

Wikipedia Featured Weekly — July 19, 2026

7 stories · July 19, 2026

Sendle.app




In this issue


	Manufacturers Trust Company Building — en.wikipedia.org · Commercial building in Manhattan, New York · Featured Jul 13

	Maraba coffee — en.wikipedia.org · Brewed beverage · Featured Jul 14

	Cognition — en.wikipedia.org · Mental process dealing with knowledge · Featured Jul 15

	Holden Commodore (VE) — en.wikipedia.org · Australian full-size car · Featured Jul 16

	Black hole — en.wikipedia.org · Compact astronomical body · Featured Jul 17

	Hamilcar's defeat of Spendius and Autaritus — en.wikipedia.org · 240 BC battle during the Mercenary War · Featured Jul 18

	The Halo Graphic Novel — en.wikipedia.org · 2006 American graphic novel · Featured Jul 19





01

Manufacturers Trust Company Building

en.wikipedia.org · Commercial building in Manhattan, New York · Featured Jul 13









The Manufacturers Trust Company Building, also known as 510 Fifth Avenue, is a commercial building at the southwest corner of West 43rd Street and Fifth Avenue in Midtown Manhattan, New York City, United States. Opened in 1954, it is the first bank building in the United States to be built in the International Style. Charles Evans Hughes III and Gordon Bunshaft of Skidmore, Owings & Merrill (SOM) designed the building for the Manufacturers Trust Company. The structure has four full stories, a penthouse, and a basement. The facade is made largely of glass panes and aluminum mullions. The first story includes a door for the bank vault, designed by Henry Dreyfuss and visible from the street. The second story, recessed from the facade, has a luminous ceiling. The building's height and design were influenced by a lease restriction that prohibited the construction of a taller building on a portion of the site. A smaller penthouse rises above the fourth story.


The building was commissioned by Manufacturers Trust in 1944; the original plan was designed by Walker & Gillette and canceled in 1948. Walker & Poor was hired in 1950 to modify the original proposal but was replaced with consulting architect SOM. The building was instantly popular upon its opening, becoming one of Manufacturers Trust's busiest branches and a tourist attraction in itself. Manufacturers Trust's successor, Chase Bank, sold the building in 2000 to Tahl-Propp Equities. After Vornado Realty Trust bought the building in 2010, the Chase branch closed that year. SOM renovated 510 Fifth Avenue in 2012, converting it into a commercial structure, and Reuben Brothers acquired the property in 2023.


The building was praised for the design of its facade, ceiling lighting, and visible vault door, and the design inspired other bank buildings erected in the 1950s and 1960s. The building's facade was designated as an official landmark by the New York City Landmarks Preservation Commission (LPC) in 1997, and its interior was similarly designated in 2011.


Site

510 Fifth Avenue occupies the southwestern corner of Fifth Avenue and 43rd Street in the Midtown Manhattan neighborhood of New York City, United States. The lot, with an area of 12,500 square feet (1,200m2; 0.29 acres), is rectangular, measuring 100 feet (30m) along Fifth Avenue and 125 feet (38m) along West 43rd Street. It sits between 500 Fifth Avenue immediately to the south, 520 Fifth Avenue and the Century Association Building to the north, and the Salmon Tower Building to the west. Because the building is surrounded by skyscrapers, it received only small amounts of sunlight daily when it was built.


The site was previously occupied by two structures: the Ziegler Building and a rowhouse at 508 Fifth Avenue. The Ziegler Building, an eight-story edifice, was built in 1900 upon the lots at 510–514 Fifth Avenue, at the southwest corner of 43rd Street. It contained offices for accountants, brokers, and lawyers, along with that of tobacconist Alfred Dunhill. 508 Fifth Avenue, originally a rowhouse, became a commercial structure in the early 20th century, housing tenants such as the Gotham Silk Hosiery Company and the candy store Huyler's.


Architecture

Glass panels at the corner of 43rd Street and Fifth Avenue

510 Fifth Avenue, built in the International Style as a bank for the Manufacturers Trust Company, was designed by Charles Evans Hughes III and Gordon Bunshaft of Skidmore, Owings & Merrill (SOM). SOM had hosted an internal design competition, which Hughes had won. SOM senior architect Bunshaft and project coordinator William S. Brown were given responsibility for the project, and Hughes's involvement beyond the design competition is unclear. Patricia W. Swan led the design team in collaboration with Bunshaft and Roy O. Allen; Eleanor H. Le Maire was the interior designer, and Harry Bertoia was hired to create artwork for the interior.


The building is the first International Style bank building in the United States. Earlier bank branches across the U.S. had been designed with similar modern features, but also retained more traditional designs. According to Horace C. Flanigan, the president of Manufacturers Trust, the design was intended to convey a "sense of stability and security" while using modern materials. A press release, issued when the branch opened in 1954, said that the design would advertise itself; Bunshaft compared the high-capacity layout to that of a store. Architectural Forum described the building as an example of "a dynamic new kind of prestige design for large financial institutions", through the "lavishness" of its architecture.


Form

The Manufacturers Trust Company Building is five stories tall. The lower four stories occupy the entire lot; the penthouse is recessed from all sides except its western. The penthouse is T-shaped, with a mechanical section on its western side, and a narrower office section extending east. The building is 74 feet (23m) tall, including the penthouse roof.


The building's height was affected by an agreement with Walter J. Salmon Sr., who had developed the adjacent 500 Fifth Avenue. Salmon had leased the site at 508 Fifth Avenue and used its air development rights to make his skyscraper larger. As such, any building there could not rise higher than 63 feet (19m) tall or obstruct the adjacent skyscraper. At the site formerly occupied by 508 Fifth Avenue, the penthouse is set back from the lot line because it rises above the maximum height.


Facade

[image: The main entrance on 43rd Street, a set of metal-and-glass doors within a glass facade]
Main entrance on 43rd Street

[image: View of the penthouse, a black brick structure above the fourth story. The facade of another building can be seen behind the penthouse.]
A portion of the penthouse






The Manufacturers Trust Company Building's facade is a curtain wall made largely of glass, incorporating 13,000 square feet (1,200m2) of that material. The elevations on Fifth Avenue and 43rd Street are made predominantly of glass. The second-floor panes were the largest ever constructed for a building at that time, measuring 9+8⁄12 by 22 feet (2.9 by 6.7m) and weighing 1,500 pounds (680kg) each. The panes on the other three floors measure 9 by 9 feet (2.7 by 2.7m) across. The glass measures 4 inches (100mm) thick and was manufactured by the Franklin Glass Company, based in Pennsylvania. According to architecture critic Lewis Mumford, the presence of surrounding skyscrapers meant that the building did not need colored panes to absorb sunlight; as such, the walls could be more transparent. The walls were tinted with a thin gold layer to reduce glare.


The glass panels are held in place with horizontal rails and vertical mullions of aluminum, which were intended to give the building a lightweight appearance. They protrude 10 inches (250mm) from the glass and divide the facade into bays measuring 9feet 5.5inches (2.9m) wide. There are dark wire-glass spandrels above each window on the second, third, and fourth floors. The joints, connecting different parts of the frame, were not covered by moldings and were built to precise specifications. Polished black granite strips are used at the building's pedestal, the western end of the 43rd Street elevation, and the southern end of the Fifth Avenue elevation. The granite slab on 43rd Street contains inscriptions of SOM's and the Fuller Company's names. The penthouse, clad with gray brick in the west and glass in the east, sits behind a recessed aluminum-and-glass parapet.


The original design had two entrances, both on 43rd Street: the main banking entrance to the east and the office entrance to the west. The banking entrance, measuring three bays wide, had no signage because SOM architects felt that the vault's presence indicated the building's purpose. As part of a 2010s renovation, two more entrances were built on Fifth Avenue.


Interior

The Manufacturers Trust Company Building has a floor area of either 65,000 or 70,000 square feet (6,000 or 6,500m2). The western side has two elevators and two fire stairs. The first and second floors are connected by escalators and have an open plan. Since the 2010s, these stories have been reconfigured as retail space.


The interior is supported by eight columns, set back 11 feet (3.4m) behind Fifth Avenue and 20 feet (6.1m) behind 43rd Street. They are clad with white Vermont marble. The concrete floor slabs are cantilevered, extending outward from the columns without being supported at their edges, and are carried by steel and concrete beams. The third and fourth stories' slabs are concealed by the facade's spandrels; the second-story slab is recessed from the facade and is visible from outside. The floors have asphalt tile and cement finishes. Each story contains vinyl dropped ceilings, suspended approximately 3.5 feet (1.1m) from the slabs above and divided into a grid with metal strips. The ceiling materials minimized the amount of light reflected off the large windows and diffuse light from cathode-ray tubes above. Utility systems are concealed above the ceiling, connecting with ducts hidden behind the south wall.


First floor

[image: A view of the bank vault door and opening. The circular door has been opened and is hanging to the right of the vault opening. There are clothing displays on the door.]The bank vault door and vault opening later became the backdrop for a clothing display.

The first story originally contained tellers' booths, the vault, and quick-service banking facilities. The main banking space was relatively plain, with writing desks and a marble counter. A granite wall separated it from the vault to the south. To the west is an elevator lobby with steel doors, marble walls, and glass ceiling tiles.


The bank vault was placed on the first floor for convenience; the vault's walls were removed as part of the conversion to retail space, but its door remains in place. The steel door, measuring 16 inches (410mm) thick with a diameter of 7 feet (2.1m), was designed by Henry Dreyfuss of the Mosler Safe Company and is visible from the outside on Fifth Avenue. Although the door weighed 30 short tons (27 long tons; 27t), Architectural Record wrote that the door could "be swung by one finger" because its bolt wheel and hinge were "so delicately balanced". Behind the door was a steel grille that was shut during the daytime. The vault itself measured 60 by 20 feet (18.3 by 6.1m) and had 6,000 safe deposit boxes. It had separate foundations from the rest of the building.


The first and second floors were originally connected by a pair of freestanding escalators paralleling the Fifth Avenue facade. The sides of the escalators were clad in backlit aluminum panels with straw-gold finishes; by the early 1990s, these had been replaced with silver-hued panels. Bertoia created an unnamed cloud-like artwork above the escalators, suspended from wires. The original escalators were replaced in the 2010s with a new pair running perpendicularly to Fifth Avenue.


Other stories

[image: View of the second floor. There are racks of merchandise in the background and an escalator in the foreground. The ceiling is composed of a luminous material, and the lights are hidden behind the ceiling. The glass facade is visible at far right.]View of the second floor

The second floor, also known as the mezzanine, spans 7,000 square feet (650m2) and originally contained several bank departments and the senior officers' suites. The accounts department contained desks, each accommodating one officer. There was a banking counter made of ebony and marble, with an air duct concealed inside. There is a glass-and-aluminum divider in the gap between the floor slab and the facade. The southern wall has a large clock and was originally painted white; the western wall is made of black granite. Adjoining the western wall is a floating sculptural screen of 800 intersecting brass, copper, and nickel panels, designed by Bertoia. Known as Golden Arbor, the screen is 70 feet (21m) long and 16 feet (4.9m) tall, weighing 5.25 short tons (4.69 long tons; 4.76t).


The upper three floors were offices for the bank. The third floor contained loan officers' suites and a small reception room. The penthouse was divided into two parts: The western section had mechanical equipment, stairs, and elevators; the eastern section had a reception lounge, a kitchen, managers' and presidents' offices, and a directors' room. The directors' room, which had an expandable ebony table, could be converted into a dining room. There was also a garden above the fourth floor. An employees' lounge was situated in the basement.


History

By the 1940s, the Manufacturers Trust Company had 67 bank branches and was growing rapidly. The bank branch at 513 Fifth Avenue, in Midtown Manhattan, was Manufacturers Trust's second-busiest location and had been overburdened for almost a decade. Manufacturers Trust began negotiations in 1941 with the Mutual Life Insurance Company of New York, which owned both the Ziegler Building and 508 Fifth Avenue, across the street from 513 Fifth Avenue. Three years later, Manufacturers Trust leased the Ziegler Building from Mutual Life and subleased 508 Fifth Avenue from Walter Salmon.


Planning and construction

Walker & Gillette plans

[image: Detail of the second story of the facade. There are tall windows set between vertical steel mullions. Above and below the windows are black spandrel panels. There is a tree in front of the window to the right.]Facade detail (July 2021)

On the site it had leased, Manufacturers Trust hired the architectural firm of Walker & Gillette to design a four-story Federal Classic–style bank, replacing the 513 Fifth Avenue branch. The structure would have had a curved granite facade and would have cost either $850,000 or $1.2million. Mutual Life had agreed to clear the land by October 1944, and the New York State Banking Department approved Manufacturers Trust's proposed relocation that December. Work was delayed due to World War II–era material shortages and a 1946 injunction blocking the eviction of the Ziegler Building's tenants. Walker & Gillette's plan was ultimately canceled in 1948 because of difficulties in evicting tenants and clearing the land.


Walker & Gillette's successor firm, Walker & Poor, was hired in July 1950 to modify the original proposal. Early the next year, Mutual Life evicted the tenants of 508 Fifth Avenue and the Ziegler Building, giving the structures to Manufacturers Trust. Material restrictions during the Korean War delayed the project again. To prevent the Ziegler Building from becoming an unused "white elephant", Manufacturers Trust rented its space to federal agencies. The Department of Commerce, Bureau of Internal Revenue, and the Small Defense Plants Administration leased a combined 62,000 square feet (5,800m2). After the wartime restrictions were lifted, Manufacturers Trust told these agencies in July 1952 that the building would be razed. By then, Walker & Poor was no longer involved with designing the new building.


SOM involvement

There are two possible explanations for how SOM became involved with the project. According to architectural historian Carol Herselle Krinsky, one of the bank's trustees, Lou Crandall, worked for the company that had hired SOM to design Lever House. Alternatively, the commission may have come through SOM cofounder Louis Skidmore, who was on the board of directors for another Manufacturers Trust branch, and who was friends with Flanigan. SOM was initially invited to suggest improvements to Walker & Poor's plans, but Bunshaft preferred to redesign the building completely. In 1953, Manufacturers Trust modified its agreement with Mutual Life to accept responsibility for the construction costs. Under the agreement, 25,000 to 70,000 square feet (2,300 to 6,500m2) could be built above ground, but the site at 508 Fifth Avenue was still subject to a height restriction. Although a larger structure was theoretically possible, this would have required constructing loading docks and more elevators, which Manufacturers Trust deemed undesirable.


Manufacturers Trust sought a design with an "inviting look" that could accommodate high traffic, while also being readily adaptable for other uses if the bank were shuttered. SOM's junior architects participated in an informal competition to design the building. Charles Evans Hughes III submitted the winning design, which featured glass walls and a bank vault visible from outside. Bunshaft was then tasked with revising Hughes's proposal. Building plans were submitted to the city government in April 1953, and excavations were completed that November. The George A. Fuller Company erected the structure, with Alan Labie as the job captain. Weiskopf and Pickworth were the structural engineers, Syska and Hennessy were the mechanical and electrical engineers, and Clarke and Rapuano were the landscape architects. The glass facade was being installed by July 1954.


Bank use

1950s to 1990s

[image: The facade of the building as seen from slightly further north on Fifth Avenue. The building is four stories high, with tall windows, vertical steel mullions, and horizontal black spandrel panels. The second story is significantly taller than the others.]Seen from slightly further north along Fifth Avenue (October 2020)

Manufacturers Trust invited the media to preview the new branch on September 22, 1954, and moved $76million in deposits (equivalent to $702.24million in 2024) to the new building on October 2. The bank building officially opened on October 5 and, on its first day, received 15,000 visitors. Manufacturers Trust distributed 1,100 pictures of the building to 146 media outlets. The media praised several aspects of the design, such as the glass facade and the vault's visibility from the street, and the building also received much notice from the general public.


Manufacturers Trust's deposits tripled within nine months of the branch's opening. During the building's first year, it set a record for the most new accounts opened at a Manufacturers Trust branch in a single year; the bank overall saw a 31percent increase in account holders and a 200percent increase in profits. Excluding bank clients, the building had accommodated 100,000 visitors by 1960, with an average of 400 per month. The next year, Manufacturers Trust merged with Central Hanover Bank & Trust to form the Manufacturers Hanover Corporation. Following the merger, the building remained one of Manufacturers Hanover's busiest branches. The front portion of the vault was emptied by the late 1970s, while the rear portion remained in use. Gold-tinted curtains measuring 33 feet (10m) tall were mounted on the lower stories but had been removed by 1989.


Manufacturers Hanover merged with Chemical Bank in 1991, and Chemical Bank gained ownership of the underlying land from Mutual Life the following February. A partition made of aluminum and glass was installed between the first and second floors in 1993. Other modifications were also undertaken around this time, including the addition of partition walls around the escalators and a parapet on the second floor. Chemical Bank was merged into Chase Bank in 1996, upon which the building was undergoing extensive interior alterations. The next year, the New York City Landmarks Preservation Commission (LPC) granted landmark protection to the building's exterior.


2000s and early 2010s

By 2000, Chase intended to sell the Manufacturers Trust Company Building. At the time, the fashion designer Elie Tahari and his eponymous firm had a design studio and sample room there. Chase sued Tahari, alleging that his office was a fire hazard, as Tahari had allegedly refused to install sprinklers. A garment workers' union sided with Tahari, claiming that the bank was trying to break his lease to increase the building's sale price. Tahari was ultimately allowed to stay, and in 2001, Chase sold the edifice to Tahl-Propp Equities for $24million. Chase retained ownership of 150,000 square feet (14,000m2) in air rights for potential development, and continued to own the Bertoia sculptures; the Chase branch on the first floor also remained in operation. Tahl-Propp Equities also made Tahari a limited partner in the building's ownership.


Vornado Realty Trust bought the building in October 2010 for $57million, and Chase closed its branch shortly afterward, having declined to extend its lease. The Bertoia artwork on the second floor was disassembled because Chase's lease required the company to take the artwork with them. The artwork's removal prompted preservationists to advocate for protecting the building's interiors, an effort that the Historic Districts Council and Vornado supported. The LPC designated the first and second floors as interior landmarks in February 2011.


Retail use

[image: The building's facade as seen from across Fifth Avenue in 2017. A parade is crossing in front of the photographer.]The facade in November 2017 during a parade

Preservation disputes and renovation

The Joe Fresh retail chain signed a lease for part of the space in January 2011, and the LPC gave Vornado permission to modify the building's interior layout three months later. The project was to create two new retail spaces on Fifth Avenue by cutting new doorways into the facade, rotating the escalators, and reducing the vault wall. Vornado hired SOM to redesign the building, whose tenants at the time included Bloomberg L.P., the company of New York City mayor Michael Bloomberg.


Preservationists sued to stop the changes, and a New York Supreme Court judge issued a temporary order blocking the renovation in July 2011, which was subsequently converted into an injunction. The preservationists claimed that the architecture was being damaged, suggesting that the changes were part of a pattern of city government unduly favoring developers, while the building's owner claimed that the changes respected the original design. The architecture critic Ada Louise Huxtable of The Wall Street Journal called the project a "travesty" and "conversion to generic commercial space", particularly deriding the removal of the Bertoia screen from the site. The World Monuments Fund added the structure to its 2012 "watch list" of endangered buildings.


The organization Docomomo and a coalition of preservation organizations sued Vornado for allegedly removing historical design details, and they reached a settlement in February 2012. As part of the settlement agreement, Bertoia's artwork was reinstalled, and Chase agreed to lend the works indefinitely for public display. The interior was restored to resemble its original design, with glass interior partitions. Contractors relocated the escalators, reinforced the second floor, removed the former vault's walls, and added steel framing and reinforced polymer fabric. The facade and interior columns were also restored, and the luminous ceiling was replaced with a replica. The renovation, which adaptively reused the bank building as a commercial property, was completed by the end of 2012.


Subsequent tenancy

[image: The North Face store in the building as seen from outside. Behind the windows are the North Face logo and some merchandise.]The North Face store as seen in 2020

Joe Fresh opened a 14,000-square-foot (1,300m2) store on the ground and second floors in 2012. The next year, Tahari opened a pop-up store on the ground floor and leased space in the penthouse. The Joe Fresh store closed in March 2016. The clothing retailer The North Face opened its flagship store there that October, subleasing Joe Fresh's space and occupying 20,000 square feet (1,900m2) on the basement, first, and second stories. The coworking company The Yard leased the entire third floor in 2017. After Vornado proposed installing a glass wall around the escalators the net year, one preservationist expressed concerns that it would damage the original design.


Amid the COVID-19 pandemic in New York City, Tahari broke his lease in July 2020, prompting Vornado to sue for $14.8million in future rent payments. The Reuben Brothers paid $50million for the building in August 2023 as part of a $124million purchase of four Vornado properties. The next year, the retail brand GU leased 24,330 square feet (2,260m2), with plans to open a store there. GU wished to relocate Bertoia's cloud artwork, demolish some dressing rooms, and replace lighting. The North Face store had closed by 2025, after the lease expired. The clothing brand Uniqlo subsequently announced plans in late 2025 for a Bryant Park flagship store, which opened at 510 Fifth Avenue in March 2026.


Impact

[image: Exterior of the Irwin Union Bank and Trust, a one-story bank building with a glass facade and a concrete roof with nine shallow domes]The Manufacturers Trust Building has been likened to Eero Saarinen's Irwin Union Bank and Trust building (pictured), which also had a glass facade and open plan.
With the success of the Fifth Avenue branch, Manufacturers Trust retrofitted its other branches with similarly modern designs. By the 1960s, many banks across the United States were being built in the International Style; in New York City, these included the Emigrant Bank's nearby 42nd Street branch and Chase Bank's banking concourse at 28 Liberty Street. Though the architects said that the vault door's visibility from Fifth Avenue was a purely aesthetic choice, its presence deterred thefts, and subsequent banks started using visible vault doors. The building was likened to Eero Saarinen's Irwin Union Bank and Trust building in Columbus, Indiana, which also had a glass facade and open plan.


Reception

During the building's construction, its cantilevered floors, light-filled spaces, and glass-and-metal facade drew attention from engineers and architects. Lewis Mumford compared it to a lantern, and the building's construction superintendent described the lightweight design as being jewel-like. Interiors magazine praised the internal design in 1955 as pure and straightforward. The New York Daily News said that the design allowed people to learn "how actual banking is transacted" merely by standing on the sidewalk. Other commentators offered qualified praise, particularly regarding the glass walls and the thin piers. Huxtable criticized the original illumination as being too yellow, and Harper's Magazine assailed the building as uneconomical due to their unused air rights.


The World Monuments Fund called the building's glass design a "metaphor for honesty and transparency in banking" and a "symbol of a self-confident era" which influenced commercial architecture. The 2010 edition of the AIA Guide to New York City called it "a glass-sheathed supermarket of dollars" and stated that the building "led the banking profession out of the cellar and onto the street". The next year, Robin Pogrebin of The New York Times described the Manufacturers Trust Company Building as a paragon of modern architecture, with a similar level of architectural prominence to the nearby Lever House and Seagram Building.


The Bertoia piece attracted mixed feedback. One review characterized it as "breath-taking"; other observers likened it to a flying bedspring and broken egg crates. The journalist David W. Dunlap characterized Bertoia's work as a "midcentury masterwork", likening it to a Jackson Pollock painting.


Landmark designations

When the New York City Landmarks Preservation Commission (LPC) first considered granting landmark status to the Manufacturers Trust Company Building in 1979, the structure was too new to qualify for that designation. The agency held hearings on designating the building's exterior in 1985 and 1986, but Manufacturers Hanover and Mutual Life opposed landmark status at the time. Three more hearings were held in 1989 and 1990. By then, the closure or downsizing of several bank buildings in New York City had prompted renewed interest in their preservation.


The LPC designated the building's exterior, along with the Ford Foundation Building and the CBS Building, as city landmarks on October 21, 1997. A separate landmark designation was granted to a portion of the interior on February 15, 2011, covering the banking spaces on the first and second floors. LPC chairman Robert B. Tierney cited the ceilings, floor plans, and minimalist design as reasons for the landmark designation.


Awards

The design received the Architectural League of New York's Gold Medal for Architecture and the Municipal Art Society's Plaque of Commendation in 1955. A local group, the Fifth Avenue Association, gave the building an Award for Excellence the next year. The renovation received a 2013 American Institute of Architects New York City Chapter Design Award and a 2013 Architectural Record "Good Design Is Good Business" award.




Original: https://en.wikipedia.org/wiki/Manufacturers_Trust_Company_Building
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Maraba coffee (Kinyarwanda: Ikawa ya Maraba; French: Café de Maraba) is grown in the Maraba area of southern Rwanda. Maraba's coffee plants are the Bourbon variety of the Coffea arabica species and are grown on fertile volcanic soils on high-altitude hills. The fruit is handpicked, mostly during the rainy season between March and May, and brought to a washing station in Maraba, where the coffee beans are extracted and dried. At several stages, the beans are sorted according to quality. The farmers receive credits based on the quantity and quality of the beans they produce.


