin and another number on the transmittion area which is E â€” L5F. Can
anyone help me to determ the year or where else on the tractor I can find a number to help
determin the year. Thanks in advance. From the transmission casting it looks like your castings
were made on 5th September So I would think that your tractor was manufactured late in Can
anyone help?? Hi Nathan, There are a number of suppliers for Dexta parts. I have a three
cylinder diesel dexta. I run 80w90 in the trans and all weather hydraulic oil in the rear end and

trhee point. Tim James -If you find the year, can you let me know and I will do the same as in
same position as you, thanks. Have Fordson Dexta, good running order, good candidate for
restoration. Please reply for additional info, location, price. This Dexta run on gas and I think it
is everything work well but just wanted to change everything. Can anyone tell me what oil is
used in the lift system? Hi guys i have a dexta the only no i can find are can any one help me
thnx cheers Bill. There is a company in Buith Wells that supplies 4WD conversions. I am lookin
for a Fordson Dexta for a hobby restoration job. If anyone is interested please advise. I have a
Fordson Dexta E that I want to use for work. It runs great but I have no idea the year or hp. Any
help? Please can you help? I hava a Ford Dexta and am considering its sale. I would like to
know the year of manu. The following number 26KW is on the engine casting, left hand side.
Fordson Dexta Serial Numbers. Previous Next. Fordson Dexta Serial Numbers Want to check
out our tractor maintenance videos? Click here to see what we've got! Get access to our tractor
maintenance series Get the best tutorials, tips and news, designed to enhance your skills.
Perfect to keep your tractor running smoothly. We publish about one article a week.
Unsubscribe at any time. About the Author: Vintage Tractor Engineer. Paul fox July 23, at am.
Vintage Tractor Engineer November 13, at pm. Nathan November 13, at am. Pat Kennedy April
14, at pm. Sam April 9, at pm. To Courtney re May 14th post Have Fordson Dexta, good running
order, good candidate for restoration. P Kidd November 21, at am. Bill October 12, at pm.
Vintage Tractor Engineer May 14, at am. Courtney May 14, at am. Anyboby know where I can
find info on 4 wheel drive dexta,s. Tim James January 21, at pm. Paul Elliot January 27, at pm.
Hi Joan, So I think this means your Dexta is a Joan Oosthuizen January 27, at am. MF35 Perkins
3A. Get the best tips, techniques and information. It's FREE! Links Terms and conditions. This
site uses cookies: Find out more. Okay, thanks. Students will be able to proficiently perform
height and weight measurement skills as outlined by the Nurse Aide or Patient Care Technician
Certification. Students will also understand the importance of assessing and analyzing these
measurements. This lesson provides a formative assessment of previously mastered concepts
and skills. Students in the Health Science Internship Course or completing the Certified Patient
Care Technician or Certified Nursing Assistant training programs should be proficient in
analyzing a patient encounter as well as applying skills and knowledge to formulate a plan.
Students will complete a pre-learning activity and pre-briefing before the simulation experience.
A structured debriefing follows the simulation experience and serves as a formative
assessment. This lesson will focus on standard and transmission-based precautions as well as
communication skills. The students will create a layered lookbook, which displays recorded
information that explains that living things do exist in different places. The students will create a
multimedia project, which will retell information learned about living things in different places.
Imagine if the world as you know it never changed. Students will embark on a journey back in
time and research what life in Alabama looked like in the late twentieth and early twenty-first
centuries. Students will compare and contrast the information they research to their present day
lives. Students will then identify how technological advancements changed life for Alabamians
and reflect on how they feel their life would be today if things never changed. Students will
create an Adobe Spark digital story to communicate their researched information and personal
reflections. Students will use the free online coding program Scratch to learn the basics of
coding and how to use blocks and animations to create a game. Students will create a game to
find multiples of a given factor by making a character fly into the correct multiple of the given
factor. The student will go through a series of coding steps to create a background, make a
character fly, and create the factor and multiple game. This lesson will focus on American
symbols. Students will identify American symbols and explain how they represent the United
States of America. Students will work in pairs and conduct research about American symbols
and create a digital story about a symbol of their choosing. Each student becomes an expert on
a natural disaster, investigating and discovering how they can prepare for it. Students initially
create traditional motivational posters using paper, pencils, markers, and crayons. Then,
students create an electronic version to motivate others to prepare for natural disasters. The
students will use critical thinking skills and artistic abilities to "transform" an image into
something completely different. The original images can be taken with a digital camera and
printed out or cut from old magazines. They will use this knowledge to create their own
expressionistic oil painting. Many times when people think of art, they only think about the
visual arts. Music is also an art form. Music has the ability to inspire us, change our mood,
comfort us, and teach us. It is hard to imagine a day without any sort of music. Therefore, it is
necessary that when teaching the arts, students also learn about the value of music as an art
form. Students will test their models and redesign them to improve the effectiveness of their
models to increase their own ability to hear by mimicking the external parts of a bat's ear. The
students will measure and collect data from tests and compare results between the design and

the redesign. This lesson can be completed in two 45 minute sessions or one 90 minute
session. Understanding the energy conversion capability of photosynthesis and the artificial
nanostructured photocatalysts contrast biotic and abiotic systems, while demonstrating the
efficiency of photosynthesis compared to titanium dioxide nanoparticles in generating gas
production volumetrically. The experiment results transition to a discussion of photosynthesis
and the organelles within the cell where it takes place. The lesson can lead to discussion of
renewable energy conversion methods and nanotechnology, to help advance nanoscience
research to solve the challenging energy issues in the future. In this lesson, students will read
and critically examine a letter from an Alabama farm owner to a U. Senator from Alabama
regarding exemption status for the Selective Service Act on behalf of one of her workers. This
primary source document will allow the students to practice evaluating a complex text. The
students will answer active reading questions in order to participate in a "Philosophical Chairs"
class debate regarding the merit of the farm owner's request. The Philosophical Chairs activity
will allow the students to verbally articulate an argumentative position while specifically using
textual evidence in order to be able to defend his or her position. This lesson was created in
partnership with the Alabama Department of Archives and History. Are cell phones really safe
for humans to use frequently? In this mock trial lesson, students will use claim, evidence, and
reasoning to construct a scientific argument on the safety of the electromagnetic waves
involved in cell phone technology. Throughout this lesson, students will discover how the lens
in your eye helps focus light. First, students will discuss the parts of the eye and how these
parts work together to allow us to see. Then, students will use a clear plastic bag filled with
water to create a model of an eyeball to investigate how the lens in your eye helps focus light.
Students will place earthworms in a lighted area and see if they move toward a dark
environment or stay in the lighted environment. Students will observe the behavior of the
earthworms and use data from the investigation to conclude how an earthworm uses its senses
to affect its behavior. Students will discover how plants, animals, and fungi are all
interconnected in a giant web. Students will examine and evaluate both college and high school
students' support of and involvement in the World Wars. Students will research both
photographic and textual resources in order to produce factual information about how students
reacted to World Wars 1 and 2. This lesson will culminate in a student-driven Socratic Seminar
style discussion which will allow the students to verbally articulate their findings from the
resources provided. In this lesson, students will be examining primary sources pertaining to
differing viewpoints of America's involvement in World War I. The students will annotate the
documents, looking for main ideas and supporting details. The students will then form graphic
organizers separating two opposing viewpoints. Finally, students will write a group expository
essay using the data from the graphic organizer. Students will work together to complete a
HyperSlides unit centering around animal adaptations for standards in grades Students will
work creatively and collaboratively with a variety of Course of Study standards that engage
students through using Google Slides and a Hyperlinks to assist in the understanding of animal
adaptations. This project will take several class periods to complete. After an introduction to the
Hyperslides, students are encouraged to work at their own pace, but Hyperslides can be
assigned on a daily basis. James Reese Europe was an "accomplished orchestra conductor,
bandleader, and composer of popular songs, marches and dance music during the early
twentieth century Europe was an effective champion of African-American musical performers
and composers and helped to gain acceptance for them in the United States and abroad.
Students will annotate a biography of James Reese Europe and analyze two photographs of the
orchestra Reese led across France. Students will view a documentary film of Europe and his
"Hellfighter" orchestra as they fought, performed, and received medals for their efforts during
the war. As a culminating activity on the second day, students will write a eulogy for Europe
detailing his role as a leader in Jazz and as an African American officer. This lesson will help
students master Algebra I standard Rearrange formulas to highlight a quantity of interest, using
the same reasoning as in solving equations [A-CED4]. In addition, this lesson will involve
students creating a list of procedures to use when solving for a given variable. At this time it is
not necessary for students to know the formal names for the properties. It is important for
students to understand the concepts and take part in creating a set of procedures for isolating a
variable and solving equations. William Weatherford was a Creek leader during the Creek War of
This lesson explores who William Weatherford was as a person, as a Creek leader, and his role
in the Creek War of Students will view a PowerPoint, read an excerpt from an article about
William Weatherford from the Encyclopedia of Alabama, share information with peers, and view
the engraving of William Weatherford surrendering to Andrew Jackson. At the end of the lesson,
the students will draw a conclusion about William Weatherford and support it with evidence
from the lesson. This lesson should be done in conjunction with studying the Creek War of so