The beans are sold to various roasting companies, including Union Coffee Roasters of the United Kingdom who produce a Fairtrade-certified brand, and Community Coffee of the United States. Rwanda Smallholder Specialty Coffee Company (RWASHOSCCO) buys from Maraba and sells to the domestic market. Maraba coffee is also brewed into a beer.


About 1,600 smallholder farmers grow the coffee plants under the Abahuzamugambi cooperative, founded in 1999. Since 2000, the cooperative has been supported by the National University of Rwanda (UNR) and the Partnership for Enhancing Agriculture in Rwanda through Linkages (PEARL). The cooperative has improved coffee quality and penetrated the speciality market.


History

Coffee beans on plant
Maraba beans are sorted by hand, according to quality.

Origins

Rwandans have been growing coffee since colonial times, but until 1999 the product was classed below Grade C, making it unsellable on the global markets. The farmers did not have the means to wash and prepare their coffee cherries to specifications in a timely manner. Buyers paid US$0.33 per kilogram, a price that kept the farmers poor.


In 1999, 220 coffee growers formed an association in the Maraba District (part of the former Butare Province) to tackle this problem. Many of these farmers had lost family members during the 1994 genocide, while others had husbands in prison, accused of participating in the killings and due to face trial in the traditional gacaca courts. They named the association Abahuzamugambi, a Kinyarwanda word for people who work together to achieve a goal. The farmers hoped that by forming the association, they would increase revenue by selling directly to exporters in Kigali instead of through an intermediary transport company. They divided their profits and used them to buy tools, fertilisers and seeds to increase yields.


In 2000, the mayor of Maraba requested development aid from the National University of Rwanda (UNR), based in nearby Butare; the following year UNR helped found the Partnership for Enhancing Agriculture in Rwanda through Linkages (PEARL). Several entities supported the PEARL project: USAID, Michigan State University, Texas A&M University and various Rwandan bodies including UNR, Institut des Sciences Agronomiques du Rwanda (ISAR) and the Kigali Institute of Science, Technology and Management (KIST). PEARL started working with Abahuzamugambi in February 2001 to improve the coffee quality to standards required by the speciality coffee market in the United States.


The coffee farmers of Maraba first needed a washing station to remove the slimy sugar-rich outer coating of the coffee bean, under the skin. If this sugar is not removed within 12 hours of picking, it may ferment, and the flavour of the coffee is then impaired. They built the first station in July 2001 in the Cyarumbo sector, close to the main road, with funding from UNR, the Office des Cultures Industrielles du Rwanda (OCIR-Café), ACDI/VOCA, and the national agricultural research institute ISAR. The opening was late in the harvest season, so only 200 kilograms (441lb) of that year's harvest were suitable for washing. However, the results were reasonably good, and the station was upgraded to allow more coffee to be processed in 2002. To bring mineral water from Mount Huye to the upgraded station, ACDI/VOCA helped fund a pipeline, which opened in March 2002.


A new certification system was introduced for the 2002 harvest to ensure that beans brought to the station were of suitable quality. Around half of the Abahuzamugambi membership attained the certification, which allowed the cooperative to look for serious buyers in the speciality markets of Europe and North America.


International acceptance

The Cyarumbo washing station
PEARL brought a speciality coffee expert to Rwanda, who put them in touch with a seller, Louisiana-based Community Coffee, to help market Maraba. They sent samples to Louisiana, and in June 2002 a representative from Community visited Maraba. Rwandan president Paul Kagame was also present, as the government placed great importance on the project. Community purchased an 18,000-kilogram (40,000lb) container of Maraba beans at the above-average rate of US$3 per kilogram. The beans were transported to Louisiana, where they were roasted and blended into one of the company's gourmet coffees. This was the first direct contract between an American roaster and an African coffee cooperative.


Comic Relief also took an interest in Maraba. The 2001 Red Nose Day campaign had brought in £55million for projects in the UK and Africa, some of which they pledged to the Association des Veuves du Genocide (AVEGA), an association of widows of the 1994 Rwandan genocide. The charity discovered that many of the Maraba smallholders were also members of AVEGA and could thus provide funding and support. They contacted Union Coffee Roasters (UCR), a British roasting company, whose representatives visited Maraba in 2002 with officials from the Fairtrade Labelling Organisation (FLO). This group inspected the Maraba site and granted certification, making Maraba coffee the first Rwandan cooperative to gain Fairtrade status. UCR described the coffee as containing "sparkling citrus flavours complemented by deep, sweet chocolate notes" and bought all the remaining produce from the 2002 harvest.


UCR distributed its Maraba coffee in early 2003 via Sainsbury's supermarkets, which sold the product in all 350 of its stores in the run up to that year's Red Nose Day. In 2003, the Abahuzamugambi Cooperative made US$35,000 in net profits. Of this, 70 percent was divided among the farmers at US$0.75 per kilogram provided, an amount more than three times that paid to other coffee growers in Rwanda and sufficient to pay for health care and education services which were not previously affordable. The remaining 30 percent was invested back into the cooperative and spent on buying calcium carbonate, an agricultural lime used to reduce acidity in the soil caused by runoff containing minerals after rainfall.


Independence

The quality laboratory in Kizi, Maraba
Beginning in 2003, PEARL deemed the operation self-sufficient and reduced financial support for the Abahuzamugambi Cooperative. The cooperative provided its growers with loans that helped improve living standards and allowed for livestock investments, affordable medical insurance, and education. A cooperative bank was opened in the village in March, enabling farmers to maintain and manage their own funds locally, rather than having to trek the long distance to Butare.


In late 2004, London-based Meantime Brewing began offering a coffee beer made out of beans grown in Maraba. The drink was intended as an alcoholic iced cappuccino or digestif. The head brewer tasted coffees from around the world but decided that the hints of vanilla and chocolate in Maraba coffee made it more suitable than the nutty and bitter coffees from South America. The original beer had an alcohol content of 4 percent and the same caffeine content as coffee, and was described as having a "silky, velvety character". It was sold in larger branches of Sainsbury's and in some pubs and clubs. The beverage was one of only two Fairtrade beers available on the UK market until 2006, when a reduction in the proportion of coffee and an increased alcohol content (now 6 percent) cost it its Fairtrade status, although it was still made using Maraba beans. At the time of its launch, Meantime Coffee Porter was the only coffee beer available in the British Isles, and it won the gold medal for the coffee-flavoured beer category at the 2006 World Beer Cup.


As the cooperative grew, it built additional washing stations across the area. The first of these was located at Kabuye and opened in 2004. The third station, at Sovu, became operational one year later in 2005, and the fourth, at Kibingo, in 2007.


In 2006, the Swedish Minister for Development Co-operation and Deputy Minister for Foreign Affairs, Carin Jamtin, visited Maraba to extend cooperation between Sweden and Rwanda and expose Maraba coffee to the Swedish speciality market. In July 2006, a telecentre was opened in Maraba under the coordination of PEARL. USAID, UNR and Washington State University (WSU) Extension's Center to Bridge the Digital Divide (CBDD) provided funding and resources. Three WSU students spent six weeks in Rwanda helping to set up the centre and train the local staff. USAID continued to be involved with the coffee industry in Rwanda, including Maraba, through the Sustaining Partnerships to enhance Rural Enterprise and Agribusiness Development (SPREAD) programme, launched in 2006. This was a multi-year collaboration with OCIR-Café with the goal of improving access to cooperatives for farmers, and also identifying specific taste characteristics of coffees in different regions of Rwanda. In a 2011 report on geographical indicators for products in Africa, French economist Thierry Coulet wrote that the SPREAD programme was pursuing a designation of origin certification for Rwandan coffee, including that of Maraba in particular.


Recent years

In 2008 Rwanda hosted a Cup of Excellence competition, becoming the first African country to host the event. A national panel tasted and selected a number of premium coffees, which were then scored by a panel of international coffee experts in a cupping event held at Maraba's laboratory in Kizi. The judges gave a Cup of Excellence award to coffees from twenty-four farms, of which three were part of the Maraba coffee cooperative. The Cup of Excellence returned to Rwanda every year from 2010 to 2015 and again in 2018, with Abahuzamugambi ba Kawa farms among the winners on every occasion.


Maraba coffee celebrated its tenth anniversary in 2012. The number of growers in the cooperative had reached 1,400 at that point, with assets totalling 250 million Rwandan francs (400,000 US$ as of 2012).


Starting in 2013, the cooperative began an expansion programme. It added 1,550 hectares (3,800 acres) of new coffee growing land by 2015, with the first harvests in the same year. The programme aimed to add up to 2,100 hectares (5,200 acres) to the cooperative's plantation area. Maraba was experiencing increased competition from other growers, as the quantity of quality coffee on the market had expanded. The leaders of the expansion programme therefore made quality a high priority, to maintain the confidence of buyers.


Geography and climate

Location of Maraba, Rwanda
Maraba coffee is grown in the south of Rwanda at coordinates 2°35′S 29°40′E / 2.583°S 29.667°E / -2.583; 29.667, roughly 12 kilometres (7mi) from Butare and 150 kilometres (93mi) from the capital, Kigali. The project began in the Maraba District of Butare Province, but these entities were replaced under local government organisation in 2006, and the area is now part of Huye District in the Southern Province. The area is very hilly, due to its proximity to the Western Rift Valley and the montane Nyungwe Forest, and features rich volcanic soils. The coffee is grown at altitudes between 1,700 and 2,100 metres (5,577–6,890ft) above sea level, often on steep hillsides with terrace farming. The area experiences an average of 115 centimetres (45in) of rainfall annually. The majority of this falls during the rainy season of March to May, the major coffee harvesting season. The high altitude lowers the temperature slightly to an average of about 20°C (68°F). There is little seasonal variation.


Production cycle

The holding tanks
The main harvesting season for coffee in Rwanda is during the major rainy season, running from March to the end of May. At harvest time, farmers spend most of the day picking cherries by hand. In the evening, they carry them in traditional baskets woven from banana leaves to the washing station, which may be several hours away. Technicians hand-sort the beans to pick out the best cherries, those with a deep red colour, and return the remainder to the grower to be sold on to markets outside the Maraba process at a lower price. The technicians pay the grower US$0.10 per kilogram. This money accumulates, and the association pays it each fortnight into farmers' bank accounts.


The technicians start the washing process immediately, since delay can cause fermentation of the sugary coating surrounding the bean and ruination of the coffee flavour. The beans are first thrown into a deep tank; the best cherries sink to the bottom and pass through a machine that removes their skin. The technicians remove any floating cherries and process them in the same way as the others for the cooperative to sell on the domestic market for less than speciality-coffee price. The beans are fed through one of the cooperative's three de-skinning and selection machines to remove their skins and most of the sugary coating before running the individual beans through a vibrating colander. The colander separates the very highest quality Grade A beans from those labelled Grade B; the two grades are sent separately down the hill in a water chute with a 1 percent gradient. This process allows for further separation of beans based on quality, with around 15 tanks available at the bottom for capture of the different types. The beans are kept submerged, two days for the best and 15–20 hours for the lesser beans, which causes a small amount of fermentation to convert the remainder of the sugar without significantly impairing the flavour.


Washed beans drying on racks

The technicians wash the beans several times to remove the remains of the skin and coating and put them out on shaded racks to dry. Cooperative employees turn the beans regularly as technicians spot and remove bad beans. A longer drying process of up to two weeks in the sun follows (with provision for quick covering in the event of rain), again with constant turning. This last process reduces the water content of the bean from 40 percent to 12 percent.


The technicians then move the beans to the technical centre in nearby Kizi. Certain machines, housed in a warehouse up the side of the hill, remove the parchment skins from the beans. Employees take the beans into the adjacent laboratory for the final quality control process – hand sorting – which is carried out by several experienced women. The beans are bagged and labelled according to their quality, and stored in the compound's warehouse to await sale.


Products and customers

In its early years, during the 2000s, Maraba produced 80 short tons (73,000kg) of export-quality coffee per year, of which 40tons went to roasters and sellers in the United Kingdom and 40tons to the United States.


The coffee has appeared in the following products:

	Maraba Bourbon coffee, produced by Union Coffee for Sainsbury's and other UK-based outlets.

	"New Orleans Jazz" Blend and Hotel blend, two Community Coffee brands containing a blend of Maraba and other coffees. As of 2006, Community are considering launching Maraba as a single origin brand.

	Café de Maraba, the brand produced by Rwanda Roasters and sold in upmarket shops in Rwanda, including all Total petrol stations and the Intercontinental Hotel.

	Meantime Coffee, the beer produced by Meantime Breweries of London.

	Intelligentsia has used the coffee in various blends in 2005, due to their shipment arriving late, but intends also to launch it as a single-origin brand in the future.


As of 2026 the Abahuzamugambi ba Kawa Maraba cooperative, comprising around 1600 small producers, produces between about 115,200kg and 192,000kg (approximately 115–192tons) of green coffee annually, reflecting increased export volumes compared with the 80 short tons reported in 2006. The coffee is Fairtrade and organic certified and marketed as specialty Arabica Bourbon.




Original: https://en.wikipedia.org/wiki/Maraba_coffee



03

Cognition

en.wikipedia.org · Mental process dealing with knowledge · Featured Jul 15







Representation of a human brain thinking
Cognition encompasses mental processes that deal with knowledge. It includes psychological activities that acquire, store, retrieve, transform, or apply information. Cognitive processes are a fundamental part of mental life, helping individuals understand and interact with the world.


Cognitive processes are typically categorized by their function. Perception organizes and interprets sensory information, such as light and sound, to construct a coherent experience of objects and events. Attention prioritizes specific aspects while filtering out irrelevant information. Memory is the ability to retain, store, and retrieve information, including working memory and long-term memory. Thinking encompasses psychological activities in which concepts, ideas, and mental representations are considered and manipulated. It includes reasoning, concept formation, problem solving, and decision-making. Many cognitive activities deal with language, including language acquisition, comprehension, and production. Metacognitive processes deal with information about other mental processes, such as knowing that one can recall a specific memory. Classifications also distinguish between conscious and unconscious processes and between controlled and automatic ones.


There are many theories of the nature of cognition. Classical computationalism posits that cognitive processes manipulate symbols according to formal rules, similar to how computers execute algorithms. Connectionism models the mind as a complex network of nodes where information flows as they communicate with each other. Representationalism and anti-representationalism disagree about whether cognitive processes operate on internal representations of the world.


Many disciplines explore cognition, including psychology, neuroscience, and cognitive science. They examine different levels of abstraction and employ distinct methods of inquiry. Some scientists study cognitive development, investigating how mental abilities grow from infancy through adulthood. While cognitive research mostly focuses on humans, it also explores how other animals acquire knowledge and how artificial systems can emulate cognitive processes. The study of cognition has its roots in antiquity and has gained particular interdisciplinary prominence since the cognitive revolution starting in the 1950s.


Definition

Cognitions are mental processes that deal with knowledge, involving the acquisition, transformation, storage, retrieval, and use of information. For example, these processes occur when reading an article, as sensory input about the text is acquired and preexisting linguistic knowledge is retrieved to interpret the text's meaning. This content is then transformed as different ideas are linked, resulting in the storage of information as memories and beliefs are formed.


Cognitions are a pervasive part of mental life, and many cognitive processes happen simultaneously. They are essential for understanding and interacting with the world by making individuals aware of their environment and helping them plan and execute appropriate responses. Thought is a characteristic form of cognition. It considers ideas, analyzes information, draws inferences, solves problems, and forms beliefs. However, cognition is not limited to abstract reasoning and encompasses diverse psychological processes, including perception, attention, memory, language, and decision-making. It is debated whether or under what conditions feelings, emotions, and other affects qualify as cognitions. Some controversial views associated with cognitivism argue that all mental phenomena are cognitions.


Cognitive activities can happen consciously, such as when a person deliberately analyzes a problem step by step. They can also take place unconsciously, such as automatic mechanisms responsible for language processing and facial recognition. Many fields of inquiry study cognition, including psychology, cognitive science, neuroscience, and philosophy. While research focuses primarily on the human mind, cognition is not limited to humans and encompasses animal and artificial forms.


The term cognition originates from the Indo-European root gnō-, meaning 'to know'. This root is present in the Latin term gnōscere, also meaning 'to know', which led to the formation of the verb cognōscere, meaning 'to learn, to understand'. Through its perfect participle cognitus, the Latin verb entered Middle English as cognicioun. The earliest documented use occurred in 1447, eventually evolving into the modern English word cognition.


Types of cognitive processes

Cognitive processes encompass various types, each managing different information and performing distinct functions within the human mind. They are sometimes divided into basic processes, like perception and memory, and higher-order processes, like thinking. This distinction rests on the idea that higher-order processes could not occur without basic processes.


Perception and attention
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Perception is the organization and interpretation of sensory information about the world. It is a complex mental activity that involves the interplay of diverse cognitive processes, many of which occur automatically and unconsciously. It starts with physical stimuli, such as light or sound, which are detected by receptors and transmitted to the brain as electrical signals. These signals are processed in various brain regions to construct a coherent experience of distinct objects and events while situating them in a spatial-temporal framework.


Certain cognitive processes are responsible for detecting basic features in sensory data, such as edges, colors, and pitches, while others process spatial location. Object recognition is another function that compares this information with stored representations in search of known patterns, such as recognizing a familiar landmark or identifying a specific melody. Some cognitive faculties are specialized for tasks only relevant to particular perceptual contents, such as face recognition and language processing.


Cognitive processes responsible for perception rely on various heuristics to simplify problems and reduce cognitive labor. For example, visual perception often assumes that the size, shape, and color of objects remain constant to ensure a consistent view despite changes in perspective or lighting. Heuristics sometimes lead to inaccurate or illusory perceptions.


Different forms of perception are associated with distinct types of stimuli and receptors. Visual perception—the detection and interpretation of light—is a primary source of knowledge about the external environment for humans. Other forms of perception include hearing, touch, smell, and taste. Data from these different modalities are integrated by higher-order cognitive processes to form a unified and coherent experience of the world. Although sensory data is a central factor of perceptual experience, it is not the only factor, and various other forms of information influence the underlying cognitive operations. For instance, memories from earlier experiences determine which objects are experienced as familiar. Other factors include the expectations, goals, background knowledge, and belief system of the individual.


Attention is a central aspect of mental processes that focuses cognitive resources on certain stimuli or features. It involves the selection or prioritization of specific aspects while filtering out irrelevant information. For example, attention is responsible for the cocktail party effect, in which the brain isolates a single conversation while relegating surrounding noise to the background. The selection process is crucial since the total amount of information is typically too vast for the brain to process all at once. It ensures that the most important features are prioritized. Attention is not limited to perception but is also present in other cognitive processes, such as remembering and thinking.


Memory and learning


Memory is the ability to retain, store, and retrieve information. It includes the capacity to consciously recall past experiences and is central to many other cognitive activities that rely on stored data to process information and coordinate behavior. Memory processes have three stages: an input phase where new information is acquired, a storage phase preserving the information for future access, and an output phase retrieving the information and making it available to other cognitive operations. Different types of memory are distinguished by the function they perform and the type of information on which they operate.


Working memory stores information temporarily, making it available to other cognitive processes while allowing manipulation of the stored information. During mental arithmetic, for example, the working memory holds and updates intermediate results while calculations are performed. The term is sometimes used interchangeably with the term short-term memory, which is defined by brief retention without the emphasis on dynamic manipulation. Long-term memory, by contrast, retains information for long periods, in some cases indefinitely. During storage, the information is not actively considered. However, it remains available for retrieval, like when recalling a childhood memory. Passive exposure to information is usually not sufficient for the effective formation and retrieval of long-term memories. Relevant factors include the level and type of engagement with the content: for example, the attention, emotion, mood, and context in which the information is processed.


Long-term memory is typically divided into episodic, semantic, and procedural memory based on the type of information involved. Episodic memory deals with information about past personal experiences and events. New memories are stored as a person undergoes experiences and can be accessed later, either by accessing factual information about the events or by mentally reliving them. For example, remembering one's last holiday trip involves episodic memory. Semantic memory deals with organized knowledge about the world not linked to specific experiences, such as general knowledge about facts and concepts. For instance, the information that water freezes at 0°C is stored in semantic memory.


Procedural memory handles practical knowledge of how to do things. It encompasses learned skills that can be executed, like the ability to ride a bicycle or to type on a keyboard. As a form of know-how, procedural memory is distinct from the capacity to verbally describe the exact procedure involved in the execution, like explaining how to maintain balance on a bicycle. For this reason, procedural memory is categorized as non-declarative or implicit memory, which operates automatically and cannot be consciously accessed. Episodic and semantic memory, by contrast, belong to declarative or explicit memory, which encompasses information that can be consciously recalled and described.


The different forms of memory play a central role in learning, which involves the acquisition of novel information, skills, or habits, as well as refining existing knowledge and skills. Learning occurs through experience and enables individuals to adapt to their environment. It happens either intentionally, such as through studying or practicing, or unintentionally as an unconscious side effect of engaging in other tasks. A central aspect of effective learning is the formation of memory connections, which link different pieces of information and facilitate their retrieval.


Thinking


Thinking is a mental activity in which concepts, ideas, and mental representations are considered and manipulated. Many cognitive processes fall into this category, including reasoning, concept formation, problem solving, and decision-making.


Logical reasoning deals with information in the form of statements by inferring a conclusion from a set of premises. It proceeds in a rigorous and norm-governed manner to ensure that the conclusion is rationally convincing and supported by the premises. Logical reasoning encompasses deductive and non-deductive reasoning. Deductive reasoning follows strict rules of inference, providing the strongest support: the conclusion of a deductive inference cannot be false if all the premises are true. An example is the syllogism from the premises "all men are mortal" and "Socrates is a man" to the conclusion "Socrates is mortal". Non-deductive reasoning aims to make a conclusion rationally convincing but does not guarantee its truth. For instance, inductive reasoning infers a general law from many individual observations, like concluding that all ravens are black based on observations of numerous black ravens. Abductive reasoning, another type of non-deductive reasoning, seeks the best explanation of a phenomenon. For example, a doctor uses abductive reasoning when they infer that a child has chickenpox as an explanation of the child's skin rash and fever.
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Problem-solving is a goal-directed activity that aims to overcome obstacles and arrive at a pre-defined objective. This happens, for instance, when determining the best route for an upcoming trip. Problem-solving starts with comprehending the problem, which typically involves an understanding of the initial state, the goal state, and the obstacles or constraints that hinder progress. Some problems are well-structured and have precise solution paths. For ill-structured problems, by contrast, it is not possible to determine which exact steps will be successful. Divergent thinking is an approach to problem-solving that generates many possible solutions. It is usually combined with convergent thinking, which evaluates the different options and eliminates unfeasible ones. Thought often relies on heuristics or general rules to find and compare possible solutions. A common heuristic is to divide a problem into several simpler subproblems. Another heuristic is to adapt strategies that were successful for similar problems encountered earlier.


Closely related to problem-solving, decision-making is the cognitive process of choosing between courses of action. To determine the best alternative, it weighs the different options by assessing their advantages and disadvantages—for example, by considering their positive and negative consequences. According to expected utility theory, a decision is rational if it selects the option with the highest expected benefit, which is determined by the probability and the value of each consequence. To assess the probability of an outcome, people use various heuristics, such as the representativeness heuristic (judging by similarity to prototypes), the availability heuristic (privileging easily accessible information), and anchoring (relying on reference points).


Different forms of thinking rely on concepts, which are general ideas or mental representations to sort objects into classes, like the concepts animal and table. Concept formation is the process of acquiring a new concept by learning to identify its instances and grasping its relation to other concepts. This process helps individuals organize information and make sense of the world. Psychologists distinguish between logical and natural concepts. Logical concepts have precise definitions and rules of application, like the concept triangle. Natural concepts, by contrast, are based on resemblance but lack exact definitions or clear-cut boundaries, like the concept table.


Language


A language, such as English, Japanese, or American Sign Language, is a structured communication system based on symbols and rules to share information and coordinate action. Language plays a central role in everyday life and influences other cognitive processes, but there are disagreements about the extent of these influences. The Whorfian hypothesis and the thesis of linguistic relativity propose pervasive influences, arguing that language shapes thought patterns and that speakers of distinct languages think differently. Many cognitive processes are involved in the acquisition, comprehension, and production of linguistic expressions.


Language acquisition happens naturally in early childhood through exposure to a linguistic environment. It is a complex process since the system of spoken language is made up of several layers. At the fundamental level are basic sounds or sound units. They usually do not have linguistic meaning themselves but are combined into words, which refer to diverse things and ideas. Words are combined into sentences by following the rules of grammar. This system makes it possible to form and comprehend an infinite number of sentences based on knowledge of a finite number of words and rules. The exact meaning of sentences usually depends also on the context in which they are used. Although distinct languages can differ significantly in their general structure, there are some universal cognitive patterns that underlie all human languages.