that his role in this historical event can be better understood. A brainstorming activity and class
discussion will begin the lesson and provide the background knowledge students have
regarding zoos and how the animals in zoos impact our environment. Students will select an
animal for further research using an online survey created by the teacher to determine their
research group. Afterward, students will view an informational video pertaining to the origin and
purpose of zoos, and complete an exit slip stating new learning that has been added to their
background knowledge. The lesson will begin by reviewing the groups and animals assigned to
each group. Students will begin working in their Zoo Booklets by discussing vocabulary that is
associated with their animal. Students will use various types of text and other resources to find
the information needed to learn more about their animal. Students will work cooperatively in
groups to complete their animal research and complete their final project. This is a
multi-session interactive lesson plan about animal adaptations for kindergarten through second
grade students. The goal of this interactive digital lesson plan is to guide students through
activities that help them understand how characteristics such as body covering, body parts,
and behaviors help animals survive. These lesson plans also build cooperation and
communication skills for students. There are additional resources provided for the teacher to
use before or after using the HyperDoc. This lesson is an introduction to Binomial Expansion
and the Binomial Theorem. Students begin by expanding binomials using multiplication. They
will examine the expansions looking for patterns. These patterns will be used to develop the
Binomial Theorem. Students will be guided through a review of the special angles on the unit
circle in degree measures. Students will be introduced to the definition of a radian and will
discover the number of radians in a circle as well as the measures of the special angles in
radian measure. The students will find the formulas for converting degrees to radians and
radians to degrees. They will then use these formulas to convert angles from degrees to radians
and from radians to degrees. At the turn of the 20th century, illiteracy was common across the
United States. Rural Alabama suffered from a high illiteracy rate. In this lesson, students are
asked to provide a written description of both an exponential function and its inverse. They are
then introduced to the logarithmic function and will practice writing exponential functions as
logarithms and logarithms as exponential functions. Students will evaluate logarithmic
expressions and will solve logarithmic equations. The lesson will introduce the concept of a
matrix. The matrix is labeled by its rows and columns. This lesson will teach the concept of
adding, subtracting, scalar multiplication, and multiplication of matrices. This lesson will be a
prerequisite for solving systems of equations with matrices. This lesson will use the process of
inverse operations to solve formulas for a given variable. Some formulas will not be recognized
by the student. The actual formula is not important, but the variables are. The lesson will
develop knowledge for other bases besides base The lesson will investigate base 2, base 8, and
base The student will write numbers using expanded notation. This lesson will allow students to
gather evidence to better understand how plants and animals provide for themselves by altering
the environment. Students will observe plants and animals. Students will discuss their findings
with group members. The students will write or draw about their findings. After writing with their
group members, students will produce and present their knowledge to the class via Chatterpix.
Students will discuss the effects of sunlight. Next, they will be introduced to the task of
designing and constructing a device to reduce the effect of sunlight. In groups, students will
design and then construct a tent that will keep an ice cube from completely melting before the
uncovered control ice cube melts. Students will test the effectiveness of their tents. This lesson
is designed to teach students to measure angles with a protractor. The student will be taught
how to read the protractor correctly by using either the top or bottom set of numbers. The
lesson will reinforce classifying angles as acute, right, and obtuse. The student will sketch
angles given a specified measure. This lesson will use the substitution property to determine
solutions to equations and inequalities. The students will be given a replacement set of values.
The student will check the values to determine if the result is true or false. The values that are
true will be the solution. The student will graph the inequality solutions on the number line. This
lesson is designed to teach the students that some quadratic equations will have imaginary
solutions. This lesson will include a study of several primary sources that detail the flu
epidemic and how it affected a variety of people in Alabama ELA 6 Students will work in small
groups to study different primary sources and will complete graphic organizers specific to the
type of primary source. Groups will then share their information with the class and discuss how
the flu affected different populations of Alabama. The focus and outcomes of this lesson will
meet the Social Studies standard SS 6 by allowing the students to describe civilian roles during
WWI and recognizing the military bases in Alabama. This lesson will be completed in one class
period. This lesson, the third in the series, will focus on another way of solving linear systems,
the elimination method. When using this method, the students will multiply one or both of

equations to make one of the variables equal. Afterward, the students will add the equations to
eliminate the variable. In this lesson, students will examine the amount of annual and seasonal
rainfall in four cities to compare decimals to the hundredths place. Students will add and round
digits to the thousandths place. Students will utilize technology by navigating to a specific
United States climate website to get relatively current and accurate data. Students will be
exposed to an engineered solution to the current issue of excessive algae growth that is
inhibiting the health of Staghorn and Elkhorn coral populations. Students will then use their
knowledge, as well as conduct research, that would allow them to aid in the effort to protect this
crucial living element to the oceanic environment. Students will collaborate with their group to
apply their knowledge and create an Animoto presentation that consists of at least five slides.
This lesson is an introduction to the concept of light sources both natural and man-made , as
well as levels of light bright, dim, dark, pitch black. Students conclude with a narrative writing
assignment. This lesson can be divided and taught over the course of several days, or
integrated into multiple subject areas reading, science, and writing blocks as time permits. In
this lesson, students will work in groups to design a ramp to increase the speed of a ball. The
teacher will guide students' work through careful questioning. After creating different ramps,
students will record and report their findings to the class. In this lesson, students will examine
time lapse photos and videos to see the movement of stars during the night. Students will use
star wheels to track the visibility of constellations throughout the year and graph the number of
days a constellation is visible each month. Finally, students will draw a diagram and write an
explanation of the apparent movement of stars using data from the graphs and class model.
This lesson will demonstrate that in order to find the coordinates of the special angles on the
unit circle, students will need a knowledge of the first quadrant angles only. These values will
then be reflected across the x- and y-axis to locate the coordinates in the remaining quadrants.
Students will also convert the angle measurements from units in degrees to units in radians.
Students will compare and contrast similarities between the eight different human blood types
and be able to explain how these differences affect blood transfusions. After the lesson,
students will be assessed with an online quiz on Quizziz. Systems of Equations will be taught
over a three-day period: the first day will include a lesson regarding equations that can be
solved by graphing, the second day will include a lesson regarding equations that can be
solved by substitution, and the third day will include a lesson regarding equations that can be
solved by elimination. The students will graph two lines on the same coordinate axis and
determine where the two lines cross. Solving the equations graphically will enhance the
graphing skill of the students. The lesson will explain all the ways to graph a line. Students will
be exposed to three different scenarios. The scenarios will require that students hypothesize
two solutions, test their hypotheses, document the results, and document the property that
proved the effectiveness of the material chosen. The lesson's total duration is about six days.
Students will determine the difference between balanced and unbalanced forces through an
experiment. The experiment consists of a student-created scaled snow sled model going down
a teacher-created ramp. Students will plan to change one variable, collect data, and chart the
data graphically. Students will change a variable such as: number of students riding the snow
sled, size of the child children riding the snow sled, direction, position on the hill the snow sled
is released, position of children on the sled sitting, standing, laying , friction caused by
materials that makes up the sled, and air resistance caused by an object such as a parachute.
Students will collect and chart data of each experiment graphically in order to determine the
longest snow sled ride. This lesson will lead students on a guided discovery to find the inverse
of a function given the graph or a table of values. They will identify characteristics of functions
whose inverses are also functions One-to-One Functions and will be introduced to the
horizontal line test. Students will also apply their knowledge of a graph to a table of values to
determine if the table represents a One-to-One Function. This lesson will lead students through
a review of the proof of the Law of Sines. This proof will remind them that they can use the right
triangle relationship for Sine to find the height of a triangle. They will then apply this knowledge
to find the area of a triangle when given two sides and an included angle. Finally, they will be
asked to find the area when no values are given. This result should produce the Area Formula
for a triangle given two sides and the included angle. In this lesson, students will research one
Native American group from each of the six main biomes in North America. Students will use
their developing technology and language arts skills to find reliable sources on the internet,
evaluate and integrate information from these texts, select a suitable digital platform to share
their findings, and create a cohesive presentation showcasing their mastery of the learning
outcomes. Students will discover the climate, landforms, water, and other natural resources
available within each region and how they were used by the natives living there. Students will
explore the relationships between the cultures found within each region and its resources.