Language comprehension is the process of understanding spoken, written, and signed language. It involves the coordination of various cognitive skills to recognize words, consult memory to access their meanings, analyze sentence structures, and use contextual information to interpret their implications. Additional difficulties come from lexical and structural ambiguities, in which a word or a sentence can be associated with multiple meanings. To resolve ambiguities, individuals rely on background knowledge about the overall topic and the speaker to discern the intended meaning. As a result, language comprehension depends not only on bottom-up processes, which start with sensory information, but also on top-down processes, which integrate general knowledge and expectations. For example, expectations cause longer processing times if a familiar word occurs in a context where the audience did not expect it.


While language comprehension seeks to uncover the meaning of pre-existing linguistic messages, language production involves the inverse process of generating linguistic expressions to convey thoughts. Before a statement can be precisely formulated, speakers construct a general idea of what they wish to express, and a rough sentence pattern of how to communicate it. Speakers then cognitively search for words that match the concepts they wish to convey. This activity, known as lexicalization, is divided into two stages: the identification of an abstract idea of the intended meaning, followed by the retrieval of the phonological form needed to pronounce the word. As speakers string together words to generate a sentence, they consider the grammatical category of each word, like the contrast between nouns and adjectives, to align with the intended overall sentence structure. Additionally, the context of the conversation and the assumed background knowledge of the audience influence the selection of words and sentence structures.


Others

Cognitive processes can be conscious or unconscious. Conscious processes, such as attentively solving a math problem step by step or recalling a vivid memory, involve active awareness. Unconscious processes, such as the low-level processes underlying face recognition and language processing, operate automatically without the individual's awareness. Phenomenal consciousness involves a qualitative experience of mental phenomena, whereas access consciousness is an awareness of information that is available for use but not actively experienced at the moment. Various theories of the cognitive function of consciousness have been proposed. One asserts that consciousness integrates diverse forms of data and makes information widely available to different subsystems. Other theories argue that consciousness improves social interaction by fostering self-awareness in social contexts or that consciousness allows for increased flexibility and control, particularly in novel situations.


A related distinction is between controlled and automatic processes. Controlled processes are actively guided by the individual's intentions, such as when a person deliberately shifts attention from one object of perception to another. These processes are flexible and adaptable to new situations but require more cognitive resources. Automatic processes, by contrast, happen unconsciously, are effortless, and require fewer cognitive resources. By becoming familiar with a task, a process that was initially controlled can become automatic, freeing up resources for other activities. For example, as a novice driver becomes experienced, they can automatically handle the car and adapt to road and traffic conditions while gaining the ability to engage in a conversation at the same time.
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Consciousness is closely related to metacognition, which encompasses any knowledge or cognitive process that deals with information about cognition. Some forms of metacognition only manage or store information about other aspects of cognition, like knowing that one can recall a specific memory. Others play an active role in monitoring and regulating ongoing processes, like changing a problem-solving strategy upon realizing that the previous one was ineffective. Metacognitive skills tend to improve the performance of other cognitive skills, particularly when dealing with complex tasks.


Social cognitions are mental activities through which individuals make sense of social phenomena. They include diverse types, such as the recognition of faces and facial expressions, the interpretation of intentions and behavior, and the evaluation of social cues and dynamics. A central topic in this field is theory of mind—the ability to understand others as mental beings with emotions, desires, and beliefs different from one's own. This ability allows individuals to think about and respond to the mental states of others. Moral cognitions are a type of social cognition that make individuals aware of the moral significance of situations. They occur when people recognize and appreciate altruistic behavior or disapprove of malicious and harmful actions. Cognitive psychologists also study the relation between cognition and emotion—for example, how emotions influence mental operations like attention and decision-making.


Cognitive processes do not always function as they should, and can lead to inaccuracies, either because of natural errors associated with cognitive biases or as a result of pathological impairments from cognitive disorders. Cognitive biases are systematic ways in which human thinking deviates from ideal norms of rationality. They are common patterns that affect most people, leading to misinterpretations of reality and suboptimal decisions. Cognitive biases are often caused by heuristics or mental shortcuts, which the brain uses to increase speed and reduce cognitive load. For instance, people typically rely on information that easily comes to mind when assessing a situation while disregarding more relevant information that is harder to retrieve.


Cognitive disorders involve a more pronounced deviation from typical mental functioning. High-level cognitive abilities usually require the interaction of many low-level processes. Impairments affecting a specific subprocess often result in a partial malfunction of the high-level process while leaving its other functions intact. For example, prosopagnosia is a perceptual disorder in which individuals struggle to recognize faces, although their other visual abilities remain unaffected. Similarly, anterograde amnesia is an impaired ability to form and recall new memories but leaves long-term memory intact. Disorders can affect a wide range of mental functions, including thought and language. Some disorders involve a general cognitive decline that is not limited to one specific function. For instance, Alzheimer's disease is associated with a widespread, gradual impairment of memory, reasoning, and language.


Theories

Various theories of the nature of cognition have been proposed. They provide conceptualizations and models to represent cognitive processes, explain empirical data, and predict experimental outcomes. Some theories propose interpretations of the overall cognitive architecture of the mind, seeking to explain cognition as a whole. Others suggest more limited models intended only for specific mental activities, such as theories of visual attention.


Classical computationalism

Computationalism asserts that cognition is a type of computation, highlighting the similarities between minds and computers. In its classical form, it argues that the brain represents information through strings of symbols. It treats thought as symbol manipulation: cognitions operate on strings to create new strings. A key feature of this model is that cognitive processes follow mechanical rules that depend on the syntactic structure of symbol strings without considering what the symbols represent. In this regard, individual processes work similarly to an electronic calculator that transforms the string "3 + 7" into the result "10" according to the mechanical rules of arithmetic without grasping the meaning of these numerals. Theories extend this symbol-based approach with more sophisticated devices of knowledge representation, such as semantic nets, schemata, and frames, to explain how the mind handles complex data involving many entities and relations.


According to classical computationalism, any cognitive activity is at its fundamental level a formal symbol manipulation, including perception, reasoning, planning, and language processing. Researchers using this perspective analyze and distinguish cognitive processes by examining the types of representations involved and the mechanical rules followed. The tri-level hypothesis divides this study into three levels of abstraction. The highest level analyzes the goal or purpose of a process, identifying the information it receives, the problem it aims to solve, and the result it produces. The intermediary level decomposes the process into individual steps, analyzing how the computation is performed or which algorithm is used. The most concrete level explores how the algorithm is implemented on a material level through neurological systems.


Classical computationalism is closely related to the information-processing approach, which assumes that most cognitive activities are complex processes arising from the interaction of several subprocesses. Each process is characterized by the function it performs, which is connected to the input information it obtains, how it transforms this information, and the output it generates. Interaction happens when the output of one subprocess acts as the input for another. This approach is associated with serial models in which complex computations are divided into sequences of calculations where intermediary results are computed and transmitted until a final output is produced. It typically divides the mind into a small number of high-level systems responsible for different tasks, such as perception, memory, and reasoning. Information-processing models often rely on a hierarchical cognitive architecture where a central system integrates information from other units and formulates overall goals.


The language of thought hypothesis is a version of classical computationalism arguing that thought happens through the medium of an internal linguistic system, termed mentalese, similar to natural languages such as English. According to this view, internal symbols and their combination into strings are like words and sentences composed according to the rules of grammar. The language of thought hypothesis suggests that mental states like beliefs and desires are realized as mentalese sentences and that cognitive operations manipulate these sentences according to specific rules to transform or extract information.


Some symbol-based approaches use formal logic as a model of cognition. According to this view, internal representations have the form of statements, similar to declarative sentences. Computational processes are conceptualized as rules of inference, which take one or more sentences as input and produce a new sentence as output. For example, modus ponens is a rule of inference that, when applied to the premises "if it rains, then the ground is wet" and "it rains", yields the conclusion "the ground is wet".


A similar approach interprets cognition as the application of if–then rules to generate new representations. According to this outlook, a cognitive system is made up of many rules, each defined by one or more conditions together with an output procedure. If information stored in the working memory satisfies all the conditions of a rule, then its output procedure is triggered and transfers a new representation to the working memory. This change may, in turn, prompt the execution of another rule, leading to a dynamic sequence of operations that can solve complex computational tasks. The cognitive architecture Soar is an example of this approach.


Connectionism
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Connectionism is another form of computationalism that differs from classical computationalism in various ways. It agrees that cognitions are computations but proposes a different cognitive architecture based on a complex network of nodes. The nodes are locally linked to each other, and the activity of each node depends on the inputs it receives from connected nodes. The nodes are organized into layers, with information flowing in one direction from input to output layers. The initial input layer of nodes receives information, such as sensory data, and passes it on to intermediary layers, where the main computation takes place. At the end of the process is an output layer, which transmits the result to other systems. The behavior of each individual node is usually relatively simple: it receives the input values from the nodes of the previous layer, uses this information to compute its own activation level, and transmits this value to nodes in the subsequent layer. Complex computations emerge as numerous nodes operate in parallel and interact across layers.


Connectionists typically reject the serial and hierarchical models common in classical computationalism. Instead, they argue that cognition happens in parallel as countless neurons work simultaneously without a central control system guiding the process. Another difference is that connnectionism focuses on non-symbolic processes: the activations of individual nodes perform computations without the use of symbols. Accordingly, connectionism and classical computationalism are often characterized as competing paradigms that propose incompatible cognitive architectures. However, they do not necessarily exclude each other. For example, implementation connectionism argues that non-symbolic processes can implement symbolic processes. This view holds that the cognitive system functions as a neural network at the fundamental level and as a symbol-processor at a higher level of abstraction. Radical connectionism, by contrast, asserts that symbol-based approaches are fundamentally flawed and misconstrue the nature of cognition.


To reduce complexity, cognitive scientists often rely on idealized models that focus on activation levels and connections between nodes. These models typically ignore the underlying neurophysiological mechanisms in the brain. In this regard, there are various parallels between connectionist models of the mind and the neural networks employed in the field of artificial intelligence, for example, concerning the application of node networks to solve specific cognitive tasks and the problem of learning algorithms. Computational neuroscience, by contrast, directly integrates neurological data about the electrochemical activity of neurons into theories, which usually results in more complex models.


Representationalism and anti-representationalism

Both classical computationalism and some forms of connectionism accept representationalism, which holds that information is stored in representations that depict the state of the world. Representations can take various forms, such as symbols, images, and concepts, as well as non-symbolic patterns used to model higher-level structures. Representationalists examine how cognitive systems encode, manipulate, and decode representations to construct internal models of the environment and predict changes.


Anti-representationalists reject the idea that cognition is about representing the world through internal models. They assert that intelligence arises from the interaction between an organism and its environment rather than from internal processes alone. For example, some approaches in behaviorism and situated robotics suggest a more immediate link between perception and action: environmental stimuli are directly processed and translated into behavior following stimulus–response patterns without constructing detailed internal representations. This outlook suggests that intelligent behavior emerges if an entity has stimulus–response patterns that match the external situation, even if the cognitive system responsible for these patterns has no representations of what the environment is like.


Anti-representationalism is closely related to 4E cognition, a family of views critical of prioritizing internal representations. 4E cognition examines the relation between mind, body, and environment through four approaches: embodied, embedded, extended, and enactive cognition. Embodied cognition is the idea that cognitive processes are grounded in bodily experience and cannot be understood in isolation from the organism's sensorimotor capacities. Embedded cognition asserts that cognitive effort and efficiency depend on physical and social environments. Extended cognition claims that the environment not only influences cognition but forms part of it, meaning that cognitive processes extend beyond internal neural activity to include external events. Enactive cognition asserts that cognition arises from the interaction between organism and environment.


Other theories

The modularity of mind is an approach that analyzes the cognitive system in terms of independent mental modules. Each module is an inborn mechanism that deals only with a specific type of information while being mostly unaware of the activities of other modules. Mental modules are primarily used to explain low-level cognitive activities, such as edge detection in visual perception. The massive modularity hypothesis, by contrast, asserts that the mind is entirely composed of modules. According to this view, mental modules are also responsible for high-level cognitive processes by linking and integrating the outputs of low-level cognitive processes.


Bayesianism uses probability theory to model cognitive activities such as learning, vision, and motor control. Its central idea is that representations of the environment have degrees of uncertainty. It uses probability theory to deal with this uncertainty and handle incoming information. Bayesianism is sometimes combined with predictive models. According to these, the brain predicts outcomes, checks them against reality, and updates its internal model accordingly.


Dual process theory relies on the distinction between automatic and controlled processes to analyze cognitive phenomena. It conceptualizes them as two systems and proposes different models of their interaction. According to the default-interventionist model, the automatic system generates intuitive judgments while the controlled system monitors them and intervenes if it detects problems. The parallel-competitive model, by contrast, suggests that each system generates its own type of knowledge and that the outputs of the different systems compete with each other.


Various theories of cognition are discussed in ancient Indian philosophy, often inspired by Vedic scriptures that were composed roughly between 1500 and 600 BCE. Many propose that the mind is divided into different faculties that deal with specific cognitive processes. For example, manas is often understood as the sensory mind responsible for receiving and interpreting information from the external senses, while buddhi is typically described as the intellect engaged in judgment, reasoning, and decision-making. Related debates address the sources of knowledge, called pramana, such as perception, inference, and testimony. Ancient Chinese thought emphasized the connection between cognition and behavior. These ideas originated prior to the Qin period (i.e., before 221 BCE) and anticipated later theories of enactive cognition.


Development


[image: Photo of a man with white hair and glasses, wearing a suit]Jean Piaget divided the cognitive development of children into four stages.

Cognitive development is the progressive growth of mental abilities from infancy through adulthood as individuals acquire and improve cognitive skills and learn from experience. Some changes occur continuously as gradual improvements over extended periods. Others involve discontinuous transitions in the form of abrupt reorganizations resulting in qualitative changes. They are typically conceptualized as stages through which the individual passes.


Various theories of the general mechanisms and stages of cognitive development have been proposed. Jean Piaget (1896–1980) divided the process into four stages, each marked by an increasing capacity for abstraction and systematic understanding. In the initial sensory-motor stage, from birth to about two years, children explore sensory impressions and motor capacities, learning that things continue to exist when not observed. During the pre-operational stage, up to about age seven, children begin to understand and use symbols intuitively. In the following stages of concrete and formal operation, children first apply logical reasoning to concrete physical objects and then, from around age twelve, also to abstract ideas.


In contrast to Piaget's approach, Lev Vygotsky (1896–1934) argued that social interaction is the primary driver of cognitive development without clearly demarcated stages. This theory holds that children learn new skills by engaging in tasks under the guidance of knowledgeable others. It emphasizes the role of language acquisition, suggesting that children internalize language and use it in private speech as a tool for planning, self-regulation, and problem solving. Other approaches examine the role of different types of representation in cognitive development. For example, Annette Karmiloff-Smith (1938–2016) proposed that cognitive development involves a shift from implicit to explicit representations, making knowledge more complex and easier to access. A further theory, proposed by Robert S. Siegler (born 1949), asserts that children use multiple cognitive strategies to solve problems and become more adept at selecting effective strategies as they develop.


Some influences on cognitive development occur before birth, due to factors like nutrition, maternal stress, and harmful substances like alcohol during pregnancy. Developments are most rapid during childhood and affect all major cognitive faculties, including perception, memory, thinking, and language. Cognitive changes also happen during adulthood but are less pronounced. In old age, overall cognition declines, affecting reasoning, comprehension, novel problem solving, and memory.


The nature versus nurture debate addresses the causes of cognitive development, contrasting the influences of inborn dispositions with the effects of environment and experience. Empiricists identify environment and experience as the main factors. This view is inspired by John Locke's idea that the mind of an infant is a blank slate that initially knows nothing of the world. According to this outlook, children learn through sense data by associating and generalizing impressions. Nativists, by contrast, argue that the mind has innate knowledge of abstract patterns. They suggest that this inborn framework organizes sensory information and guides learning. Contemporary approaches integrate ideas from both perspectives, moving beyond a polarizing opposition between empiricism and nativism.


Non-human

Animal


[image: Photo of a bonobo using a stick to fish for termites]The ability to employ tools is an example of animal cognition, such as a bonobo fishing for termites with a stick.
Animal cognition encompasses the mechanisms by which animals acquire, process, and use information to guide flexible, goal-directed behavior. Animals use cognitive abilities for many daily tasks—for example, to find and recognize food, navigate territory, seek shelter, hunt prey, avoid predators, interact socially, communicate, learn new habits, and form long-term memories. Researchers examine cognition across diverse species, including mammals, birds, fish, and insects. The cognitive abilities of different species are usually tied to the specific ecological and social challenges they encounter in life. More general abilities are primarily found in animals with larger brains and incur higher energetic costs, posing a trade-off between energy investment and behavioral flexibility.


Researchers examine various areas of animal cognition. To study the ability to form abstract concepts, they examine whether an animal can grasp a category through generalization and apply it to cases not encountered before. For instance, chimpanzees can learn concepts of different numbers. As a result, they acquire various number-related abilities, like identifying collections containing a specific number of items. Another often-studied capacity is the ability to form and remember a spatial map of the environment. This enables animals, such as jays, to navigate efficiently and choose the shortest route to a shelter or a feeding site. Research also addresses imitation, in which an animal copies the behavior of another animal. This facilitates the spread of useful skills, including tool use. Beyond animal cognition, some researchers also examine plant cognition as a form of information processing resulting in adaptive, flexible, or goal-directed responses to the environment. For example, maple trees use plant communication: they release airborne chemicals to warn nearby trees of a herbivore attack, helping them prepare defensive responses. The extent of the cognitive capacities of plants is disputed, and researchers are typically skeptical about the presence of higher functions like consciousness.


Comparative cognition is the study of the similarities and differences in cognitive abilities across species. It is an interdisciplinary field of inquiry that also considers evolutionary factors. For example, researchers investigate which cognitive traits are required to solve particular socioecological problems and how these traits evolved in different species. A key topic in this field is the problem of anthropomorphism or the tendency to ascribe human cognitive qualities to animals. For instance, researchers have to decide whether social behavior in chimpanzees indicates the human-like ability to understand the mental states of other individuals or can be explained through simpler mechanisms. These challenges relate closely to anthropocentrism—the tendency to regard human cognition as exceptional and superior to that of other animals.


Artificial

Artificial cognition uses computational systems to emulate and model cognitive processes, like perception and reasoning, with central applications in artificial intelligence and robotics. Artificial and human cognition have different strengths and weaknesses. For example, artificial cognition excels at rapidly processing vast datasets according to predefined algorithms. Human cognition, by contrast, is typically better suited to assess emotional significance and to find and evaluate solutions that require novel and creative thinking. These differences affect how the two forms of cognition are integrated with each other. For some applications, artificial cognition is used to assist human cognition. In aviation, for example, automated systems monitor flight parameters and analyze environmental conditions, including turbulence prediction, allowing human pilots to focus on decision-making rather than data analysis. However, there are also cases where artificial cognition replaces human cognition, such as autonomous vehicle navigation.


The field of artificial cognitive systems explores the possibility of autonomous machines with human-like cognition. This encompasses not only artificial intelligence at the level of individual tasks, such as object detection or language translation, but also the integration of diverse cognitive processes. The aim is an embodied system that can autonomously interact with its environment in real time. An artificial cognitive system can navigate its surroundings, set goals, devise means to achieve them, anticipate outcomes, adapt to circumstances, execute action plans, and learn from experience. Artificial general intelligence, a closely related concept, refers to hypothetical systems that possess or surpass the full range of human mental abilities. It is controversial whether such a system can be fully realized since it would include not only computational capacities associated with logical reasoning but also emotion and phenomenal consciousness.


In various fields

Many fields of inquiry study cognition, including psychology, neuroscience, and cognitive science. They examine different aspects of cognition, ranging from high-level computational processes to low-level neural mechanisms, and employ distinct methods to reach their conclusions. There is substantial overlap among these disciplines, and researchers from one field often rely on conceptual models or empirical findings from another.


Psychology


Cognitive psychology examines mental activities responsible for cognitive phenomena and intelligent behavior. It uses the scientific method to study cognitive processes like perception, memory, reasoning, and language. Although mental activities mediate between stimuli and responses, they are not directly observable, which poses a methodological challenge for researchers. It typically forces them to rely on indirect methods for empirical validation, usually in the form of models or theories that have testable predictions. For example, if a theory predicts a specific behavior in a particular situation, then empirical observations can determine if outcomes align with those predictions.


Cognitive psychologists use diverse methods to gather data for empirical validation. Experimental methods create controlled situations in which certain factors, called independent variables, can be changed. The main interest is in how these factors influence individuals in the situation. By measuring the effects, called dependent variables, researchers aim to identify causal relations between independent and dependent variables. Correlational methods, by contrast, measure the degree of association between two variables without proving that one causes the other. Cognitive psychologists also integrate methods from other disciplines, including neuroimaging techniques and computational simulations. Early cognitive psychologists, such as Wilhelm Wundt, made extensive use of introspection, in which researchers examine and reflect on their own experiences to understand mental processes. The choice of method depends on the studied cognitive process and can differ markedly between areas like perception and memory.


Neuroscience


[image: fMRI image showing the brain from a top view with active areas colored in orange]fMRI is a neuroimaging technique that can measure regional brain activity corresponding to specific cognitive tasks.
Cognitive neuroscience investigates how the nervous system gives rise to cognition. It is particularly interested in the brain, covering both micro-scale studies of individual neurons and synapses as well as the macro-scale analyses of interactions between brain regions. For example, cognitive neuroscientists study the brain areas responsible for processes like memory and decision-making, exploring how they represent and transform information and communicate with each other on a biological level. They also examine how these processes are influenced by neurotransmitters—signalling molecules that affect information exchange between neurons.


Cognitive neuroscientists employ neuroimaging techniques to study brain activity, including electroencephalography (EEG), positron emission tomography (PET), and functional magnetic resonance imaging (fMRI). These techniques visualize neural processes by measuring phenomena such as electrical or magnetic changes and blood flow across different brain areas, indicating local activity levels. Researchers compare the activation patterns associated with specific mental tasks to learn how regional brain activity correlates with cognitive demands. Another method examines patients with brain damage to infer the role of a brain area by observing how cognition changes when the area is impaired.


A different approach, common in computational or theoretical neuroscience, is to design computational or mathematical models of cognitive systems. This approach explores possible explanations of observed mental phenomena and neural activities by modeling and simulating underlying brain mechanisms.


Cognitive science


Cognitive science is an interdisciplinary field informed by psychology, neuroscience, philosophy, linguistics, and artificial intelligence. It seeks to integrate the insights of these disciplines and provide a unified perspective. To this end, it adopts a common conceptualization of minds as information processors, understanding cognition as the manipulation of internal representations.


To bridge disciplinary and methodological divides between the different fields, it identifies distinct levels of analysis corresponding to different degrees of abstraction. For example, neuroscientific analysis of the electrochemical activity of brain areas belongs to a concrete level that deals with the biological mechanisms performing computations. By contrast, the psychological study of the roles of and interactions between high-level processes, such as perception, memory, and reasoning, adopts an abstract perspective. Cognitive scientists seek to connect experimental findings with explanations and models to produce testable theories that link the different levels.


Other fields

Many fields of inquiry have subareas dedicated to cognitive phenomena. For example, cognitive linguistics is a subarea of linguistics that investigates the relation between language and cognition. It studies the cognitive processes responsible for grammar, conceptualization, language comprehension, and language production. Similarly, cognitive anthropology examines the connection between culture and cognition, conceptualizing culture as a system of knowledge, beliefs, and values. It analyzes and compares cultural systems from this perspective to identify distinctive features of particular societies and the universal patterns shared by all. Cognitive sociology, a related field, explores how sociocultural factors shape cognitive activity. Other fields include cognitive archaeology and cognitive biology.


Various branches of philosophy address cognition, including philosophy of mind and epistemology. Philosophers of mind examine the nature of cognition and related concepts, such as mind, representation, and consciousness. They are particularly interested in the relation between the mind and the body and the problem of how physical states can give rise to conscious experience. Epistemologists seek to understand the nature and limits of knowledge. They further ask under what conditions cognitive processes, such as perception and reasoning, lead to knowledge. Philosophers also reflect on the fields of inquiry studying cognition. They explore how psychologists, neuroscientists, and cognitive scientists conduct research and ask about the fundamental concepts and background assumptions underlying these fields.


Education studies examine the nature, purposes, practices, and outcomes of education, and investigate the cognitive development of children and studies how knowledge is transmitted, acquired, and organized. This discipline overlaps with cognitive psychology and cognitive science because of its interest in learning, covering diverse cognitive processes and skills, such as conceptual change, metacognition, mental models, logical reasoning, and problem solving. Cognitive learning theories conceptualize learning in terms of information processing. They analyze how information is encoded, retrieved, and transformed, often with the goal of devising educational practices that optimize learning. For example, cognitive load theory identifies limitations of working memory as a bottleneck that impedes learning and proposes educational practices to avoid cognitive overload.


Psychometrics examines how mental attributes can be measured. It includes the discussion of cognitive tests, which are methods designed to assess cognitive abilities. IQ tests estimate overall cognitive performance by measuring how individuals perform on tasks involving logical reasoning, verbal comprehension, spatial thinking, and working memory. The Montreal Cognitive Assessment and the mini–mental state examination are tests to detect cognitive impairment, such as deficits in memory, attention, and language.


Cognitive enhancement encompasses diverse ways to improve mental performance, including biochemical, behavioral, and physical factors. Biochemical approaches include balanced nutrition and psychoactive substances like caffeine and amphetamine. Behavioral enhancements cover physical exercise, sufficient sleep, meditation, and cognitive strategies, such as mnemonics. Physical enhancements encompass invasive and non-invasive brain stimulation as well as neurofeedback and wearable devices.


Cognitive behavior therapy is a psychotherapy that analyzes psychological problems in terms of cognitive processes. It argues that maladaptive automatic thoughts, cognitive distortions, and unhealthy core beliefs lead to inaccurate interpretations of events, emotional distress, and problematic behavior. For example, if a person has an unconscious core belief that they are fundamentally inadequate, they may misinterpret a neutral interaction as a rejection. Cognitive behavior therapists seek to restructure problematic attitudes by helping clients modify dysfunctional thought patterns and maladaptive behavior.


Many topics in computer science are relevant to cognition, particularly for approaches that understand cognition in terms of computation and information processing. Theories of computation examine the nature of computation and explore which problems can be solved computationally. Computer architecture has parallels with cognitive architecture, providing models of how different components interact to form a functional system. Another overlap concerns the field of knowledge representation, in which computer scientists explore formal data structures that make knowledge accessible to computational processes. Artificial intelligence is the capacity of certain computer systems to perform tasks requiring intelligence, such as reasoning and problem-solving. It includes the field of machine learning, through which computer systems acquire new abilities not explicitly coded by programmers. The field of cognitive robotics integrates insights from these subfields to create intelligent robots.


History

[image: Oil painting of a man with gray hair wearing a brown attire]John Locke argued that humans have no inborn knowledge and need to learn everything from experience.
Cognitive research has its roots in ancient philosophy. Early work took the form of reflections on the nature and sources of knowledge, proposed divisions of the mind into separate faculties, and analyzed specific cognitive processes, like perception and deductive reasoning. Plato (c.428–347 BCE) examined how knowledge of abstract principles is possible. His student Aristotle (384–322 BCE) explored the nature of perception, studying how the mind integrates sensory data with memory and imagination. He also devised a formal logical system to describe logical reasoning. Inspired by Aristotle, Avicenna (980–1037 CE) and Thomas Aquinas (1225–1274 CE) developed faculty psychologies that organized the mind into distinct faculties and analyzed their functions and interactions. In early modern philosophy, rationalists like René Descartes (1596–1650) and Gottfried Wilhelm Leibniz (1646–1716) argued that the mind has innate knowledge of the world. This view was opposed by empiricists, like John Locke (1632–1704), who saw the mind as a blank slate that learns everything from experience. Immanuel Kant (1724–1804) introduced the idea of innate categories that organize all experience and understanding.


Experimental research into cognitive processes began in the late 19th century with Wilhelm Wundt (1832–1920) and his student Edward Bradford Titchener (1867–1927). They laid the foundations of scientific psychology by introducing controlled laboratory experiments, such as measuring responses and reaction times to stimuli, combined with a rigorous introspective method. Hermann Ebbinghaus (1850–1909) and Mary Whiton Calkins (1863–1930) pioneered experimental studies of memory. William James (1842–1910) approached psychological research from a pragmatist perspective, studying everyday experience. In the early 20th century, Max Wertheimer (1880–1943), Kurt Koffka (1886–1941), and Wolfgang Köhler (1887–1967) formulated Gestalt psychology. In contrast to earlier experimental approaches that analyzed individual elements, they focused on larger patterns that emerge as the mind actively organizes information into coherent wholes. Frederic Bartlett (1886–1969) was also interested in how the mind actively transforms information, examining how this process introduces systematic errors into memory.


Difficulties in measuring internal cognitive events led to the rise of behaviorism, which sought to explain observable conduct through stimulus–response patterns without reference to unobservable mental states. Initially developed by John B. Watson (1878–1958), it dominated psychological research in the first half of the 20th century. Challenges in explaining complex human behavior prompted a paradigm shift in the 1950s—the cognitive revolution. Instead of studying stimulus–response patterns, researchers examined how the mind receives, stores, and transforms information, placing cognition at the center of psychological research and resulting in the emergence of cognitive subfields across disciplines.


Jean Piaget (1896–1980) applied these ideas to developmental psychology and proposed a series of cognitive stages through which children pass as they gradually acquire the capacity for abstract thinking. Donald Broadbent (1926–1993) integrated ideas from the information theory of communication, developed by Claude Shannon (1916–2001) and Warren Weaver (1894–1978), to analyze how perception transmits and filters information. Allen Newell (1927–1992) and Herbert A. Simon (1916–2001) helped establish the field of artificial intelligence while demonstrating how computers can model and simulate human problem-solving. In linguistics, Noam Chomsky (b.1928) examined how the brain processes language, identifying universal patterns of language mechanisms.


These developments across several fields of inquiry led to the formation of cognitive science in the 1970s. David Marr (1945–1980) helped unify this interdisciplinary field with the tri-level hypothesis, proposing that the distinct disciplines work on different levels of abstraction but are fundamentally concerned with the same phenomena. The advent of neuroimaging techniques such as fMRI and PET revolutionized the neuroscientific study of cognition, enabling the examination of regional, task-specific brain activity. Concurrently, advances in computational power and artificial intelligence made possible the design of increasingly complex simulations of cognition and intelligent systems that rival and surpass human cognition in specific tasks.




Original: https://en.wikipedia.org/wiki/Cognition
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The Holden Commodore (VE) is a full-size car  that was produced from 2006 to 2013 by Holden, the former Australian subsidiary of General Motors. Dubbed Holden's "billion dollar baby", the car was available as the Holden Berlina—the mid-range model—and the Holden Calais, the luxury variant; utility body styles were marketed as the Holden Ute.


Succeeding the VZ series, the VE was the first iteration of the fourth generation of the Holden Commodore, a series of automobiles built between 1978 and 2020. Unlike its predecessors, which used Opel-sourced platforms adapted to mechanics and sizes that would suit the local market, the VE was the first Commodore entirely designed and developed by Holden in Australia. To minimise export redevelopment costs, features such as a symmetrical centre console housing a flush-fitting hand brake lever facilitated the conversion to left-hand drive. The VE was internationally badge-engineered as the Chevrolet Lumina, Chevrolet Omega, Bitter Vero Sport and Pontiac G8.


Holden introduced the VE body styles in stages, beginning with the sedan in July 2006. Before this, the company stated they would manufacture two parallel generations of Commodores until the launch of the station wagon and utility. Variants by Holden's performance vehicle partner, Holden Special Vehicles, were released soon after the sedan's debut alongside the long-wheelbase WM Statesman/Caprice models. The VE Ute entered production in 2007, coinciding with the unveiling of the Sportwagon concept car. The production version of the VE Sportwagon—which shared its 2,915mm (114.8in) wheelbase with the sedan instead of the extended wheelbase from the Caprice, like previous models—was introduced in July 2008.


Named the 2006 Car of the Year by Wheels, the VE frequently ranked as the annual best-selling automobile in Australia over its production run. Holden introduced updates to the VE as model year (MY) changes. Typically subtle, these recurring changes involved alterations to colours and trim, increased standard equipment and reduced fuel consumption. More noteworthy adjustments have come in the form of a smaller 3.0-litre V6 engine for entry-level versions and "Series II" styling revisions in September 2010.


Development

Official manufacture of the VE sedan began at Holden's production facility in Elizabeth, South Australia, on 13 July 2006. Three days later, Holden debuted the car at the Melbourne Convention Centre, an event that was broadcast simultaneously via the Internet. Its debut occurred alongside that of the company's flagship model, the Statesman/Caprice (WM). Before this, Holden announced that the VE station wagon and utility body styles would be delayed, while the VZ equivalents would continue to be produced. The VE Ute was revealed on 22 August 2007. This was followed by the unveiling of the Sportwagon concept late that year, the production version of which was released in July 2008.


Sedan

Across the seven years of development the VE became Holden's largest and most expensive project, representing an expenditure of approximately A$1.03billion and 3.4millionkilometres (2.1millionmiles) of testing. Following the investment, some critics referred to the VE by the sobriquet "billion dollar baby".


In late 1998, design chief Michael Simcoe sketched the initial concept for the VE—a rakish sedan with a long wheelbase and shorter overhangs—to guide management and designers. The sketch formed the design basis for the eventual production-ready car. In early 1999 Peter Hughes—manager of exterior design for Holden—produced a two-dimensional image of a sketch drawn earlier by Simcoe. By late 2000 eight initial exterior sketches were selected, then narrowed down to four through a voting process within the design team. These designs featured the same core elements: prominent wheel arches, an aggressive stance, dynamic lines and short overhangs. Full-size clay models of the four chosen sketches were created.


By July 2002, the speculative phase had ended, and a single exterior design direction was chosen. With only four years left before the car's launch, and without having undergone practical testing or real-world engineering, the team turned to a computer-aided industrial design program, Autodesk Alias. One solitary VE concept was refined, sculpted, taken to Holden's Lang Lang Proving Ground, placed on the skidpan, and scrutinised by designers and directors from up close and far away to assess how much prominence it had on the road.


In February 2003, the designers provided important information to the engineering team, and by May 2003 the design was finalised and approved by Peter Hughes. By July 2003, the teams created the final design mock-up, featuring a fully transparent model with a glasshouse structure. In 2004, two years before the release of the VE Commodore, Holden unveiled the Torana TT36 concept car at the Australian International Motor Show in Sydney. This concept previewed the production Commodore and allowed Holden to assess public response to the car's exterior design. Some production-ready components, such as the steering wheel and the handbrake lever, were adapted from the TT36 for the production VE.


After completing the initial design sketches, Holden's engineers quickly began work on developing the chassis. Opel discontinued the rear-wheel drive Omega in 2003. Holden, having used this platform for all earlier Commodore generations, had two options: adopt another General Motors (GM) platform or create a new architecture. GM's new premium rear-wheel drive Sigma platform, which was set to debut in the Cadillac CTS, was offered to Holden's engineers, who believed that it was unsuitable for the car's requirements. The shoulder width in the rear seat was too narrow. Holden chose to develop a new platform, the GM Zeta, which also served as the basis for several later GM vehicles. The car features a double-pivot MacPherson strut front suspension and a four-link independent rear suspension, which replaced the earlier MacPherson strut front, and semi-trailing arm rear, designs. Denny Mooney was appointed chairman of Holden in January 2004. One of Mooney's priorities was to improve the perceived quality issues that surrounded the previous generations of Commodores. Mooney advocated for a reduction of panel gaps by 0.5 millimetres (0.020in) over previous targets. Using high-strength steel, the body structure is 50per cent stiffer than the outgoing model. Strength enhancements include the incorporation of tailor-welded blanks in the front chassis rails and floor reinforcing, resulting in a bare shell mass of 70 kilograms (150lb). These advancements not only result in noise, vibration and harshness reductions but also lead to improved handling and crash safety.


[image: The Functional interior, featuring a gray and black color scheme]

[image: The Performance interior, which is also black and gray but with sportier accents]


[image: The Luxury interior, with its beige and black design]

[image: The Series II Performance interior, which has a two-tone gray and black look]


Interior types of the VE (top left to bottom right): Functional (Omega pictured); Performance (SS V pictured); Luxury (Calais V pictured); Series II Performance (SV6 pictured)





The development of the VE prompted Holden to redesign its facility in Elizabeth, South Australia, which would facilitate the assembly of entire sections of the car off the foremost production line. This allowed for a seamless construction of complete sub-assemblies, such as the engine and transmissions, to be assembled on rigs that simplify production. This is applied to the front-end module of the VE Commodore, which comprises accessory components such as headlights, bumpers and airbag sensors. The production method permits the easy removal of the entire front-end as a single-piece unit, resulting in reduced repair costs and easier access to the engine bay. The method was first used by GM and won the SAE Australasia's 2006 "Automotive Engineering Excellence Award". Holden implemented a modular design structure known as the "Flex" strategy for the VE's interior, where fundamentally different components, such as audio systems and instrument clusters, could easily be swapped between variants while keeping production costs manageable. This approach resulted in significantly greater differentiation between the variants compared to the previous model, offering three distinct interior styles: Functional, Performance and Luxury.


The VE model introduced several updates, including a new four-strut hinge system for the boot and replacing the previous "gooseneck" hinges. High-specification variants feature expandable door pockets and a "blackout" mode that illuminates only the speedometer at night. The handbrake is flush-fitting and integrated into a symmetrical centre console allowing the car to be easily re-configured for left-hand drive markets and thus reducing redesign and redevelopment costs.


Sportwagon

[image: Rear three-quarters view of a silver station wagon car]Unlike its predecessor, which used a longer wheelbase, the Sportwagon (pictured) shares the sedan's 2,915mm (114.8in) wheelbase.

Unveiled at the 2007 Australian International Motor Show in Melbourne, the Sportwagon marked a departure from previous Commodore station wagons. Representing an A$110million investment and over 500,000 kilometres (310,000mi) of road testing, the VE Sportwagon programme aimed to address the changing station wagon market, due to the growth of the sales of sport utility vehicles (SUVs) and the overreliance on fleet purchasing. Recognising a shift away from traditional station wagons, Holden sought to develop a sportier and more stylish station wagon, dubbed the Sportwagon. Up to 90percent of VZ wagons were bought by fleet companies, and Holden desired to attract more retail customers; they decided to develop a lower, sportier wagon as an alternative to SUVs.


The Sportwagon, unlike all previous models—which shared their long-wheelbase with the Statesman/Caprice—is built on the same 2,915mm (114.8in) wheelbase platform as the sedan. While this adjustment resulted in a cargo capacity reduction from the VZ's 1,402 to 895 litres (370 to 236USgal), the sedan's near 50:50 weight distribution is retained. To ensure the cargo opening is large enough, the tailgate is hinged well up into the roofline. The design of the tailgate is compact enough to open in just 268 millimetres (10.6in) of space, a feature publicised in Sportwagon television commercials. Modifications to the suspension were made to accommodate the Sportwagon's different design characteristics, including stiffer springs, alterations to the anti-roll bar, and an additional ball joint in the rear suspension to handle the increased weight. Compared to the sedan, kerb weight was increased by about 91 kilograms (201lb).


Ute

[image: Rear three-quarters view of a white low coupe utility vehicle with two doors]The Ute (pictured) is built upon the Caprice's 3,009mm (118.5in) wheelbase.The Holden Ute—the coupe utility body style—was unveiled on 22 August 2007 via the Internet and was designed to be a "lifestyle vehicle", a shift from the traditional "workhorse" market. The VE Ute program received an investment of around A$105.1 million. The design was conceived in 2000, when the team began developing the design of the VE sedan and the global rear-wheel-drive architecture. At that time, many of the surfaces, details, and linework along the sides of the car were incorporated to ensure the flexibility needed to extend the design to accommodate a Ute. The Holden Ute shares its 3,009-millimetre (118.5in) wheelbase with the WM Statesman/Caprice. The horizontal tail light was meant to give the Ute what Tony Stolfo—the chief designer of the VE—describes as "a more car-like persona", as did the raised numberplate housing and full one-piece bumper.


Safety

Engine placement was a contentious issue during development. Holden's designers advocated for the engine to be positioned well behind the front axle, aiming to achieve short overhangs and an overall sportier appearance. However, this approach raised concerns among crash engineers, who feared it would reduce the body's impact absorption in the event of an accident. To resolve the conflicting perspectives, a consensus was reached between designers and crash engineers, resulting in the relocation of engine components, including relocating the battery to the boot, which freed valuable front-end space. By having the engine moved back and lower down, the VE Commodore also benefits from near-perfect 50:50 weight distribution across all variants, leading to superior handling. Crash engineers implemented several other safety initiatives, including relocating the fuel tank to be in front of the rear-axle line, instead of behind. In July 2006, Holden claimed that the VE featured one of the best body structures globally. They cited an extensive series of assessments, comprising over 5,000 simulated tests and 79 live barrier tests. Crash test results from the Australasian New Car Assessment Program (ANCAP) rate the VE lower in the offset frontal impact test than the VZ. The overall crash score was marginally higher than for the previous VZ, due to improvements in side impact protection giving a score of 27.45 out of 37, or a four-star rating out of a possible five.


In March 2008, having six airbags as standard in the MY09 update made the VE eligible for the ANCAP side pole test, yielding additional safety points. The second stage of the VE's safety rollout in October 2008, for MY09.5, included, across the VE range, the addition of an energy-absorbing steering column shroud and redesigned rear door latches. The Omega sedan, equipped with a seat belt reminder gained another point, thus allowing the model to bear a five-star rating with a score of 33.45 in December 2008. In February 2009, following the addition of a seat belt reminder in the Sportwagon range, the Omega Sportwagon was the next model to be awarded a five-star rating. Subsequent safety upgrades were extended to other VE-based models, including the Ute and WM Statesman/Caprice, with the inclusion of the seat belt reminder becoming standard as part of the MY10 update in August 2009. Consequently, all VE sedan and Sportwagon body styles, along with the extended-wheelbase WM models, received a five-star rating. The VE Ute officially received the rating on 19 October 2009, getting ANCAP five-star ratings for the entire line-up of Australian-made Holdens.





ANCAP test results

Holden Commodore Omega sedan variants (2007) 

	Test
	Score


	Overall
	


	Frontal offset
	11.45/16


	Side impact
	15.00/16


	Pole
	Not Assessed


	Seat belt reminders
	1/3


	Whiplash protection
	Not Assessed


	Pedestrian protection
	Poor


	Electronic stability control
	Standard







Powertrains

Holden introduced a bi-fuel variant of the Alloytec V6—offered in the Omega (pictured) and Berlina models—in 2006.

Holden, recognising the risks of simultaneously introducing a new platform and drivetrain, introduced the Australian-built Alloytec V6 engine derived from the proven VZ model. Adapting a proven engine design lessened the likelihood that Holden would find, and have to rectify, faults before starting production. The original base V6 benefited from power increases compared to the VZ, with engine noise decreased by implementing new timing chains, among other modifications. The four-speed GM 4L60-E automatic transmission—earlier iterations of which were first introduced to the Commodore in 1988 with the VN series—remained for this engine, with subtle alterations to its functionality. Manual transmission options were the six-speed Aisin AY6 (available with the High Output Alloytec V6) and Tremec TR6060 six-speed (for the V8), while two automatics featuring Active Select functionality were offered as the five-speed GM 5L40-E (for the High Output Alloytec V6) and six-speed GM 6L80-E (for the V8). At launch for the VE, the February 2006 onwards VZ's L76 V8 engine was eschewed in  lieu of the L98, which did not include the fuel-saving Active Fuel Management (AFM) technology included with the L76.


In October 2006 Holden introduced a bi-fuel variant of the Alloytec V6, offered in the Omega and Berlina variants. This version can run on both petrol and LPG, incorporating an advanced Sequential Vapour Gas Injection system and reinforced valve seats for durability. The bi-fuel V6 delivers slightly lower performance—5kW (7hp) and 5N⋅m (4lb⋅ft) less than the conventional V6 when running on LPG—resulting in a total of 175kW (235hp). The engine uses a large 100kg (220lb) cylindrical gas tank, which results in decreased boot space and slightly increased fuel consumption. On 16 October 2006, due to a faulty fuel hose that caused a fuel smell to enter the cabin, a recall was issued that affected 1,521 V8 Commodore and WM Statesman/Caprice models, On 10 November 2006, resulting from defective rear seat belt anchors, a second recall was issued, which affected 12,830 Commodores and WM models built before 11 September 2006. On 10 April 2007, due to the possibility that the bi-fuel Commodores may have been fitted with undersized O-rings in the service valve hand tap, Holden issued a recall affecting models produced between November 2006 and April 2007. On 7 December 2007, due to the possibility that one of the fuel lines in the engine compartment may have a rub condition with a fuel vapour hose clip, possibly causing a fuel smell to become evident, another recall was issued, for over 86,000 VE and WM V6 models.


Internal cut-away revealing the VE Calais (MY07 pictured) engine bay and suspension setup

On 21 October 2008, Holden disclosed the upgrades for the MY09.5 models. Alterations involved the standardisation of the Alloytec V6 across the entire Commodore range from November 2008, whereas it was previously exclusive to the SV6 and Calais. The Omega and Berlina variants gained variable valve timing, but the "premium" dual exhaust system and the five-speed automatic were excluded. The upshot of this is an output reduction of 5kW (7hp) and 5N⋅m (4lb⋅ft) compared to the engine it replaces. Omega and Berlina sedans and Sportwagons benefit from a two and fourper cent fuel efficiency improvement, respectively. Emissions had also been reduced, which allowed petrol-powered variants to achieve a Euro VI certification, an emission standard that was introduced in Europe in 2014. These changes extend further than the petrol engine, as bi-fuel LPG variants benefit from an eightper cent improvement in fuel economy when running on LPG. The LPG models produce 318N⋅m (235lb⋅ft), which is 7N⋅m (5lb⋅ft) less than before. Also announced in 2008 was a version of the 6.0-litre V8 engine featuring General Motors' AFM technology, designated L76. Originally omitted from the L98 V8, AFM contributes to enhanced fuel consumption under light engine loads. However, it was available only with models featuring an automatic transmission, and power output is reduced by 10 kilowatts (13hp). The announcement of AFM coincided with the announcement of EcoLine, a badge highlighting Holden vehicles employing fuel-saving technologies. In the case of the VE Commodore, both AFM- and LPG-powered versions come under the EcoLine designation. On 7 April 2009, dealerships began receiving the first EcoLine-branded models.


On 4 August 2009, Holden announced the MY10 revisions to the VE and WM range. For the Omega and Berlina, the 3.6-litre Alloytec V6 was superseded by a 3.0-litre engine, the lowest engine displacement of a Commodore since the straight-six engine fitted to the 1986 VL series. The new engine received Spark Ignition Direct Injection (SIDI) technology, claimed to yield a fuel consumption reduction of up to 12percent. Power was increased to 190kW (255hp), albeit with a reduction in torque to 290N⋅m (214lbf⋅ft). Along with the 3.0-litre engine, a newly-developed 3.6-litre version of the same, producing 210kW (282hp) and 350N⋅m (258lbf⋅ft), was also unveiled. Other than the manual transmission version of the SV6, all SIDI V6 models are coupled to GM's 6L50 automatic transmissions and fall under Holden's EcoLine designation. Benefits to fuel economy for the 3.6-litre SIDI can also be attributed to an improved "deceleration fuel cut" system, which halts the fuel supply during engine coasting, a more efficient alternator and voltage regulator, a 50revolution per minute (rpm) reduction in idle speed (to 550rpm), and the incorporation of a "turbine damper", for the automatic transmission, that suppresses vibrations at low RPMs, thus enabling earlier upshifts. The Omega iterations of the Ute, as well as all bi-fuel variants, retain the 3.6-litre engine coupled with a four-speed automatic transmission, but alterations were made to the LPG engine to achieve additional gains in efficiency.


In late August 2010, significant updates were introduced with the MY11 Series II upgrades. The Omega versions of the Ute were upgraded to the 3.0-litre SIDI engine paired with a six-speed automatic transmission, as used in the sedan and wagon versions. Holden also modified the 3.0-litre V6 to accept E85 bio-ethanol, in addition to petrol, stating that using E85 provides a sizeable increase in performance and reduces CO2 emissions between 20 and 40percent, depending on the distance the fuel is transported from the production site to the filling station. In September 2011, E85 compatibility was extended to the 3.6-litre V6 as part of the MY12 update.




	Eng. disp.; configuration
	Engine
	Power
	Torque
	Transmission
	Fuel type
	Fuel consumption (sedan)
	Production
	Ref.