Students will construct a model to describe how an object can be seen when light reflected from
its surface enters the eye. This lesson is the second part of solving systems of linear equations.
The lesson will be taught in one class period. The concept for the lesson is to solve one
equation in terms of "x" or "y" and substitute the results into the other equation. Calculating the
final solution to the system will take a few more steps. This lesson will describe the remaining
steps as well as examples to follow. In this lesson, students will demonstrate an understanding
of the transfer of matter energy in various ecosystems by constructing a model food chain. In
the food chain, students must show how an ecosystem provides energy from a producer to the
consumers and ending with a decomposer. The students will begin by working in groups to
compete with their peers by sorting food chain picture cards producers, consumers,
decomposers of an ecosystem in the correct order. Students will be assessed at the conclusion
of the lesson with a multiple choice exit ticket quiz. This lesson will provide instruction on
proving triangles to be congruent using rigid motions. Using the concept of transformations,
the students will be able to manipulate the triangle on the coordinate plane. When using the
coordinate plane to test congruence, the triangle or other object will slide, rotate, or flip to map
onto the other object. Sometimes, the student will use a combination of the transformations.
Students will explore how changes in rocks and land formations over time explain the large
number of aquatic fossils that can be found across the state of Alabama. They will model
volcanic eruptions and fossil formation through a hands-on activity using baking soda, vinegar,
and playdough. Then they will read a news article to determine that Alabama was underwater at
one time, which explains how aquatic fossils are found across the state. Finally, they will write
and illustrate an explanation that shows how layers and fossils found in rock are evidence that
these rocks changed over time. This lesson will develop the knowledge of squared and cubed
numbers. The students will know when to use the square root and cube root to solve an
equation. The students will memorize perfect squares and some cube roots. The answers will be
left in radical form. Finally, the students will be able to identify the radicals as rational or
irrational. Students will build a ramp, test it, and measure the distance their cars travel caused
by the collision. Students will create a presentation to share their findings with the class. This
lesson is designed to develop knowledge about the angles of a triangle. This lesson will prove
that the interior angles of a triangle will have a sum of degrees. This lesson will prove that an
exterior angle is the sum of the remote interior angles. This lesson will show the relationships
of the angles of parallel lines and transversals. When we hear the words Civil Rights Movement,
we have visions of Dr. Martin Luther King and a few others. Through pictures, students will
identify ordinary leaders in the crowd. Students will have the opportunity to analyze those
pictures by doing a picture walk. Students will learn more about some of the people in the
crowd, and how they made a difference in our beloved community. This lesson will enhance
mathematical vocabulary knowledge and reinforce basic skills for solving equations.
Mathematical vocabulary is a vital part of this lesson. The lesson will challenge the minds of
seventh-grade students with the theory of angles. The student will use the information in the
diagram to write an equation and solve for the variable. Terms that will be identified in the
lesson are as follows: supplementary, complementary, adjacent, parallel lines and transversal,
and vertical angles. This lesson provides a review of evaluating functions and finding function
rules as well as an introduction to the composition of functions. The review is accomplished
through the use of an online exploration using a function machine. The idea of a function
machine is also used to explain the composition of functions. Students will use a Venn diagram
to compare lightning and static electricity. Then, students will experiment with static electricity
and read nonfiction passages about lightning and lightning rods. This lesson will provide an
introduction to finding the inverse of a function or a relation. Through a combination of
teacher-led instruction and collaboration, students will discover a method for finding the
inverse of a function or relation. The use of an online graphing calculator will aid students with
their discovery. During this lesson, students will research the social, political, and economic
impact of the Great Depression on the lives of Alabamians. Students will collaborate to create a
presentation from the project-based learning activity and present it to the class. The lesson will
begin with the teacher leading a discussion related to animal traits and the environment using a
T-chart graphic organizer. Then, students will research a different animal to determine how its
traits can be influenced by its environment using digital or print sources and take brief notes.
Lastly, students will develop an explanatory text in a claim-evidence-reasoning format that
includes an illustration to help convey their scientific ideas clearly. Students will work in
collaborative groups to analyze and interpret research information from their previous reading
assignment on the social, political, and economic impact of the Great Depression on the lives of
Alabamians. Finally, students will present their expository essay to the class. At the conclusion
of the lesson, students will use their experiences as evidence to explain that light is essential

for sight. Students will be given the task to build a dam that will stand against water. Students
will design and build a scaled model of a dam and test the model for the ability to reduce the
impact of a flood. Students will evaluate the efficacy of the dam they constructed and built.
Students will contemplate what actions can be taken and materials that could be used in order
to create a more effective dam in the future. In this lesson, students will research a variety of
animals, plants, and habitats from Alabama. After creating the habitat in small groups, the small
groups of students will share their habitat with their classmates. In Math, students will draw a
t-chart to represent dam and flood data obtained from their reading resource. Students will
select the information they wish to use from the reading resource their opinions. Students will
then use rulers marked with halves and fourths of an inch to measure lengths and construct a
scale model of their own dam, which they can later construct in Science. Students will represent
data in a graph and use measurement data by measuring lengths using rulers marked with
halves and fourths of an inch. Students will test their scale dams and make changes as needed.
This lesson will begin with students reviewing the steps of the scientific method, then applying
the steps of the scientific method using an online interactive game. Next, students will utilize
the steps of the scientific method to explore factors that caused the population of the peppered
moth to change over time. The students will conduct an experiment to gather data regarding the
factors that led to a population shift in the peppered moth species. Then, students will read an
article about the history of the peppered moth and play an online interactive game to further
explore the factors that led to a change in this species's population. Lastly, students will
develop a writing piece that includes a claim related to the change in the peppered moth's
population and evidence that was gathered from the experiment, reading, and online activity. In
this lesson, the teacher will demonstrate how to use the Pythagorean Theorem to find distance
between two points in the coordinate system. In the coordinate plane, the difference in the xand y-values will determine the numbers to calculate the distance. This lesson will use online
graphing tools as well as graph paper to plot the points. This lesson can also be used to show
the relationship between the distance formula and the Pythagorean Theorem. This lesson will
begin with students brainstorming methods of communication using a web graphic organizer.
Next, students will collaborate with a partner to create a basic cup phone set. Then, the teacher
will lead students to develop a revised cup phone set using a variety of different materials.
Lastly, the students will design and construct a revised version of the cup phone and test its
effectiveness as compared to the first cup phone set. Then, the teacher will introduce the three
methods of heat transfer radiation, conduction, and convection utilizing an online video clip,
and the students will take jot notes while viewing the video clip. Next, the students will perform
an experiment to investigate radiation as a form of heat transfer by recording how the
temperature of ice changes when exposed to an energy source solar energy or heat energy
from a clamp lamp. Then, students will perform an experiment to investigate convection as a
form of heat transfer using blue dyed ice cubes and warmed red food coloring, to create a
convection cycle within a container filled with room-temperature water. Students will design an
experiment to relate the voltage difference and current in a circuit. They will collect data, then
create and analyze a graph in order to arrive at Ohm's Law. They will create circuits and
determine the voltage difference, current, and resistance in the circuit using Ohm's Law. This
lesson will utilize the talking drawings strategy, in which students will begin the lesson by
drawing a picture of a plant to illustrate how they think plants make their own food. Then, the
teacher will introduce the process of photosynthesis using an interactive presentation to
explain photosynthesis in a pictorial format. As the teacher describes the process, the students
will create a scientifically accurate drawing of a plant engaging in photosynthesis. Lastly,
students will create a writing piece that will describe the process of photosynthesis and
construct a scientifically accurate illustration of the process of photosynthesis. The lesson will
begin with students comparing and contrasting the physical properties of ice and water using a
Venn diagram graphic organizer. Next, the students will describe the physical properties of
ingredients needed for a microwave mug cake. The students will bake a chocolate microwave
mug cake to demonstrate that some changes in matter caused by heating and cooling are
irreversible. Lastly, the students will create a written and pictorial response comparing the
water and ice to the microwave mug cake to provide evidence that some changes in matter can
be reversed, while others can not. This lesson will provide information that will prove the
concept of sine and cosine is equal to the complementary angles of a right triangle. The lesson
will examine the proper techniques for writing trigonometric ratios. The lesson will enhance
background knowledge of proportions as well as use the terminology of means and extremes.
In this lesson, students will define conflict as it relates to Native American land conflict during
the early nineteenth century. Students will read a description of the pine barrens by Basil Hall
and analyze the text by using the strategy. Students will discuss the life and work of Basil Hall,

including his travels and journaling in North America. They will observe how a camera lucida
functions and debate whether using a camera lucida is "cheating" in art. Next, students will
venture outside to create a sketch of their environment while appropriately utilizing materials.
They will compare and contrast their products to the sketches of Basil Hall and critique each
other's work. In this lesson, students will define archaeology. Students will compare and
contrast two artifacts looking for clues from the past. Students will write a narrative story of an
artifact. This lesson introduces students to the world of primary sources. Students will analyze
two photographs concerning Alabama's second governor, Thomas Bibb, in order to construct
meaning. Students will analyze a primary source from their past and present it to the class.
Through this lesson, students will explore primary sources related to the buying and selling of
human beings for the purpose of slavery. This lesson looks at the natural resources that drew
settlers to Alabama. Students will explore the letter from Joseph Noble to his friend, Samuel B.
Students will explain ideas within this historical text based on specific information presented in
this primary source. During this lesson, students will recount a Paul Bunyan tall tale, an
entertaining way to identify bodies of water and landforms in the United States. The disruption
would be solved through negotiation. The negotiating Creek Indians did not obtain full
restoration of their land, however, they did accept a compromise. Students will explore two
NCSS Notable Trade Books and a newspaper advertisement to develop an understanding of
what life was like for slaves in the nineteenth century. Students will use their understanding to
write a narrative story about being a slave in the nineteenth century. This lesson looks at the
natural resources that drew businesses to Alabama. Students will explore an article about
education in the early nineteenth century and a newspaper article from to determine what
education was like in the early nineteenth century. Students will investigate the documents and
find text evidence to find out what schools were like in the early nineteenth century. Students
will use their findings to write a story. Students will compare and contrast steamboats, wagons,
and stagecoaches as different modes of transportation for goods as well as people. Students
will create a steamboat advertisement to illustrate the importance of the invention of the
steamboat in Alabama. Students will analyze a primary document and read a secondary source
about the Marquis de Lafayette's Grand Tour of the United States in The Marquis and his
entourage toured lower Alabama for a few days in April. Students will create an annotated
timeline detailing his days and the events that occurred in Alabama as the country prepared to
celebrate America's 50th birthday. Students will use primary sources to gain information about
Hernando de Soto, his route, and his interactions with Native Americans in Alabama. Students
will read two articles in order to identify information about Hernando de Soto and his journey
through Alabama. Students will also learn about the impact of European Exploration on the
Native Americans who were in Alabama in the s. In this lesson, students will learn about the
executive branch of government at the state level, especially related to the first governors of the
state of Alabama. Their impact on the development of Alabama and Alabama's role in the United
States will be discussed. Students will use research and note taking skills to gather information
on an early governor. Then students will participate in jigsaw groups to share their information,
discuss the importance of each governor, similarities, and impact. Finally, students will discuss
the role of governor and how governors have an impact on the state and the impact these men
had in Alabama and in other states. In this lesson, students will be able to describe cultural
aspects of early nineteenth century townspeople by reading a newspaper article describing the
opening of a new school. This lesson will provide students with two primary documents, a
drawing of a postal stagecoach and a newspaper article outlining the difficulties of mail
delivery. Students will complete a graphic organizer to provide evidence that details a specific
perspective described in the documents. Students will examine the cultural and economic
aspects of the early nineteenth century and will refer to details and examples in a text when
explaining what the text says explicitly and when drawing inferences. Students will be able to
explain how an author uses reasons and evidence to support particular points of view. Students
will choose an interesting attraction of Alabama mentioned in the letter and design a postage
stamp around that attraction. Students will include details from the secondary source, as well
as the primary document, to include on the invitation. The event will be explained utilizing the
format of the invitation. In the Constitutional Convention met in Huntsville, Alabama in order to
write our state's constitution. In this lesson, students will learn what a preamble is, as well as,
read both the United States' Preamble to the Constitution and the preamble to Alabama's
Constitution. Students will examine similarities between both preambles and discuss possible
reasons for such similarities. Fifth-grade teachers could also utilize this lesson to examine and
compare both preambles and their purposes. Students will create a Google Doc utilizing their
school based account or the class created account provided by the teacher. Students will
electronically journal their thinking throughout the process of the hands-on group science