	3.6L (3,564cc); V6
	Alloytec (LE0)
	180kW (241hp)
	330N⋅m (243lbf⋅ft)
	4-speed GM 4L60-E automatic
	Petrol
	10.9L/100km (21.6mpg‑US)
	2006–2007
	


	10.8L/100km (21.8mpg‑US)
	2007–2008
	


	175kW (235hp)
	325N⋅m (240lbf⋅ft)
	10.6L/100km (22.2mpg‑US)
	2008–2009
	


	Petrol/LPG (bi-fuel)
	16.0L/100km (14.7mpg‑US)
	2006–2007
	


	15.5L/100km (15.2mpg‑US)
	2007–2008
	


	318N⋅m (235lb⋅ft)
	14.2L/100km (16.6mpg‑US)
	2008–2009
	


	13.4L/100km (17.6mpg‑US)
	2009–2012
	


	High Output Alloytec (LY7)
	195kW (261hp)
	340N⋅m (251lbf⋅ft)
	6-speed Aisin AY6 manual
	Petrol
	11.0L/100km (21.4mpg‑US)
	2006–2009
	


	5-speed GM 5L40-E automatic
	11.3L/100km (20.8mpg‑US)
	


	


	3.0L (2,997cc); V6
	SIDI (LF1)
	190kW (255hp)
	290N⋅m (214lbf⋅ft)
	6-speed GM 6L50 automatic
	Petrol
	9.3L/100km (25.3mpg‑US)
	2009–2010
	


	Petrol/E85
	9.1L/100km (25.8mpg‑US)
	2010–2011
	


	8.9L/100km (26.4mpg‑US)
	2011–2013
	


	3.6L (3,564cc); V6
	SIDI (LLT)
	210kW (282hp)
	350N⋅m (258lbf⋅ft)
	6-speed Aisin AY6 manual
	Petrol
	10.2L/100km (23.1mpg‑US)
	2009–2010
	


	9.8L/100km (24.0mpg‑US)
	2010–2013
	


	6-speed GM 6L50 automatic
	9.9L/100km (23.8mpg‑US)
	2009–2010
	


	9.8L/100km (24.0mpg‑US)
	2010–2011
	


	SIDI (LFX)
	Petrol/E85
	9.5L/100km (24.8mpg‑US)
	2011–2013
	


	SIDI (LWR)
	180kW (241hp)
	320N⋅m (236lbf⋅ft)
	LPG
	12.3L/100km (19.1mpg‑US)
	2012–2013
	


	


	6.0L (5,967cc); V8
	Generation 4 Alloy (L98)
	270kW (362hp)
	530N⋅m (391lbf⋅ft)
	6-speed Tremec T-56 manual
	Petrol
	14.4L/100km (16.3mpg‑US)
	2006–2009
	


	13.7L/100km (17.2mpg‑US)
	2009–2010
	


	6-speed GM 6L80-E automatic
	14.3L/100km (16.4mpg‑US)
	2006–2009
	


	Generation 4 Alloy (AFM) (L76)
	260kW (349hp)
	517N⋅m (381lb⋅ft)
	12.9L/100km (18.2mpg‑US)
	2009
	


	12.6L/100km (18.7mpg‑US)
	2009–2010
	


	Generation 4 Alloy (L77)
	270kW (362hp)
	530N⋅m (391lbf⋅ft)
	6-speed Tremec T-56 manual
	Petrol/E85
	12.2L/100km (19.3mpg‑US)
	2010–2013
	


	Generation 4 Alloy (AFM) (L77)
	260kW (349hp)
	517N⋅m (381lb⋅ft)
	6-speed GM 6L80-E automatic
	12.6L/100km (18.7mpg‑US)
	2010–2011
	


	12.3L/100km (19.1mpg‑US)
	2011–2013
	




Models

MY07 Commodore Omega sedan


MY06 Commodore SV6 sedan


MY09 Commodore SS V sedan


MY09 Calais V sedan






Commodore Omega

Replacing both the Commodore Executive and Acclaim, the Omega was the entry-level option with basic standard equipment. The most significant gain over the Executive was inclusion of the Bosch version 8.0 electronic stability control system as a standard feature across the range. The Omega, along with all VE models, came with a "space saver" spare tyre, which faced criticism. Concerns were raised about its practicality; the Royal Automobile Club of Victoria published studies indicating that these thinner, temporary spare tyres significantly degrade a car's driving dynamics. Holden argued that the "space saver" spare tyre was a weight-saving feature. Critics also highlighted the absence of standard air conditioning for the Omega model; this was rectified with the MY09 upgrade of the Omega.


Holden offered five limited edition models based on the Commodore Omega. Launched in the middle of 2006, the V-Series Commodore featured a sports-oriented body kit, 17-inch alloy wheels, a rear spoiler, colour-matched wing mirrors and exterior door handles. The Lumina model was launched in June 2007. In addition to the features of the Omega, it included Bluetooth phone connectivity and rear parking sensors. On 1 May 2008, the 60th Anniversary model was released to commemorate the sixtieth anniversary of the 48–215—the company's first model. It included unique 18-inch alloy wheels, leather seat inserts and special "60th Anniversary" badging. Available from March 2009 in sedan and Sportwagon variants, the International models featured alloy wheels from the Calais V, front fog lamps, a six-disc CD changer, leather trim and Bluetooth connectivity.
 

In October 2009, a revamped Omega was introduced; it came with a choice of a 3.0-litre SIDI V6 engine with a six-speed automatic transmission, or a 3.6-litre LPG Alloytec V6 with a four-speed automatic (sedan only), as well as 18-inch alloy wheels and a Berlina grille. To commemorate the discontinuation of the VE before the introduction of the VF models, a Z Series Commodore—released on 5 September 2012—was designed to combine luxury and sports features to appeal to a wide audience. Available in the Omega, SV6, SS and SS V variants, it offered leather seats (in Omega and SS V), Bluetooth connectivity, rear parking sensors, a rear parking camera and alloy wheels in various sizes. The series was available in sedan, Sportwagon and Ute body styles, with minimal variations between the three.


Commodore SV6

The SV6 builds on the Omega, with a more powerful High Output version of the Alloytec V6 engine, paired with either a six-speed manual or a five-speed automatic transmission. Unlike the launch Omega, air conditioning comes standard in the SV6. It also featured the "FE2" suspension, which incorporates a lowered body, firmer springs and heavier dampers. The SV6 possesses a Performance-style interior, in contrast to the Omega's Functional-style interior. The SV6 Z Series, launched on 5 September 2012, was introduced alongside the Omega model; as aforementioned, this series was designed to clear out the final VE models before the introduction of the VF. While the Z Series retained the same mechanical components as the standard SV6, it featured several enhancements, including 19-inch alloy wheels, leather-bolstered seats, Z Series badging, custom carpets, a rearview camera and rear parking sensors.


Commodore VE SS

The Commodore SS uses the 6.0-litre V8 engine and T-56 six-speed manual transmission, and has quad exhaust outlets. In both 2006 and 2007 the SS won the Motor magazine's "Bang For Your Bucks" award. The subsequent introduction of the SSV marked Holden's first application of the "V-Series" naming convention on a series-produced car, which was implemented to differentiate specific models from special-edition programmes. The SS V offers extra luxuries at a similar price point to the preceding SS. Its interior is distinguished by the metallic-style pedals and instruments matched with the exterior colour. The entire dashboard could be optioned in bright red, orange and black. The exterior of the SS V exhibits five-spoke 19-inch alloy wheels, with the option of larger 20-inch wheels.


Holden produced two special editions of the VE SS, starting with the SS V 60th Anniversary, which was released on 1 May 2008. It incorporated various additional features over the standard SS V, including 10-spoke 20-inch alloy wheels, satellite navigation, rear parking sensors, a high-mounted rear spoiler, chrome exterior door handle accents and "60th Anniversary" badging and floor mats. After the Pontiac brand was discontinued in North America in 2009, Holden fitted approximately 1,500 Commodore SS Vs with the Pontiac G8 front-end fascia and other features. This special edition was unveiled at the Deniliquin Ute Muster on 2 October 2009, with sales beginning in November. The SS V-Series Special Edition was produced in three body styles—sedan, utility and Sportwagon—with 500 units of each, unlike the G8, which was available only as a sedan.


Berlina

As the mid-range VE model, the Berlina has equipment similar to that of the Omega. The exterior styling is similar to the Omega but has extra touches, such as larger tail lights, front fog lamps, seven-spoke 17-inch alloy wheels and the Luxury-type interior. The Berlina International was based on the Series II Berlina and was available as both a sedan or wagon. It includes leather trim, 18-inch alloy wheels and a rear camera to facilitate safe reversing.


Calais

The Calais—the flagship of the VE range—pairs the High Output Alloytec V6 engine with the five-speed automatic transmission. Like the SS, an upscale V-Series edition was available. Two special editions of the Calais were produced. Based on the Series I model, the Calais V International was available with V6 or V8 engine and automatic transmission. The model features 19-inch alloy wheels, chrome exterior door handles, colour satellite navigation and alloy-faced pedals. The Calais V 60th Anniversary Edition features an electronic sunroof, 19-inch alloy wheels, a leather interior, alloy-faced pedals and chrome exterior door handles.


Model year changes

Like the VZ model before it, the fourth generation of the Commodore continued the tradition of significant updates, often marked by new model designations—such as the third-generation update of the VT, followed by the VX, VY and VZ models—interspersed with "Series II" and, occasionally, "Series III" revisions. Throughout the VE's lifespan, Holden also introduced a series of changes to the car, identified by the model year (MY).


Series I


The MY09 models were launched on 15 March 2008. Six airbags became the standard across the range, replacing the previous two airbags in the Omega variant and four in the SV6. Standard features—such as air conditioning, 16-inch alloy wheels, body-coloured wing mirrors and door handles and a new grille insert with chrome accents—were added to the Omega models. The subsequent MY09.5 upgrades affected models ordered from 21 October 2008 and produced from November of that year. These updates included standardising the instrument cluster illumination and removing the turn-by-turn navigation and Berlina V8 options. The "premium" version of the Alloytec V6 was introduced to the Omega and Berlina, offering improved fuel consumption with a slight reduction in engine output (see above). Various safety upgrades were also implemented (see above). Additional MY09.5 changes were introduced in March 2009. The space-saver spare wheel was discontinued, with two options offered instead: a lightweight tyre inflator kit or a full-size spare wheel. The Sportwagon body styles of the Calais V and SS V variants received an alloy spare wheel if the full-size spare were chosen, while the remainder of the line-up received a steel-wheel spare. Holden also replaced the dark-grey horizontal dashboard strip and steering wheel spokes on the SV6, SS and SS V with a matte silver finish. Safety upgrades introduced to the Omega sedan in October were also added to the Omega Sportwagon (see above).





The MY10 versions of the VE series were released in September 2009, featuring new 3.0-litre and 3.6-litre V6 engines with Spark Ignition Direct Injection (SIDI) technology, paired with a new six-speed automatic transmission (see above). These updated powertrains were branded under Holden's EcoLine range, with all SIDI models identifiable by repositioned EcoLine badges and, for the 3.0-litre models, twin exhaust outlets. The updated models also include recalibrated suspension and an additional ball joint in the rear suspension. A sturdier, 24mm (0.94in)-thick rear anti-roll bar was also added. Enhanced engine-bay sound insulation and a new muffler have reduced noise, vibration and harshness, while lighter, low-rolling-resistance tyres further improve fuel efficiency. The MY10 update introduced the Tremec TR-6060 six-speed manual transmission with an upgraded clutch.


 Series II

MY11 Commodore Omega sedan


MY11 Ute SV6






The MY11 revisions introduced identifiable styling updates across the range. Models produced since were marketed by Holden as the "Series II". Announced on 31 August 2010, and launched on 10 September, the MY11 series brought extensive styling updates across the VE range, including redesigned front fascias, aerodynamic lip detailing on sedan decklids, and new alloy wheels on Berlina and higher models. Front fascia revisions included reshaped headlamps, revamped bumpers and a larger grille with new inserts tailored to each model. The update introduced a new 6.5-inch touchscreen in a redesigned centre console stack, along with updated dashboards, reconfigured controls, modified ventilation outlets and refreshed trim and lighting colours. SV6, SS and SS V models received unique circular air vents.


The MY11 update introduced flex-fuel capability for the 3.0-litre V6 and 6.0-litre V8 engines, enabling them to operate on E85 bio-ethanol. Holden also launched a new "Redline" sports package option for V-Series models. This package included lightweight, forged, polished 19-inch multi-spoke alloy wheels from the Pontiac G8 GXP. Other Redline features included high-performance Brembo four-piston brakes, stiffer "FE3" suspension and a tyre inflator kit on the Redline Ute. The 6.5-inch "Holden-iQ" infotainment system, developed by Siemens VDO, was made standard on the Omega, SS and SSV models, integrating media playback and control functions. The iQ head unit replaced the previous mechanical CD stacker with a single slot and flash-drive storage capable of holding approximately 15 CDs worth of music. Additional features included iPod integration, USB and auxiliary inputs, Bluetooth connectivity for calls, and music streaming.





Holden began production of the MY12-update Commodore on 6 September 2011, following a 2 September announcement detailing limited mechanical changes focused on efficiency improvements and the introduction of E85 fuel compatibility for the 3.6-litre SIDI V6 engine. The cosmetic updates included new features across various models: the Omega received seven-spoke 16-inch alloy wheels and chrome accents on the lower outboard fascia inserts, while the Berlina was fitted with chrome-trimmed fog light surrounds. The Calais V model added a new boot lip spoiler, which was also made available as an accessory for other MY12 sedan models. The SV6 and SS models incorporated a chrome-highlighted lower spoiler and front grille surround, with the V-Series versions of the SS also featuring additional chrome-accented lower outboard inserts. The Redline editions of the SS V featured redesigned 19-inch wheels, red-painted brake callipers and the "FE3" suspension option extended to include the Sportwagon and Ute body styles.


HSV range (E Series)

HSV GTS E Series 3 MY11



Holden marketed the high-performance versions of the VE Commodore through its performance division, Holden Special Vehicles (HSV), as the E Series. Launched in August 2006, the E Series lineup included the Clubsport, Maloo, Senator, and GTS models. The lineup featured distinctive styling elements, including LED taillights and vertical front wing grilles, and were initially powered by a 6.0-litre LS2 V8 engine, which was replaced by a 6.2-litre LS3 V8 in 2008. The E Series 2 was released in 2010; the update introduced a facelift with new bumpers, a twin-nostril bonnet, launch control and stability control with normal and competition modes. With the introduction of the E Series 3 in 2011, the car received LPG compatibility, updated driver interface technology and several interior alterations, including a standard touchscreen and leather trim.


The Clubsport lineup included variants such as the R8 Tourer (station wagon), the CSV CR8 for export to the Middle East, and the Vauxhall VXR8 for the United Kingdom. The W427, a limited-edition model, was equipped with a 7.0-litre LS7 V8 engine, producing 375kW (503hp) and 640N⋅m (472lb⋅ft) of torque, making it the most powerful vehicle in the E Series lineup.


Production


VE Commodores were exported to North America from 2007 to 2009 as the Pontiac G8. However, the front bumper, hood and grill were modified to integrate with Pontiac's own design language.

At the time of its launch in Australia, Ford's BF Falcon was a direct competitor of the VE Commodore. In late 2005 the front-wheel drive Mitsubishi 380 was launched to indirectly compete with the Commodore, but was discontinued with the 2008 closure of the Mitsubishi Motors Australia plant in Tonsley Park, South Australia. In November 2006 Toyota released their Aurion model to the Australian market.


The VE Commodore was well received in the Australian market, outselling its competitors in the large-car segment. Its position as Australia's outright best-selling car was challenged in 2007 and overtaken in some months in 2008 by the Toyota Corolla in the face of increasing petrol prices. Nevertheless, the introduction of the Sportwagon in mid-2008 contributed to the VE Commodore regaining its top sales position, accounting for over 30percent of total Commodore sales. In 2007 the VE series became the fifth Commodore model to receive the Wheels Car of the Year award.


Beginning in September 2006, the VE range was exported to New Zealand; in the Middle East and South Africa it was re-branded as the Chevrolet Lumina. Sales of the Berlina began in 2007 in the Brazilian market under the Chevrolet Omega name. In North America, between 2008 and 2009, Pontiac also imported Commodore sedans as the G8. The discontinuation of the G8 followed GM's Chapter 11 bankruptcy, leading to the discontinuation of the Pontiac brand. The Pontiac G8 received several unique features, including a revised L76 engine with Active Fuel Management, and appearance changes to conform to Pontiac's own design language. In 2009, the small-scale German manufacturer Bitter, known for rebodying existing vehicles, introduced its "Vero Sport" at the Geneva Motor Show. It was based on the Commodore SS.


The final VE Commodore was produced on 17 May 2013; it was an automatic SSV sedan painted in Chlorophyll green and intended for a dealer in the Northern Territory. Between 2006 and 2013, Holden manufactured over 520,000 units of the VE Commodore, of which 350,000 were sold in Australia. It was succeeded by the VF Commodore.




Original: https://en.wikipedia.org/wiki/Holden_Commodore_(VE)
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[image: A black spot, center, surrounded by a doughnut-shaped orange-yellow ring with the blackness of empty space in the background]
An image of the core region of Messier 87, a supermassive black hole, processed from an array of eight radio telescopes known as the EHT with colours indicating brightness temperature


[image: A black circle, center, surrounded by three bright white blobs of light and the orange-coloured Milky Way distorted into an arc around it. The background is a starry sky with a second image of the Milky Way, not warped, visible in the top left corner.]
Simulated view of a nonspinning, uncharged black hole in front of the Large Magellanic Cloud. The gravitational lensing effect produces two enlarged but distorted views of the Cloud. Across the top, the Milky Way disk appears distorted into an arc. Based on ray tracing.






A black hole is an astronomical body so compact that its gravity prevents anything, including light, from escaping. Albert Einstein's theory of general relativity, which describes gravitation as the curvature of spacetime, predicts that any sufficiently compact mass will form a black hole. The boundary of no escape is called the event horizon. In general relativity, crossing a black hole's event horizon traps an object inside but produces no locally detectable change. General relativity also predicts that every black hole should have a central singularity, where the curvature of spacetime is infinite.


Objects whose gravitational fields are too strong for light to escape were first considered in the 18th century. In 1916, the first solution of general relativity that would characterise a black hole was found. By the late 1950s, this solution began to be interpreted physically as a region of space from which nothing can escape. Black holes were long considered a mathematical curiosity; it was not until the 1960s that theoretical work showed they were a generic prediction of general relativity. The first widely accepted black hole was Cygnus X-1, identified by several researchers independently in 1971.


Black holes typically form as part of a supernova event when massive stars collapse at the end of their life cycle. After a black hole has formed, it can grow by absorbing mass from its surroundings. Supermassive black holes of millions of solar masses may form by absorbing stars and merging with other black holes, or via direct collapse of gas clouds. There is consensus that supermassive black holes exist in the centres of most galaxies.


Quantum field theory in curved spacetime predicts that event horizons emit Hawking radiation, with the rate of emission being inversely proportional to the mass. This causes the black hole to lose mass very slowly, provided it is not accreting matter. However, even the smallest class of black holes observed, stellar black holes, are gaining mass from the cosmic microwave background faster than they are losing mass via Hawking radiation.


The presence of a black hole can be inferred through its interaction with matter and electromagnetic radiation such as visible light. Matter falling toward a black hole can form an accretion disk of infalling plasma, heated by friction and emitting light. In extreme cases, this creates a quasar, some of the brightest objects in the universe. Merging black holes can be detected by the gravitational waves they emit. If stars are orbiting a black hole, their motions can be used to determine the black hole's mass and location. In this way, astronomers have identified numerous stellar black hole candidates in binary systems and established that the radio source known as Sagittarius A*, at the core of the Milky Way galaxy, contains a supermassive black hole of about 4.3million solar masses.




History



The idea of a body so massive that even light could not escape was first proposed in the late 18th century by English astronomer and clergyman John Michell and independently by French scientist Pierre-Simon Laplace. Both scholars proposed very large stars in contrast to the modern concept of an extremely dense object.


Michell's idea, in a short part of a letter published in 1784, calculated that a star with the same density but 500 times the radius of the Sun would not let any emitted light escape; the surface escape velocity would exceed the speed of light. Michell correctly hypothesized that such non-radiating bodies might be detectable through their gravitational effects on nearby visible bodies. In 1796, while speculating on the origin of the Solar System in his book Exposition du Système du Monde, Laplace made a qualitative suggestion that a star could be invisible if it were sufficiently large. Franz Xaver von Zach asked Laplace for a mathematical analysis, which Laplace provided and published in von Zach's journal Allgemeine Geographische Ephemeriden.


General relativity




In 1905, Albert Einstein showed that the laws of electromagnetism are identical for observers travelling at different velocities relative to each other. The laws of mechanics had already been shown to be invariant in this way. However, the theory of gravitation was yet to be included.


In 1907, Einstein published a paper proposing his equivalence principle, the hypothesis that inertial mass and gravitational mass have a common cause. Using the principle, Einstein predicted the redshift and the lensing effect of gravity on light; his prediction of gravitational lensing was one-half of the value that the full theory of general relativity would predict. By 1915, Einstein refined these ideas into his general theory of relativity, which explained how matter affects spacetime, which in turn affects the motion of other matter. This formed the basis for black hole astrophysics.


Singular solutions in general relativity

Only a few months after Einstein published the field equations describing general relativity, astrophysicist Karl Schwarzschild set out to apply the idea to stars. He assumed spherical symmetry with no spin and found a solution to Einstein's equations. A few months after Schwarzschild, Johannes Droste, a student of Hendrik Lorentz, independently gave the same solution. At a certain radius from the centre of the mass, the Schwarzschild solution became singular, meaning that some of the terms in the Einstein equations became infinite. The nature of this radius, which later became known as the Schwarzschild radius, was not understood at the time.


Many physicists of the early 20th century were sceptical of the existence of black holes. In a 1926 popular science book, Arthur Eddington critiqued the idea of a star with mass compressed to its Schwarzschild radius as a flaw in the then-poorly-understood theory of general relativity. In 1939, Einstein used his theory of general relativity in an attempt to prove that black holes were impossible. His work relied on increasing pressure or increasing centrifugal force balancing the force of gravity so that the object would not collapse beyond its Schwarzschild radius. He missed the possibility that implosion would drive the system below this critical value.


Gravity vs degeneracy pressure

By the 1920s, astronomers had classified a number of white dwarf stars as too cool and dense to be explained by the gradual cooling of ordinary stars. In 1926, Ralph Fowler showed that these stars are not like main-sequence stars, where thermal pressure balances gravity. Instead, a type of quantum-mechanical pressure balances gravity at these temperatures and densities. In 1931, Subrahmanyan Chandrasekhar studied the new state of matter that results from this balance, called electron-degenerate matter, discovering that it is stable below a certain limiting mass. By 1934 he showed that this explained the catalogue of white dwarf stars. When Chandrasekhar announced his results, Eddington pointed out that stars above this limit would radiate until they were sufficiently dense to prevent light from exiting, a conclusion he considered absurd. Eddington and, later, Lev Landau argued that some yet unknown mechanism would stop the collapse.


In the 1930s, Fritz Zwicky and Walter Baade studied stellar novae, focusing on exceptionally bright ones they called supernovae. Zwicky promoted the idea that supernovae produced stars with the density of atomic nuclei—neutron stars—but this idea was largely ignored at the time. In 1939, based on Chandrasekhar's reasoning, but working within general relativity rather than Newtonian gravity, J. Robert Oppenheimer and George Volkoff predicted that neutron stars below a certain mass limit, later called the Tolman–Oppenheimer–Volkoff limit, would be stable due to neutron degeneracy pressure. Above that limit, they reasoned that either their model would not apply or that gravitational contraction would not stop.


John Archibald Wheeler and two of his students resolved questions about the model behind the Tolman–Oppenheimer–Volkoff (TOV) limit. In 1965, Harrison and Wheeler developed the equations of state relating density to pressure for cold matter all the way through electron degeneracy and neutron degeneracy. Masami Wakano and Wheeler then used the equations to compute the equilibrium curve for stars, relating mass to circumference. They found no additional features that would invalidate the TOV limit. This meant that the only thing that could prevent black holes from forming was a dynamic process ejecting sufficient mass from a star as it cooled.


Birth of modern model

The modern concept of black holes was formulated by Robert Oppenheimer and his student Hartland Snyder in 1939. In the paper, Oppenheimer and Snyder solved Einstein's equations of general relativity for an idealised imploding star, in a model later called the Oppenheimer–Snyder model, then described the results from far outside the star. The implosion starts as one might expect: the star material rapidly collapses inward. However, as the density of the star increases, gravitational time dilation increases and the collapse, viewed from afar, seems to slow down further and further until the star reaches its Schwarzschild radius, where it appears frozen in time.


In 1958, David Finkelstein identified the Schwarzschild surface as an event horizon, calling it "a perfect unidirectional membrane: causal influences can cross it in only one direction". This means that events that occur inside the black hole cannot affect events that occur outside the black hole. Finkelstein created a new reference frame to include the point of view of infalling observers. Finkelstein's new frame of reference allowed events at the surface of an imploding star to be related to events far away. By 1962 the two points of view were reconciled, convincing many sceptics that implosion into a black hole made physical sense.