activity about designing and evaluating a dam to reduce the impact of a flood. Students will
compile journal entries to create a sequential writing appropriate to the task. Students will then
create a presentation of their journaling with Google Slides, Prezi, Animoto or a similar
electronic presentation tool. In this lesson, students will explore and construct forest habitats of
plants and animals native to Alabama. In the beginning, students will activate their prior
knowledge by reviewing the definition of a habitat and discussing what they know about forests
to create a KWL chart. The students will demonstrate their learning through animal sorts,
habitat construction, and informational writing using the conventions of Standard English such
as capitalization and punctuation. For the conclusion, the students will peer edit their writing
using the provided writing anchor chart before presenting their learning to others. Students will
interpret various primary sources for reconstructing the past, including documents and
photographs about dam designs. Students will gain skills necessary for researching by locating
credible and original sources, determining if the sources are primary or secondary. Students
will discuss the definition of cause and effect, and the teacher will explicitly explain the
definition of cause and effect as well as introduce keywords used in determining cause and
effect. Students will be introduced to an informational text about dams. The teacher will model
determining a cause and effect relationship found in the text. Next, the students will practice
determining cause and effect in the same text. Students will use a cause and effect graphic
organizer to identify cause and effect relationships within the informational text. Pictures of
Alabama State Capitols are provided in this lesson to give students the opportunity to research
information that could help them to give their point of view. It will be up to the students to
provide further information about the pictures. This will start a conversation about the best
location for a capital city and its capitol building. The lesson will begin by students accessing
their prior knowledge of weather and climates by completing a warm-up writing prompt.
Students will then move to reading texts on the subjects of tornadoes, hurricanes, earthquakes,
and droughts to determine if and how climate affects these weather phenomena. In groups,
students will create a half-poster that describes their findings in text and pictures. At the end of
the lesson, students will view a graph to extend their learning about tornadoes and hint at a
future lesson while also completing an "exit ticket" as a means of summative assessment. The
lesson will begin with a brief review of the previous lesson on how climates and geographic
locations can affect weather patterns and produce natural disasters. Students will watch a short
video during the before strategy to engage learners in the lesson on a particular natural
disaster--tornadoes. Students will read various texts and charts in order to understand the
causes and effects of tornadoes, putting the information in a T-chart to help organize their
thoughts. Students will then discuss their findings with an elbow partner and then write a
two-paragraph cause and effect essay which will serve as the summative assessment. The
lesson will focus on observing and creating timelines. Teacher will show students example
timelines. Students will state things that they notice from the sample timelines. Finally, students
will break into groups and work to create a timeline with other American Symbols books. This
lesson will focus on creating timelines. Students will use important dates from their lives to
create a personal 5 event timeline. Students will use rulers to measure equal spaces for their
timelines. This lesson will require two 1 hour sessions. The first lesson will include the lesson
introduction, work on timelines and time for formative assessments as students work. The
second session will be used to complete timelines, share projects, and complete exit tickets.
The lesson will focus on ordering common events by times, days, months, steps, or events.
Students will work collaboratively in groups to organize five child-focused events, steps, or
times. These titles, events, steps, days, and times will be cut apart so that students need to
organize them into a logical sequence. Groups will rotate through the five events to practice
daily schedules, holidays, school schedules, weekly events, and procedural texts. Groups may
take a picture of completed events as a digital copy or the teacher may check each group for
formative assessment. The lesson will focus on creating a timeline. The teacher and students
will work together to collect data from teachers around the school. Using this data, students will
work to complete a class timeline and formulate questions to ask others about their completed
timeline. This lesson will require four minute sessions to complete. In this lesson, the solutions
to lessen the human impact on the environment will be explored. Students will communicate
their plan during journal writing by producing an informational writing piece that uses the
conventions of Standard English such as capitalization and punctuation. At the end of the
lesson, the students will peer edit their writing using the provided writing anchor chart. In this
lesson, students will explore solutions that would lessen the human impact on the environment.
After reading The Lorax, students will discuss ways they can help their environment through
the 3R's reduce, reuse, recycle. Students will create a reduce, reuse, recycle chart from their
discussion. Students will use a pros and cons graphic organizer as they read articles on three

different types of tornado shelters: underground shelters, part of the house shelters, and
prebuilt shelters. The students will find the advantages and disadvantages of each type of
structure. At the end of the lesson, the teacher will create a table that lists all the shelters and
the pros and cons of each. In this lesson, students will participate in creating a recycle drive for
a classroom project. Students will create the notification for parents for the recycle drive to help
collect items to be recycled. Students will decide by voting on which items they will recycle.
Students will bring recyclable items to the classroom for the project. Recyclable materials will
be sorted, weighed, and graphed to compare the different items. This lesson will culminate the
lessons on recycling that have been previously taught. Students will work collaboratively in
groups to discuss texts and factual information they have learned from previous lessons taught
on recycling. The students will make a poster or brochure to share with the class. The shared
portion of the lesson will be videoed so that the students can share with parents, other family
members, and the local city council members. This is a third-grade math lesson on the topic of
tornadoes and natural disasters. Students will enter data from an internet search on the number
of tornadoes occurring in each state into a spreadsheet. In this lesson, students will conduct an
experiment to compare similarities and differences with wind and water erosion. Students will
create a narrative story describing a particular rock formation based on evidence in the rock
patterns, including an estimated time frame, plants and animals that may have been living in the
environment, and the type of erosion that formed their rock formation. The lesson will begin by
students accessing their prior knowledge of the anatomical similarities and differences among
modern and fossil organisms by creating a Venn diagram with a partner, which will compare
and contrast two organisms. Next, students will complete the online modules found at "What
did T. Students will use a cladogram to infer how a T. Lastly, students will construct a written
explanation to describe the anatomical similarities and differences between the T. Students will
create a model of the Earth's layers and present this model to their classmates, explaining the
role of thermal convection in the movement of Earth's materials. The lesson will begin by
students accessing their prior knowledge of fossils and the fossil record by creating a "chain
letter" with their classmates. Next, students will participate in an introductory WebQuest which
will explain how the anatomical structure of the whale has changed over time. With a
collaborative group, students will create a timeline of the Eocene epoch that will depict the
chronological order of whale fossil appearance in rock layers. Using the jigsaw strategy,
students will read an informational text pertaining to the change in the anatomical structures of
the whale over time and complete a data table. Lastly, students will complete an exit slip, which
will serve as the summative assessment for the lesson's objectives. Students will begin this
lesson by ordering the events of their morning using relative and absolute dating techniques.
Next, students will work with collaborative groups to order events in Earth's geologic history by
relative age, then order those same events by absolute age in a scaled model timeline. Lastly,
students will use the time-scale model created with their group members to analyze events in
Earth's geologic history. Students will begin the lesson by matching pictures of animal parents
and offspring, then the teacher will allow students to describe how they were able to create
matches. Lastly, the students will create an illustration of a new animal using a "Trait Table"
that includes characteristics of both parent animals. At the conclusion of the lesson, the
students should be able to identify similarities and differences between offspring and their
parents and other members of the same species. Students will begin by brainstorming a list of
needs that must be met for an animal to survive in its habitat. Next, the students will observe an
ant farm, created by the teacher prior to the lesson, and determine how the ants' needs are
being met through their environment. Then, students will create a list of needs that must be met
for a plant to survive in its habitat and compare this list to animals' survival needs. Lastly, the
teacher will assist students in developing a plan to build a natural habitat conducive to meeting
the needs of a plant. At the conclusion of the lesson, the students will construct a plant
terrarium. This lesson will require students to research the three tenets of cell theory and
describe the scientific evidence that supports this theory. After students complete their
research, they will engage in all steps of the writing process, including prewriting, outlining,
revising, and editing. At the conclusion of the lesson, students will create a three-paragraph
argumentative essay to examine the cell theory and the scientific evidence that supports this
theory. Students will begin the lesson by viewing a video clip that will explain the difference
between classical and transgenic breeding of plants. Next, students will work in groups to
identify common foods that contain genetically-modified organisms GMOs. Students will further
explore this concept by gathering and synthesizing information regarding the impact of
genetically modified organisms on the appearance of desired traits in organisms. Lastly,
students will engage in the "RAFT" writing strategy, by taking on the role of a farmer
persuading their employees to consider the positive or negative impacts of genetically-modified

food crops. At the beginning of the lesson, students will view an engaging video of time-lapse
photographs of flowers blooming, and students will create a T-chart listing the similarities and
differences among the appearances of each flower. To formatively assess students' current
knowledge of specialized plant structures, the students will sort key vocabulary words related
to plants' structures into categories. Then, students will read an informational article on
flowering plants and re-sort the key vocabulary words into the correct categories to
demonstrate their knowledge of plants' specialized reproductive structures. Next, students will
complete a lab activity in which they will carefully dissect a flower and observe the various
specialized structures, collect specimens to view under the microscope and create and label
scientific sketches of the flower's specialized structures. Lastly, students will design a unique
flower that will have a high probability of reproductive success and provide a written response
in a claim-evidence-reasoning format. Students will begin this inquiry-based lesson by
accessing their prior knowledge about the distinguishing characteristics of different
substances. Using ideas from the students, the teacher will create a list of physical and
chemical properties that can be used to recognize different substances. Next, the teacher will
assist the students in planning an investigation that will test methods to determine the identity
of substances based on their characteristic properties. Lastly, students will carry out the
investigation they planned with the aim of identifying "mystery" substances using their unique
physical and chemical properties. Students will begin by describing how humans change their
environment in order to provide for their needs. Students will watch a video clip that explains
how several forest animals alter their habitats, and then explain how other animals might
change their environment in order to survive. At the conclusion of the lesson, students will
create a drawing that illustrates how an animal may alter their environment to provide for its
needs. Students will begin by brainstorming a list of ways that organisms may interact within an
ecosystem. Then students will have an opportunity to share their list with a peer and with the
class. Next, students will create a jot chart that will detail the five relationships that may exist
between organisms in an ecosystem: competition, predation, mutualism, commensalism, and
parasitism. At the conclusion of the lesson, students will examine food webs and predict the
patterns of interactions that may exist between and among organisms in an ecosystem. The
lesson will begin by engaging students with a video of a natural landform in Alabama called
Neversink Pit. Students will then research the natural and human-made causes and effects of
sinkhole formation in Alabama. Lastly, students will create a video PSA to communicate
information about sinkhole dangers and methods to protect people and property from sinkhole
damage. This lesson will begin by introducing students to the impact of the interaction of the
hydrologic and rock cycles on Earth's materials. Students will categorize the mechanical and
chemical impacts of the hydrologic cycle on Earth's lithosphere using a jot chart. Students will
participate in an outdoor geologic field study to locate examples of mechanical and chemical
effects of the hydrologic cycle on their school's grounds. Lastly, students will analyze and
interpret the data gathered during the geologic field study through the creation of a bar and
circle graph. This lesson will require students to research the Big Bang Theory and the three
main pieces of scientific evidence that support this theory. At the conclusion of the lesson,
students will create a five paragraph argumentative essay to examine the Big Bang Theory and
the scientific evidence that supports this theory. This is a lesson presenting energy and work. It
covers: types of energy, forms of energy, work, law of conservation of energy, and renewable
and nonrenewable energy sources. In the activities section, one will find links to Internet sites
that explore concepts of energy and work. Interactive labs are also included in this lesson. The
lesson can serve as a student-led or teacher-led lesson. It gives a brief statement of facts;
therefore, the teacher must provide expansions, if needed. The expansions could come from the
Internet sites since many of them go into more detail about the concepts. The teacher will also
be expected to supply some form of assessment for the lesson. Students know that humans
and other animals must eat food to have the energy to grow, maintain body temperature, heal,
and move, but do they realize that all the energy in food was once energy from the sun? In this
lesson, students will participate in a simulation regarding the transfer of energy from the sun to
plants, the conversion of solar energy into chemical energy during photosynthesis, and the
transfer of energy between organisms when one organism eats another. Then they will use
websites, close reading of nonfiction passages, and vocabulary-building activities to prepare
them to construct their own models of the transfer of energy in a food chain to show that energy
in animals' food was once energy from the sun. Young students may think the sun is the
biggest and brightest star in the universe since it appears to be the brightest star in the sky
when viewed from Earth. In this lesson, students will use flashlights to construct a model of the
difference in stars' appearances due to their distance from Earth. Then they will use the Internet
to research the sun and stars to create a poster, picture book, or digital presentation to explain

that the sun is not the biggest or brightest star--it only appears that way due to its proximity to
Earth. It can stand on its own but if you haven't taught the others you may want to show the
World Population Over Time video before starting this lesson. In this lesson, students
investigate photosynthesis through hands-on experiments, videos, and discussion of text. They
work in small groups with picture cards to create a chart showing how plants transform carbon
dioxide, water, and light energy into carbohydrates and oxygen. After working collaboratively,
students will create their own diagrams of photosynthesis. Because plant observations must
occur over time, this lesson will take several days to complete. In this activity, the students will
be engineers who compete to create their own "safe" and fast free fall ride. Using graphing and
calculations, the students will calculate the fastest ride and determine the minimum and
maximum passenger sizes that their ride will hold. The team that designs the fastest ride that
doesn't "hurt" the passenger s wins! The students will work together to design a magnetic
system that can float from one point to another. The students will design a graphic organizer
showing the sequence and steps needed to design a Maglev Train system by applying a
scientific understanding of the forces between interacting magnets. Students will work in small
groups to conduct a hands-on investigation to see what materials allow light to pass through.
They will label materials as opaque, translucent, and transparent. They will operate solar panels
and place different materials between the sun and the panel. The panel is attached to a fan
which will stop, continue spinning or slow down depending on the material. Learners will record
their findings in chart form. In this activity, students try to work their way out of a circular maze,
thereby modeling the movement of a photon as it travels through the radiative zone of the sun.
Classroom discussion after they complete the activity is focused on the Standard Solar Model
and its importance in further scientific studies of the sun. Students investigate the properties of
gasses using the gas laws and explore the application to aeronautics. In this lesson, students
construct balloon-powered rockets to launch the greatest payload possible to the classroom
ceiling. Student teams receive identical parts to build rockets. Then the teams compete to
launch the greatest number of paper clips to space the ceiling. Virginia Davis and Chris
Schnittka. This lesson is about compounds, mixtures, and solutions and relating those to
synthetics, with the focus being plastics. This lesson focuses on how plastics are made and the
negative impacts of some plastics. It goes on to explain how the addition of nanoscale particles
can be the solution for these problems. This lesson includes a lecture and a hands-on activity
where the students are creating plastic from the milk protein casein. This is an inquiry-based
lesson that allows the students to investigate how an animal's color affects its chances of
survival in its environment. Students will explore evidence needed to explain the
cause-and-effect relationship between an animal's coloring and its effect on the individual's
ability to survive. The students will create a communication device using everyday resources.
Students will analyze the bond energy of the reactants and products in a chemical reaction.
Students will develop a model to illustrate how the changes in total bond energy determine
whether the reaction is endothermic or exothermic. This is one of three lessons that can be
taught alone, or as the second part of a series, "Solutions from Nature. They choose from
different materials to construct a house that is sturdy like the stem and has a foundation like the
roots. Students will use weather data to construct charts and graphs of temperatures in their
city in different seasons. Then they will use this data as evidence to determine which
temperatures are typical for each season. Finally, they will research average seasonal
temperatures for another U. Students will justify their explanations based on temperature data
and the desired vacation activities. This inquiry-based lesson allows students to explore how
our bodies use our voluntary and involuntary nervous systems to make our bodies function.
Students will complete a data table using authentic tide predictions from the National Oceanic
and Atmospheric Administration. Next, students will use their data table to create a line graph
that will show the relationship between the tidal range and moon phases. Lastly, students will
analyze their graph to explain how the occurrence of ocean tides is related to the moon's
phases. First, students will view an engaging video about the recent arrival of the New Horizons
spacecraft at Pluto. Students will create a sketch of the solar system to show their current
understanding of the relative sizes and distances of the objects in our solar system. Students
will then scale the diameters of the Sun, eight main planets, and Pluto, as well as the planets'
distances from the sun. Students will be required to utilize mathematical skills, such as division,
rounding, and metric system conversions. After scaling the diameters and orbits of the objects
in our solar system, students will create a scaled model of the solar system using a roll of toilet
paper. Students will create a digital form of steganography with their group. The students will
observe the weather over a five-day period. After observing the local weather, the students will
record their observations. The students will use their five senses to observe and record the
local weather. How does light affect sight? In this lesson, students will observe how light