Golden age

[image: A black-and-white image of a black hole with an accretion disk on punch cards. The black hole is visible as a black semicircle in the center with a white ring overlaid. Around it, a bright white accretion disk wraps around the top and bottom of the black hole and to its sides, appearing brightest on the left side of the black hole.]The first simulated image of a black hole, published by Jean-Pierre Luminet in 1979 and featuring the characteristic shadow, photon sphere, and lensed accretion disk. The disk is brighter on one side due to Doppler beaming.

The era from the mid-1960s to the mid-1970s was the "golden age of black hole research", when general relativity and black holes became mainstream subjects of research.


In this period, solutions to the equations of general relativity under various different physical constraints were discovered. In 1963, Roy Kerr found the exact solution for a rotating black hole. Two years later, Ezra Newman found the axisymmetric solution for a black hole that is both rotating and electrically charged.


In the late 1960s and early 1970s, scientists from research groups formed by Yakov Zeldovich, John Archibald Wheeler and Dennis W. Sciama discovered a series of important mathematical properties of black hole models dubbed "a black hole has no hair" by Wheeler. The first hints came from work by Vitaly Ginzburg who studied a series of increasing compact stars threaded with intense magnetic fields. He discovered that the fields get trapped on the black hole surface. In 1967, Werner Israel showed that any non-spinning, uncharged collapsing star gives a spherically symmetric black hole: any asymmetry must somehow vanish. In 1972, Richard H. Price found that the asymmetry was converted into gravitational waves. It took another 15 years and many physicists to produce a body of work that became known as the no-hair theorem, which states that a stationary black hole is completely described by the three parameters of the Kerr–Newman metric: mass, angular momentum, and electric charge.


At first, it was suspected that the strange mathematical singularities found in each of the black hole solutions only appeared due to the assumption that a black hole would be perfectly spherically symmetric, and therefore the singularities would not appear in generic situations where black holes would not necessarily be symmetric. This view was held in particular by Vladimir Belinski, Isaak Khalatnikov, and Evgeny Lifshitz, who tried to prove that no singularities appear in generic solutions, although they would later reverse their positions. However, in 1965, Roger Penrose proved that general relativity predicts that singularities appear in all black holes, although this may not still hold when quantum mechanics is taken into account.


Astronomical observations also made great strides during this era. In 1967, Antony Hewish and Jocelyn Bell Burnell discovered pulsars, and by 1969 these were shown to be rapidly rotating neutron stars. Until that time, neutron stars, like black holes, were regarded as just theoretical curiosities, but the discovery of pulsars showed their physical relevance and spurred a further interest in all types of compact objects that might be formed by gravitational collapse. However, experimental evidence confirming a black hole was very difficult to obtain and ultimately required efforts from many astronomers. X-ray telescope observations by Riccardo Giacconi's team in 1971 showed that Cygnus X-1 emitted x-rays in rapid, sporadic fashion consistent with a compact source. This became the first candidate black hole. Optical spectroscopy and detailed astrophysical models for Cygnus X-1 were consistent with a binary system of a massive star and compact star generating x-rays as gas from the massive but ordinary star was sucked into its invisible compact companion. (In 2011, the masses of these stars was estimated to be 14.1±1.0M☉ for the black hole and 19.2±1.9M☉ for the optical stellar companion.) By 1974 the object was widely considered to be a black hole, but 100% confidence for Cygnus X-1 may not be possible.


Work by James Bardeen, Brandon Carter, and Stephen Hawking in the early 1970s led to the formulation of black hole thermodynamics. These laws describe the behaviour of a black hole in a manner analogous to the laws of thermodynamics. Jacob Bekenstein strengthened this analogy with the properties of mass, surface area, and surface gravity for a black hole related to the thermodynamical concepts of energy, entropy, and temperature respectively. The analogy was completed when Hawking, in 1974, showed that quantum field theory implies that black holes should radiate like a black body with a temperature proportional to the surface gravity of the black hole, predicting the effect now known as Hawking radiation.


Modern research and observation

[image: Graphs of the first detections of gravitational waves at the Hanford and Livingston LIGO sections, along with comparisons to theoretical predictions, noise, and visual renderings. The readings appear as periodic waves that increase in magnitude over time before suddenly dropping back down.]The first detection of gravitational waves, imaged by LIGO observatories in Hanford Site, Washington and Livingston, LouisianaWhile Cygnus X-1, a stellar-mass black hole, was generally accepted by the scientific community as a black hole by the end of 1973, it would be decades before a supermassive black hole would gain the same broad recognition. The idea that such objects might exist began with models suggesting that powerful quasars or active galactic nuclei in the centre of galaxies were powered by accreting supermassive black holes. When the Hubble Space Telescope launched in the 1990s, optical studies of the  centre of galaxy Messier 87 showed it must have a large concentration of mass. The two candidates for this mass were a black hole and a dense cluster of stars. In 1995, interferometric microwave spectra from the Very Long Baseline Array observed H
2O masers as they orbited the centre of NGC 4258, a galaxy with a similar central mass. The orbital parameters ruled out dense stellar clusters as an explanation for galactic nuclei, making supermassive black holes the only plausible explanation.


In 1999, David Merritt proposed the M–sigma relation, which related the dispersion of the velocity of matter in the centre bulge of a galaxy to the mass of the supermassive black hole at its core. Subsequent studies confirmed this correlation. Around the same time, based on telescope observations of the velocities of stars at the centre of the Milky Way galaxy, independent work groups led by Andrea Ghez and Reinhard Genzel concluded that the compact radio source in the centre of the galaxy, Sagittarius A*, was likely a supermassive black hole.


In late 2015, the LIGO Scientific Collaboration and Virgo Collaboration made the first direct detection of gravitational waves, named GW150914, representing the first observation of a black hole merger. At the time of the merger, the black holes were approximately 1.4 billion light-years away from Earth and had masses roughly 30 and 35 times that of the Sun. In 2017, Rainer Weiss, Kip Thorne, and Barry Barish, who had spearheaded the project, were awarded the Nobel Prize in Physics for their work. Since the initial discovery in 2015, hundreds more gravitational waves have been observed.


[image: Over a black background of empty space, an orange-red donut of gas lies in the center of the image, with a black circle--the black hole's shadow--in the middle of the donut.]Image by the Event Horizon Telescope of the supermassive black hole in the centre of Messier 87

On 10 April 2019, the first direct image of a black hole and its vicinity was published, following observations made by the Event Horizon Telescope (EHT) of the supermassive black hole in Messier 87's galactic centre. In 2022, the Event Horizon Telescope collaboration released an image of the black hole in the center of the Milky Way galaxy, Sagittarius A*; the data had been collected in 2017.


In 2020, the Nobel Prize in Physics was awarded for work on black holes. Andrea Ghez and Reinhard Genzel shared one-half for their discovery that Sagittarius A* is a supermassive black hole. Penrose received the other half for his work showing that the mathematics of general relativity requires the formation of black holes. Cosmologists lamented that Hawking's extensive theoretical work on black holes would not be honoured, since he had died in 2018 and the Nobel Prize cannot be awarded posthumously.


Etymology

In December 1967, someone in the audience reportedly suggested the phrase black hole at a lecture by John Wheeler; Wheeler adopted the term for its brevity and "advertising value", and Wheeler's stature in the field ensured it quickly caught on, leading some to credit Wheeler with coining the phrase. However, the term was used by others around that time. Science writer Marcia Bartusiak traces the term black hole to physicist Robert H. Dicke, who in the early 1960s reportedly compared the phenomenon to the Black Hole of Calcutta, notorious as a prison where people entered but never left alive. The term was used in print by Life and Science News magazines in 1963, and by science journalist Ann Ewing in her article "'Black Holes' in Space", dated 18 January 1964, which was a report on a meeting of the American Association for the Advancement of Science held in Cleveland, Ohio.


Definition

A black hole is generally defined as a region of spacetime from which no information-carrying signals or objects can escape. However, verifying an object as a black hole by this definition would require waiting for an infinite time and at an infinite distance from the black hole to verify that nothing has escaped, and thus cannot be used to identify a physical black hole. There are several other definitions that can be used to describe or identify black holes, leading to a variety of ways to study them. Astronomical observations measure the mass of objects, and gravitational collapse theories predict that a compact object with a mass larger than three solar masses can only be a black hole: this limit has become the observational definition. A black hole may also be defined as a reservoir of information or a region where space is falling inwards faster than the speed of light.


Properties

The no-hair theorem establishes that, once it achieves a stable condition after formation, a black hole has only three independent physical properties: mass, electric charge, and angular momentum; the black hole is otherwise featureless. Any two black holes that share the same values for these properties, or parameters, are indistinguishable from one another. A related no-hair conjecture proposes that dynamic gravitational collapse always results in an object characterized with only these three properties. The conjecture is currently an unsolved problem. The no-hair theorem also makes idealized assumptions in addition to equilibrium that may not apply to astrophysical objects.


The simplest equilibrium black hole model with only mass but neither electric charge nor angular momentum is called a Schwarzschild black hole. Non-rotating charged black holes are described by the Reissner–Nordström metric, while the Kerr metric describes a non-charged rotating black hole. The most general stationary black hole solution known is the Kerr–Newman metric, which describes a black hole with both charge and angular momentum.


Mass

Radii for shadow and photon sphere relative to the event horizon

The simplest static black holes have mass but neither electric charge nor angular momentum. Contrary to the popular notion of a black hole "sucking in everything" in its surroundings, from far away, the external gravitational field of a black hole is identical to that of any other body of the same mass.


While a black hole can theoretically have any positive mass, its charge and angular momentum are limited by its mass, with this limit being greater for more massive black holes. The net electric charge 
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 is the gravitational constant. Black holes with the maximum possible combination of charge and spin satisfying this inequality are called extremal black holes. Adding a low-mass object with a lot of charge or angular momentum to an extremal black hole would create a so-called naked singularity, a singularity outside of a black hole. Because these singularities make the universe inherently unpredictable, many physicists believe they could not exist. The weak cosmic censorship hypothesis, proposed by Penrose, rules out the formation of such singularities, when they are created through the gravitational collapse of realistic matter. This hypothesis remains an important area of study because has not yet been proven and it relates to many aspects of general relativity and quantum gravity.


The total mass of a nearby black hole can be estimated by analysing the motion of the stars or gas surrounding it. The mass of distant supermassive black holes can be inferred from Doppler broadening of spectral lines emitted by rapidly orbiting gas, a technique called reverberation mapping.


Spin and angular momentum

All black holes spin, often rapidly. One stellar black hole, GRS 1915+105, has been estimated to spin at over 1,000 revolutions per second. The Milky Way's central black hole Sagittarius A* rotates at about 90% of the maximum possible rate.


The spin rate can be inferred from measurements of atomic spectral lines in the X-ray range. As gas near the black hole plunges inward, high energy X-ray emission from electron-positron pairs illuminates the gas further out, appearing red-shifted due to relativistic effects. Depending on the spin of the black hole, this plunge happens at different radii from the hole, with different degrees of redshift. Astronomers can use the gap between the x-ray emission of the outer disk and the redshifted emission from plunging material to determine the spin of the black hole.


A newer way to estimate spin is based on the temperature of gases accreting onto the black hole. The method requires an independent measurement of the black hole mass and inclination angle of the accretion disk followed by computer modelling. Gravitational waves from coalescing binary black holes can also provide the spin of both progenitor black holes and the merged hole, but such events are rare.


A spinning black hole has angular momentum. The Kerr metric is the solution of Einstein's field equations for a rotating black hole. In addition to the Schwarzschild radius, 
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. The supermassive black hole in the centre of the Messier 87 (M87) galaxy appears to have rotational parameter of 0.90±0.05, very close to the maximum theoretical value.


Charge

Black holes are believed to have an approximately neutral charge. For example, Michal Zajaček, Arman Tursunov, Andreas Eckart, and Silke Britzen found the electric charge of Sagittarius A* to be at least ten orders of magnitude below the theoretical maximum. If a black hole were to become charged, particles with an opposite sign of charge would be pulled in by the extra electromagnetic force, while particles with the same sign of charge would be repelled, neutralising the black hole. This effect operates even more rapidly if the black hole is also spinning. A spinning black hole in a magnetic field creates an electric field which would interact with charged particles. Since black holes have so few measurable intrinsic properties, techniques for measuring charge are of interest to astrophysics even if the values may be very small.


The charge Q for a nonspinning black hole is bounded by
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where G is the gravitational constant and M is the black hole's mass.


Classification


Black hole classifications

	Class	Approx.
mass	Approx.
radius


	Ultramassive black hole	109–1011M☉	>1,000 AU


	Supermassive black hole	106–109M☉	0.001–400 AU


	Intermediate-mass black hole	102–105M☉	103 km ≈ REarth


	Stellar black hole	2–150M☉	30km


	Micro black hole	up to MMoon	up to 0.1mm



Black holes are classified by the theory of their formation and by their mass (expressed in terms of M☉, the mass of the Sun), but these criteria are intertwined. Stellar black holes are formed by stellar collapse. The minimum mass of a black hole formed by stellar gravitational collapse is governed by the maximum mass of a neutron star and is believed to be 2-4M☉. Hypothetical primordial black holes, believed to have formed soon after the Big Bang, could be far smaller, with masses as little as 10−5grams at formation. These very small black holes are sometimes called micro black holes.


Stellar black holes can have a wide range of masses. Estimates of their maximum mass at formation vary, but generally range from 10-100M☉, with higher estimates for black holes progenated by low-metallicity stars. Stellar black holes can gain mass via accretion of nearby matter, often from a companion object such as a star or by merger with another black hole.


A small number of candidate black holes with masses in the range 102-104M☉ have been reported. These are larger than stellar black holes but smaller than supermassive black holes, are rarer than either extreme, and are called intermediate-mass black holes. Physicists have speculated that such black holes may form from collisions in globular and star clusters or at the centre of low-mass galaxies. They may also form as the result of mergers of smaller black holes, with several gravitational wave measurements consistent with merged black holes within 110–350M☉.


The black holes with the largest masses are called supermassive black holes, with masses more than 106M☉. These black holes are believed to exist at the centres of almost every large galaxy, including the Milky Way. Some scientists have proposed a subcategory of even larger black holes, called ultramassive black holes, with masses greater than 109-1010M☉. Theoretical models predict that the accretion disc that feeds black holes will be unstable once a black hole reaches 50×109–100×109M☉, setting a rough upper limit to black hole mass.


Structure


While black holes are conceptually invisible sinks of all matter and light, in astronomical settings, their enormous gravity alters the motion of surrounding objects and pulls nearby gas inwards at near-light speed, making the area around black holes the brightest objects in the universe.


External geometry

Relativistic jets


Relativistic jets from the supermassive black hole in Centaurus A extend perpendicularly from the galaxy.
Some black holes have relativistic jets—thin streams of plasma travelling away from the black hole at more than 90% of the speed of light. A small fraction of the matter falling towards the black hole gets accelerated away along the hole rotation axis. These jets can extend as far as millions of light-years from the black hole itself.


Black holes of any mass can have jets. However, they are typically observed around spinning black holes with strongly-magnetized accretion disks. Relativistic jets were more common in the early universe, when galaxies and their corresponding supermassive black holes were rapidly gaining mass. All black holes with jets also have an accretion disk, but the jets are usually brighter than the disk. Quasars, typically found in other galaxies, are believed to be supermassive black holes with jets; microquasars are believed to be stellar-mass objects with jets, typically observed in the Milky Way.


The jets can be powered by either the accretion disk or the rotating black hole spin. While many details of the jets have been studied, no complete model has emerged.  One method proposed to fuel these jets is the Blandford-Znajek process, which suggests that the dragging of magnetic field lines by a black hole's rotation could launch jets of matter into space. The Penrose process, which involves extraction of a black hole's rotational energy, has also been proposed as a potential mechanism of jet propulsion. There is evidence that jets at all scales, from microquasars to gamma ray bursts may be produced by a single mechanism.


Accretion disk



Visualization of a black hole with an orange accretion disk. The parts of the disk circling over and under the hole are actually gravitationally lensed from the back side of the black hole.
Due to conservation of angular momentum, gas falling into the gravitational well created by a massive object will typically form a disk-like structure around the object. As the disk's angular momentum is transferred outward due to processes such as turbulence in the disk, its matter falls farther inward, converting its gravitational energy into heat and releasing a large amount of radiation; absent an explosive event, the radiation pressure limits the accretion rate. The temperature of these disks can range from thousands to millions of kelvins, and temperatures differ throughout a single accretion disk. Accretion disks radiate across the entire electromagnetic spectrum, depending on the disk's turbulence and magnetisation and the black hole's mass and angular momentum.


Accretion disks can be defined as geometrically thin or geometrically thick. Geometrically thin disks are mostly confined to the black hole's equatorial plane and have a well-defined edge at the innermost stable circular orbit (ISCO), while geometrically thick disks are supported by internal pressure and temperature and can extend inside the ISCO. Disks with high rates of electron scattering and absorption, appearing bright and opaque, are called optically thick; optically thin disks are more translucent and produce fainter images when viewed from afar. Accretion disks of black holes accreting beyond the Eddington limit are often referred to as polish donuts due to their thick, toroidal shape that resembles that of a donut.


Quasar accretion disks are expected to have a "blue spectral shape", meaning that the flux per frequency 
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; this was not originally observed due to emission from dust surrounding the objects. The disk for a stellar black hole, on the other hand, would likely look orange, yellow, or red, with its inner regions being the brightest. Accretion disk colours may also be altered by the Doppler effect, with the part of the disk travelling towards an observer appearing bluer and brighter and the part of the disk travelling away from the observer appearing redder and dimmer.


Innermost stable circular orbit (ISCO)



Since particles in a black hole's accretion disk must orbit at or outside the ISCO, astronomers can observe the properties of accretion disks to determine black hole spins.
In Newtonian gravity, test particles can stably orbit at arbitrary distances from a central object. In general relativity, however, there exists a smallest possible radius for which a massive particle can orbit stably. Any infinitesimal inward perturbations to this orbit will lead to the particle spiralling into the black hole, and any outward perturbations will, depending on the energy, cause the particle to spiral in, move to a stable orbit further from the black hole, or escape to infinity. This orbit is called the innermost stable circular orbit, or ISCO. In the case of a Schwarzschild black hole (spin zero) and a particle without spin, the location of the ISCO is:
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 is the speed of light. For spinning black holes, the ISCO is moved inwards for particles orbiting in the same direction that the black hole is spinning (prograde) and outwards for particles orbiting in the opposite direction (retrograde). For example, the ISCO for a particle orbiting retrograde can be as far out as about 
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, while the ISCO for a particle orbiting prograde can be as close as at the event horizon itself. The radius of this orbit changes slightly based on particle spin.
For charged black holes, the ISCO moves inwards.


Photon sphere and shadow





Video of a photon being captured by a Schwarzschild black hole 

The photon sphere is a spherical boundary for which photons moving on tangents to that sphere are bent completely around the black hole, possibly orbiting multiple times. For Schwarzschild black holes, the photon sphere has a radius 1.5 times the Schwarzschild radius.


Although light can still escape from the photon sphere, any light that crosses it on an inward trajectory is inevitably captured by the black hole. Consequently, any light reaching a distant observer from the photon sphere must have been emitted by objects located between the photon sphere and the event horizon. Light emitted towards the photon sphere may also curve around the black hole and return to the emitter.


For a rotating, uncharged black hole, the radius of the photon sphere depends on the spin parameter and whether the photon is orbiting prograde or retrograde. For a photon orbiting prograde, the photon sphere will be 0.5-1.5 Schwarzschild radii from the centre of the black hole, while for a photon orbiting retrograde, the photon sphere will be between 3-4 Schwarzschild radii from the centre of the black hole. The exact locations of the photon spheres depend on the magnitude of the black hole's rotation. For a charged, nonrotating black hole, there will only be one photon sphere, and the radius of the photon sphere will decrease for increasing black hole charge. For non-extremal, charged, rotating black holes, there will always be two photon spheres, with the exact radii depending on the parameters of the black hole.


When viewed from a great distance, the photon sphere creates an observable black hole shadow, a dark silhouette of the black hole against the background stars. Images such as those taken by the Event Horizon Telescope show the black hole shadow, not the event horizon itself. Since no light emerges from within the black hole, this shadow is the limit for possible observations. The shadow of colliding black holes should have characteristic warped shapes, allowing scientists to detect black holes that are about to merge.


Ergosphere



The ergosphere is a region outside of the event horizon, where objects cannot remain in place.

Near a rotating black hole, spacetime rotates similar to a vortex. The rotating spacetime will drag any matter and light into rotation around the spinning black hole. This effect of general relativity, called frame dragging, gets stronger closer to the spinning mass. The region of spacetime in which it is impossible to stay still is called the ergosphere.


The ergosphere of a black hole is the region of space bounded by the event horizon and the ergosurface, also known as the stationary limit surface. The ergosurface coincides with the event horizon at the poles but bulges outward around the equator.


Matter and radiation can escape from the ergosphere. Through the Penrose process, objects can emerge from the ergosphere with more energy than they entered with. The extra energy is taken from the rotational energy of the black hole, slowing down the rotation of the black hole.


Plunging region



The observable region of spacetime surrounding a black hole closest to its event horizon is known as the plunging region. Within this region, free-falling matter can no longer maintain stable circular orbits or halt its final descent into the black hole. Instead, it rapidly plunges inward at speeds approaching the speed of light, becoming increasingly hot and producing a distinctive, detectable thermal emission. However, light and radiation emitted from this region can still escape from the black hole's gravitational pull.


Radius

For a nonspinning, uncharged black hole, the radius of the event horizon, or Schwarzschild radius, is proportional to the mass, M, through
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where rs is the Schwarzschild radius, G is the gravitational constant, c is the speed of light, and M☉ is the mass of the Sun. A black hole of the same mass with nonzero spin has two radii:
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Most observed black holes have close to maximum angular momentum that seems to be allowed: 
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 For such black holes the radii will approach
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Since the volume within the Schwarzschild radius increases with the cube of the radius, average density of a black hole inside its Schwarzschild radius is inversely proportional to the square of its mass: supermassive black holes are much less dense than stellar black holes. The average density of a 108M☉ black hole is comparable to that of water.


Event horizon



Far away from the black hole, a particle can move in any direction, as illustrated by the set of arrows. It is restricted only by the speed of light.


Closer to the black hole, spacetime starts to deform. There are more paths going towards the black hole than paths moving away.


Inside of the event horizon, all paths bring the particle closer to the centre of the black hole. It is no longer possible for the particle to escape. (The diagram is a "cartoon" version of an Eddington–Finkelstein coordinates diagram; in other coordinates the light cones are not tilted in this way.)






The defining feature of a black hole is the existence of an event horizon, a boundary in spacetime through which matter and light can pass only inward towards the centre of the black hole. Nothing, not even light, can escape from inside the event horizon. The event horizon is referred to as such because if an event occurs within the boundary, information from that event cannot reach or affect an outside observer, making it impossible to determine whether such an event occurred.
For non-rotating black holes, the geometry of the event horizon is precisely spherical, while for rotating black holes, the event horizon is oblate.


To a distant observer, a clock near a black hole would appear to tick more slowly than one further from the black hole. This effect, known as gravitational time dilation, would also cause an object falling into a black hole to appear to slow as it approached the event horizon, never quite reaching the horizon from the perspective of an outside observer. All processes on this object would appear to slow down, and any light emitted by the object to appear redder and dimmer, an effect known as gravitational redshift. An object falling from half of a Schwarzschild radius above the event horizon would fade away until it could no longer be seen, disappearing from view within one hundredth of a second for an 8M☉ black hole. It would also appear to flatten onto the black hole, joining all other material that had ever fallen into the hole.


On the other hand, an observer falling into a black hole would not notice any of these effects as they cross the event horizon. Their own clocks appear to them to tick normally, and they cross the event horizon after a finite time without noting any singular behaviour. In general relativity, it is impossible to determine the location of the event horizon from local observations, due to Einstein's equivalence principle.


Internal geometry

Cauchy horizon



Black holes that are rotating and/or charged have an inner horizon, often called the Cauchy horizon, inside of the black hole. The inner horizon is divided up into two segments: an ingoing section and an outgoing section.


At the ingoing section of the Cauchy horizon, radiation and matter that fall into the black hole would build up at the horizon, causing the curvature of spacetime to go to infinity. This would cause an observer falling in to experience tidal forces. This phenomenon is often called mass inflation, since it is associated with a parameter dictating the black hole's internal mass growing exponentially, and the buildup of tidal forces is called the mass-inflation singularity or Cauchy horizon singularity. Some physicists have argued that in realistic black holes, accretion and Hawking radiation would stop mass inflation from occurring.


At the outgoing section of the inner horizon, infalling radiation would backscatter off of the black hole's spacetime curvature and travel outward, building up at the outgoing Cauchy horizon. This would cause an infalling observer to experience a gravitational shock wave and tidal forces as the spacetime curvature at the horizon grew to infinity. This buildup of tidal forces is called the shock singularity.