reflects off objects and into the eye so we can see. They will learn how the pupil controls the
amount of light entering the eye, how we perceive color by sensing different wavelengths of
light, and why objects look different in bright and dim light. Matter is made of particles too small
to be seen. In this lesson, students will plan and carry out investigations with air and simple
solutions to provide evidence that all types of matter are made of tiny particles that are invisible
to the human eye. How can a tree grow in the middle of a field if no one planted it there? In this
lesson, students will work to find out the answer to this question by learning how seeds are
dispersed. Students will observe different types of seeds and see how they sometimes "hitch a
ride" in or on animals to travel great distances. Finally, they will use the engineering design
process to make models of animals that help disperse seeds. Students will begin this
inquiry-based lesson by accessing their prior knowledge of the positive and negative effects of
the sun's energy. Students will be introduced to the concept of space weather, including cosmic
radiation and coronal mass ejections, by watching a video clip from the National Science
Foundation. Students will use a dipole bar magnet and iron filings to develop a model of Earth's
magnetic field. Students will apply their experience from this inquiry to explain how Earth's
magnetic field can protect us from space weather. Students will begin this inquiry-based activity
by predicting how the continents of Earth could move over time. Next, students will complete a
lab activity in collaborative groups, in which they will create a model showing how Earth's
internal heat energy can create convection currents that result in plate movements. Lastly,
students will use their model to explain how Earth's tectonic plates move over millions of years.
Students will begin this lesson by accessing their prior knowledge on Earth's natural resources
through a brainstorming activity. The teacher will introduce the topic of fossil fuels, which are
non-renewable resources such as coal, oil, and natural gas. This lesson will culminate with
students creating a presentation in the form of a research paper, poster, or slideshow to
demonstrate their knowledge of the distribution and creation of fossil fuels. This is an
inquiry-based lesson that allows students to investigate how vibrations of matter can create
sound and that sound can make matter vibrate. This is an inquiry-based lesson that allows the
students to create a string telephone to investigate how sound can be used to communicate
over a given distance. This lesson will demonstrate why blood transfusions are possible
between certain types of blood. ABO blood types will be reviewed and students will determine
which blood types are the universal donor and recipient. In this lesson, students will examine
electronegativities of atoms relative to one another to determine if a covalent bond will be
classified as polar or nonpolar. Students will use an online simulation to help them understand
the importance of lone pairs of electrons as well as bonding pairs of electrons. Students will
use ball-and-stick models to examine and identify the shapes of various molecules. After
researching the formation of each type of rock, students use the evidence from knowledge of
the rock cycle to write a story about a pet rock. Students will present their pet rock story to the
class. Matter is not created nor destroyed; it simply changes from one form to another. In this
lesson, students will challenge their preconceptions about matter by experimenting with
physical and chemical changes to determine that the total weight of the matter does not change.
Students will use math to show that the total weight of matter is equal to the sum of the weight
of its component parts, and they will graph this information to show that the weight of matter is
conserved during physical and chemical changes. The majority of Earth's surface is covered by
water, but only a small percentage of this water is freshwater. In this lesson, students will learn
where saltwater and freshwater are found. Then they will use models to show the distribution of
different types of water in different reservoirs and depict this information using bar graphs and
pie charts. Finally, they will use their data as evidence to support the idea that freshwater
should be conserved. Codes are used to transmit messages. We may use codes to keep our
messages secret from people who do not know the code, or we may use them to change one
type of information into another. The key to decoding a message is knowing the rule to crack
the code. In this lesson, students will explore different types of codes, create coded messages,
and apply rules to decode messages. This lesson provides the background needed for students
to then develop their own method for transferring information. Waste disposal is a problem for
the entire Earth and must be dealt with in a responsible manner to maintain biodiversity in
ecosystems. After investigating the amount of waste they produce as an individual, family,
class, school, community, and society, students investigate how items decompose in a landfill
and develop arguments to support a solution to the problem. Students engage in argument to
defend the effectiveness of a design solution on a proposed method of disposing of waste in
their school and community. Magnets are fun to play with, but how can we use magnets to
improve our lives? In this lesson, students explore magnets to determine their strength,
polarity, and how they attract and repel each other. Then they use the engineering design
process to create inventions that use magnets to accomplish a task. During this lesson, the

students will learn how the Earth's spheres interact with one another in order to support life on
planet Earth. Students will consider the marketing campaigns of Gatorade to help identify what
makes a substance an electrolyte. Students will plan and conduct an investigation to test
common ionic and covalent substances to determine if the substance is an electrolyte or
non-electrolyte when dissolved in solution. Students research and create a brochure project on
an endangered species of their choice integrating aspects of math, science, social studies, art,
reading and writing. This project allows the students to make connections across the
curriculum. Students present their ideas to a group of peers persuading the group to help save
or become interested in helping the endangered species. Students are also encouraged to make
connections between the activities of the human population and their effect on the natural
world. In this lesson, students will understand that in order to grow healthy plants, soil, water,
light, and air must be provided. Students will use math skills such as measurement and science
process skills such as observation, comparing, and recording data. This is an introductory
lesson to a second grade weather unit. The students will be observing the weather each day for
one week and recording their observations in a chart. The students will be integrating
information from the Internet as well as what they learn in English by using adjectives in their
descriptions. After the students have collected data for a week, in cooperative groups, they will
predict the weather for the next week. The teacher will show the students guides or weather
reports from past years for that particular week in order to guide them in the direction of an
accurate prediction. The students will go to a technology lab to look up and record the weather
from a teacher-selected web site. This lesson deals with human growth and our consumption of
land resources. They experiment with different materials to build a "glove" that can protect their
hands from a cold ice bath. A YouTube link to a similar demonstration is provided below. This
lesson uses hands-on activities to discuss water filtration. Students will have the opportunity to
explore water filtration by filtering water through a variety of materials and using potatoes to
grow and test the bacteria levels of the water. With a focus on nanotechnology, this lesson
discusses the benefits of embedding silver ions in filters to kill harmful bacteria. At the end of
this lesson students will have the opportunity to put their knowledge to the test in a written
discussion by designing a solution to a mock water crisis. This inquiry-based lesson provides
an introduction to waves by using water waves to explore patterns of amplitude, wavelength,
and frequency. Students will investigate water waves in slow motion. This inquiry-based lesson
allows students to explore how energy is transferred through a wave. Students will describe
features shown on topographic maps as they plan a route for a bicycle race around the school
neighborhood. First, they will create clay mountains and learn how to make topographic maps
of their landforms. Then they will interpret topographic maps made by other students in the
class to match each mountain to its map. Finally, they will use topographic maps of the school
campus to plan an exciting but safe bike race route. In this lesson, the students will learn that
plants need water, air, nutrients, and sunlight to grow. Students will construct and test
pendulums with varying weights, string types, release positions, and lengths. They will collect,
graph, and analyze data to see which variables affect the speed of the pendulum in order to
predict the movement of new pendulums. Then they will then use this data to solve a real-world
problem and explain their thinking. During this lesson, the students will learn how matter
transfers within an ecosystem and within the environment. In this simplistic, introductory
lesson in Life Science, students will converse with peers to prepare a list of seven common
characteristics in organisms after determining if pictured items are living or nonliving. Students
will use background knowledge and pictures to identify patterns that represent all living
organisms. After watching a short video, students will separate living and nonliving things by
coloring or drawing an outdoor environment. Students will develop an understanding of volume
and density by analyzing, calculating, and measuring a gummy bear. The students will
determine the cause and effect of a water-soaked gummy bear. Students will measure water and
gummy bear with accuracy, record data, and communicate their results. In this inquiry-based
lesson, students will investigate how rainfall changes the land and causes runoff. The students
will simulate a stream table to show how rainfall erodes the land. During this lesson, students
will learn the different aspects of a wave, including the crest, trough, wavelength, and
amplitude. Additionally, they will learn that waves cause objects to move. At the end of the
lesson, they will be able to develop a model of waves and describe patterns. This could be the
first lesson into waves that can jump start other lessons on other types of waves. Students will
be able to locate the sun by using the Hertzsprung-Russel diagram to plot the sun's location.
This lesson can be an opening activity, review activity, or a quick lab. In this lesson, students
will share their background knowledge of gravity and how it affects skydivers. Finally, students
will create a model helicopter to provide evidence that the gravitational force of earth will cause
the helicopter to fall downward toward the center of Earth. The lesson provides an overview of

cloud formation. Cloud formation results when warm, humid air rises and cools, causing the
water vapor in the air to condense and form clouds. In this lesson, students will conduct an
activity that demonstrates how this occurs. This lesson increases student knowledge of severe
weather and weather forecasting. It emphasizes the importance of student questioning to obtain
information. This investigation allows students to explore the real-life meaning of solar energy.
Completed projects will be tested and then evaluated for effectiveness. Students will compare
and give examples of density-independent and density-dependent factors and how they have an
effect on the changing conditions on a lake. After establishing the difference between them,
students will play a game where they change several factors and assess the effects of their
changes to the environment. This lesson provides an introductory-level experience with soil.
During the experiment, students will combine soil with water and conduct observations. The
observations made will lead to greater understanding of soil's basic properties. The third
installment of a three-part lesson on Newton's Laws of Motion, this lesson focuses on Newton's
2nd Law and offers review of all three laws. Students will complete graphic organizers to
demonstrate their understanding of the three laws of motion. Students will work in tiered
groups to prepare a brief presentation to share with the class on a real-life scenario
demonstrating Newton's 2nd Law. This lesson allows students to construct solar system
models showing the comparative sizes of the planets to a scale. The students will also use their
models to carry out an investigation to analyze and interpret the distances between planets in
the Solar System. This lesson uses common objects easily obtained by teachers. In this lesson,
students will use technology to construct a model of a balanced ecosystem that shows how
energy cycles from one organism to the next by completing research and writing short
passages about their ecosystem. Students will then compare their balanced model ecosystem
and describe a change or introduce an invasive species to show how the balance of their model
ecosystem will change to adapt. Students will collect data on an investigation where two or
more substances are mixed together. Students will analyze the investigation to decide the type
of change, chemical or physical, that occurred during the investigation. Students will use their
observations from the investigation to create a short movie where they will describe the data
they used to determine the type of change that occurred during their investigation. This lesson
will work best for classrooms equipped with classroom tablets or schools that allow students to
bring their own device. This lesson will allow students to experiment with different objects to
predict and explain the results of their experiments on the objects as they relate to density.
Through this experiment, students will be able to understand the cause and effect relationship
to explain the objects sinking or floating. Students will be conducting a series of investigations
in order to compare and contrast the various intermolecular forces that exist between
compounds. First, students will rank 4 substances according to their melting points. Second,
students will work together using the jigsaw research approach to understand the 4 types of
intermolecular forces. And lastly, students will use the information gained to go back to their
data collected and compare their original compounds and type of intermolecular bond they
exhibit. This lesson is the first part of a series of lessons based on Newton's Three Laws of
Motion. This lesson introduces the laws and specifically centers on developing a video as a
model for students to demonstrate and explain Newton's First Law of Motion. In this lesson,
students will investigate materials to determine which materials would be best to harness the
power of the wind. Students will design, construct, and race a puff mobile. Students will create a
class chart to record data from the puff mobile race. Students will compare features from the
puff mobiles with the best race times. In this lesson, students will explore a consequence of
burning fossil fuels: the greenhouse effect. By the end of the lesson, students will be able to
interpret data to explain the greenhouse effect on temperature and how various human
activities could cause changes in local and global temperature over time. Students will be
involved in planning, designing, building, collaborating, calculating, budgeting, analyzing, and
reflecting on a real-world design challenge. In this lesson, students will gather quantitative
information to construct a graph to show the period trends in electronegativity, electron affinity,
and ionization energy. Once, the trends are recognized they will construct a model of these
periodic trends using the Alabama Science in Motion Lab Periodic Trends: Graphs and Straws.
Students will create a Rube Goldberg Machine while working in a small group through this
lesson. They will then explain the energy transformations present in their own machine and in
those of their classmates. This will ensure their understanding of the law of conservation of
energy as well as energy transformations. This lesson is designed to supplement instruction of
reaction types and balancing equations. This lesson should not be used as an introduction to
these topics. Under the Unity and Diversity DCI, students are asked to evaluate data comparing
similarities in developing embryos across different organisms. While this is a classic
component of understanding evolution, the modern, real-world reason to learn it is to

understand the why and how of using model organisms like zebrafish. Students will learn about
how model organisms have been used to find treatments to medical problems in the past, how
they are used and selected now, and will be able to draw their own conclusions about the
similarities among vertebrates vs. As the second installment of a series of lessons on Newton's
3 Laws of Motion, this lesson focuses on Newton's Third Law. Students will take part in an
activity exploring the motion of colliding objects. They will use templates for the first circuit and
then explore by adding more LEDs and copper tape traces. In this hands-on activity, the
students will become Linnaeus by dividing into groups to create their own "Six Kingdom"
classification system using various types of fasteners. They will group the fasteners based on
similar characteristics and divide them into domains, kingdoms, phyla, classes, orders, families,
genera, and species. In terms of life science content, evolution is essentially where genetics
meets ecology. In this introduction to evolution, students will take on the role of both research
biologists and predators to simulate how environmental conditions affect and change a
population of model frogs and traits. As part of the hour of code, students can use this activity
to participate in the Hour of Code week during their biology class. Students will write a paper
and create a visual presentation to share the disease or disorder with the class. Next, they will
observe objects of different masses being dropped and leaking cups being dropped into a
bucket. The activities in this lesson will demonstrate that all objects fall at the same rate,
regardless of their mass. Finally, students will predict what will happen when two balls of the
same mass but different volumes--and then two balls of different masses but the same
volume--are dropped at the same time from the same height. This is a technology-based Biology
lesson on the Biomes of the world. Students will work in groups and research their designated
terrestrial biome. Students will research abiotic and biotic factors about their biome. Students
will create a digital presentation of their biome using Haiku Deck. The presentation will
summarize how the abiotic and biotic factors interact in their biome. Students will then use the
collected data from the presentations to create food chains and food webs for their designated
biomes. This is a technology based, hands-on Biology lesson on the types of mutations that
can occur during DNA replication. Students will complete a virtual lab on DNA Mutations.
Mutations involve a physical change to genetic material that results in the abnormal encoding of
protein sequences. The students will complete mRNA and protein sequences based on the
information provided. The students will identify the number of amino acids changed and how
they think this mutation will impact the organism. Students will develop a scale model of the
sun, Earth, and moon system based on a one-meter sun. Students will first interact with a
technology-based scaled model and view a video clip on scaling the solar system. After scaling
the diameters and distances, students will create the scaled model. Students will design and
conduct an experiment to see how temperature can affect the particle motion of water. The
students will test molecular motion in different temperatures of water by adding food coloring to
the water and observing the motion of the water molecules. This investigation will allow the
students to see the movement of food coloring in water and how an increase or decrease in
temperature will affect that movement. Students will learn how engineers construct buildings to
withstand damage from earthquakes by building their own structures with toothpicks and
marshmallows. This lesson was adapted from Teach Engineering. Students will conduct an
experiment to determine the effect of mass on the distance a toy car will roll. Students will
calculate the effect that mass has on the acceleration of the car the distance the car will roll.
Students will also make a prediction of how far the car will roll if more mass is added. Students
will examine how they use water daily and calculate their daily water consumption. In addition,
students will analyze how the changing human population will affect water consumption
globally. In this lesson, students will investigate the design behind William Kamkwamba's
windmill. Using his design ideas, students will design, construct, and test their own windmill.
Engage students in testing their knowledge of circuits in this delightful dissection. The actual
"dissection" does not take very long, but the writing components can be extended if desired.
The students will create a plan for the design and creation of a self-sustaining ecosystem within
a lunar station. In this lesson, students will explore animal adaptations for a variety of animals.
Students will select one adaptation and create a wanted poster describing the specific
adaptation for that animal and how it functions to help the animal survive, grow, behave, or
reproduce. The students will investigate camouflage and countershading as an example of
penguin adaptation. Then students engage in an experiment to demonstrate the effectiveness of
blubber as an insulator against the cold temperatures penguins typically experience. Students
will learn about a variety of external penguin structures and explore the insulating value of an
internal structure, blubber. This lesson was adapted from the NSTA at this link. This
lesson,"Tug of War! They will then go outdoors or in the gym to kick the ball with the side of the
foot to direct the ball in different directions. The ball will be stopped or redirected in the same

way. Students could play a "Kickball Game" to watch the "collision" of the ball. Students will
complete a virtual lab on Human Body Tissues. This lab can be found by going to the Histology
Virtual Lab. In this lab, students can be in pairs or individual in a computer lab or with tablets.
Students will go to the website listed above to view and draw specific body tissues that are
outlined in the student e-lab they will have to download. At the end of the assignment, students
will make a portfolio of their tissues. In this hands-on investigation, students will demonstrate
how forces have an effect on objects. Students will identify objects that can be moved and
demonstrate how movement puts objects in motion. Students will design a roller coaster using
marbles and foam pipe insulation to observe the relationship between potential and kinetic
energy. Students will calculate the average speed of the marble and relate that speed to the
potential and kinetic energy of the marble. Students will use various angles and track designs to
see the impact it has on marble speed. This lesson will engage students in the ways an object
can move by applying the forces of push and pull. Students will begin their journey with a song.
Then identify their thinking with an idea chart. Finally, they will put their learning into practice in
the real-world with an explorative scavenger hunt. This inquiry-based lesson provides an
introduction to density allowing students to explore density and its relation to objects floating
and sinking. This 7 th grade life science educational module is designed to provide a hands-on
approach to learning how genetics determine the fate of a cell. This is an interactive
"student-centered" module that utilizes technology, manipulatives, and hands-on activities to
provide exceptional resources for teachers and a dynamic learning experience for students with
various learning styles. Specifically, the lesson focuses on understanding how Sickle Cell
Anemia is an inherited genetic disorder, illustrates how the structure of the red blood cells
affect blood flow, and explains how possible gene combinations can be passed from parents to
offspring. This lesson serves as lesson 3 of a 3 lesson plan module. Students will use
transparent, translucent, opaque, and reflective items that they find around the classroom or
school to investigate how light passes through an object. This activity will demonstrate how
light behaves around objects. The first investigation will take students on a scavenger hunt to
find objects that fit each type. Students will classify each object using a flashlight and analyzing
how light passes through the object. In this interdisciplinary lesson, students will apply the
Engineer Design Process to design a structure to remove waste from the Great Pacific Garbage
Patch. During this lesson, students will create two line graphs: one that shows how carbon
dioxide levels have changed over time, and one that shows how global temperatures have
changed over time. Students will read current news article s detailing the human activities and
natural processes that could change global temperatures. Students will interpret their graphical
data, as well as information in the article, to determine if there is any relation between carbon
dioxide levels and global temperatures. Students will construct a model of a dragon based on
traits inherited from the parent dragons. This activity demonstrates the inheritance of dominant
and recessive traits, codominance, and incomplete dominance. Students will use Punnett
Squares to predict genotypic and phenotypic ratios of the dragon population in the class. This
project could serve as a culminating activity for Genetics and the Inheritance of traits. Students
will discover and explore types of matter all around us. The lesson includes a hands-on walking
field trip to allow students to explore and discover types of matter. Students will explore
greenhouse gases, how they effect the carbon cycle and the human role in climate change.
Students will work in teams to use a wooden car and rubber bands to toss a small mass off of a
car. The car, resting on rollers, will be propelled in opposite directions. Students will vary the
mass that is being tossed by each car and change the number of rubber bands used to toss the
mass. Students will then measure how far the car rolls in response to the action force
generated. In this lesson students create a laboratory simulation of the water cycle. Indicating
the change in states of matter and the flow of energy. Students also compare and contrast the
cycle of matter with the flow of energy. Students will construct 3-dimensional representations of
each known element of the periodic table using cereal-sized boxes as their mediums. By
creating these models, students will gain an in-depth understanding of their chosen element's
discovery, history, unique properties, and place on the Modern Periodic Table. Students will
also be able to identify and describe basic periodic trends. In this interdisciplinary lesson about
atmospheric heating, students investigate the three transfers of heat: radiation, conduction and
convection. Raising heavy payloads to orbit is challenging. Rockets require powerful engines
and massive amounts of propellants. NASA is looking for creative ideas for launching heavy lift
vehicles to deliver supplies to Mars. The team that is able to lift the greatest payload into space
the ceiling is the winner. By growing organisms in a variety of environments, students will
explore different materials that living things need to survive. In this lesson, the students will use
the technology resource Mission:Biomes to research and gather data for precipitation and
temperatures for assigned biomes. The students will use the data to create a bar graph to