In the Penrose-Hawking singularity theorem, both of these singularities are weak, meaning that an object crossing them would only be deformed a finite amount by tidal forces, even though the spacetime curvature would still be infinite at the singularity. This is as opposed to a strong singularity, where an object hitting the singularity would be stretched and squeezed by an infinite amount. They are also null singularities, meaning that a photon could travel parallel to them without ever being intercepted.


Singularity



Ignoring quantum effects, every black hole has a singularity inside, points where the curvature of spacetime becomes infinite, and geodesics terminate within a finite proper time. For a non-rotating black hole, this region takes the shape of a single point; for a rotating black hole it is smeared out to form a ring singularity that lies in the plane of rotation. In both cases, the singular region has zero volume. All of the mass of the black hole ends up in the singularity. Since the singularity has nonzero mass in an infinitely small space, it can be thought of as having infinite density.


An object approaching a gravitational singularity will experience chaotic oscillations of spacetime.

Observers falling into a Schwarzschild black hole (i.e., non-rotating and not charged) cannot avoid being carried into the singularity once they cross the event horizon. As they fall further into the black hole, they will be torn apart by the growing tidal forces in a process sometimes referred to as spaghettification or the noodle effect. Eventually, they will reach the singularity and be crushed into an infinitely small point. However, any perturbations, such as those caused by matter or radiation falling in, would cause space to oscillate chaotically near the singularity. Any matter falling in would experience intense tidal forces rapidly changing in direction, all while being compressed into an increasingly small volume.


Alternative forms of general relativity, including addition of some quantum effects, can lead to regular, or nonsingular, black holes without singularities. For example, the fuzzball model, based on string theory, states that black holes are actually made up of quantum microstates and need not have a singularity or an event horizon. The theory of loop quantum gravity proposes that the curvature and density at the centre of a black hole is large, but not infinite.


Formation

Black holes are formed by gravitational collapse of massive stars, either by direct collapse or during a supernova explosion in a process called fallback. Black holes can result from the merger of two neutron stars or a neutron star and a black hole. Other more speculative mechanisms include primordial black holes created from density fluctuations in the early universe, the collapse of dark stars, a hypothetical object powered by annihilation of dark matter, or from hypothetical self-interacting dark matter.


Supernova

Gravitational collapse occurs when an object's internal pressure is insufficient to resist the object's own gravity. At the end of a star's life, it will run out of hydrogen to fuse, and will start fusing more and more massive elements, until it gets to iron. Since the fusion of elements heavier than iron would require more energy than it would release, nuclear fusion ceases. If the iron core of the star is too massive, the star will no longer be able to support itself and will undergo gravitational collapse.


The mass of a black hole formed via a supernova has a lower bound: if the progenitor star is too small, the collapse may be stopped by the degeneracy pressure of the star's constituents, allowing the condensation of matter into an exotic denser state. Degeneracy pressure occurs from the Pauli exclusion principle: particles will resist being in the same place as each other. Progenitor stars with masses less than about 8M☉ will become white dwarfs, where the degeneracy pressure of electrons balances gravity. For more massive progenitor stars, the force of gravity overcomes electron degeneracy pressure and the star compresses until neutron degeneracy pressure resists gravity, forming a neutron star. If the star is even more massive, neutron degeneracy pressure will not be able to resist the force of gravity and the star will collapse into a black hole.


While most of the energy released during gravitational collapse is emitted very quickly, an outside observer does not actually see the end of this process. Even though the collapse takes a finite amount of time from the reference frame of infalling matter, a distant observer would see the infalling material slow and halt just above the event horizon, due to gravitational time dilation. Light from the collapsing material takes longer and longer to reach the observer, with the delay growing to infinity as the emitting material reaches the event horizon. Thus the external observer never sees the formation of the event horizon; instead, the collapsing material seems to become dimmer and increasingly red-shifted, eventually fading away.


Other mechanisms

Observations of quasars from less than a billion years after the Big Bang has led to investigations of other ways to form black holes. The accretion process to build supermassive black holes has a limiting rate of mass accumulation and a billion years is not enough time to reach quasar status. One suggestion is direct collapse of nearly pure hydrogen gas (low metalicity) clouds characteristic of the young universe, forming a supermassive star which collapses into a black hole. It has been suggested that seed black holes with typical masses of ~105M☉ could have formed in this way which then could grow to ~109M☉. However, the very large amount of gas required for direct collapse is not typically stable against fragmentation which would form multiple stars. Thus another approach suggests massive star formation followed by collisions that seed massive black holes which ultimately merge to create a quasar.


A neutron star in a common envelope with a regular star can accrete sufficient material to collapse to a black hole or two neutron stars can merge. These avenues for the formation of black holes are considered relatively rare.


Primordial black holes and the Big Bang

In the early universe, fluctuations of spacetime may have formed areas that were denser than their surroundings. Rapid early expansion of the universe may have allowed these areas to collapse, forming primordial black holes. Various models predict the creation of primordial black holes ranging from a Planck mass (~2.2×10−8kg) to hundreds of thousands of solar masses. Primordial black holes with masses less than 1012kg would have evaporated by now due to Hawking radiation.


Despite the early universe being extremely dense, it did not re-collapse into a black hole during the Big Bang, since the universe was expanding rapidly and did not have the gravitational differential necessary for black hole formation. Models for the gravitational collapse of objects of relatively constant size, such as stars, do not necessarily apply in the same way to rapidly expanding space such as the Big Bang.


High-energy collisions

In principle, black holes could be formed in high-energy particle collisions that achieve sufficient density, although no such events have been detected.
These hypothetical micro black holes, which could form from the collision of cosmic rays and Earth's atmosphere or in particle accelerators like the Large Hadron Collider, would not be able to aggregate additional mass. Instead, they would evaporate in about 10−25 seconds, posing no threat to the Earth.


Evolution

After a black hole forms, it may change through phenomena such as mergers, accretion of matter, and evaporation via Hawking radiation.


Merger

Simulation of two black holes colliding

Black holes can merge with other objects such as stars or other black holes. This is thought to have been important, especially in the early growth of supermassive black holes, which could have formed from the aggregation of many smaller objects. The process has also been proposed as the origin of some intermediate-mass black holes. Mergers of supermassive black holes may take a long time: As a binary of supermassive black holes approach each other, most nearby stars are slingshotted away, leaving little for the black holes to gravitationally interact with that would allow them to get closer to each other. This phenomenon has been called the final parsec problem, as the distance at which this happens is usually around one parsec.


Accretion of matter


The active galactic nucleus of galaxy Centaurus A in X-ray light, believed to be powered by a supermassive black hole (centre) and surrounded by x-ray binaries (blue dots)

When a black hole accretes matter, the gas in the inner accretion disk orbits at very high speeds because of its proximity to the black hole. This fast-moving gas experiences friction against the slower-moving gas in the outer disk, transferring angular momentum to the outer disk. The loss of angular momentum forces the gas in the inner disk to orbit closer to the black hole, and its gravitational potential energy is converted into thermal energy. This heats the inner disk to temperatures at which it emits vast amounts of electromagnetic radiation (mainly X-rays), which is detectable by telescopes. By the time the matter of the disk reaches the ISCO, between 5.7% and 42% of its mass will have been converted to energy, depending on the black hole's spin. About 90% of this energy is released within 20 black hole radii. In many cases, accretion disks are accompanied by relativistic jets that are emitted along the black hole's poles, which carry away much of the energy.


Many of the universe's most energetic phenomena have been attributed to the accretion of matter on black holes. Active galactic nuclei and quasars are powered by accretion onto supermassive black holes. X-ray binaries are generally accepted to be binary systems in which one of the two objects is a compact object accreting matter from its companion. Ultraluminous X-ray sources may be the accretion disks of intermediate-mass black holes.


At a certain rate of accretion, the outward radiation pressure will become as strong as the inward gravitational force, and the black hole should, in theory, be unable to accrete any faster. This limit is called the Eddington limit. Realistically, many black holes accrete beyond this rate due to their non-spherical geometry or instabilities in the accretion disk. Accretion beyond the limit is called super-Eddington accretion and may have been commonplace in the early universe.


Stars have been observed to get torn apart by tidal forces in the immediate vicinity of supermassive black holes in galaxy nuclei, in what is known as a tidal disruption event (TDE). Some of the material from the disrupted star forms an accretion disk around the black hole, which emits observable electromagnetic radiation.


Interaction with galaxies

The correlation between the masses of supermassive black holes in the centres of galaxies with the velocity dispersion and mass of stars in their host bulges suggests that the formation of galaxies and the formation of their central black holes are related. Black hole winds from rapid accretion, particularly when the galaxy itself is still accreting matter, can compress gas nearby, accelerating star formation. However, if the winds become too strong, the black hole may blow nearly all of the gas out of the galaxy, quenching star formation. Black hole jets may also energise nearby cavities of plasma and eject low-entropy gas from out of the galactic core, causing gas in galactic centres to be hotter than expected.


Evaporation



If Hawking's theory of black hole radiation is correct, then black holes are expected to shrink and evaporate over time as they lose mass by the emission of photons and other particles. The temperature of this thermal spectrum (Hawking temperature) is proportional to the surface gravity of the black hole, which is inversely proportional to the mass. Hence, large black holes emit less radiation than small black holes. A stellar black hole of 1M☉ has a Hawking temperature of 62nanokelvins. This is far less than the 2.7K temperature of the cosmic microwave background radiation. Stellar-mass or larger black holes receive more mass from the cosmic microwave background than they emit through Hawking radiation and thus will grow instead of shrinking. To have a Hawking temperature larger than 2.7K (and be able to evaporate), a black hole would need a mass less than the Moon. Such a black hole would have a diameter of less than a tenth of a millimetre.


The Hawking radiation for an astrophysical black hole is predicted to be very weak and would thus be exceedingly difficult to detect from Earth. A possible exception is the microsecond-long burst of gamma rays emitted in the last stage of the evaporation of primordial black holes. Extensive searches for such radiation have proven unsuccessful and provide upper limits on the possibility of existence of low mass primordial black holes.


Laws of mechanics and thermodynamics



A black hole's entropy scales with the surface area of its event horizon.
When based in general relativity, the constraints on a black hole's properties are called the laws of black hole mechanics. For a black hole that is not still forming or accreting matter, the zeroth law of black hole mechanics states the black hole's surface gravity is constant across the event horizon. The first law relates changes in the black hole's surface area, angular momentum, and charge to changes in its energy. The second law says the surface area of a black hole never decreases on its own. Finally, the third law says that the surface gravity of a black hole is never zero. These laws are mathematical analogues of the laws of thermodynamics. They are not equivalent, however, because, according to general relativity without quantum mechanics, a black hole can never emit radiation, and thus its temperature must always be zero.


Quantum mechanics predicts that a black hole will continuously emit thermal Hawking radiation, and therefore must always have a nonzero temperature. It also predicts that all black holes have entropy which scales with their surface area. When quantum mechanics is accounted for, the laws of black hole mechanics become equivalent to the classical laws of thermodynamics. However, these conclusions are derived without a complete theory of quantum gravity, although many potential theories do predict black holes having entropy and temperature. Thus, the true quantum nature of black hole thermodynamics continues to be debated.


Observational evidence

Millions of black holes derived from stellar collapse are expected to exist in the Milky Way. Even a dwarf galaxy like Draco should have hundreds. Only a few of these have been detected.
By nature, black holes do not themselves emit any electromagnetic radiation other than the hypothetical, typically extremely weak Hawking radiation, so astrophysicists searching for black holes must rely on indirect observations. The defining characteristic of a black hole is its event horizon. The horizon itself cannot be imaged, so all other possible explanations for these indirect observations must be considered and eliminated before concluding that a black hole has been observed.


Direct interferometry

An M87* image with superimposed lines representing the magnitude and direction of polarisation

The M87* relativistic jet; inset is the black hole shadow






The Event Horizon Telescope (EHT) is a global system of radio telescopes capable of directly observing a black hole shadow. The angular resolution of a telescope is based on its aperture and the wavelengths it is observing. Because the angular diameters of Sagittarius A* and Messier 87* in the sky are very small, a single telescope would need to be about the size of the Earth to clearly distinguish their horizons using radio wavelengths. By combining data from several different radio telescopes around the world, the Event Horizon Telescope creates an effective aperture the diameter size of the Earth. The EHT team used imaging algorithms to compute the most probable image from the data in its observations of Sagittarius A* and M87*.


Gravitational waves

Gravitational-wave interferometry can be used to detect merging black holes and other compact objects. In this method, a laser beam is split, sent down two long arms of a tunnel, then reflected at the far end of the tunnels to reconverge at the intersection of the arms, precisely cancelling each other. However, when a gravitational wave passes, it warps spacetime, changing the relative lengths of the arms themselves. Since each laser beam is now travelling a slightly different distance, they do not cancel out and produce a recognisable signal. Analysis of the signal can give scientists information about what caused the gravitational waves. Since gravitational waves are very weak, gravitational-wave observatories such as LIGO must have arms several kilometres long and carefully control for noise from Earth to be able to detect these gravitational waves. Since the first measurements in 2016, multiple gravitational waves from black holes have been detected and analysed.
 

A satellite based gravitational wave instrument, LISA, is under construction with launch planned for approximately 2035. The mission will consist of three spacecraft flying in a triangular formation with 2.5 million km arm lengths to detect low-frequency gravitational waves from sources such as merging supermassive black holes and compact binary systems.


Stars orbiting Sagittarius A*



Stars moving around Sagittarius A*, as seen in 2021



The Event Horizon Telescope image of Sagittarius A*, the object at the centre of the Milky Way, released in 2022, provided confirmation that it is indeed a black hole.


The proper motions of stars near the centre of the Milky Way provide strong observational evidence that these stars are orbiting a supermassive black hole. Astronomers have tracked the motions of over 100 stars orbiting an invisible object coincident with the radio source Sagittarius A*. One of the stars—called S2—completed a full orbit.  By fitting the motions of stars to Keplerian orbits, the astronomers were able to infer that the invisible object assumed to be Sagittarius A* must have a mass of 4.3×106M☉, with a radius of less than 0.002 light-years. This upper limit radius is larger than the Schwarzschild radius for the estimated mass, so the combination does not prove Sagittarius A* is a black hole. Nevertheless, these observations strongly suggest that the central object is a supermassive black hole as there are no other plausible scenarios for confining so much invisible mass into such a small volume. Additionally, luminosity data from this object implies it must possess an event horizon, a defining feature of black holes. By tracking the motion of the centre it has been shown that the central object is motionless at the centre of the galaxy.


Binaries


A Chandra X-Ray Observatory image of Cygnus X-1, which was the first strong black hole candidate discovered

X-ray binaries are binary systems that emit significant amounts of X-ray radiation. These X-ray emissions result when a compact object accretes matter from an ordinary star. The presence of an ordinary star in such a system provides an opportunity for studying the central object and to determine if it might be a black hole. By measuring the orbital period of the binary, the distance to the binary from Earth, and the mass of the companion star, scientists can estimate the mass of the compact object. The Tolman-Oppenheimer-Volkoff limit (TOV limit) dictates the largest mass a nonrotating neutron star can be, and is estimated to be about two solar masses. While a rotating neutron star can be slightly more massive, if the compact object is much more massive than the TOV limit, it cannot be a neutron star and is generally expected to be a black hole.


X-ray binaries can be categorised as either low-mass or high-mass; this classification is based on the mass of the companion star, not the compact object itself. In a class of X-ray binaries called soft X-ray transients, the companion star is of relatively low mass, allowing for more accurate estimates of the black hole mass. These systems actively emit X-rays for only several months once every 10–50 years. During the period of low X-ray emission, called quiescence, the accretion disk is extremely faint, allowing detailed observation of the companion star. Numerous black hole candidates have been measured by this method. Black holes are also sometimes found in binaries with other compact objects, such as white dwarfs, neutron stars, and other black holes.


Galactic nuclei

The centre of nearly every large galaxy contains a supermassive black hole. The close observational correlation between the mass of this hole and the velocity dispersion of the host galaxy's bulge, known as the M–sigma relation, strongly suggests a connection between the formation of the black hole and that of the galaxy itself. In some galaxies, the black hole forms a powerful source of radiation called an active galactic nucleus.


Active galactic nucleus


Detection of an unusually bright X-ray flare from Sagittarius A*, a black hole in the centre of the Milky Way galaxy in September 2013

Astronomers use the term active galaxy to describe galaxies with unusual characteristics, such as unusual spectral line emission and very strong radio emission. Theoretical and observational studies have shown that the high levels of activity in the centres of these galaxies, regions called active galactic nuclei (AGN), may be explained by accretion onto supermassive black holes. These AGN consist of a central black hole that may be millions or billions of times more massive than the Sun, a disk of interstellar gas and dust called an accretion disk, and two jets perpendicular to the accretion disk.
The black holes in quiescent galaxies accrete matter more slowly or radiate less efficiently.


Although supermassive black holes are expected to be found in most AGN, only some galaxies' nuclei have been more carefully studied in attempts to both identify and measure the actual masses of the central supermassive black hole candidates. Some of the most notable galaxies with supermassive black hole candidates include the Andromeda Galaxy, Messier 32, Messier 87, the Sombrero Galaxy, and the Milky Way itself.


Microlensing

The intense gravitational field of a foreground black hole acts like a powerful lens, distorting and brightening the image of a background star.
Black holes can be detected by gravitational lensing: the deflection of light rays by the deformation of spacetime around a massive object. A distant star behind a source of gravity may produce multiple images of that star but if the images cannot be resolved, the phenomenon is called microlensing. In microlensing, astronomers see the star magnified by an amount which changes as the source star, lens, and observer move. Astronomers must monitor the star image over a few years and match its light curve to models of the gravitational effect. As a tool for astrophysics, microlensing is uniquely sensitive to dark objects like isolated black holes not paired in a binary object. However comparison of the predicted light curve to observations yields multiple indistinguishable solutions, requiring expensive follow-up measurements to select and confirm candidate black holes. Over 10,000 microlensing events yielded 23 black hole candidates but only one object has been confirmed as an isolated black hole using additional measurements from the Hubble Space Telescope.


Areas of investigation

Information loss paradox




Unsolved problem in physics

Is physical information lost in black holes?

More unsolved problems in physics




According to the no-hair theorem, a black hole is defined by only three parameters: its mass, charge, and angular momentum. This seems to mean that all other information about the matter that went into forming the black hole is lost, as there is no way to determine anything about the black hole from outside other than those three parameters. When black holes were thought to persist forever, this information loss was not problematic, as the information can be thought of as existing inside the black hole. However, black holes slowly evaporate by emitting Hawking radiation. This radiation does not appear to carry any additional information about the matter that formed the black hole, meaning that this information is seemingly gone forever. This is called the black hole information paradox. Theoretical studies analysing the paradox have led to both further paradoxes and new ideas about the intersection of quantum mechanics and general relativity. While there is no consensus on the resolution of the paradox, work on the problem is expected to be important for a theory of quantum gravity.


Supermassive black holes in the early universe

Two galaxies from the first billion years after the Big Bang. The galaxy on the left hosts a luminous quasar at its centre.
Observations of faraway galaxies have found that ultraluminous quasars, powered by supermassive black holes, existed in the early universe as far back as redshift 
  
    
      
        z
        ≥
        7
        ,
      
    
    {\displaystyle z\geq 7,}
  
 less than a billion years after the Big Bang. These black holes have been assumed to be the products of the gravitational collapse of large population III stars. However, these stellar remnants were not massive enough to produce the quasars observed at early times without accreting beyond the Eddington limit, the theoretical maximum rate of black hole accretion.


Physicists have suggested a variety of different mechanisms by which these supermassive black holes may have formed. It has been proposed that smaller black holes may have also undergone mergers to produce the observed supermassive black holes. It is also possible that they were seeded by direct-collapse black holes, in which a large cloud of hot gas avoids fragmentation that would lead to multiple stars, due to low angular momentum or heating from a nearby galaxy. Given the right circumstances, a single supermassive star forms and collapses directly into a black hole without undergoing typical stellar evolution. Additionally, these supermassive black holes in the early universe may be high-mass primordial black holes, which could have accreted further matter in the centres of galaxies. Finally, certain mechanisms allow black holes to grow faster than the theoretical Eddington limit, such as dense gas in the accretion disk limiting outward radiation pressure that prevents the black hole from accreting. However, the formation of bipolar jets prevents super-Eddington rates.


Alternatives to black holes


While there is a strong case for supermassive black holes, the dividing line between lighter black holes and neutron stars relies on theories of extremely dense matter. Direct observational tests are not available: objects observed to have mass higher than the predictions for neutron stars are assumed to be black holes. Recent evidence from gravitational wave events suggests modifications of these theories may be needed. New exotic phases of matter could allow other kinds of massive objects. Quark stars would be made up of quark matter and supported by quark degeneracy pressure, a form of degeneracy pressure even stronger than neutron degeneracy pressure. This would halt gravitational collapse at a higher mass than for a neutron star. Even stronger stars called electroweak stars would convert quarks in their cores into leptons, providing additional pressure to stop the star from collapsing. If, as some extensions of the Standard Model posit, quarks and leptons are made up of the even-smaller fundamental particles called preons, a very compact star could be supported by preon degeneracy pressure. While none of these hypothetical models can explain all of the observations of stellar black hole candidates, a Q star is the only alternative which could significantly exceed the mass limit for neutron stars and thus provide an alternative for supermassive black holes.


A few theoretical objects have been conjectured to match observations of astronomical black hole candidates identically or near-identically, but which function via a different mechanism. A dark energy star would convert infalling matter into vacuum energy; this vacuum energy would be much larger than the vacuum energy of outside space, exerting outwards pressure and preventing a singularity from forming. A black star would be gravitationally collapsing slowly enough that quantum effects would keep it just on the cusp of fully collapsing into a black hole. A gravastar would consist of a very thin shell and a dark-energy interior providing outward pressure to stop the collapse into a black hole or formation of a singularity; It could even have another gravastar inside, called a 'nestar'.


In fiction


The black hole and accretion disk used in the movie Interstellar, without lens flare. The visual effects team used relativity to visualize gravitational lensing around the black hole.

The concept of black holes has inspired artists as well as scientists. In her book Conjuring the Void: the Art of Black Holes, Lynn Gamwell used black holes as an example to explore how art and science interact, considering the application of art to create scientific visualizations and the impact of scientific ideas on art concepts like darkness. Some science fiction films have incorporated relativity into their black hole visualizations, leading to results similar to images derived from the Event Horizon Telescope. Fictional treatments of black holes are also used as a mechanism for teaching science.


Black holes have been portrayed in science fiction in a variety of ways. Even before the advent of the term itself, objects with characteristics of black holes appeared in stories. In modern day, authors and screenwriters have exploited the relativistic effects of black holes, particularly gravitational time dilation. Black holes have also been appropriated as wormholes or other methods of faster-than-light travel.





Original: https://en.wikipedia.org/wiki/Black_hole
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Hamilcar's defeat of Spendius and Autaritus

en.wikipedia.org · 240 BC battle during the Mercenary War · Featured Jul 18







In 240BC in what is now north-west Tunisia, a Carthaginian army led by Hamilcar Barca defeated a rebel army led by Spendius and Autaritus, after 2,000 Numidian cavalry led by Naravas defected from the rebels to Carthage. The precise location of the battle is unknown. Carthage was fighting a coalition of mutinous soldiers and rebellious African cities in the Mercenary War which had started in 241BC.


Hamilcar's army had manoeuvred to bring rebel-controlled towns back to Carthage's orbit while a rebel army under the command of Spendius, which included a contingent of Gauls under Autaritus and a group of Numidian cavalry under Naravas, shadowed it. Unable to confront the Carthaginian war elephants and cavalry on open ground, the rebels stayed on higher and rougher terrain and harassed the Carthaginian army. The Carthaginians became trapped in a mountain valley and their situation was bleak. Naravas defected to Carthage, bringing his 2,000 cavalry with him. Hamilcar, with his route of retreat now clear, deployed for battle. Spendius chose to engage and in a hard-fought battle was heavily defeated.


Spendius perceived Hamilcar's generous treatment of rebel prisoners as the motivation behind Naravas's defection and feared the disintegration of his army. To remove the possibility of any goodwill between the sides, he had 700 Carthaginian prisoners tortured to death. The Carthaginians, in turn, killed their prisoners. From this point, neither side showed any mercy, and the unusual ferocity of the fighting caused the contemporary historian Polybius to term it the "Truceless War". The rebel army was finally defeated in 238BC, with the last rebel city surrendering in 237BC.


Background

[image: An outline map of part of the central Mediterranean showing the location of Carthage]The location of Carthage


The First Punic War was fought between Carthage and Rome, the two main powers of the western Mediterranean in the 3rd century BC, and lasted for 23 years, from 264 to 241BC. The two powers struggled for supremacy primarily on the Mediterranean island of Sicily and its surrounding waters, and also in North Africa. While the war with Rome was being fought on Sicily, the Carthaginian general Hanno led a series of campaigns which greatly increased the area of Africa controlled by Carthage. He extended its control to Theveste (modern Tébessa, in Algeria) 300km (190mi) southwest of their capital. Hanno was rigorous in squeezing taxes out of the newly conquered territory to pay for both the war with Rome and his own campaigns. Half of all agricultural output was taken as war tax, and the tribute due from all towns and cities was doubled. These exactions were harshly enforced, causing extreme hardship in many areas.


After immense material and human losses on both sides during the First Punic War, the Carthaginians were defeated. The Carthaginian Senate ordered the commander of its forces on Sicily, Hamilcar Barca, to negotiate a peace treaty on whatever terms he could; convinced the surrender was unnecessary, he left Sicily in a rage, delegating negotiations to his deputy Gisco. The Treaty of Lutatius was agreed and brought the First Punic War to an end.


Mutiny



The post-war evacuation of the Carthaginian army of 20,000 men from Sicily was left in the hands of Gisco. He split the army into small detachments based on their regions of origin and sent these back to Carthage one at a time. He anticipated they would be promptly paid the several years' back pay they were owed and hurried on their way home. The Carthaginian authorities decided instead to wait until all the troops had arrived and then attempt to negotiate a settlement at a lower rate. They despatched the returning troops to Sicca Veneria (modern El Kef), 180km (110mi) away.


Freed from their long period of military discipline and with nothing to do, the men grumbled among themselves and refused all attempts by the Carthaginians to pay them less than the full amount due. Frustrated by the Carthaginian negotiators' attempts to haggle, all 20,000 troops marched to Tunis, 16km (10mi) from Carthage. Panicking, the Senate agreed to payment in full. The mutinous troops responded by demanding even more. Gisco, who had a good reputation with the army, was brought over from Sicily in late 241BC and despatched to the camp with enough money to pay most of what was owed. He started to disburse this, with promises that the balance would be paid as soon as it could be raised, when discipline broke down. Several soldiers insisted no deal with Carthage was acceptable, a riot broke out, men who stayed loyal to Carthage were stoned to death, Gisco and his staff were taken prisoner, and his treasury was seized.


The rebels declared Spendius, an escaped Roman slave who faced death by torture if he were recaptured, and Mathos, a Berber dissatisfied with Hanno's attitude towards tax raising from Carthage's African possessions, their generals. The news of a formed, experienced, anti-Carthaginian army in the heart of its territory spread rapidly, and many cities and towns rose in rebellion. Provisions, money and reinforcements poured in; eventually another 70,000 men, according to the ancient Roman historian Polybius, although many would have been tied down in garrisoning their home towns against Carthaginian retribution. The pay dispute had become a full-scale revolt. The three years of war that followed are known as the Mercenary War and threatened Carthage's existence as a state.


Opposing armies

[image: A group of men dressed in clothes and carrying weapons from the 3rd century BC accompanying a medium-sized elephant]Modern recreations of Carthaginian soldiers and a war elephant at the 2012 Arverniales re-enactment


Carthaginian armies were nearly always composed of foreigners; citizens only served in the army if there was a direct threat to the city of Carthage. Roman sources refer to these foreign fighters derogatively as "mercenaries", but the modern historian Adrian Goldsworthy describes this as "a gross oversimplification". They served under a variety of arrangements; for example, some were the regular troops of allied cities or kingdoms seconded to Carthage as part of formal arrangements. The majority of these foreigners were from North Africa.


Libyans provided close-order infantry equipped with large shields, helmets, short swords and long thrusting spears; as well as close-order shock cavalry carrying spears (also known as "heavy cavalry")–both were noted for their discipline and staying power. Numidians provided light cavalry who threw javelins from a distance and avoided close combat, and javelin-armed light infantry skirmishers. Both Spain and Gaul provided experienced infantry–unarmoured troops who would charge ferociously, but had a reputation for breaking off if a combat was protracted. Specialist slingers were recruited from the Balearic Islands. The close-order Libyan infantry and the citizen militia would fight in a tightly packed formation known as a phalanx. Sicilians and Italians had also joined up during the war to fill the ranks. The Carthaginians frequently employed war elephants; North Africa had indigenous African forest elephants at the time. Both armies are likely to have been composed of similar types and proportions of troops, except the rebels were weaker in cavalry and lacked elephants.


Prelude


[image: A map showing the major movements of both sides during the Mercenary War]Main manoeuvres during the Mercenary War.
The line labelled "6" represents the possible locations of the battle.

Mathos ordered two groups of rebels north to blockade the two main cities–other than Carthage–that had not already come over: the major ports of Utica and Hippo (modern Bizerte). Hanno, as the commander of Carthage's African army, took the field with an army of 8,000–10,000 men and 100 war elephants. Most of the Africans in his force remained loyal; they were accustomed to acting against their fellow Africans. His non-African contingent also remained loyal. An unknown number of Carthaginian citizens were incorporated into this army.


In early 240BC Hanno was defeated while attempting to raise the siege of Utica at the Battle of Utica. For the rest of the year Hanno skirmished with the rebel force, repeatedly missing opportunities to bring it to battle or to place it at a disadvantage; the military historian Nigel Bagnall writes of Hanno's "incompetence as a field commander". At some point during 240BC the Carthaginians raised another army, of approximately 10,000. It included deserters from the rebels, newly hired mercenaries, citizen militia, 2,000 cavalry, and 70 elephants, and was placed under the command of Hamilcar Barca, who had previously led the Carthaginian forces on Sicily. Hamilcar led this force out from Carthage and a rebel army of 25,000 under Spendius moved to attack it in the Battle of the Bagradas River. After a complex battle, the Carthaginians routed the rebels, who suffered losses of 8,000 men.


Hamilcar was appointed joint commander of the Carthaginian army, alongside Hanno, but there was no cooperation between the two. While Hanno manoeuvred against Mathos to the north near Hippo, Hamilcar confronted several towns and cities that had gone over to the rebels, bringing them back to Carthaginian allegiance with varying mixtures of diplomacy and force. He was shadowed by a superior-sized rebel force under Spendius, assisted by the experienced Gallic commander Autaritus. Spendius felt unable to face Hamilcar's cavalry and elephants in open battle and so stayed on higher and broken ground, where much of the effect of the cavalry and elephants would have been nullified. From here the rebels harried the Carthaginian foragers and scouts. A war of attrition worked for the rebels; with their superior numbers, they could withstand more losses than the Carthaginians. Spendius probably also awaited reinforcements and a favourable situation in which to engage Hamilcar's army. It is not known what measures Hamilcar employed to counter the harassment tactics of Spendius, or the exact route Hamilcar followed after his victory over the rebels at the Bagradas River. Hamilcar's army by this time consisted of between 10,000 and 15,000 men, as well as his elephants. Spendius' force totalled some 20,000–25,000 men: half or more were freshly recruited Libyans, 8,000 were veterans from Sicily–many of them Gauls, under Autaritus–and there were 2,000 Numidian cavalry.


Engagement

Hamilcar marched a long distance to the east during this campaign, but just how far is not known. At some point during these manoeuvres he and the Carthaginian army became trapped in a mountain valley. Locations suggested for the battle by modern historians cover a swathe of territory and include: close to Tunis; near modern Grombalia or close to ancient Nepheris; to the east of the lower Bagradas or close to the Mellane river; between Utica and Hippacra; or near modern Souk al Jamaa. It is unclear from the sources whether Hamilcar becoming trapped was because of a successful stratagem by Spendius, or a failed attempt by Hamilcar to attack an isolated part of the rebel army. Spendius blocked the valley exit with his Libyan contingent, threatening the camp with his main body while the Numidians took a position to the Carthaginian rear. The exact location of this position is not known: there has been much modern speculation, with widely separated possibilities being suggested, but no consensus has been reached. The Carthaginian position was well fortified and had access to water, but food and animal fodder was limited. If Hamilcar was to avoid starvation, he was going to have to leave his camp and attempt to fight his way out against a prepared opponent, with a large enemy force in his rear. Polybius considered this "a great dilemma".


The commander of the 2,000 Numidian cavalry which Spendius had used to plug the pass at the Carthaginians' rear–through which they had entered the valley–was a young Numidian noble named Naravas. During the First Punic War a Roman army had campaigned in North Africa in 256 and 255BC. Many Numidians had gone over to the Romans, and after the Romans were expelled had been brutally suppressed. Aware of this broad history, the rebel commanders trusted the Numidians to be reliably anti-Carthaginian. However, Naravas' clan had family ties with Carthaginians, and he was apparently impressed by Hamilcar's military ability. He decided to switch sides. Naravas approached the Carthaginian camp undetected with a small escort, signalled for a parley and entered the camp unarmed and alone. He won Hamilcar's trust and was promised the hand of Hamilcar's daughter in marriage in exchange for his help. Naravas returned to his command and took it over to the Carthaginian side.


[image: Corpses of soldiers and animals are strewn across a hilly field, while wild dogs scavenge on the dead.]The battlefield after Hamilcar's victory, as envisaged by Georges Rochegrosse and Eugène-André Champollion


With Carthaginian morale high after this unexpected turn of events and their line of retreat secure, Hamilcar had his army leave their fortifications and deploy in battle formation. Spendius, despite his caution prior to Naravas' defection, joined the two remaining rebel forces together and moved down into the valley. The historian Dexter Hoyos believes the rebels would have been better served if their two forces had attacked separately but simultaneously, forcing the Carthaginians to fight in two directions. He ascribes their actual tactics to Spendius not trusting the inexperienced Libyans to manoeuvre independently. After a hotly contested battle, regarding which few details survive, the role of the Carthaginian elephants and the Numidian cavalry proved decisive and the rebels were defeated. They took heavy losses, but their survivors retreated from the field in good order. Rebel casualties were given by Polybius as 10,000 killed and 4,000 captured. Hoyos suggests this may be an exaggeration, but comments that it is not impossible. Spendius and Autaritus escaped the battle and made for Hippo. Carthaginian losses are not known.


Since leaving Carthage, Hamilcar had treated rebels he had captured well and offered them a choice of joining his army or free passage home. He made the same offer to the 4,000 captives from the recent battle. Spendius perceived this generous treatment as the motivation behind Naravas's defection and feared the disintegration of his army; he was aware such generous terms would not be extended to the rebel leaders. Encouraged by his senior subordinates, notably Autaritus, to remove the possibility of any goodwill between the sides, he had 700 Carthaginian prisoners, including Gisco, tortured to death: they had their hands cut off, were castrated, had their legs broken, were thrown into a pit and then buried alive. The Carthaginians, in turn, killed their prisoners. From this point, neither side showed any mercy, and the unusual ferocity of the fighting caused Polybius to term it the "Truceless War". Any further prisoners taken by the Carthaginians were trampled to death by elephants.


Aftermath


[image: A black-and-white painting showing five men, two in armour, crucified in front of a city]An illustration by Victor Armand Poirson which envisages the crucifixions in front of Tunis


At some point between March and September 239BC the previously loyal cities of Utica and Hippo slew their Carthaginian garrisons and joined the rebels. Mathos and the rebels previously operating in the area moved south and blockaded Carthage from Tunis. While Mathos maintained the blockade, Spendius led 40,000 men against Hamilcar. After a period of campaigning, the details of which are not clear in the sources, the Carthaginians pinned the rebels in a pass or against a mountain range known as the Saw. Trapped in the mountains and with their food exhausted, the rebels ate their horses, their prisoners and then their slaves, hoping Mathos would sortie from Tunis to rescue them. Eventually, the surrounded troops forced their leaders, including Spendius, to parley with Hamilcar who, on a thin pretext, took them prisoner. The Carthaginians then attacked the leaderless, starving rebels with their whole force, led by their elephants, and massacred them to a man in the Battle of the Saw.


Hamilcar marched on Tunis and laid siege to it in late 238BC. He occupied a position to the south with half the army, and his deputy Hannibal was to the north with the rest. The rebel leaders taken captive prior to the Saw were crucified in full view of the city. Mathos ordered a large-scale night attack, which surprised the Carthaginians who suffered many casualties. Hannibal and a delegation of 30 Carthaginian notables who were visiting the army were captured. They were tortured and then nailed to the crosses previously occupied by Spendius and his colleagues. Hamilcar abandoned the siege and withdrew to the north.


Mathos led the rebel army 160km (100mi) south to the wealthy port city of Leptis Parva (just south of the modern city of Monastir, Tunisia). Hanno and Hamilcar marched after the rebels and at the ensuing Battle of Leptis Parva the rebels were crushed, with few losses to the Carthaginians. In an act of mercy captives were sold into slavery, except for Mathos who was dragged through the streets of Carthage and tortured to death by its citizens.


Most of the towns and cities which had not already come to terms with Carthage now did so, with the exceptions of Utica and Hippo, whose inhabitants feared vengeance for their massacre of Carthaginians. They attempted to hold out, but Polybius says they too "quickly" surrendered, probably in late 238BC or very early 237BC. The surrendered towns and cities were treated leniently, although Carthaginian governors were imposed on them.



Notes, citations and sources

Notes



Citations



Sources



	Bagnall, Nigel (1999). The Punic Wars: Rome, Carthage and the Struggle for the Mediterranean. London: Pimlico. ISBN978-0-7126-6608-4.

	Eckstein, Arthur (2017). "The First Punic War and After, 264-237BC". The Encyclopedia of Ancient Battles. Hoboken, New Jersey: Wiley Online Library. pp.1–14. doi:10.1002/9781119099000.wbabat0270. ISBN978-1-4051-8645-2.



	Goldsworthy, Adrian (2006). The Fall of Carthage: The Punic Wars 265–146 BC. London: Phoenix. ISBN978-0-304-36642-2.

	Hoyos, Dexter (2000). "Towards a Chronology of the 'Truceless War', 241–237 B.C.". Rheinisches Museum für Philologie. 143 (3/4): 369–380. JSTOR41234468.



	Hoyos, Dexter (2007). Truceless War: Carthage's Fight for Survival, 241 to 237 BC. Leiden; Boston: Brill. ISBN978-90-474-2192-4.



	Hoyos, Dexter (2015) [2011]. "Carthage in Africa and Spain, 241–218". In Hoyos, Dexter (ed.). A Companion to the Punic Wars. Chichester, West Sussex: John Wiley. pp.204–222. doi:10.1002/9781444393712.ch12. ISBN978-1-1190-2550-4.



	Koon, Sam (2015) [2011]. "Phalanx and Legion: the "Face" of Punic War Battle". In Hoyos, Dexter (ed.). A Companion to the Punic Wars. Chichester, West Sussex: John Wiley. pp.77–94. ISBN978-1-1190-2550-4.



	Jones, Archer (1987). The Art of War in the Western World. Urbana, Illinois: University of Illinois Press. ISBN978-0-252-01380-5.

	Lancel, Serge (1995). Hannibal. Paris: Fayard. ISBN978-2-213-59550-4.

	Lazenby, John (1996). The First Punic War: A Military History. Stanford, California: Stanford University Press. ISBN978-0-8047-2673-3.

	Miles, Richard (2011). Carthage Must be Destroyed. London: Penguin. ISBN978-0-141-01809-6.

	Scullard, H. H. (1974). The Elephant in the Greek and Roman World. London: Thames and Hudson. ISBN978-0-500-40025-8.



	Scullard, H. H. (2006) [1989]. "Carthage and Rome". In Walbank, F. W.; Astin, A. E.; Frederiksen, M. W. & Ogilvie, R. M. (eds.). Cambridge Ancient History. Vol.7 (2nded.). Cambridge: Cambridge University Press. pp.486–569. ISBN978-0-521-23446-7.



	Warmington, Brian (1993) [1960]. Carthage. New York: Barnes & Noble, Inc. ISBN978-1-56619-210-1.













Original: https://en.wikipedia.org/wiki/Hamilcar's_defeat_of_Spendius_and_Autaritus



07

The Halo Graphic Novel

en.wikipedia.org · 2006 American graphic novel · Featured Jul 19







The Halo Graphic Novel is a 2006 graphic novel anthology published by Marvel Comics in partnership with Bungie, set in the universe of the science fiction franchise Halo. The Halo Graphic Novel was the series' first entry into the sequential art medium, and features aspects of the Halo universe which until then had not been discussed or seen in any medium.


The majority of the book is divided into four short stories by different writers and artists from the computer game and comic industries. Each story focuses on different aspects of the Halo universe, revealing stories that are tangential to the main plot of the game. Apart from the stories, the book also contains an extensive art gallery compiled from contributions from Bungie, Marvel and independent sources.


Released on July 19, 2006, The Halo Graphic Novel was well-received, with reviewers noting the cohesiveness of the work as a whole, as well as the diversity of the individual material. The success of the novel led to Marvel announcing a new limited comic series, Halo: Uprising, and other future Halo comic books.


Background and publication

The origins for the Halo Graphic Novel lay in Microsoft and Bungie's exploration of media into which they could expand the Halo video game franchise, with sequential art being an area of particular interest. Microsoft's head of franchise development, Eric Trautmann, assembled a draft comic written by John Ney Rieber and illustrated by Adi Granov. Bungie disliked the comic and Trautmann's team, and asked to choose their own artists and writers instead. Pete Parsons, the studio director of Bungie, wanted to hire Alan Moore and Joe Kubert for the graphic novel, though Trautmann was highly skeptical that such high-profile artists would agree to work on the project.


After unsuccessful negotiation attempts, Bungie artist Lorraine McLees suggested that Bungie finance and edit the novel itself before pursuing a publisher, allowing the studio to maintain control over the content and pursue the venture unencumbered by outside intervention. Comic industry veteran and lead designer Maria Paz Cabardo helped Bungie connect with a "dream team" roster of writers and artists Bungie admired. Bungie was buoyed by their success in approaching those in the medium that they respected and admired, including British comic book artist Simon Bisley and French artist Jean "Moebius" Giraud, and described seeing the team's characters realized by their comic book idols as a morale boost.


Ideas for the stories were drawn from the series' story bible, with Bungie seeing the graphic novel as an opportunity to fill in "fictional gaps" and expand the context of their bigger stories. Executive producer Brian Jarrard explained that "The stories that happen off camera, the parallel events to the arcs that our fans know from the existing mediums, are the stories we really wanted to tell." Jarrard described this shift in focus as an attempt to move away from Halo's central character, Master Chief, and focus on what they believed were the core themes behind Halo. Although Bungie created the story arcs present in the Halo Graphic Novel, the studio described the importance of providing a framework for each story that the various artists and writers could tell without jeopardizing their own voice. Artist Simon Bisley recalled that outside the direction to make characters look like they do in the games, he was given free rein to visualize the action.


Looking to pitch the novel to publishers, Bungie approached Marvel Comics. Bungie cited Marvel's "passion for Halo" and "reach in the comic and publishing industry" as the main draws to the company. The studio worked alongside Marvel director of development Ruwan Jayatilleke, an early booster of the project, to assist in the distribution and publication of the novel.


Contents

The graphic novel comprises 128 full-color pages and four main stories; each has an introduction by the creators of the work detailing their thoughts about the plot or their experiences adding to the Halo lore. Located after the main body of stories is a 26-page art gallery featuring contributions from Bungie and outside comics artists.


The Last Voyage of the Infinite Succor

"The Last Voyage of the Infinite Succor" takes place during the video game Halo: Combat Evolved, which established the franchise. The Covenant special operations commander Rtas 'Vadumee and his team are sent to answer the distress call from an agricultural ship, Infinite Succor. Believing that it might have been attacked by humans, 'Vadumee and his team instead discover the ship has been infested by the parasitic Flood, who gain the knowledge of those they infect and are trying to use the ship to escape imprisonment. 'Vadumee fights through waves of Flood, including the reanimated remains of his fallen soldiers, plots a course into the system's sun that destroys Infinite Succor and the Flood, and escapes as the sole survivor.


The central goal behind the story was to showcase the true danger posed by the Flood and the inner workings of the Covenant military machine, to dispel the image of the Covenant as enemies that merely sit around for players to shoot. The story was written by Lee Hammock with art provided by Simon Bisley. Hammock described the process of writing the story as a "heady task" since he had to respect Halo fans' knowledge of the characters and canon. These difficulties were mitigated by the knowledge that fans were not as intimately connected to the history of the character of 'Vadumee as they were to the likes of Master Chief; this allowed room to expand 'Vadumee's background in line with canon while permitting the writer to "bring something new to the table".


Armor Testing

"Armor Testing" takes place shortly before the opening of the game Halo 2, as the United Nations Space Command field-tests a new version of supersoldier powered armor in a series of exercises. A lone Spartan puts the armor through its paces by dropping from Earth's atmosphere and engaging in a mock battle against UNSC special forces. The Spartan is revealed to be a woman, Maria-062, who has come out of retirement as a special favor to test the new equipment before it is sent to the Master Chief during the events of the game.


The concept of the story was inspired by the book Skunk Works, Ben Rich's memoir of the testing of military projects at Lockheed. Highlighting the rigorous experimentation of the SPARTAN equipment before its use by the Master Chief was an idea that Bungie originally wanted to pursue at the beginning of Halo 2, but instead they opted to communicate this background information at a later time. "Armor Testing" was written by Jay Faerber with art by W. Andrew Robinson and Ed Lee.


Breaking Quarantine

"Breaking Quarantine" also deals with the Flood outbreak that occurs during Halo: Combat Evolved. While "The Last Voyage" tells the story from the Covenant perspective, "Breaking Quarantine" highlights the escape of the human soldier Avery Johnson from the Flood. Johnson is a minor character in Halo: Combat Evolved who becomes an important character in the following two games; while the novel Halo: First Strike explains that Johnson resists Flood infestation due to a medical condition, no other story up to that point explained how Johnson escapes. "Breaking Quarantine" is an example of Bungie's attempts to expand the story arcs of secondary characters that would have no opportunity to be explained in the main storyline. Unlike the other stories, "Breaking Quarantine" contains no dialogue, only weapon sound effects, which are rendered in Japanese. Both art and story were provided by Tsutomu Nihei, a manga artist and architect who based his illustrations on the structures found within the game.


Second Sunrise over New Mombasa

During Halo 2, the Covenant launch a direct attack on Earth, striking the fictional city of New Mombasa in Kenya. The story is told through the eyes of a reporter in Mombasa who creates propaganda for the UNSC. When the Covenant invade the city, the reporter and fellow citizens take to its defense, until they are forced to flee as the city faces ruin.


Bungie described "Second Sunrise" as an attempt to put a human face on the conflict by illustrating the effects of war on the common citizen. The story was written by Brett Lewis with art provided by Jean "Moebius" Giraud. Giraud explained that his son's enjoyment of the game series ultimately compelled him to accept an invitation to contribute his art, as he had previously never played the games.


Release

The Halo Graphic Novel was released on July 19, 2006, in a dust jacketed hardcover format. A few promotional pieces were released beforehand, including a sixteen-page preview released May 31, which contained Bungie's introductions to each story along with short excerpts. A full-color poster of the book's cover was released on June 28. Dark Horse Comics released a new edition of the graphic novel in 2021.


Reception

Critical reaction to the graphic novel was generally positive. Publishers Weekly wrote that Halo newcomers and fans would find appealing content in the book, with the main drawback being that a reader might want the depth of a full-length graphic novel. IGN's Hilary Goldstein wrote that they would have sacrificed the gallery pages as a tradeoff for longer stories. UGO's Wayne Oliveri praised the novel's wealth of contributions from recognized artists and the strength of the material in fleshing out the Halo universe as the work's greatest strength. Mike Deeley of Comics Bulletin lauded the book for the diverse range of storytelling and art styles that lent the Halo Graphic Novel the feel of an anthology yet still retained a cohesive whole. GameTrailers praised Bungie for choosing to focus on characters other than Master Chief.  IGN and GameTrailers thought the weakest story was "Armor Testing" as it had the least emotional impact.


The art was generally praised, with The Post-Standard's review recommending the graphic novel on the basis of the art alone. Tsutomu Nihei's work on Breaking Quarantine received particular attention for its vivid imagery and its focus on visual storytelling in lieu of any dialogue.


Upon release, Publishers Weekly called the Halo Graphic Novel a "rare hit" for the games-to-comics genre, debuting at number two on both the Nielsen BookScan and Diamond sales charts. Marvel reported they expected to print 100,000 copies by the end of the year, and the comic continued to be one of the top-selling graphic novels months after its debut. In late 2007, the Pittsburgh Tribune-Review called it Marvel's best-selling graphic novel. The success of the novel led Marvel Comics and Bungie to announce a four-issue monthly Halo comic series at San Diego Comic-Con in 2006 called Halo: Uprising. Following delays, the first issue of the limited series was released on August 22, 2007.




Original: https://en.wikipedia.org/wiki/The_Halo_Graphic_Novel
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