display climate data for each biome. Students will explore the effects of force, speed, motion,
and gravity in creating a roller coaster track for a marble. Students will create sun shadow plots
to demonstrate how the position and motion of Earth with respect to the sun causes changes in
the length and direction of shadows. Students will observe and record shadow data for an entire
day. After collecting the data, students will analyze the data and create a line graph to determine
at which time of the day the longest shadows are created. The goal of this lesson is for students
to use their knowledge of hurricanes to design and build a hurricane-proof roof for Piggy Sue,
The Three Little Pig's cousin. She has just moved to town and she needs a house that will
withstand a hurricane. Students will test various materials and designs to determine the best
design for her roof. Students will work in groups and use the engineering design method to
design and build their roofs. Each group will have a budget to purchase materials for their
roofs. This is a 4th grade science lesson that requires students to investigate the capacity of
different soils to retain water and to categorize the types of plants that will grow in different
compositions of soil through the use of inquiry, technology, and reading skills. This lesson is
meant to be used as a culminating project after students have learned about different biomes.
Students will start out by separating different plants into their respective biomes based on their
characteristics. Then students will create a species that is adapted to survive in an assigned
biome. In this lesson which emphasizes hands-on, inquiry-based activities, students will create
two models of the digestive system and determine the correct placement of various organs of
the digestive system. Students will use the model to compare mechanical and chemical
digestion. Students will use information provided by the model to explain why food spends
various amounts of time in a particular organ. The module also includes a presentation, a word
search puzzle, and a bingo game emphasizing vocabulary words related to the digestive tract.
Students are motivated to read and learn to discuss literature by discussing books they are
reading via e-mail. This is a hands-on, cooperative learning activity where students are using
items purchased from a grocery store to design a device and construct a shock-absorbing
system out of paper, straws, and miniature marshmallows that will protect two astronauts when
landing on Mars. Students are able to develop engineering skills to develop a spacecraft to land
on Mars, a mission NASA is currently working on. Students propose a model of a spacecraft to
land astronauts safely on the moon, test it, and then revise. In this interdisciplinary lesson
about the moon phases, students track the phases of the moon across the sky. This lesson will
involve NASA resources, hands-on inquiry and observational data. The goal of this activity is
for students to simulate the constructive forces of a volcanic eruption, observe how lava flows
build up layers of a landform, study the stratigraphy of the new landform, and connect the
simulation to events in the natural world. Humans heavily rely on a wide variety of living and
non-living things. It will meet the students where they are and assist them in understanding a
new scientific concept. Alexandria Bufford-Tuskegee University, helped with the experiment
write-up and testing. Students predict what will happen and spend short amounts of time daily
to observe and record data. Students will graph their data into charts to see patterns and solve
math problems. Students will engineer a covering to reduce exposure to the sun. Students will
observe the changes of the sun over the course of a day and then over a 4 month period.
Students will document these changes and then graph them. Finally, students will see the
relationship between the patterns of the sun and the effect the pattern has on our daily lives. In
this inquiry-based lesson, students will describe the effects sunlight has on s'mores using a
solar oven. Teacher will construct a solar oven for students to observe. Students will observe
and describe what happens to the chocolate and marshmallow over time. The purpose of the
lesson is to identify suitable porous materials for the sidewalk. The students should test and
evaluate the material that best reduces erosion caused during excessive rainfall. It will provide
information via media about tornadoes and hurricanes. As part of the study of space, the
students will observe, describe and predict the patterns of the moon. Students will view a
Nearpod presentation about the moon's phases to introduce the topic. The students will
represent the moon's phases using black and white sandwich cookies and record the phases in
their Science journals. During this lesson, students will observe and record the various effects
of different durations of light on plants. Students will additionally be able to understand the
common misconception that constant light on plants will result in constant growth of the plant.
This is an interdisciplinary lesson about shadows and light where we track the motion of the
sun across the sky. It involves components of sunrise, sunset, involving Mathematics, Science,
and English Language Arts. This lesson will involve NASA resources, hands- on inquiry, and
observational data. In this lesson, students will compare and contrast characteristics of living
and nonliving things via pictures, class projects, videos and whole-group discourse. Students
will record their findings in Science journals. This module provides 8th grade middle school
students a basic understanding of the atomic structure. With the knowledge evolution of the

atom structure, modern sciences and technologies, particularly nanoscience and
nanotechnology, have been revolutionarily advanced. In this module development the structure
of an atom and its constituents will be demonstrated with the help of the 3D visualization and
hands-on activities. The Barn Owl Pellet Lab includes hands-on, inquiry-based activities. During
this lab activity, students will dissect two Barn Owl pellets. The dissection allows students to
compare the data collected from the two pellets. Students will be introduced to the International
Phonetic Alphabet and learn how to apply it to songs in foreign languages. In this particular
lesson, they will learn the symbols for vowels used in Italian and apply them to a simple,
seventeenth-century Italian art song, "Star Vicino". This lesson is the second of a three-part unit
on plate tectonics, which includes hands-on, inquiry-based activities. In addition, students will
various edible materials to model the movement of tectonic plates at the different types of plate
boundaries. This lesson is the third of a three-part unit on plate tectonics, which includes
hands-on, inquiry-based activities. Students will learn about the relationship between
temperature and density using lava lamps. The students will also model a theory for the
mechanism that drives tectonic plate movement by using a hot plate and water to produce
convection cells or currents, and food coloring gels to make the currents visible. This module
includes hands-on and inquiry-based activities related to the processes of meiosis and gamete
formation. Using yarn and pop beads, students will simulate the changes in chromosome pairs
during the various stages of meiosis. The students will use Playdough to model the formation of
the sperm and egg cells. Students will denote the differences in cytokinesis and explain the
reasoning for the differences. This module provides three different methods for learning about
mitosis and includes hands-on, inquiry-based activities. Students will prepare and examine
slides of their cheek cells and compare them to those of other students. This will demonstrate
the relationship between the structure and function of cells and the similarity of the same types
of cells within the same species. Using yarn and popsicle sticks, students will model and
explain each of the stages of mitosis. The students will observe prepared slides of onion root
tips and whitefish blastula to discover the differences in mitosis in plant and animal cells.
Students will investigate the effects of weathering, erosion, and deposition using various
materials such as aquarium gravel, square pretzels, chalk, vinegar, modeling clay, sand, and a
hairdryer. This module will provide instruction on the effects of water on land; the effects slope
has on flooding; the effects of the wind on land; the effects of different wave actions on land;
the effects of glaciers on land; and the effects of mechanical and chemical weathering. In
addition, the students will create a model that will demonstrate how groundwater can cause a
sinkhole. Students
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will use primary sources to compare and contrast the viewpoints of two notable persons
Booker T. Du Bois of the early s and identify the influence they had on the civil rights
movement, especially the Jim Crow Laws. This lesson was created as a part of the Alabama
History Education Initiative, funded by a generous grant from the Malone Family Foundation in
Students will use primary sources to gain a perspective of the living and working conditions in
Birmingham in the late s, especially as they relate to working in the iron industry. Students will
explore the role of the iron industry with regard to the initial fast growth rate of Birmingham and
how this growth was the result of location, transportation, and resources. In this lesson,
students will describe causes of involvement of the United States in Wold War I by defining
yellow journalism, and its effect on the United States becoming involved in a war with Spain
over its territories in the Caribbean Sea and the Philippine Islands.

